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Quantitative and noninvasive assessment of chronic liver
diseases using two-dimensional shear wave elastography
Li-Ting Xie, Chun-Hong Yan, Qi-Yu Zhao, Meng-Na He, Tian-An Jiang

Abstract

Li-Ting Xie, Chun-Hong Yan, Qi-Yu Zhao, Meng-Na He,
Tian-An Jiang, Department of Ultrasound, The First Affiliated
Hospital, College of Medicine, Zhejiang University, Hangzhou
310003, Zhejiang Province, China

Two-dimensional shear wave elastography (2D-SWE)
is a rapid, simple and novel noninvasive method that
has been proposed for assessing hepatic fibrosis in
patients with chronic liver diseases (CLDs) based
on measurements of liver stiffness. 2D-SWE can be
performed easily at the bedside or in an outpatient clinic
and yields immediate results with good reproducibility.
Furthermore, 2D-SWE was an efficient method for
evaluating liver fibrosis in small to moderately sized
clinical trials. However, the quality criteria for the
staging of liver fibrosis are not yet well defined. Liver
fibrosis is the main pathological basis of liver stiffness
and a key step in the progression from CLD to cirrhosis;
thus, the management of CLD largely depends on
the extent and progression of liver fibrosis. 2D-SWE
appears to be an excellent tool for the early detection
of cirrhosis and may have prognostic value in this
context. Because 2D-SWE has high patient acceptance,
it could be useful for monitoring fibrosis progression
and regression in individual cases. However, multicenter
data are needed to support its use. This study reviews
the current status and future perspectives of 2D-SWE
for assessments of liver fibrosis and discusses the
technical advantages and limitations that impact its
effective and rational clinical use.
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Core tip: There has been considerable research
in recent years dedicated to the development of
noninvasive methods of chronic liver diseases (CLDs).
These include novel elastography methods. In this
review, we outline the current state and future
perspectives of the commonly used two-dimensional
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shear wave elastography (2D-SWE) in CLDs. In par
ticular, we discuss the applications and problems in
chronic viral hepatitis, nonalcoholic fatty liver disease,
alcoholic liver disease, liver transplantation, focal liver
lesions, and autoimmune liver disease to synthesize
existing evidence for the reader. This is the first full and
complete review to assess various CLDs using 2D-SWE.

technique for noninvasive staging of liver fibrosis in
viral hepatitis and seems to be at least equivalent to
transient elastography (TE) and point SWE (pSWE)/
[11]
acoustic radiation force impulse (ARFI) .

THE BASICS OF 2D-SWE
Comparison of elastography methods

Several elasticity imaging techniques have recently
been developed for assessing the mechanical pro
perties of liver tissues and staging the fibrosis level
using different imaging modalities. In accordance with
the Guidelines for the Basic Principles and Technology
[12]
of EFSUMB , the available US-based elastography
techniques include strain elastography (SE) and SWE;
SWE can be further subdivided into three techniques TE, pSWE and 2D-SWE - in addition to radiology-based
magnetic resonance elastography (MRE).
Among these, TE is the most widely used elasto
graphy method. However, in a study of 13369 CLD
patients over a 5-year period of using TE, unreliable
[13]
results were obtained in 15.8% of cases . The limi
tations of TE, such as the difficulty in measuring obese
patients and patients with narrow intercostal spaces,
the variations in operator experience, and the fact that
it is not applicable in patients with ascites, were the
primary factors contributing to these unreliable results.
Importantly, the issue of obesity has been partially
addressed by the introduction of specially designed
XL probes that measure LS deeper than the standard
M probes. It has also been reported that TE and ARFI
elastography are inaccurate in the detection of early and
[14,15]
intermediate fibrosis
.
MRE can be used to quantitatively diagnose liver
fibrosis with high accuracy and is mainly used for the
diagnosis of advanced liver fibrosis and cirrhosis. The
diagnostic accuracy of MRE increased when the liver
fibrosis was getting serious, whereas the level of early
[16,17]
fibrosis detected by MRE is inaccurate
. 2D-SWE is
the latest elastography technology and can assess the
elasticity of liver tissue easily and quickly, thus reflecting
the degree of liver fibrosis. Table 1 demonstrates the
comparison of currently available noninvasive methods
in patients with CLD.

Xie LT, Yan CH, Zhao QY, He MN, Jiang TA. Quantitative and
noninvasive assessment of chronic liver diseases using twodimensional shear wave elastography. World J Gastroenterol
2018; 24(9): 957-970 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i9/957.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i9.957

INTRODUCTION
Liver fibrosis results from repetitive or sustained liver
inflammation caused by chronic liver diseases (CLDs)
and has serious long-term consequences in terms of
patient morbidity and mortality due to the progression
to cirrhosis. Patients with cirrhosis are at a higher risk of
developing complications, including esophageal varices,
ascites, liver failure and hepatocellular carcinoma (HCC),
[1,2]
than healthy individuals . Liver fibrosis is an important
factor in the development of various CLDs and is mainly
mediated by chronic liver injury, which leads to liver
fibrosis characterized by increased extracellular matrix
production by fibroblast-like cells and increased liver
[3]
stiffness (LS) . The precise assessment of the severity
of liver fibrosis and reliable diagnosis of cirrhosis are
vital steps in the management of CLDs, as they provide
[4,5]
information that impacts therapeutic decisions .
Liver biopsy remains the reference standard for
the staging of liver fibrosis, despite its limitations,
including its invasivity and the pain experienced by
patients, high cost, risk of bleeding and poor reproduci
bility, and contraindications, such as cases of massive
[6,7]
ascites . Furthermore, the accuracy of liver biopsy
is influenced by several factors, including intra- and
[8,9]
interobserver variability and sampling error . Given
these limitations, liver biopsy is not an ideal method for
repeated assessments of disease progression as well.
The noninvasive assessment of liver fibrosis has
recently become a research focus, leading to the
introduction of new technologies. In particular, shear
wave elastography (SWE), which is based on ultrasound
(US) technology, has been widely applied and has
gained acceptance. The latest guidelines on the clinical
use of liver US elastography of the European Federation
of Societies for Ultrasound in Medicine and Biology
[10]
(EFSUMB)
and the guidelines on the evaluation of
liver disease severity and prognosis of the European
Association for the Study of the Liver- Asociación
Latinoamericana para el Estudio del Hígado state that
two-dimension (2D)-SWE is a valid and promising

WJG|www.wjgnet.com

Principles of 2D-SWE

2D-SWE is a novel noninvasive method that has been
proposed for assessing LS by measuring the velocity
[18]
of elastic shear waves in the liver parenchyma . In
SWE, shear waves are created by US-generated pulses
of an acoustic radiation force (Figure 1). The velocity
of the shear wave is then estimated by a Doppler-like
effect over a region of interest (ROI) and is related
[19]
to the stiffness or elasticity of the medium . This
shear wave velocity can be used to calculate the tissue
2
stiffness by the formula E = ρc , where E is tissue
elasticity (Young’s modulus, kPa), ρ is tissue density
3
[20,21]
(kg/m ), and c is shear wave velocity (m/s)
.
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Table 1 Comparison of currently available noninvasive methods in patients with chronic liver disease
Content

Methods
TE

pSWE

2D-SWE

Technical
principle

MRE

TE was the first commercially
pSWE can be implemented on a 2D-SWE is the combination of
available elastography method common ultrasound diagnostic a radiation force applied to the
developed for measuring liver
system. It uses a regular
tissues by focused ultrasonic
stiffness using a dedicated device ultrasonic probe to emit a single beams and a very high frame rate
that includes an amplitude
impulse of acoustic radiation
US imaging sequence, which is
modulation (A) mode image for
force and generates a shear
able to capture the propagation
organ localization
wave to detect the shear wave
of resulting the shear waves in
propagation velocity
real time
Reference point
▪Young’s modulus (kPa)
▪Shear wave speed (m/s)
▪Shear wave speed (m/s)
▪Young’s modulus (kPa)
▪Young’s modulus (kPa)
Selected
▪FibroScan (Echosens, France)
▪VTQ using ARFI imaging
▪SWE (SuperSonic Imagine,
example
(Siemens Healthcare, Germany)
France)
▪ElastPQ (Philips Healthcare,
▪Virtual Touch IQ (Siemens
Netherlands)
Healthcare, Germany)
▪Shear Wave Measurement
▪Logiq E9 (GE Healthcare, United
(Hitachi Aloka Medical, Japan)
Kingdom)
▪Aplio 500 (Toshiba Medical
Systems, United Kingdom)
Advantages
▪Most widely used and validated
▪Can be performed using a
▪Can be performed using a
technique
regular US machine
regular US machine
▪Quality criteria well defined
▪ The ROI can be positioned
▪ Simple and fast to use
▪ User friendly, rapid, easy to
under B-mode visualization
▪ The ROI can be positioned
measure at the bedside
▪Higher applicability than TE
under B-mode visualization
▪Good reproducibility
(not limited by ascites or obesity) ▪ A larger ROI than that of TE
▪Good performance for
▪pSWE is equal to the
and pSWE
noninvasive assessments of liver performance of TE for significant ▪Good applicability (not limited
fibrosis staging
fibrosis and cirrhosis
by ascites or obesity)
▪Excellent diagnostic accuracy
▪Good stability and
for excluding liver cirrhosis
reproducibility
▪Prognostic value in cirrhosis
▪Generates a real-time
quantitative map of liver tissue
stiffness
▪Can avoid large vessels and the
gallbladder
▪ High performance for cirrhosis
Disadvantages
▪Requires a special device and
▪ROI size is smaller than that of ▪Quality criteria not well defined
probe
TE and cannot be modified
▪ No further prospective studies
▪ ROI size is rather small and
▪Quality criteria not yet well
published
cannot be chosen
defined
▪ Many factors cause failed
▪Lack of applicability (limited by
▪Narrow range of values
measurements in clinical practice
ascites, severe obesity)
▪Unable to distinguish between ▪Unable to distinguish between
▪No B-mode orientation
intermediate stages of liver
intermediate stages of liver
▪ Cannot avoid large vessels or
fibrosis
fibrosis
the gallbladder
▪Unable to distinguish
between intermediate stages of
liver fibrosis

MRE enables the measurement
of liver stiffness with an MRIcompatible generator; mechanical
shear waves are delivered to
the tissue and displayed as
elastograms using phase-contrast
image sequences
▪Shear wave speed (m/s)
▪Young’s modulus (kPa)
▪MR Touch (GE Healthcare,
United Kingdom)
▪MRE (Philips Healthcare,
Netherlands; Siemens
Healthcare, Germany)

▪Can be performed using a
regular MRI machine
▪ Good stability and
reproducibility
▪Scans the whole liver
▪Higher applicability than TE
(not limited by ascites or obesity)
▪Excellent diagnostic accuracy
for noninvasive staging of liver
fibrosis and cirrhosis

▪Time-consuming
▪Even more costly than SWE and
TE
▪ Failure can occur due to
claustrophobia and iron overload
▪Affected by respiratory
movement
▪ Hepatic MRE signal may be
so low that waves cannot be
adequately visualized with
a gradient-echo based MRE
sequence

2D-SWE: Two-dimensional shear wave elastography; MRE: Magnetic resonance elastography; MRI: Magnetic resonance imaging; pSWE: Point shear wave
elastography; ROI: Region of interest; TE: Transient elastography; US: Ultrasound; VTQ: Virtual touch tissue quantification.

Examination technique

Elasticity is shown on a color-coded image display
ed on a B-mode image. Then, with the ROI on the
elasticity image, the mean, maximal and minimal LS
values within the ROI can be visualized on a screen,
along with the standard deviation (SD) of the measured
[19,22]
elasticity
. The size and position of the ROI can be
modified by the operator based on the specific goals of
each liver assessment (Figure 2). In general, red areas
indicate larger Young’s modulus of stiffer tissues, while
blue areas indicate smaller Young’s modulus of softer
tissues.

WJG|www.wjgnet.com

2D-SWE examination of the liver is performed by
using convex US probes with integrated technological
solutions allowing elasticity imaging and measurements,
according to the World Federation for Ultrasound in
[22,23]
Medicine and Biology
and the EFSUMB Guidelines
[10,12]
for the Clinical Use of US Elastography
, as well as
the Society of Radiologists in Ultrasound Consensus
Conference Statement regarding the assessment of
[24]
liver fibrosis by elastography . The proper examination
procedure is described in Table 2, and the precautions
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[28,29]

of liver fibrosis
. The clinical practice guidelines for
the management of CHB and CHC of the European
[30,31]
Association for the Study of the Liver (EASL)
, as
well as the World Health Organization Guidelines for the
Prevention, Care and Treatment of Persons with Chronic
[32]
Hepatitis B Infection , recommend elastography as a
routine method for clinically evaluating liver fibrosis to
avoid the need for liver biopsy in some patients.
Recent studies performed worldwide have focused
on 2D-SWE for determining the role of viral hepatitis
in liver fibrosis. In one study, 454 CHB patients were
[33]
examined by 2D-SWE and TE . The results showed
that 2D-SWE provided a more accurate correlation of
liver elasticity with liver fibrosis stage than TE, especially
for the identification of significant fibrosis (≥ F2). Bavu
[18]
et al examined 113 CHC patients and found that SWE
performed better diagnostically for early, intermediate
and advanced predicted levels of fibrosis than TE.
[20]
Ferraioli et al
used biopsy as a reference to assess
the accuracy of SWE and TE in 121 CHC patients; they
found that real-time SWE was more accurate than TE
for assessing significant fibrosis (≥ F2). These results
were strongly supported by three meta-analyses
[34-36]
published by other authors
. In addition, a recent
large-sample meta-analysis concluded that SWE was
more accurate for advanced fibrosis (≥ F3) and cirrhosis
[37]
[38]
(F4) . what’s more, Grgurevic et al
evaluated the
performance of real-time 2D-SWE for quantitatively
assessing liver and spleen stiffness in patients with
chronic viral hepatitis. They showed that real-time
2D-SWE can accurately identify various degrees of
liver fibrosis and cirrhosis and demonstrated that liver
and spleen stiffness continue to increase even after
cirrhosis has developed. In fact, they noticed that
spleen and liver stiffness tended to converge in more
advanced stages of liver cirrhosis. This is an important
study showing that 2D-SWE can be used to study the
evolution of liver disease beyond cirrhosis.
As described above, SWE has high accuracy and
specificity for assessing liver fibrosis due to chronic
viral hepatitis, which makes it convenient for the
real-time clinical monitoring of liver fibrosis. SWE
technology is expected to replace biopsy, thereby
eliminating the invasiveness and poor reproducibility
of the latter technique. However, the quality criteria
for the staging of liver fibrosis are not yet well defined.
In addition, 2D-SWE has shown different diagnostic
accuracies for liver fibrosis in patients with CHB and
CHC. We suppose that this is probably due to the
different etiologies of hepatitis B virus (HBV) and
hepatitis C virus that lead to different tissue patterns
and distributions of fibrosis development. Specifically,
cirrhosis patients with HBV tend to produce larger
regenerative nodules, which may result in different
LS measurements if the ROI is placed in such an
area. These findings suggest that assessments of the
degree of liver fibrosis in different liver diseases cannot
be based on the same diagnostic criteria, leading to

Table 2 Procedures of two-dimensional shear wave elastography
Key points

Procedures

Adequate
preparation

▪ Fast and rest before the exam
▪ Perform in a supine position
▪ Train the patients on breathing
▪ Scan the 6/7/8 intercostal spaces of the right liver
▪ Acquire stable and high-quality images
▪ Instruct the patient to hold the breath for 3-5 s
▪ Switch to SWE mode
▪ Freeze the image and adjust the position of the ROI
▪ Calculate the LS automatically
▪ Average the repeated measurement values

Accurate
positioning
Stable
measurement

LS: Liver stiffness; ROI: Region of interest; SWE: Shear wave elastography.

Acoustic radiation force

Figure 1 The principle of two-dimensional shear wave elastography.
2D-SWE is created by ultrasound-generated pulses from an acoustic radiation
force that produce plane shear waves, and the propagation of the resulting
shear waves can be captured in real time. 2D-SWE: Two-dimensional shear
wave elastography.

and techniques of 2D-SWE in Table 3.

Normal value

“Normal” LS values have recently been studied in
healthy subjects who have undergone a professional
check-up and who have no overt causes of liver
disease, with normal liver enzymes. Various results for
normal LS values are shown in Table 4.

CLINICAL APPLICATIONS OF 2D-SWE
Diagnosis of chronic viral hepatitis

Viral hepatitis is a global public health issue, with
approximately 248 million and 185 million people
worldwide suffering from chronic hepatitis B (CHB)
[25-27]
and hepatitis C (CHC), respectively
. Patients with
advanced liver fibrosis from chronic viral hepatitis
have a high risk of developing liver cancer and related
complications, including portal hypertension (PH),
esophageal and gastric variceal bleeding (EGVB), and
liver failure. In these cases, prognosis and treatment
are mainly affected by the degree of fibrosis, and the
primary aim of treatment is controlling the progression

WJG|www.wjgnet.com
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Table 3 Precautions and techniques of two-dimensional shear wave elastography
Key points

Precautions and techniques

Fasting and resting

▪ Patients should fast for a minimum of 2 h and rest for a minimum of 10 min before undergoing liver stiffness measurement with
SWE
▪ Measurement of liver stiffness by 2D-SWE should be performed in a supine position with the right arm maximally extended; this
position ensures the best possible access for assessing the right liver lobe
▪ The transducer is placed in a right intercostal space to visualize the right liver lobe in B mode
▪ Instruct the patient not to breathe in or breathe out deeply in order to eliminate unreliable measurements induced by breathing
movements
▪ It has been suggested that a breath hold for a few seconds during quiet breathing may lead to the best results
▪ Adequate B-mode liver image is a prerequisite for 2D-SWE measurements
▪ Must avoid the ribs, gas and other factors of routine ultrasound
▪ The appropriate pressure can be applied with the ultrasound probe to broaden the intercostal space and, thus, acquiring
clear images. Contrary to the ordinary suggestion, this does not increase the liver’s stiffness, as the intervening tissues prevent
distortion of the liver surface
▪ Generally, the Young’s modulus scale should not be less than 30 kPa and preferably not higher than 150 kPa
▪ Liver stiffness measured by 2D-SWE should be performed at least 10 mm under the liver capsule
▪ Measurements should not be performed too deep or too close, in order to avoid reverberation artifacts, insufficient penetration
and acoustic shadow, as these factors will lead to incorrect results
▪ The sampling frame should be placed in a well-visualized area of the right liver lobe, free of large vessels, the gallbladder, the
liver capsule, and any other hollow organs
▪ In addition, the sampling frame should be placed in the center of the image
▪ For valid measurement quality of 2D-SWE, the ROI should be placed at a minimum of 1-2 cm and a maximum of 6 cm beneath
the liver capsule
▪ The SWE acquisition is continued for 4-5 s once a stable SWE image is obtained
▪ The operator freezes the image, and the ROI should be placed in the most homogeneously colored area of the SWE ROI
▪ When measuring patients with thick subcutaneous fat, fatty liver or advanced cirrhosis, SWE can be adjusted to “Pen” mode to
improve the measurement success rate
▪ In 2D-SWE, if the signal is weak or unstable, the penetration mode can be activated

Position

Breathing train

Clear 2D-US images

Scale
Depth

Sampling frame

ROI

Penetration mode

2D-SWE: Two-dimensional shear wave elastography; 2D-US: Two-dimensional ultrasound; Pen: Penetration; ROI: Region of interest; SWE: Shear wave
elastography.

In the future, diagnosis and treatment in such situa
tions will require personalization. The lack of specific
criteria may also be due to the paucity of studies, small
sample sizes, and diverse research areas; future
developments will require more evidence-based medical
data from large-scale, multicenter studies. Table 5
includes the cut-off values of LS assessed by 2D-SWE in
various studies. Figure 3 shows 2D-SWE of liver fibrosis
at METAVIR stages F1 through F4. Note that the LS
gradually increases, and the color of the sampling frame
gradually changes in the initial stages and incrementally
increases in the later stages of fibrosis.

F0
4.8 kPa
1.3 m/s

Diagnosis of NAFLD

Figure 2 Example of two-dimensional shear wave elastography of the
liver implemented using the Aixplorer US system (SuperSonic Imaging,
France), which can be displayed simultaneously with the B-mode image. A
2D-SWE image from a 42-year-old male who had normal liver function with liver
biopsy-proven fibrosis at METAVIR stage F0. The rectangular box is the area
of view where the shear wave measurements were made and color-coded. The
round circle is the ROI where the measurements were obtained. The system
provides the mean, Max, Min, SD and Diam of the stiffness measurements
within the ROI. For this case, the following measurements were made: Young’s
modulus: Mean = 4.8 kPa, Min = 3.3 kPa, Max = 5.8 kPa, SD = 0.4 kPa; shear
wave velocity: Mean = 1.3 m/s, Min = 1.1 m/s, Max = 5.8 m/s, SD = 0.1 m/s,
Depth = 3.6 cm, and Diam = 15.0 mm. 2D-SWE: Two-dimensional shear wave
elastography; Diam: Diameter; Max: Maximum; Min: Minimum; ROI: Region of
interest; SD: Standard deviation; US: Ultrasound.

NAFLD is the most prevalent CLD, representing a
spectrum ranging from simple fatty liver (SFL) to
[39,40]
nonalcoholic steatohepatitis (NASH)
. NAFLD has
become a global health problem, with a prevalence
comparable to the rates of metabolic syndrome,
[41,42]
obesity, type 2 diabetes mellitus and dyslipidemia
.
The morbidity and mortality of patients with NAFLD
are related to the development of NASH, which may
progress to fibrosis and cirrhosis, even resulting
[43]
[44]
in an increased risk of HCC . A meta-analysis
demonstrated that even SFL may result in fibrosis
development, and fibrosis development was observed
in approximately 30% of patients with SFL, as well
as in patients with NASH. Liver fibrosis, but no other
histological features, has been demonstrated as the

the issue of how to establish diagnostic criteria for
patients with multiple CLDs, e.g., HBV patients with
nonalcoholic fatty liver disease (NAFLD).
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Table 4 Summary of the literature for two-dimensional shear wave elastography normal values
Ref.

Year

Country

Number

Mean age

Sex, female/
male

Mean SWE, standard
deviation, range

Remarks

Muller et al[19]

2009

France

15

NA

NA

2.6-6.2 kPa

Ferraioli et al[79]
Sirli et al[82]

No data available regarding age or
sex of normal subjects

2012
2013

Italy
Romania

42
82

13/29
56/26

4.92-5.39 kPa
6.0 ± 1.4 kPa

Hudson et al[83]
Wang et al[84]
Suh et al[73]
Huang et al[85]

2013
2014
2014
2014

Canada
China
South Korea
China

15
30
196
502

27
36.1 ± 14.7
29.2 ± 9.2
37.9

5/10
14/16
66/130
310/192

5.55 ± 0.74 kPa
4.29 kPa
2.6-6.2 kPa
5.10 ± 1.02 kPa

Yoon et al[86]

2014

South Korea

122

NA

NA

Leung et al[33]

2013

China

171

40.6 ± 10.8

103/68

Franchi-Abella et al[87]

2016

France

51

0-15

26/25

34.8
26

Female: 5.7 ± 1.3 kPa
Male: 6.6 ± 1.5 kPa
BMI ≥ 25 kg/m²: 6.5 ± 1.5 kPa
BMI < 25 kg/m²: 5.8 ± 1.3 kPa

Female: 5.45 ± 1.02 kPa
Male: 4.89 ± 0.96 kPa
5.12 ± 1.46 kPa (session Ⅰ) No data available regarding age or
4.95 ± 1.40 kPa (session Ⅱ)
sex of normal subjects
5.5 ± 0.7 kPa
Female: 5.7 ± 0.5 kPa
Male: 5.4 ± 0.7 kPa
6.53 ± 1.38 kPa
No significant differences were
observed between male and female
patients, right and left lobes, or
different breathing conditions

NA: Not available.

A

B

F1

F2

5.1 kPa

7.4 kPa

C

D

F3

F4

8.7 kPa

11.4 kPa

Figure 3 Two-dimensional shear wave elastography (Aixplorer US system, SuperSonic Imaging, France) of the liver in chronic hepatitis B patients with
liver biopsy-proven fibrosis at METAVIR stages F1 through F4. A: F1 stage, mean Young’s modulus = 5.1 kPa, mean shear wave velocity = 1.3 m/s; B: F2 stage,
mean Young’s modulus = 7.4 kPa, mean shear wave velocity = 1.4 m/s; C: F3 stage, mean Young’s modulus = 8.7 kPa, mean shear wave velocity = 1.7 m/s; D:
F4 stage, mean Young’s modulus = 11.4 kPa, mean shear wave velocity = 1.9 m/s. Note the liver stiffness gradually increases, and the color of the sampling frame
gradually changes in the initial stages and incrementally increases in the later stages of fibrosis. 2D-SWE: Two-dimensional shear wave elastography; US: Ultrasound.

single most crucial histological feature associated with
the risk of liver-related complications and death in
[45]
patients with NAFLD . Therefore, the most important

WJG|www.wjgnet.com

issue for patients with NAFLD is recognizing and
assessing the stage of liver fibrosis, which is possible
by using US elastography.

962

March 7, 2018|Volume 24|Issue 9|

WJG|www.wjgnet.com

HBV
HBV
HBV
HCV
HCV
CVH
NAFLD
NAFLD
ALD

Etiologies

2013
2017
2014
2011
2012
2015
2014
2016
2016

Year
China
Germany
China
France
Italy
Croatia
France
Italy
Denmark

Country
454
206
303
113
121
123
108
78
199

Patients, n
6.5
NA
NA
NA
NA
NA
NA
5.1
NA

86
NA
NA
NA
NA
NA
NA
92
NA

AUROC, %

≥ F1 (fibrosis)
Cut-off, kPa
7.1
7.1
7.2
9.1
7.1
8.1
6.3
6.7
10.2

88
91
92
95
92
99
86
96
94

AUROC, %

≥ F2 (significant fibrosis)
Cut-off, kPa
7.9
8.1
9.7
10.1
8.7
NA
8.3
NA
NA

93
91
95
96
98
NA
89
NA
NA

AUROC, %

≥ F3 (severe fibrosis)
Cut-off, kPa
10.1
11.5
11.7
13.3
10.4
10.8
10.5
NA
16.4

98
96
95
97
98
95
88
NA
95

AUROC, %

F4 (cirrhosis)
Cut-off, kPa

963

Alcoholic liver disease (ALD) is the most common liver disease in the Western world. Chronic and excessive alcohol consumption is responsible for the progression
of alcoholic steatosis, hepatitis, fibrosis and cirrhosis. Complete therapy requires abstention from alcohol. Moreover, liver transplantation (LT) remains a life-saving
[48,49]
[50]
treatment for patients with advanced ALD
. The EASL published clinical practice guidelines for the management of ALD in 2012 . The guidelines noted that
elastography is a notable method for the early diagnosis of alcoholic cirrhosis.
A recent prospective study of 199 alcohol-overusing individuals with varying degrees of alcoholic liver fibrosis evaluated two elastography methods for the diagnosis
[51]
of alcoholic fibrosis and cirrhosis, using liver biopsy as a reference . The study found that 2D-SWE has a high accuracy (area under the curve ≥ 0.92) for identifying
subjects with significant fibrosis and cirrhosis, and the 2D-SWE cut-off values for optimal identification of significant fibrosis and cirrhosis were 10.2 kPa and 16.4 kPa.
2D-SWE was an extremely useful tool for diagnosing alcoholic fibrosis and, furthermore, was more appropriate for diagnosing early cirrhosis than for distinguishing

Diagnosis of alcoholic liver disease

Cassinotto et al
enrolled 291 patients with NAFLD and compared the performance of 2D-SWE, TE and Virtual Touch Quantification using liver biopsy as the
reference method. They found that although obesity was related to an increased rate of failed LS measurements, these techniques, especially SWE, were valuable
for diagnosing liver fibrosis in patients with NAFLD. The diagnostic performances of 2D-SWE for assessing liver fibrosis are as follows. For a sensitivity of at least 90%
for diagnosing significant fibrosis (≥ F2), severe fibrosis (≥ F3) and cirrhosis (F4), the specificity is approximately 60%-70%; for a specificity of at least 90%, the
sensitivity is approximately 50%-70%. 2D-SWE had areas under the receiver operating characteristic curves of 86%, 89% and 88% for the diagnosis of ≥ F2, ≥ F3
and F4, respectively. Furthermore, LS was mainly related to the fibrosis stage, and steatosis, inflammation and hepatocyte ballooning did not have significant influences
on LS. Some NASH patients may have no fibrosis, and SWE may not be useful for the diagnosis of early-stage NASH without fibrosis. Hence, the next question became
whether SWE can differentiate NASH from SFL, especially in the early stages of fibrosis. Probably not, and this is an area that relies on biochemical methods. Solutions
to these problems will require multifaceted, prospective clinical studies to establish cut-off values for fibrosis staging.
[47]
In a study using SWE to identify the diagnostic accuracy of different degrees of fibrosis in 78 pediatric patients with biopsy-proven NASH , SWE was shown to
be able to accurately evaluate significant liver fibrosis and, less efficiently, mild liver fibrosis in pediatric NAFLD patients. The study suggested that SWE can be used
to assess liver fibrosis not only in adults but also in children and adolescents. However, few studies have focused on children; although fibrosis can be detected in
children, the stage of fibrosis cannot yet be fully resolved, especially for fibrosis due to fatty liver. Consequently, the technique should be extended to all ages to further
demonstrate the stability and reliability of the results.

[46]

2D-SWE: Two-dimensional shear wave elastography; ALD: Alcoholic liver disease; AUROC: Area under the receiver operating characteristic curve; CVH: Chronic viral hepatitis; HBV: Hepatitis B virus; HCV: Hepatitis C virus;
LS: Liver stiffness; NA: Not available; NAFLD: Nonalcoholic fatty liver disease.

Leung et al[33]
Herrmann et al[37]
Zeng et al[29]
Bavu et al[18]
Ferraioli et al[20]
Grgurevic et al[38]
Cassinotto et al[46]
Garcovich et al[47]
Thiele et al[51]

Ref.

Table 5 Cut-off values of liver stiffness assessed with two-dimensional shear wave elastography in various studies
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between early and advanced cirrhosis. However, the
threshold values that will allow the accurate diagnosis
of cirrhosis by SWE and obviate the need for liver
biopsy in adults with ALD remain to be determined.
Patients with advanced ALD ultimately experience
life-threatening complications, such as PH and ascites.
These may lead to EGVB, which is among the most
important causes of high mortality in patients with
[52]
cirrhosis . Therefore, assessing the severity of PH
during follow-up is essential in patients with cirrhosis.
The hepatic venous pressure gradient (HVPG) has
been used to assess PH, but it is rarely used in clinical
practice because of its invasiveness. A recent study
found that LS measured by SWE is an independent
predictor of the presence of HCC and esophageal
[53]
and gastric varices in patients with CLD . Another
study demonstrated that SWE, as a promising tool
to diagnose PH, has outstanding diagnostic accuracy,
with a specificity and sensitivity ranging around 80%,
[54]
and showed it to be superior to TE ; however, more
than 30% of the clinically significant PH patients could
not be conclusively diagnosed or ruled disease-free
because their SWE values were between the cut-offs.
Several recent studies have reported that LS measured
by SWE in connection with HVPG is important for
predicting clinically significant PH in patients with
[55,56]
cirrhosis
. Thus, although 2D-SWE has exceptional
clinical value for assessing HCC patients with PH and
[52]
EGVB, it still cannot replace digestive endoscopy .

and predicting the complications of LT, particularly for
assessing disease progression and prognosis.

Assessment of focal liver lesions

Focal liver lesions (FLLs) represent novel lesions for
the field of US elastography and include those found in
hemangioma, HCC, focal nodular hyperplasia (FNH),
metastatic cancer and adenoma. Several studies
have reported that 2D-SWE is a useful method for
distinguishing FLLs, although it does not completely
[60-64]
distinguish benign from malignant lesions
. The
stiffness of lesions in liver malignancies is significantly
higher than that of the liver parenchyma and is
[60,61]
also higher than that of benign lesions
(Figure
4 shows HCC images of 2D-SWE). In malignant
tumors, the hardness values of metastases were
significantly higher than those found in HCC and
[62]
cholangiocarcinoma . In benign lesions, 2D-SWE has
been regarded as a practical tool for distinguishing
[63]
FNH from adenoma .
A recent study demonstrated the correct differ
entiation between benign and malignant FLLs by using
real-time 2D-SWE in 96.1% of patients (area under
[64]
the curve = 0.98) . They used three elastography
parameters, the mean stiffness of the FLL, the ratio
between the minimal and maximum lesion stiffness,
and the ratio between the stiffness of the FLL and the
surrounding liver parenchyma to construct a new Liver
Elastography Malignancy Prediction score based on a
regression analysis. A simpler approach considering
only mean lesion stiffness in a dichotomized fashion
could be used to diagnose or rule-out malignancy with
cut-off values of 14 kpa and 32.5 kPa, respectively.
Nonetheless, conclusions based on the current
literature remain unclear. When 2D US and Doppler
US suggest that a lesion is a benign tumor but ela
stography suggests malignancy, the lesion cannot
therefore be diagnosed as malignant. Several technical
limitations still exist. In situations in which the lesion is
smaller than the ROI or located deep or near the heart,
the shear wave propagation and imaging stability will
be affected. Furthermore, lesion areas with necrotic
liquefaction or calcification are not representative of the
true lesion stiffness, which often leads to misdiagnosis.

Assessment of end-stage liver disease after LT

LT is the only therapy for many patients who eventually
progress to end-stage liver disease. However, LT is
associated with a high rate of complications, which
are difficult to identify in the early stages. One study
reported a right lobe liver transplant recipient who
experienced anastomotic stenosis of the right hepatic
vein. SWE was quantitatively used to evaluate stiffness.
The results suggested that SWE may be a noninvasive
tool for assessing alterations in LS secondary to hepatic
[57]
venous congestion after LT . Another study showed
that SWE may be useful during follow-up after LT. Liver
rejection or hepatitis can be predicted at > 4 wk based
[58]
on liver grafts that are stiffer than normal . In a more
recent study, SWE was successfully utilized to monitor
the therapeutic effects of direct-acting antivirals in
hepatitis C recurrence after LT; the median LS values
decreased dramatically after treatment (P < 0.001).
The study suggested that SWE is a valid diagnostic tool
[59]
to follow-up hepatitis C patients undergoing LT .
From this study, we observed that SWE aids in
the clinical diagnosis and detection of complications
after LT, which represents great progress in SWE
technology from diagnosis to monitoring. However,
few studies have examined elastography in LT. This
study represents the first step, although there is great
potential for future research opportunities. Moreover,
US elastography should be applied more for monitoring
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Assessment of autoimmune liver disease

Autoimmune liver disease (AILDs) are intricate disorders
resulting from the effects of multiple genes in association
with environmental factors. The three major AILDs are
primary biliary cirrhosis, primary sclerosing cholangitis
[65]
and autoimmune hepatitis . As they progress, these
diseases may ultimately lead to chronic liver damage,
[66]
liver fibrosis and cirrhosis. Zeng et al used liver biopsy
as the reference standard for determining the diagnostic
accuracy of 2D-SWE for noninvasively assessing liver
fibrosis in patients with AILD. Their results indicated
that the optimal cut-off values for significant fibrosis (≥
F2), severe fibrosis (≥ F3) and cirrhosis (F4) were 9.7
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B

A

Figure 4 Two-dimensional shear wave elastography (Aixplorer US system, SuperSonic Imaging, France) images of a 69-year-old male with hepatocellular
carcinoma based on the cirrhosis caused by hepatitis B virus. A: The mean Young’s modulus is 161.8 kPa and the mean shear wave velocity is 7.3 m/s, which
is obviously higher than the benign lesion; B: The area of the tumor is 13.03 cm2. 2D-SWE: Two-dimensional shear wave elastography; HBV: Hepatitis B virus; HCC:
Hepatocellular carcinoma; US: Ultrasound.

kPa, 13.2 kPa and 16.3 kPa, respectively. Moreover, the
sensitivity and specificity ranged from 75% to 87% for
all fibrosis stages. As these data show, SWE has high
cut-off values in patients with AILD. The critical cutoff value was obviously higher than that for CHB/CHC.
Therefore, different diseases have different thresholds,
representing different developmental processes. AILD is
relatively rare, and the current study was small; thus,
further confirmation is necessary.
These results of LT, FLLs and AILD based on SWE
cannot yet be clinically translated, as the research
published to date is insufficient to definitively establish
diagnostic criteria. However, elastography has shown
promise for use in many research and development
opportunities and future applications.

a. It remains unclear whether the shear wave Young’s
modulus or shear wave velocity is more representative.
b. It remains unknown whether multiple measure
ments in one location are necessary when satisfactory
measures of stiffness are obtained. Or, whether
measurements in more than one location are needed.
c. There is currently no agreement on objective quality
criteria regarding what constitutes a valid measurement
and what is an invalid measurement.
2. It remains unknown whether a simple semiquantitative fibrosis score can adequately reflect the
complexity of the pathophysiological process.

The clinical questions

1. In the era of promotion of precision medicine, can
2D-SWE accurately guide clinical work to aid in the
design of an antiviral therapy for hepatitis B patients?
2. Can 2D-SWE be a reliable measurement of the
prognosis of liver fibrosis?
3. Does a greater Young’s modulus indicate more serious
disease progression? Does a reduced Young’s modulus
indicate disease remission or effective treatment?
4. How do we diagnose the mixed types of liver disease?
5. In adult patients with NAFLD, what SWE LS cut-off
value allows us to accurately diagnose the presence of
cirrhosis and eliminate the need for liver biopsy?
6. In compensated cirrhosis of adult CLD, what 2D-SWE
liver stiffness cut-off value allows us to avoid the need
for gastroscopy?
7. Focal lesions can lead to erroneous results. How
should these be resolved?

Future perspectives

Although there is evidence that 2D-SWE could become
a crucial tool in end-stage liver disease, additional
research and development are necessary. Additional
work should focus on the role of SWE not only in
cross-sectional diagnosis but also in longitudinal
studies considering disease progression, regression
[67]
and clinical outcomes . Priority should be given to
multicenter, large-scale verification research. Indeed,
the longitudinal monitoring of fibrosis in patients with
CLD may be a highly practical application for SWE.
Preliminary research has revealed a remarkable
decrease in LS values in patients with chronic viral
[68,69]
hepatitis after continued antiviral treatment
. Given
its high patient acceptance and good accessibility, SWE
may also become a convenient tool for identifying
patients with liver disease and a promising avenue
for future research. However, several issues warrant
further consideration.

Patient follow-up questions

1. During follow-up monitoring, are there any definite
cut-off values to weigh the progression, regression and
outcome of liver disease?
2. What is a minimal time span for measuring LS over
time? How often should measurements be performed?
3. How should elastography be used to predict the
risk for HCC in patients with cirrhosis, regardless of
etiology?

The basic problem

1. Although alternative techniques, such as pSWE/
ARFI or 2D-SWE, seem to overcome the limitations of
TE, their quality criteria for the staging of liver fibrosis
are not yet well defined.
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Here, we will address the first clinical issue. On the
basis of the current study, we believe that SWE can guide
clinical work to help develop a reasonable treatment
strategy for patients with CLDs by measuring the degree
of LS, which reflects the degree of liver fibrosis, and
by monitoring the progress of the disease in real time.
According to the EASL guidelines, it is of particular
significance to identify patients with cirrhosis, as their
treatment regimen and posttreatment surveillance must
[27]
[70]
be adapted . The latest report
from a European,
10-center, cohort study of 1951 adult Caucasian CHB
patients found that HCC incidence distinctly dropped
after the first 5 years of therapy, particularly in those
with compensated cirrhosis. Furthermore, multivariable
analysis showed that a LS ≥ 12 kPa at year 5 was
related to greater HCC development after year 5, which
likely represents valuable indirect markers of the severity
of liver disease. Consequently, we believe that SWE can
reflect liver fibrosis and guide therapy, thus decreasing
the risk of HCC and remarkably improving the prognosis.
This represents a major advancement in the treatment
of CLD.
2D-SWE is known to be a multifactorial technique
that factors in the anatomy of the liver, the physical
characteristics and the underlying illness of the patient,
the experience of the examiner, and differences in
equipment. The following details include the factors
associated with SWE reliability and ways to improve its
performance in liver applications.

Using current methods, according to the patient’
s liver, the depth should be dropped, and the image
should be appropriately enlarged while the areas of the
sampling frame and ROI are adjusted to the shrinking
liver. In addition, some factors influence the LS mea
sured by elastography, leading to an overestimation
[71,74-78]
of liver fibrosis
. Such factors include excessive
alcohol intake, elevated central venous pressure,
cardiac failure, intra- or extrahepatic cholestasis, alanine
aminotransferase flare in acute or chronic hepatitis, and
histological necroinflammation activity.

Operator experience

LS measurements by 2D-SWE should be made by an
expert operator. It has been reported that experienced
examiners have higher reproducibility of measurements
[79,80]
than novice examiners
. It is advised that at least
50 supervised 2D-SWE measurements should be
performed by beginners in order to acquire reliable
[79]
results . This issue therefore necessitates strict prejob
training for operators to reduce the error caused by
lack of experience and to improve the stability of clinical
implementations (Figure 5 shows an analysis of failed
measurements).

Differences in manufacturer equipment

There may be significant variation in the frequency of
acoustic radiation forces used across manufacturers,
although variations can even be observed across differ
ent equipment from the same manufacturer or due to
different settings applied using the same equipment.
Large differences among the measurements provided
by different settings create obstacles to the clinical
application of SWE that need be addressed in the
[81]
future . In summary, these techniques need to be
performed using a standardized protocol with critically
interpreted results, taking confounding factors into
account.

Anatomy of the liver

The liver is located in the upper abdomen, near
the heart, lungs and gastrointestinal tract, and is
particularly affected by respiratory movements as well
[71]
as the heartbeat and gas in the gastrointestinal tract .
Measurements of the left liver lobe yield markedly
higher values and are more variable than the right
lobe; thus, LSM in the left liver lobe should be avoided
[72]
whenever possible . During the examination, the
patient needs to cooperate by holding their breath
(neither in the expiratory phase nor in the aspirated
phase) to stabilize the 2D image measurement because
[24]
stable 2D imaging is the basis of successful results .

CONCLUSION
In conclusion, 2D-SWE appears to be a valid, simple,
rapid and reproducible method for the noninvasive
assessment of liver fibrosis, with advantages including
its low cost and widespread availability. As liver
biopsies cannot be performed frequently, SWE can be
used to regularly monitor liver fibrosis over the long
term. SWE is a promising technology with potential
clinical applications, including accurate quantification
and therapeutic monitoring. we believe that with
the popularity of US elastography, the noninvasive
assessment of liver fibrosis will be further promoted.
Most importantly, in the future, SWE may become a
routine method of screening for patients with CLDs.
Finally, large-scale, multicenter, multifield clinical
studies are needed to explore the applications of SWE,
as there may be variability in terms of demographics,
disease and liver cancer incidence predictions. We are

Physical characteristics and underlying illness of the
patient

Previous studies have reported that SWE mea
surements are not affected by a high body mass index,
[20,73]
ascites or fatty liver
, while in clinical practice, high
measurement failure rates are due to obesity or ascites
[4]
causing poor penetration . Obese patients often have
a fatty liver with a thick layer of subcutaneous fat
and echo attenuation throughout the liver, which is
not conducive to clear 2D imaging. In some very thin
patients with a narrow intercostal space, especially
patients who have entered the end-stage of liver
cirrhosis, the right liver has been severely reduced to
[33]
the extent that it affects elasticity measurements .
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B

A

Figure 5 Analysis of failed measurements. A: A 69-year-old female who had right heart failure and could not hold her breath, causing the failed liver stiffness
measurement; B: An image acquired by an inexperienced operator who did not set the standard parameters.

hopeful that SWE will continue to evolve and attain a
utility equal to that of Doppler as a new mode of US
imaging.
11
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Abstract
AIM
To evaluate the association between virulence factor
status and antibiotic resistance in Helicobacter pylori (H.
pylori )-infected patients in Ireland.
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METHODS
DNA was extracted from antral and corpus biopsies
obtained from 165 H. pylori -infected patients. Genoty
ping for clarithromycin and fluoroquinolone-mediating
mutations was performed using the Genotype HelicoDR
assay. cagA and vacA genotypes were investigated
using PCR.
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RESULTS
Primary, secondary and overall resistance rates for
clarithromycin were 50.5% (n = 53/105), 78.3% (n
= 47/60) and 60.6% (n = 100/165), respectively.
Primary, secondary and overall resistance rates for
fluoroquinolones were 15.2% (n = 16/105) and 28.3%
(n = 17/60) and 20% (n = 33/165), respectively.
Resistance to both antibiotics was 12.4% (n = 13/105)
in treatment-naïve patients, 25% (n = 15/60) in those
previously treated and 17% (n = 28/165) overall. A
cagA -positive genotype was detected in 22.4% (n
= 37/165) of patient samples. The dominant vacA
genotype was S1/M2 at 44.8% (n = 74/165), followed
by S2/M2 at 26.7% (n = 44/165), S1/M1 at 23.6% (n
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= 39/165) and S2/M1 at 4.8% (n = 8/165). Primary
clarithromycin resistance was significantly lower in
cagA -positive strains than in cagA -negative strains [32%
(n = 8/25) vs 56.3% (n = 45/80); P = 0.03]. Similarly,
in patients infected with more virulent H. pylori strains
bearing the vacA s1 genotype, primary clarithromycin
resistance was significantly lower than in those
infected with less virulent strains bearing the vacA s2
genotype, [41% (n = 32/78) vs 77.8% (n = 21/27); P
= 0.0001]. No statistically significant association was
found between primary fluoroquinolone resistance and
virulence factor status.

consensus recommends that all symptomatic H. pylori[1]
infected adults are treated . There are many different
treatment options available, however the most common
treatment for first-line eradication of H. pylori is triple
therapy, which consists of two antibiotics (clarithromycin
and amoxicillin) and a proton pump inhibitor, taken for
7-14 d. An efficacious therapy for H. pylori eradication
[1]
is one that achieves an eradication rate of over 80% .
However, in many countries, the eradication rate for
standard triple therapy has fallen below 80%. Indeed
in a recent study in Ireland, the eradication rates of
standard seven-day triple therapy were just 56.8% and
61% by intention-to-treat and per-protocol analysis,
[3]
respectively . There are several factors that impact
the efficacy of treatment for H. pylori; high bacterial
load, high gastric acidity and poor patient compliance.
However, undoubtedly the most important is the
rapid emergence of antimicrobial resistant strains of
[4-6]
H. pylori, particularly to clarithromycin . Resistance
to clarithromycin can decrease the success rate of
[7]
clarithromycin-based triple therapy by up to 70% .
One study found that the presence of clarithromycin
resistant strains in a patient infected with H. pylori
[8]
predicted treatment failure almost perfectly .
H. pylori is a highly heterogeneous bacterium and
its virulence varies geographically. Virulence factors not
only contribute to the pathogenicity of the bacteria but
[9]
may play a role in determining treatment outcome .
The most commonly studied virulence factors in H.
pylori are encoded by the cytotoxin associated gene A
(cagA) and the vacuolating associated gene A (vacA).
There are at least 4 variable regions in the vacA gene;
in the signal (s) region, of which one of two alleles can
be present: s1 or s2, and in the middle (m) region, of
[10]
which one of two alleles can be present; m1 or m2 .
These variable regions display different levels of toxicity
to host cells, with vacA s1/m1 being most cytotoxic,
followed by s1/m2. The s2/m2 genotype has been found
[11]
to induce little or no toxicity . A possible relationship
between virulence factors and antimicrobial resistance
has been suggested. A study conducted in 2009 in
Ireland reported that the absence of cagA may be a risk
[12]
factor for developing metronidazole resistance . This
study aimed to provide an update on the prevalence
of virulence factor genotypes and antibiotic resistance
in Irish H. pylori strains and assess the relationship
between clarithromycin and fluoroquinolone resistance
with virulence factor status.

CONCLUSION
Genotypic H. pylori clarithromycin resistance is high and
cagA -negative strains are dominant in our population.
Less virulent (cagA -negative and vacA S2-containing)
strains of H. pylori are associated with primary clarith
romycin resistance.
Key words: Helicobacter pylori ; Antibiotic resistance;
Fluoroquinolone; Clarithromycin; Virulence factor; VacA;
CagA
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The management of Helicobacter pylori (H.
pylori ) infection is challenging, largely due to the

emergence of antibiotic resistance. A greater under
standing of local antibiotic resistance rates is important
in determining the most appropriate treatment regimen
in a given population. Furthermore, insight into the
virulence of the infecting strains and the association
between virulence and antibiotic resistance could
potentially be an avenue to explore in the effort to
improve eradication rates. This study provides and
update on the prevalence of clarithromycin and flu
oroquinolone resistance in Ireland and demonstrates
that less virulent strains of H. pylori are predictive of
primary clarithromycin resistance.
Brennan DE, Dowd C, O’Morain C, McNamara D, Smith
SM. Can bacterial virulence factors predict antibiotic resistant
Helicobacter pylori infection? World J Gastroenterol 2018;
24(9): 971-981 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i9/971.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i9.971

INTRODUCTION

MATERIALS AND METHODS

Helicobacter pylori (H. pylori) infection causes acute
and chronic gastritis, gastric and duodenal ulcers,
and in rare cases gastric adenocarcinoma and MALT
[1]
(mucosa-associated lymphoid tissue) lymphoma .
While its prevalence in the developed world has
generally decreased, it is still high in indigenous popu
[2]
lations and the developing world . The Maastricht

Study design and ethics
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A prospective study was carried out in a tertiary referral
teaching hospital (Adelaide and Meath Hospital, Dublin,
Ireland) affiliated with Trinity College Dublin. Patients
who had been referred to the endoscopy clinic were
included from August 2014 until June 2017. The study
received ethical approval from the Adelaide and Meath
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Table 1 Polymerase chain reaction primers used in this study
Primer
CAGA-F
CAGA-R
VA1-F
VA1-R
VAG-F
VAG-R

Primer sequence

Gene

Product size (bp)

5’-GATAACAGGCAAGCTTTTGATG-3’
5’-CTGCAAAAGATTGTTTGGCAGA-3’
5’- ATGGAAATACAACAACAAACACAC-3’
5’ – CTGCTTGAATGCGCCAAAC-3’
5’ – CAATCTGTCCAATCAAGCGAG-3’
5’- GCTTCAAAATAATTCCAAGG-3’

cagA

349

vacA signal region

259/286 (s1/s2)

vacA middle region

567/642 (m1/m2)

Hospital Research Ethics Committee. Informed consent
was obtained from all patients before enrolment.

(GraphPad Software Inc., CA, United States). Continuous
variables are presented as arithmetic mean and SD.
P values for continuous variables were calculated and
compared using the two-tailed independent t-test. P
values for categorical variables were calculated using the
2
Fisher’s exact test/Pearson χ -test. In all cases, a P value
less than 0.05 was considered significant.

Study population

Inclusion criteria were (1) ability and willingness
to participate in the study and to provide informed
consent, and (2) confirmed H. pylori infection as
indicated by a positive rapid urease test (TRI-MED
Distributors, PTY LTD, Washington, United States) at 30
min and by histology.
Exclusion criteria were (1) age less than 18 years,
(2) pregnancy or lactation, (3) severe inter-current
illness, (4) current PPI use or recent antibiotic use
(within 4 wk); and (5) bleeding problems or use of
blood thinning drugs.

RESULTS
Prevalence of genotypic antimicrobial resistance

Samples from a total of 165 H. pylori-infected patients
were analysed in the study. Patient demographics and
clinical characteristics are shown in Table 2. 63.6%
(n = 105) of patients had not been treated for H.
pylori infection previously, while 36.4% (n = 60) had
undergone at least one eradication treatment regimen
(Table 2).
Primary resistance rates for clarithromycin and
fluoroquinolones were 50.5% (n = 53/105; Table 3)
and 15.2% (n = 16/105; Table 4), respectively. In those
previously treated for H. pylori infection, the resistance
rates for both clarithromycin and fluoroquinolones
were higher at 78.3% (n = 47/60; Table 3) and 28.3%
(n = 17/60; Table 4), respectively. Overall resistance
rates, regardless of treatment history, were 60.6% (n
= 100/165; Table 3) and 20% (n = 33/165; Table 4)
for clarithromycin and fluoroquinolones, respectively.
Among patients infected with a clarithromycin-resistant
strain, the most common point mutation was A2147G,
at 78% (n = 78/100; Table 3). The most common
point mutation conferring resistance to fluoroquinolones
in resistant patients was gyr91 D91Y, at 54.5% (n =
18/33; Table 4).
Dual resistance rates for clarithromycin and fluoro
quinolones were 12.4% (n = 13/105) in the treatment
naïve, 25% (n = 15/60) in those previously treated
and 17% (n = 28/165) in all patients included (Table
5). The overall rate of dual susceptibility among the
patients was 36.4% (n = 60/165; Table 5). Dual
susceptibility was significantly higher in treatmentnaïve patients versus those previously treated (46.6%,
n = 49/105 versus 18.3%, n = 11/60; P < 0.05;
Fisher’s exact test).

Sample collection

A single corpus and antrum biopsy from each patient
were placed into collection tubes and stored at -20
℃ until processed for genomic DNA isolation using
the QIAamp DNA Mini Kit (Qiagen GmbH, Hilden,
Germany) according to manufacturer’s instructions. All
isolated DNA was stored -20 ℃ until genotyping was
performed.

Antimicrobial susceptibility genotyping

Genotyping for clarithromycin and fluoroquinolonemediating mutations was performed using the Genotype
HelicoDR assay (Hain Lifescience GmbH, Nehren,
Germany) according to the manufacturer’s instructions.
Briefly, multiplex amplification of DNA regions of interest
was performed using biotinylated primers supplied in
the GenoType HelicoDR kit and the Hotstart Taq DNA
polymerase kit (Qiagen). PCR products were reverse
hybridised to DNA strips containing probes for gene
regions of interest, developed and interpreted according
[13]
to the manufacturers’ instructions .

Virulence factor genotyping

To determine virulence factor genotype, PCR was
[12]
performed as previously described by Taneike et al
using the primers described in Table 1. CagA and
vacA genotypes were evaluated by performing gel
electrophoresis on the PCR products using 1% agarose
gel.

Distribution of H. pylori virulence-factor genotype

Statistical analysis

Table 6 illustrates the distribution of H. pylori virulence
factor genotype in infected patients. Overall, 22.4% (n

Statistical analysis was carried out using GraphPad Prism
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Table 2 Demographic and clinical characteristics of Helicobacter pylori -infected patients included in the study
Number of gastric biopsy specimens n (%)
All patients 165 (100)

Treatment Naïve 105 (63.6)

Previously treated 60 (36.4)

69 (41.8)
96 (58.2)

31 (29.5)
74 (70.5)

38 (63.3)
22 (36.7)

49.2 ± 15.8

50.3 ± 16.3

47.4 ± 14.7

130 (78.8)
23 (13.9)
11 (6.7)
1 (0.6)

78 (74.3)
16 (15.2)
10 (9.5)
1 (1.0)

52 (86.7)
7 (11.7)
1 (1.7)
0 (0.0)

92 (55.8)
32 (19.4)
21 (12.7)
17 (10.3)
1 (0.6)
2 (1.2)

57 (54.3)
19 (18.1)
15 (14.3)
11 (10.5)
1 (1.0)
2 (1.9)

35 (58.3)
13 (21.7)
6 (10.0)
6 (10.0)
0 (0.0)
0 (0.0)

Gender
Female
Male
Age
mean ± SD
Histology findings
Chronic gastritis
Intestinal metaplasia
No data available
Normal mucosa
Endoscopic findings
Gastritis
Normal
Gastric/duodenal ulcer
No data available
Atrophic mucosa
Other1
1

Other endoscopic findings: 1 intestinal metaplasia and erosion: 1 portal hypertensive gastropathy.

Table 3 Clarithromycin resistance rates and the distribution of resistance-mediating mutations
P value1

Number of gastric biopsy specimens n (%)

Genotype
All patients 165 (100)

Treatment Naïve 105 (63.6)

Previously treated 60 (36.4)

65 (39.4)
100 (60.6)

52 (49.5)
53 (50.5)

13 (21.7)
47 (78.3)

< 0.001

78 (78)
8 (8)
6 (6)
5 (5)
2 (2)
1 (1)

44 (83)
3 (5.7)
3 (5.7)
3 (5.7)
0 (0)
0 (0)

34 (72.3)
5 (10.6)
3 (6.4)
2 (4.3)
2 (4.3)
1 (2.1)

NS
NS
NS
NS
NS
NS

ClarithromycinS (WT)
ClarithromycinR
Point mutations
A2147G
A2146G
A2146C
A2146C + A2147G
A2146G + A2147G
A2146G + A2146C
1

Treatment-naïve versus previously treated patients (Fisher’s exact test). Clarithromycin S: Sensitive to clarithromycin; ClarithromycinR: Resistant to
clarithromycin.

= 37/165) of patients were infected with strains that
were cagA positive and 77.6% (n = 128/165) that
were cagA negative. The most prevalent vacA allele
was S1/M2 at 44.8% (n = 74/165), followed by S2/
M2, S1/M1 and S2/M1 at 26.7% (n = 44/165), 23.6%
(n = 39/165) and 4.8% (n = 8/165), respectively
(Table 6). Interestingly, the frequency of the vacA S1
genotype (the more virulent S region genotype) was
significantly lower in those previously treated than
the treatment-naïve group [58.3% (n = 35/60) vs
74.3% (n = 78/105) respectively; P < 0.05; Fisher’
s exact test]. Additionally, the frequency of the
S2/M2 genotype (the least virulent genotype) was
significantly higher in those patients who have been
treated previously [36.7% (n = 22/60) vs 21% (n =
22/105) respectively; P < 0.05; Fisher’s exact test;
Table 6].

recruited patients revealed that genotypic resistance
to clarithromycin was significantly lower in cagApositive strains than in cagA-negative strains [40.5%
2
(n = 15/37) vs 66.4% (n = 85/128); χ = 8.04; P =
2
0.004; Pearson χ test; Figure 1A]. When patients were
sub-grouped into treatment-naïve (Figure 1B) and
those previously treated (Figure 1C), clarithromycin
resistance was also lower in cagA-positive strains
compared to cagA-negative strains, although this only
reached statistical significance in the treatment-naïve
2
cohort [32% (n = 8/25) vs 56.3% (n = 45/80); χ =
2
4.5; P = 0.03; Pearson χ test; Figure 1B]. Similarly,
in patients infected with more virulent H. pylori strains
bearing the vacA s1 genotype, clarithromycin resistance
was significantly lower than in those infected with less
virulent strains bearing the vacA s2 genotype, when all
patients were included [52.2% (n = 59/113) vs 78.8%
2
2
(n = 41/52); χ = 10.6; P = 0.001; Pearson χ test;
Figure 2A] and in those that were treatment-naïve [41%
2
(n = 32/78) vs 77.8% (n = 21/27); χ = 10.8; P =
2
0.0001; Pearson χ test; Figure 2B], but not in patients
that were previously treated (Figure 2C).

Less virulent strains of H. pylori are associated with
primary clarithromycin resistance

Next, the relationship between antibiotic resistance and
virulence factor genotype was assessed. Analysis of all
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Table 4 Fluoroquinolone resistance rates and the distribution of resistance-mediating mutations
Genotype
FluoroquinoloneS (WT)
FluoroquinoloneR
Point mutations
gyr91 D91Y
gyr91 D91N
gyr91 D91G
gyr91 D91N + gyr91 D91G
gyr91 D91N +gyr91 D91Y
gyr87 N87K
gyr87 N87K + gyr91 D91N + gyr91 D91G
gyr87 N87K + gyr91 D91N + gyr91 D91G + gyr91 D91Y

Number of gastric biopsy specimens n (%)
All patients 165 (100) Treatment Naïve 105 (63.6) Previously treated 60 (36.4)
132 (80.0)
89 (84.8)
43 (71.7)
33 (20.0)
16 (15.2)
17 (28.3)
18 (54.5)
6 (18.2)
2 (6.1)
2 (6.1)
2 (6.1)
1 (3.0)
1 (3.0)
1 (3.0)

10 (62.5)
2 (12.5)
0 (0.0)
1 (6.3)
1 (6.3)
1 (6.3)
0 (0.0)
1 (6.3)

8 (47.1)
4 (23.5)
2 (11.8)
1 (5.9)
1 (5.9)
0 (0.0)
1 (5.9)
0 (0.0)

P value1

NS
NS
NS
NS
NS
NS
NS
NS
NS

1

Treatment-naïve versus previously treated patients (Fisher’s exact test). Fluoroquinolone S: Sensitive to fluoroquinolones; FluoroquinoloneR: Resistant to
fluoroquinolones.

A

B
Treatment naïve

All patients

P = 0.03

100

P = 0.004

80

Resistance to clarithromycin (%)

Resistance to clarithromycin (%)

100

85/128

60
15/37
40
20

80
45/80

60
40

8/25

20
0

0
Positive

Positive

Negative

C

Negative

cagA status

cagA status

Previously treated
100

Resistance to clarithromycin (%)

40/80
80
60

7/12

40
20
0
Positive

Negative

cagA status

Figure 1 Prevalence of clarithromycin-resistance according to cagA genotype. A: All patients; B: Treatment naïve patients; C: Previously treated patients.

3B) and those previously treated (Figure 3C). While
there was a significant association between the
less virulent vacA s2 genotype and fluoroquinolone
resistance when all patients were included [15% (n
2
= 17/113) vs 30.8% (n = 16/52); χ = 5.5; P = 0.02;
2
Pearson χ test; Figure 4A], this did not reach statistical

The frequency of resistance to fluoroquinolones in
each virulence factor genotype was also examined.
CagA status was not significantly associated with
fluoroquinolone resistance when all patients were
analysed (Figure 3A) or when the patients were subdivided into those with primary infections (Figure
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Table 5 Antimicrobial susceptibility results for both clarithromycin and fluoroquinolone
P value1

Number of gastric biopsy specimens n (%)

Genotype

All patients 165 (100)
Susceptible (to both)
Resistant (to at least one)
Susceptible/resistant to one
Resistant to both

Treatment Naïve 105 (63.6) Previously treated 60 (36.4)

60 (36.4)
105 (63.6)
137 (83.0)
28 (17.0)

49 (46.6)
56 (53.3)
92 (87.6)
13 (12.4)

11 (18.3)
49 (81.6)
45 (75.0)
15 (25.0)

< 0.05

0.05

1

Treatment-naïve versus previously treated patients (Fisher’s exact test).

A

B

Treatment naïve

All patients

P = 0.0001

P = 0.001

100

41/52

80
60

Resistance to clarithromycin (%)

Resistance to clarithromycin (%)

100

59/113

40
20

21/27

80
60
32/78
40
20
0

0
Most virulent

Least virulent

Most virulent

vacA allele

Least virulent

vacA allele

C
Previously treated

Resistance to clarithromycin (%)

100
20/25

27/35

80
60
40
20
0

Most virulent

Least virulent

vacA allele

Figure 2 Prevalence of clarithromycin resistance according to vacA genotype. A: All patients; B: Treatment naïve patients; C: Previously treated patients. Most
virulent: S1/M1, S1/M2; Least virulent: S2/M1; S2/M2.

significance in treatment naïve patients (Figure 4B) or
those previously treated (Figure 4C).
Taken together, these findings indicate that the
absence of cagA and the less virulent vacA genotypes
(S2/M1 and S2/M2) may be predictors of primary
clarithromycin resistance in treatment-naïve patients.

factor genotypes in H. pylori strains in Ireland. In
addition we investigated whether virulence factor
genotypes are associated with antibiotic susceptibility.
Primary clarithromycin resistance among our patients
was high at 50.5% and even higher in those previously
treated at 78%. Among patients infected with a resistant
strain, the most common point mutation conferring
clarithromycin resistance was A2147G, in keeping
[14-19]
with other studies
. Our primary clarithromycin
resistance rate is high compared to rates reported in
[5,19-21]
Europe, Asia Pacific and other countries
. Variations

DISCUSSION
This study aimed to provide an update on the prevalence
of antibiotic resistance and distribution of virulence
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Table 6 Distribution of Helicobacter pylori virulence-factor genotypes among infected patients in Ireland n (%)
Overall (n = 165)

Genotype
cagA status
Positive
Negative
vacA allele
S1
S2
M1
M2
S1/M1
S1/M2
S2/M1
S2/M2

Treatment naïve (n = 105) Previous treatment (n = 60)

37 (22.4)
128 (77.6)

25 (23.8)
80 (76.2)

12 (20)
48 (80)

113 (68.5)
52 (31.5)
47 (28.5)
118 (71.5)
39 (23.6)
74 (44.8)
8 (4.8)
44 (26.7)

78 (74.3)
27 (25.7)
31 (29.5)
74 (70.5)
26 (24.8)
52 (49.5)
5 (4.8)
22 (21.0)

35 (58.3)
25 (41.7)
16 (26.7)
44 (73.3)
13 (21.7)
22 (36.7)
3 (5.0)
22 (36.7)

P value1
NS

< 0.05
NS
NS
NS
NS
< 0.05

1

Treatment-naïve versus previously treated patients (Fisher’s exact test).

A

B

All patients

Treatment naïve
100
Resistance to fluoroquinolones (%)

Resistance to fluoroquinolones (%)

100
80
60
40
28/128
20

5/37

0

80
60
40
20
0

Positive

Negative

Positive

cagA status

C

12/80

4/25

Negative

cagA status

Previously treated

Resistance to fluoroquinolones (%)

100
80
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Figure 3 Prevalence of fluoroquinolone-resistance according to cagA genotype. A: All patients; B: Treatment naïve patients; C: Previously treated patients.
[23]

in H. pylori antibiotic resistance rates among different
populations are influenced by previous antibiotic use,
with studies demonstrating that previous exposure to
macrolides increases the risk of clarithromycin resistant
[5,22]
H. pylori infection
. The sharp increase in primary
clarithromycin resistance from 3.9% in 1997 to 9.3% in
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2008 , to the current rate of 50.5% in 2017 is a cause
for concern and is reflected in the poor eradication rate
(56.8% ITT) for 7 days clarithromycin-based triple
[3]
therapy recently reported from our centre . In an effort
to address increasing antibiotic resistance and falling
eradication rates, the Irish H. pylori Working Group
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Figure 4 Prevalence of fluoroquinolone-resistance according to vacA genotype. A: All patients; B: Treatment naïve patients; C: Previously treated patients. Most
virulent: S1/M1, S1/M2; Least virulent: S2/M1; S2/M2.

have recently highlighted the need for more widespread
antibiotic resistance surveillance and extended H. pylori
[24]
treatment durations . It should be noted that antibiotic
resistance was determined at the genetic level in the
current study compared to culture and Etests in the
earlier Irish surveys.
The primary and secondary rates of fluoroquinolone
resistance were 15.2% and 28.3%, respectively. The
primary rate of levofloxacin resistance has only risen
slightly since the last Irish survey in 2008-2009, which
[25]
reported a rate of 12% , and is in keeping with the
[5]
14.1% rate reported in Europe . The most common
point mutation conferring resistance to fluoroquinolones
in our patients was gyr91 D91Y. This contrasts with
other studies in which gyr91 D91N and gyr87 N87K
[14,16-18]
mutations were reported with highest frequency
.
In our cohort, the overall frequency of H. pylori
infections with strains containing the cagA gene was
22.4%. This has decreased since the distribution of the
cagA genotype was last investigated in Ireland in 2009,
[12]
with a frequency of 68% reported . It is also lower
[26,27]
than distributions reported in Cuba and Iran
. There
is a well-known association between cagA-positive
[28,29]
strains of H. pylori and peptic ulcer disease
. This
relatively low frequency of cagA-positive genotype is
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not surprising given that the prevalence of peptic ulcer
disease was also low in our cohort at 12.7% (Table 2),
which is a decrease on the prevalence of peptic ulcer
[12]
disease reported in the previous Irish study (17% ).
The most prevalent vacA genotype in our cohort was
S1/M2, followed by S2/M2, S1/M1 and S2/M1. This
pattern is similar to the pattern reported in Ireland in
[12,26,27]
2009 as well as the studies mentioned above
.
Interestingly, the frequency of the more virulent S1
genotype was significantly lower in those previously
treated than the treatment-naïve group (58.3%
vs 74.3%). Additionally, the frequency of the least
virulent S2/M2 genotype was significantly higher in
those previously treated previously (36.7% vs 21%).
This is in accordance with a hypothesis described
previously which suggests that more virulent strains
elicit a stronger inflammatory response, enabling
increased blood flow to the site of infection, therefore
enhancing delivery of antibiotics and the potential for
[30]
successful eradication . Another potential explanation
is that a more virulent strain of H. pylori may replicate
faster and is therefore more susceptible to antibiotics,
whose mechanisms of action are to inhibit bacterial
[31]
replication .
We found an inverse relationship between the
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factors contribute to the pathogenicity of the bacteria and have been suggested
to influence treatment outcome.

virulence of the infecting strain and the presence of
clarithromycin resistance: the absence of cagA, and the
less virulent vacA genotypes (S2/M1 and S2/M2), may
be indicators of clarithromycin resistance, in particular
in treatment-naïve patients. The association between
virulence factors and antibiotic resistance in H. pylori
has been evaluated in other studies, with controversial
results. Absence of cagA was found to be a risk factor
[12]
for metronidazole resistance and other studies have
found an association between clarithromycin resistance
[32,33]
mutations and the less virulent vacA genotypes
.
Another report revealed that cagE and vacA S1
correlated with clarithromycin and metronidazole resis
[34]
tance , while others found that neither cagA nor
[29,35-37]
vacA was associated with resistance
. There may
be no direct causation involving the presence of less
virulent strains of H. pylori and antibiotic resistance.
Rather, the presence or absence of virulence factors
may cause physiological effects which create an
environment in which antibiotic resistant strains of H.
[31]
pylori can flourish as outlined above . As less virulent
strains are less immunogenic, an inadequate delivery
of antibiotics may reach infected areas in the stomach
and as a result, antimicrobial resistant strains may be
selected for in the population of less virulent strains.
It has been shown that a cagA- strain may tend to
[12]
acquire drug resistance in vitro . Indeed, studies
have shown that virulence factor genotype may also
influence treatment outcome. A number of studies
have reported the presence or absence of cagA and
[36,38-40]
vacA as predictors of eradication of H. pylori
.
[39]
Wang et al
conducted a meta-analysis of 25 studies
and found that infection with cagA positive, vacA S1
strains were associated with H. pylori eradication.
In conclusion, this study found that the cagA
negative and vacA S1/M2 genotypes were the most
dominant in H. pylori strains in Ireland. A surprisingly
high rate of primary genotypic clarithromycin resistance
was observed (50.5%), with a primary genotypic
fluoroquinolone resistance rate of 15.2%. It was also
found that there is a relationship between the less
virulent strains of H. pylori (cagA-negative and vacA
S2) and primary clarithromycin resistance. It is well
known that the prevalence of antibiotic resistance is
increasing worldwide while eradication rates of H. pylori
are decreasing. The relationship between less virulent
strains of H. pylori and presence of antibiotic resistance
found herein could potentially be an avenue to explore
in the effort to improve eradication rates.

Research motivation

In response to the increasing problem of H. pylori antibiotic resistance, local
antibiotic resistance surveillance is recommended to guide clinicians in their
choice of H. pylori therapy. Knowledge of local antimicrobial resistance rates
and the prevalence of virulent infections will influence strategies for optimising
the management of H. pylori infection.

Research objectives

This study aimed to provide an update on the prevalence of antibiotic resistance
in Ireland, in particular for the antibiotics clarithromycin and fluoroquinolones.
The virulence of the infecting strains was assessed by investigating cagA and
vacA status. In addition the relationship between virulence factor status and
antibiotic resistance was evaluated.

Research methods

DNA was extracted from antral and corpus biopsies obtained from H. pyloriinfected patients. Genotyping for clarithromycin and fluoroquinolone-mediating
mutations was performed using the Genotype HelicoDR assay. CagA and vacA
genotypes were investigated using PCR and agarose gel electrophoresis.

Research results

Primary resistance to clarithromycin was high at 50.5%. Primary resistance to
fluoroquinolones was 15.2%. Primary resistance to both antibiotics was 12.4%.
A cagA-positive genotype was detected in 22.4% of patient samples. The
dominant vacA genotype was S1/M2 at 44.8%, followed by S2/M2 at 26.7%,
S1/M1 at 23.6% and S2/M1 at 4.8%. Primary clarithromycin resistance was
significantly lower in cagA-positive strains than in cagA-negative strains (32% vs
56.3%). Similarly, in patients infected with more virulent H. pylori strains bearing
the vacA s1 genotype, primary clarithromycin resistance was significantly lower
than in those infected with less virulent strains bearing the vacA s2 genotype,
(41% vs 77.8%). In summary, genotypic H. pylori clarithromycin resistance is
high and cagA-negative strains are dominant in our population. Less virulent
(cagA-negative and vacA S2-containing) strains of H. pylori are associated with
primary clarithromycin resistance.

Research perspectives

Given the high rate of primary clarithromycin resistance detected in our
study, the use of alternatives to clarithromycin-based triple therapy should be
considered for first line H. pylori treatment in our cohort. In order to validate
the association between less virulent strains and clarithromycin resistance,
the influence of virulence factor genotype on treatment outcome should be
assessed.
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Abstract
AIM
To investigate the potential role of poly(ADP-ribose)
polymerase 1 (PARP1) in the development of Barrett’s
esophagus (BE).
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METHODS
A BE mouse model was established to examine the
esophageal morphological changes and molecular
changes. Microarray analysis was performed to compare
the gene expression profiles between BE patients and
healthy controls. qPCR was used to examine the PARP1
expression in cell lines after treatment with H2O2 and
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bile acids (pH 4). Immunofluorescence staining, comet
assay, and annexin V staining were used to evaluate
the impact of PARP1 activity on cell survival and DNA
damage response after oxidative stress.

mucosal injury and inflammation are major risk factors
for the development of Barrett’s esophagus (BE), a
premalignant condition closely associated with the
development of esophageal adenocarcinoma. BE
[4,5]
is present in 10%-20% of patients with GERD .
Although the leading cause of BE is formerly considered
a chronic inflammation, increasing evidence suggests
that oxidative stress-induced DNA damage induces
the apoptosis of esophageal epithelial cells during
the pathogenesis of BE. However, it is unclear why
esophageal epithelial cells are sensitive to oxidative
damage.
Oxidative DNA damage is usually induced by
reactive oxygen species (ROS) primarily generated
from normal intracellular metabolism in mitochondria
[6,7]
and peroxisomes . A number of external hazards
such as ionizing radiation, chemicals, and solar
ultraviolet light can also trigger ROS production. These
active free radicals attack double-strand DNA, inducing
various types of DNA lesions, including DNA singlestrand breaks (SSBs) and DNA double-strand breaks
[6,8]
(DSBs), which may lead to genomic instability .
To cope with these threats, cells have evolved DNA
damage response systems to detect and repair
DNA lesions. As one of the earliest alarm systems
and regulators in DNA damage response, poly(ADPribose) (PAR) participates in the repair of numerous
[9]
types of DNA damage including SSBs and DSBs .
Thus, the cellular metabolism of PAR is critical for DNA
damage response and genomic stability. The reaction
of poly(ADP-ribosyl)ation (PARylation) is catalyzed by
a group of PAR polymerases (PARPs). Using NAD+ as
the substrate, PARPs covalently adds ADP-ribose to
the side chains of arginine, aspartic acid, and glutamic
acid residues in target proteins. After catalyzing
the first ADP-ribose onto the proteins, other ADPriboses can be covalently linked and the continuous
reactions produce both linear and branched polymers
[10]
known as PAR . The structure of PAR has been well
characterized: the ADP-ribose unit in the polymer is
linked by glycosidic ribose-ribose 1’-2’ bonds. The
chain length is heterogeneous and can reach around
[11]
200 units with 20-50 units in each branch .
Although PARylation has been examined both in
vivo and in vitro, the function of PARP1 in esophageal
epithelial cells remains elusive. In this study, we
hypothesized that PARP1 may be involved in the
oxidative damage in the development of BE. We
aimed to investigate the potential role of PARP1 and
PARylation-related DNA damage in the process of BE
in GERD through using a BE mouse model and BE cell
lines. Elucidating the role of PARP1 in BE will provide a
novel therapeutic strategy for this condition.

RESULTS
The gene expression profile in normal and BE
esophageal epithelial cells showed that PARP1, the
major poly(ADP-ribose) polymerase, was overexpressed
in BE. In the mouse model of BE, positive staining
for NF-κB, γH2AX, and poly(ADP-ribose) (PAR) was
observed. H2O2 and bile acids (pH 4) increased the
PARP1 mRNA expression level in normal esophageal
epithelial cells. Using shRNA-PARP1 to suppress PARP1
activity decreased the cell viability after treatment with
H2O2 and bile acids (pH 4), and increased the oxidative
damage as demonstrated by an increase in the levels
of H2O2, intracellular reactive oxygen species (ROS),
oxidative DNA damage, double-strand breaks, and
apoptosis (P < 0.01).
CONCLUSION
The dysfunction of PARP1 in esophageal epithelial
cells increases the levels of ROS and oxidative DNA
damage, which could be common risk factors for BE
and esophageal adenocarcinoma.
Key words: PARP1; Barrett’s esophagus; DNA repair;
Oxidative damage; Bile acids
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we compared the gene ex
pression profile in normal esophagus and Barrett’s
esophagus (BE), and found that poly(ADP-ribose)
polymerase 1 (PARP1) was overexpressed in BE. In a
BE model, positive staining for NF-κB, γH2AX, and PAR
was observed. H2O2 and bile acids (pH 4) increased the
PARP1 mRNA expression level in normal esophageal
epithelial cells. PARP1 inhibition could decrease the
cell viability after bile acids treatment, and increased
the oxidative damage, double-strand breaks, and
apoptosis. Thus, our study demonstrates a novel
molecular mechanism for the role of PARP1 in the
process of Barrett’s metaplasia, which sheds a potential
therapeutic role for PARP1 inhibitor in BE.
Zhang C, Ma T, Luo T, Li A, Gao X, Wang ZG, Li F.
Dysregulation of PARP1 is involved in development of Barrett’s
esophagus. World J Gastroenterol 2018; 24(9): 982-991 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v24/i9/982.
htm DOI: http://dx.doi.org/10.3748/wjg.v24.i9.982

INTRODUCTION

MATERIALS AND METHODS

Gastro-esophageal reflux disease (GERD) is known
as reflux of gastric acid, usually mixed with bile acids,
[1-3]
into the lower esophagus . GERD-associated chronic

GERD model preparation and BE verification
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Experiments in 20 male C57Bl/6 mice with a mean
weight of 29 g (27-31 g) were performed. All
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bovine serum and antibiotics (Invitrogen). EPC2 cells
were grown in keratinocyte SFM medium supplemented
with 40 mg/mL bovine pituitary extract and 1.0 ng/
mL epidermal growth factor (Invitrogen, Carlsbad,
California, United States). All cell lines were grown at
37 ℃ in 5% carbon dioxide.

Table 1 Baseline patient characteristics
Patient characteristic
Age (mean ± SD), yr
Gender, male, n (%)
Body mass index (mean ± SD), kg/m2
Barrett’s length (median, IQR), cm
Circumferential extent (C)

n = 20
56.0 ± 12.5
16 (80)
26.5 ± 3.1
4.7 (3.8-5.5)
100%

Patients

Tissue samples of the lower esophagus from 39
individuals, consisting of esophageal squamous epithelia
from 19 healthy subjects and 20 specimens from
patients with BE, were obtained from the pathological
center of the Xuanwu Hospital or the Second Artillery
General Hospital of Chinese People’s Liberation Army
in China. The baseline characteristics of patients are
shown in Table 1. Gene expression was examined by
whole-human-genome microarrays (Affymetrix, Santa
Clara, CA, United States). Normal healthy esophageal
biopsies were collected from patients with esophageal
pain but diagnosed with normal squamous epithelia
without pathological changes.
All samples were snap-frozen in liquid nitrogen and
stored at -80 ℃. We obtained tissue specimens from all
subjects with informed written consent (approved by
the local ethics committees of the Xuanwu Hospital and
the Second Artillery General Hospital of Chinese People’
s Liberation Army. Each single specimen included in
this study was histopathologically approved according
to grading and staging results by an experienced
pathologist.

mice adapted to the environment 7 d to 10 d after
purchase, and then water was banned for 24 h before
the operation. Chloral hydrate (10%; 3 mL/kg) was
administered intraperitoneally for anesthesia. The
lower end of the esophagus was separated and a
longitudinal cut (about 1-1.5 cm) was performed
at the gastroesophageal junction without vascular
region. The anti-reflux barrier of the gastroesophageal
junction was damaged by the operation.

Hematoxylin and eosin staining and
immunohistochemical staining

Animals were sacrificed 3 mo after surgery. Samples
were taken in the operating room of the animal facility
immediately after the animal sacrifice. The entire
stomach and esophagus were removed and immediately
fixed in formalin for at least 24 h. Subsequently,
samples were processed for paraffin embedding and
7 µmol/L sections were obtained through a microtome
and put on positive charged slides. Sections of the
lower esophagus were then stained with HE following
a standardized protocol and observed under a light
microscope. The same samples were subjected for im
munohistochemistry. For immunohistochemical staining,
sections were placed on polylysine-coated slides. After
deparaffinization in xylene and rehydration through
graded alcohol, each section was treated with 1%
hydrogen peroxide for 20 min, and then blocking serum
was applied for 20 min. The slides were incubated
overnight with the primary antibody (γH2AX and NF-κB
at 1:300 and PAR at 1:500) at 4 ℃ in a closed chamber.
Immunohistochemical staining was performed by the
streptoavidin-biotin-peroxidase complex technique
(Histofine SAB-PO(M) Kit; Nichirei Corp., Tokyo,
Japan). Staining was done with 3,3′-diaminobenzidine
followed by light counterstaining with methyl green and
dehydration.

Microarray

Preparation of labeled cRNA and hybridization were
done using the gene chip hybridization, wash, and
stain kit (Affymetrix, Santa Clara, CA, United States).
Two cycle labeling was applied to all samples. In
total, 28 chip data were collected using Gene Chip
Operation Software (GCOS, Affymetrix, United
States). The 39 specimens analyzed consisted of 20
BE and 19 normal esophageal samples. To obtain the
relative gene expression measurements, probe setlevel data extraction was performed with the GCRMA
(Robust Multiarray Average) normalization algorithm
implemented in GeneSpring GX10.2 (Agilent). All data
were log2 transformed.

RNA extraction and qRT-PCR

Cell isolation and culture

RNA extraction was carried out using the RNeasy Mini
Kit (Qiagen, Valencia, CA, United States). Total RNA
quality and yield were assessed using a bioanalyzer
system (Agilent 2100 Bioanalyzer; Agilent Technologies,
CA, United States) and a spectrophotometer (NanoDrop
ND-1000; NanoDrop Technologies, DE, United States).
Only RNA with an RNA integrity number > 9.0 was used
for microarray analysis.
For quantification of mRNA expression, qRT-PCR
was performed for three genes plus one control, using
pre-designed gene-specific TaqMan probes and primer

Immortalised BE cell lines BAR-T and CP-A (American
Type Culture Collection, ATCC, Manassas, VA, United
States) were cultured with epithelial cell medium 2
(ScienCell, Carlsbad, CA, United States), supplemented
with 5% fetal bovine serum and antibiotics on primaria
plates and flasks (BD Biosciences, Bedford, MA, United
States). The immortalised human esophageal epithelia
cell lines HET1A and EPC2 were obtained from ATCC.
HET1A cell line was cultured in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10% fetal
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sets purchased from Applied Biosystems.

BE model, esophagitis with esophageal erosions and
squamous epithelial thickening with basal cell layer
hyperplasia were seen. Esophagitis was accompanied
by the development of papillary hyperplasia of the
squamous epithelia (Figure 1A). Columnar intestinaltype metaplasia resembling that of human BE was
seen with erosive esophagitis. No adenocarcinoma or
squamous cell carcinoma was seen. In the immunohi
stochemistry staining, more positive staining for γH2AX,
NF-κB, and PAR was observed, suggesting the DNA
damage response and inflammation in the BE epithelium.

Comet assays

Single-cell gel electrophoretic comet assays were
performed under alkaline conditions. Briefly, cells were
treated with 100 µmol/L H2O2 at 37 ℃. For cellular lysis,
the slides were immersed in the alkaline lysis solution
overnight in the dark. Next, the slides were subjected
to electrophoresis at 20 V (0.6 V/cm) for 25 min and
stained in 2.5 mg/mL propidium iodide for 20 min. All
images were taken with a fluorescence microscope and
analyzed with Comet Assay IV software.

PARP1 expression is upregulated in the esophageal
epithelial cells of BE

Immunofluorescence staining

To investigate the gene expression changes during
the development of BE, samples from BE patients
and normal esophagus controls were subjected to
microarray analysis. 20 BE lesions for microarray
analysis were resected from 20 patients with a
mean age of 56 ± 12 years between February 2013
and January 2016. Main patient characteristics are
presented in Table 1.
As shown in Figure 2A, PARP1 was one of the up
regulated genes. Representative expression profile of
PARP1 between the BE patients and normal controls
was also showed in Figure 2B. Besides, PARP1 expre
ssion in normal esophageal epithelial cell lines (HET1A
and EPC2) and BE epithelial cell lines (CP-A and BAR-T)
was also examined. PAPR1 was increased in CP-A and
BAR-T cell lines.
To investigate whether PARP1 expression levels
can be upregulated by exposure to H2O2 and acidic
bile acids, we exposed HET1A cells to H2O2 (100
µmol/L) and bile acids (0.1 mmol/L; pH 4) for 30 min.
Following this exposure, cells were washed in PBS and
cultured in regular medium for 30 min, 1 h, 2 h, 4 h,
or 8 h, and mRNA levels were measured by RT-PCR.
In response to this treatment, significant upregulation
of the mRNA levels of PARP1 was observed at 2 h for
H2O2 and at 4 h and 8 h for both H2O2 and bile acids
(Figure 2C).

After treatment with H2O2, cells were fixed in 3%
paraformaldehyde and permeabilized in 0.5% Triton
X-100 for 30 min at room temperature. Samples were
blocked with 5% goat serum and then incubated in
primary antibody for 1 h. Samples were then washed
with PBS three times and incubated with secondary
antibody for 30 min. After PBS washing, the nuclei
were stained with Hoechst 33258. The signals were
visualized by fluorescence microscopy. We calculated
the number of γH2AX foci per nucleus, and for
quantitative analysis, 15 nuclear foci were selected
to count in each group. For the immunofluorescence
assay of anti-8-oxoguanine (8-OXOG), cells were
exposed to bile acids cocktail (0.1 mmol/L; pH 4)
for 60 min. Cells were then incubated with primary
antibody against 8-OXOG (mouse, 1:200; Millipore)
overnight at 48 ℃, followed by incubation with
secondary goat anti-mouse antibody conjugated with
TRITC (1:1000) at room temperature for 45 min.
The slides were mounted using Vectashield with DAPI
(Vector Laboratories, Burlingame, CA, United States)
and viewed under a fluorescence microscope.

Western blot analysis

Cells were harvested and lysed with 100 µL of NETN
300 lysis buffer unless otherwise specified. Soluble
fractions were subjected to Western blot analysis.

Statistical analysis

PARP1 protects the epithelial cells of BE from H2O2induced oxidative stress

All experiments were performed in triplicate unless
indicated otherwise. Student’s t-test was used for
statistical analyses, and P < 0.05 was considered
statistically significant.

We next tested the protective effect of PARP1 against
H2O2-induced oxidative stress. The knockdown of PARP1
in BAR-T cells (Figure 3A) led to a significantly lower
cell viability following exposure to H2O2, compared
with controls (P < 0.01 for 100 µmol/L, 200 µmol/L,
and 400 µmol/L H2O2; Figure 3B), suggesting that the
downregulation of endogenous PARP1 sensitized the
BAR-T cells to H2O2-induced oxidative stress. To further
examine the oxidative DNA damage effect after H2O2
treatment, we performed comet assay analysis. As
shown in Figure 3C, BAR-T cells with PARP1 knockdown
displayed a significantly severe DNA damage signal
upon exposure to 200 µmol/L H2O2 for 2 h (4.3 ± 0.8 vs

RESULTS
Increased DNA damage response and inflammation in
the mouse BE model

During the surgical operation, the mortality rate of mice
was 10%, the perioperative mortality rate was 15%,
and 1 wk later, the mortality rate was 10%. The lower
esophagus from the BE mouse model was processed
for staining for γH2AX, NF-κB, and PAR. In the mouse
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Figure 1 Establishment of a Barrett’s esophagus mouse model. A: HE staining; B: γH2AX staining; C: NF-κB staining; D: Poly(ADP-ribose) staining.

PARP1 protects esophageal epithelial cells from acidic
bile acid-induced DNA damage

8.6 ± 1.4, P < 0.01).

PARP1 knockdown leads to increased acidic bile acidinduced H2O2 level

We exposed BE epithelial cells to a bile acids cocktail
adjusted to pH 4 and performed the Amplex UltraRed
H2O2 assay to measure H2O2 levels. BAR-T cells
with knockdown of endogenous PARP1 displayed
higher H2O2 levels than control cells transfected with
scrambled shRNA (Figure 4A).

Gastric acid, particularly in combination with bile
acids, has been shown to induce DSBs in esophageal
epithelial cells. The immunocytochemical staining for
γH2AX, a reliable marker for DSBs, demonstrated
significantly high levels of positive γH2AX sites
following knockdown of PARP1 in BAR-T cells (19.8%
± 0.3% vs 42.6% ± 7.2%, P < 0.01, Figure 4C) than
in control cells.

PARP1 protects the epithelial cells of BE from acidic bile
acid-induced oxidative DNA damage

PARP1 protects esophageal epithelial cells from acidic
bile acid-induced apoptosis

Because PARP1 expression protected cells from acidic
bile acid-induced DNA damage, it may protect the
epithelial cells of BE from acidic bile acid-induced
apoptosis. BAR-T cells were treated with bile acids (pH
4) for 10 min or 30 min, followed by replacement with
a regular culture medium for 24 h. The ATP-Glo cell

We used immunofluorescence staining for 8-OXOG,
one of the most identified oxidative DNA damage sites.
On exposure of BAR-T cells with PARP1 knockdown to
bile acids (pH 4), more oxidative DNA damage was
observed than control cells exposed to acidic bile acids
(Figure 4B).
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Figure 2 PARP1 is aberrantly expressed in Barrett's esophagus. A: Microarray profiling of gene expression between esophageal squamous epithelium and
Barrett's esophagus; B: PARP1 is overexpressed in Barrett's esophagus and Barrett's esophagus cell lines; C: H2O2 increased PARP1 expression; D: BAs (pH 4)
increased PARP1 expression.

viability assay was then used to determine cell viability
at this 24 h time point. As shown in Figure 4D, the
short-term exposure (10 min) did not change the cell
viability at 24 h. However, the exposure for 30 min
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demonstrated a significant reduction in cell viability in
BAR-T cells lacking PARP1 (82.5% ± 2.2% vs 63.0% ±
1.6%, P < 0.05). Consistent with this finding, the cells
with PARP1 knockdown displayed significantly more
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Figure 3 PARP1 protects Barrett's esophagus cells from H2O2-induced oxidative damage. A: Knockdown of PARP1 in BAR-T cells; B: BAR-T cells were more
sensitive to H2O2-induced cell death after PARP1 knockdown; C: BAR-T cells were more sensitive to H2O2-induced DNA damage after PARP1 knockdown.

apoptosis after acidic bile acid exposure as indicated
by annexin V assay (P < 0.05, 10 min: 2.1 ± 0.2 vs 6.3
± 0.8; 30 min: 2.3 ± 0.1 vs 8.5 ± 1.2, Figure 4E).

stability and oxidative stress injury, and positively
regulates the viability of esophageal epithelial cells,
which reveals a potential therapeutic strategy for BE.
GERD is a chronic inflammation of the esophagus
stimulated by repeated acid/bile acids. Esophagitis, of
course, is clinically the major pathological manifestation
as the result from GERD, which is also characterized
[16]
with BE . It is known that metaplasia is a pathologi
cal condition that commonly occurs in the presence
[17]
of chronic inflammation , including typical Barrett’s
[18]
metaplasia . In our mouse BE model, esophagitis
and papillary hyperplasia of the squamous epithelia
was observed, suggesting that the manifestation of
GERD occurred. Furthermore, chronic inflammation is
likely to carry an increased risk of cancer via oxidative
[19]
damage pathways . Thus, there is a strong association
between GERD-induced ROS accumulation, chronic
inflammatory infiltration, and BE formation.
Moreover, the BE mouse model also showed
increased positivity for NF-κB, which is a transcription
factor that has been established to play an active
[20]
role in inflammation , and there is evidence that it
serves as a key determinant of mucosal inflammation

DISCUSSION
During pathological events such as excessive and
unrepairable oxidant DNA damage, highly activated
PARPs synthesize large amounts of PAR in a few
seconds. Our results showed that excessive PARP1
expression may probably a resistance factor of BE
epithelial cells to H2O2 or bile acid-induced oxidative
damage and cell death. In recent years, PARP1
inhibitors have shown promising therapeutic effects
[12]
on ovarian cancer, breast cancer , and neurological
[13]
diseases , and this effect is mainly associated with
the induction of DSBs. Interestingly, pharmacological
inhibition of PARP1 provides significant benefits in
[14]
animal models of cardiovascular disorders . It is
also reported that PARP1 was identified as a direct
target gene of miR-223, which is overexpressed in
[15]
BE-associated esophageal adenocarcinoma . Here,
we demonstrated that PARP1 contributes to genomic
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[21]

and protection . In particular, NF-κB expression
has been found in 40%-60% of biopsy specimens
of Barrett metaplasia and in 61%-80% of Barrett’s
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adenocarcinomas, but in only 13% of reflux-injured
[22,23]
squamous epithelia
. The level of NF-κB activation
is correlated with the process from Barrett’s mucosal
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Research objectives

metaplasia to carcinogenesis, and indirectly proves
that an inflammatory response might contribute to
[23]
carcinogenesis . This suggests the possibility that
inflammation-mediated activation of the NF-κB pathway
in a portion of cells, which may regulate the expression
of NF-κB downstream proteins to replace the normal
squamous cells for metaplasia and carcinogenesis.
Both the immunohistochemistry staining results and
cell line results demonstrated that elevated expression
of PARP1 is involved in the pathogenesis of BE. More
importantly, PARP1 is known to be a co-activator of NFκB and play a key role in pro-inflammation to contribute
to inflammatory processes through the regulation
[24,25]
of transcription factors
: NF-κB is one of the first
mediators of inflammation to be identified as a target
for PARP activity, which was proved to be a binding
partner and also to be PARylated by PARP1. Further,
NF-κB activity was greatly abrogated independent
of upstream activation of NF-κB in PARP-/- mice and
[26]
cell lines , and PARP1 inhibition reduced the extent
of inflammation by modulating oxidative stress and
impairing the activation of NF-κB and activator protein-1
[27]
in an inflammation model . Both PAR and NF-κB
staining increased in the BE mouse model, indicating
the possible correlation between PARP1 activity and NFκB. Further molecular mechanistic study in cells could
clarify whether PARP1 regulates NF-κB activity in the
oxidative damage-induced BE.
In conclusion, our study suggests that a high level
of endogenous PARP1 in esophageal epithelial cells
impairs oxidative DNA damage repair, inducing the
death of esophageal epithelial cells during the process
of BE formation. PARP inhibition treatment suppresses
PARP activity and facilitates DNA damage repair in
esophageal epithelial cells by prolonging PARylation.
Thus, PARP1 acts as a mediator of esophageal disease,
and PARylation may play a pivotal protective role as
an antioxidant defense mechanism by maintaining
esophageal epithelial cell function under pathological
conditions of oxidative stress. Hence, PARP inhibitors
may provide a novel clinical treatment for suppressing
BE caused by oxidative damage.

The study investigated the potential role of PARP1 in oxidative damage in
Barrett’s esophagus, which is urgent and essential for developing therapeutic
targets.

Research methods

Expression of PARP1 gene was analyzed using microarray analysis in
patient esophageal tissue samples. A Barrett’s esophagus mouse model was
established to examine the esophageal morphological changes and molecular
changes. qPCR was used to examine the PARP1 expression in cell lines after
treatment with H2O2 and bile acids (pH 4). To evaluate the impact of PARP1
activity on cell survival and DNA damage response after oxidative stress,
immunofluorescence staining, comet assay, and annexin V staining were used.

Research results

High expression of PARP1 was associated with Barrett’s esophagus. Positive
staining for NF-κB, γH2AX, and poly(ADP-ribose) was observed in the mouse
model of Barrett’s esophagus. Knockdown of PARP1 decreased the cell viability
following treatment with H2O2 and bile acids (pH 4). We further demonstrated
that PARP1 inhibition could increase the oxidative damage as demonstrated
by an increase in the levels of H2O2, intracellular reactive oxygen species,
oxidative DNA damage, double-strand breaks, and apoptosis.

Research conclusions

The dysfunction of PARP1 in esophageal epithelial cells increases the levels
of reactive oxygen species and oxidative DNA damage, and downregulation of
PARP1 or PARP1 inhibitor may be a potential therapeutic strategy for Barrett’s
esophagus.

Research perspectives

This study will provide an example for investigating the relationship between the
oxidative DNA damage and Barrett’s metaplasia, and the underlying role of the
PARP1 in Barrett’s esophagus. The direction of the future research is to provide
more evidence for developing novel strategies by targeting PARP1 in Barrett’
s esophagus. In our future research, the PARP1-related downstream signaling
pathway (inflammation or DNA damage) will be tested in Barrett’s esophagus
epithelial cells or animal models to observe the inhibitory effect of PARP1.
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Abstract
AIM
To elucidate the potential role of autophagy and
the protective effects of Jiang Zhi Granule (JZG) in
metabolic stress-induced hepatocyte injury.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by
the Institutional Animal Care and Use Committee of Shanghai
University of Traditional Chinese Medicine (IACUC protocol
number Approval number: SZY201508004).

METHODS
An in vitro and in vivo approach was used in this
study. HepG2 cells were incubated in culture medium
containing palmitate (PA; 0, 0.1, 0.2, 0.3, 0.4 or 0.5
mmol/L) and treated with or without JZG (100 μg/mL)
for 24 h or 48 h, and the progression of autophagy was
visualized by stable fluorescence-expressing cell lines
LC3 and p62. Western blot analyses were performed
to examine the expression of LC3-Ⅱ/LC3-Ⅰ, p62,
mTOR and PI3K, while mitochondrial integrity and
oxidative stress were observed by fluorescence staining
of JC-1 and reactive oxygen species. C57BL/6 mice
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were divided into three groups: control group (n =
10), high fat (HF) group (n = 13) and JZG group (n =
13); and, histological staining was carried out to detect
inflammation and lipid content in the liver.

INTRODUCTION
Fatty liver disease (FLD), which is mainly characterized
by the accumulation of lipids in hepatocytes and
energy metabolism dysfunction, is clinically classified
into two broad categories: alcoholic (A)FLD and non[1]
alcoholic (NA)FLD . NAFLD is currently much more
prevalent than AFLD, which accounts for 75% of all
chronic liver diseases, and is increasingly recognized
[2]
as one of the most common risk factors worldwide .
NAFLD has a wide clinical pathological spectrum,
ranging from simple steatosis non-alcoholic fatty liver
to non-alcoholic steatohepatitis, which includes fibrosis
[3]
and cirrhosis . And, in the meantime, it often occurs
with other metabolic diseases, such as obesity and
[4]
diabetes .
The pathogenesis of NAFLD is still unknown;
however, the “two hits” hypothesis is now widely
[5]
accepted . A disturbance in metabolic homeostasis is
one of the key events during the occurrence of NAFLD
and typical pathological features, including steatosis,
inflammation, fibrosis and cirrhosis, are considered
to be related to oxidative stress resulting from lipid
accumulation and reactive oxygen species (ROS)
[6]
generation .
Oxidative stress is a stimulus for autophagy, which
[7]
is important for metabolic homeostasis in the liver ,
as it can prompt nutrient recycling, remove abnormal
organelles and toxic protein aggregates and alter the
level of metabolic factors, thus contributing to the
maintenance of normal hepatocyte function and the
[8,9]
response to pathogenic changes in the liver . Hepatic
autophagy occurs at a basal level and can be elevated
[10]
under stress conditions , such as oxidative stress.
Studies have shown that autophagy is a highly
selective process and can modulate cellular energy
[11,12]
stores, such as carbohydrates and lipids
, and
recent research has demonstrated that autophagy
assists in the degradation of triglycerides in the
[13]
liver . Autophagy regulators, such as rapamycin and
carbamazepine, have been proven effective to improve
[14]
hepatic function . However, no effective therapeutic
approach has been accepted as the standard option for
NAFLD and its complications. Thus, new treatments are
still urgently needed to prevent or delay the onset as
well as the progression of NAFLD.
Jiang Zhi Granule (JZG), which is composed of
Herba gynostemmatis, Radix salviae, Rhizoma polygoni
cuspidati, Herba artemisiae scopariae and Folium
nelumbinis, is a clinically used herbal formula designed
[15]
to treat patients with NAFLD . JZG had a positive drug
safety evaluation and has been approved for clinical
trials by the State Food and Drug Administration (SFDA;
Authorization Number: Z10960082). Our preliminary
studies indicated that JZG had beneficial effects in
improving hepatic fat accumulation in both cell lines
[16]
and animals , and the efficacy of JZG in patients with

RESULTS
The cell trauma induced by PA was aggravated in
a dose- and time-dependent manner, and hepatic
function was improved by JZG. PA had dual effects
on autophagy by activating autophagy induction
and blocking autophagic flux. The PI3K-AKT-mTOR
signaling pathway and the fusion of isolated hepatic
autophagosomes and lysosomes were critically involved
in this process. JZG activated autophagy progression by
either induction of autophagosomes or co-localization of
autophagosomes and lysosomes as well as degradation
of autolysosomes to protect against PA-induced
hepatocyte injury, and protected mitochondrial integrity
against oxidative stress in PA-induced mitochondrial
dysfunction. In addition, JZG ameliorated lipid droplets
and inflammation induced by HF diet in vivo , leading to
improved metabolic disorder and associated liver injury
in a mouse model of non-alcoholic fatty liver disease
(NAFLD).
CONCLUSION
Metabolic stress-induced hepatocyte injury exhibited
dual effects on autophagy and JZG activated the entire
process, resulting in beneficial effects in NAFLD.
Key words: Autophagy; PI3K-AKT-mTOR signaling
pathway; Autophagic flux; Oxidative stress; Hepatocyte
injury; non-alcoholic fatty liver disease
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Non-alcoholic fatty liver disease (NAFLD),
which is mainly characterized by the accumulation of
lipids and energy metabolism dysfunction, is now one
of the most common risk factors worldwide. As studies
have demonstrated that autophagy is important in the
maintenance of normal hepatocyte function and in the
response to pathogenic changes, we examined the
potential role of autophagy in metabolic stress-induced
hepatocyte injury. The results showed that metabolic
stress had dual effects on autophagy, resulting in
autophagy induction and autophagic flux inhibition. The
Chinese herbal formula Jiang Zhi Granule activated the
autophagy process to protect against metabolic stressinduced hepatocyte injury in NAFLD.
Zheng YY, Wang M, Shu XB, Zheng PY, Ji G. Autophagy
activation by Jiang Zhi Granule protects against metabolic
stress-induced hepatocyte injury. World J Gastroenterol 2018;
24(9): 992-1003 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i9/992.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i9.992
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[17]

NAFLD was also confirmed . As previous studies on
JZG have indicated its antisteatotic effect, we conducted
this study to determine the underlying mechanism of
JZG.

establish a stable mCherry-p62-expressing HepG2 cell
line.

Fluorescence staining

Mitochondria and lysosomes were detected using the
MitoTracker Green FM and LysoTracker Deep Red staining
kit, respectively (Thermo Fisher Scientific, Waltham,
MA, United States). Intracellular ROS generation
was detected using the DCFH-DA fluorescent probe.
Mitochondrial membrane potential was determined by
the mitochondrial membrane potential assay kit (JC-1).
Pretreated cells in 6-well plates were processed following
the protocols and were observed immediately under a
fluorescence microscope at an excitation wavelength of
488 nm and emission wavelength of 525 nm.

MATERIALS AND METHODS
Animal models

Male C57BL/6 mice aged 6 wk were purchased from
SLAC Animal Laboratories (Shanghai, China). After
1-wk acclimatization, the mice were divided into three
groups: the control group (n = 10) received a 12-wk
standard diet (STD); the high fat (HF) group (n = 13)
received a HF diet (HFD; consisting of 10% lard oil,
2% cholesterol and 88% STD) supplemented with
1% DSS (MP Biomedicals, Solon, OH, United States)
in drinking water; and, the JZG group (n = 13) also
received a HF-DSS diet, but were also given JZG which
had been dissolved in saline and was administered
daily by oral gavage at a dose of 994 mg/kg daily
(approximately 12 times that of the standard dose
used in clinical practice). DSS was given in cycles; each
cycle consisted of 7 d DSS administration followed by
[18]
a 10-d interval with normal drinking water . At the
end of the experimental period, blood samples were
drawn from the heart, while the mice were under
anesthesia, livers were excised, and samples were
either immediately snap-frozen in liquid nitrogen or
fixed in 4% PFA.

Histological staining

Histological staining was performed as described
[20]
previously . Liver samples were fixed, processed, and
embedded in paraffin blocks, and then hematoxylin
and eosin (H&E) staining was performed. Frozen liver
sections were fixed and stained with oil Red O. Images
were acquired on an Olympus BX-50 microscope.

Statistical analysis

All data were expressed as the mean ± SEM. Statisti
cal analyses were performed using GraphPad Prism
(GraphPad Software, La Jolla, CA, United States).
The differences between groups were analyzed by
Student’s t-test or ANOVA, as appropriate, and P <
0.05 was considered statistically significant.

Cell culture

HepG2 cells were obtained from the Cell Bank of the
Chinese Academy of Sciences (Shanghai, China), and
were cultured in DMEM supplemented with 10% fetal
bovine serum, 100 U/mL penicillin and 100 μg/mL
streptomycin. Saturated palmitic acid (PA) and JZG
were used in this study. HepG2 cells were incubated
in culture medium containing PA (0, 0.1, 0.2, 0.3, 0.4
or 0.5 mmol/L) and treated with or without JZG (100
[16]
μg/mL) for 24 h or 48 h, as described previously .

RESULTS
Autophagy was activated by JZG to protect against
injury in PA-treated cells

To determine whether autophagy was involved in the
progression of NAFLD, HepG2 cells were treated with
PA - a main type of saturated free fatty acid which is
[21]
elevated in obese subjects and can induce NAFLD
- at various concentrations and for different time
periods. Results showed that the expression of alanine
aminotransferase (ALT) increased in a dose- and timedependent manner and JZG significantly reduced
high ALT levels (Figure 1A and B), suggesting that cell
trauma was induced by PA and JZG improved hepatic
function. These results also indicated that the dose of
0.4 mmol/L may be an appropriate concentration in
subsequent experiments and the time points should
include 24 h and 48 h.
Western blot analyses showed that PA increased
LC3-Ⅱ/actin expression (Figure 1C), indicating the
activation of autophagy. However, the expression of
LC3-Ⅱ/LC3-Ⅰ was not increased accordingly after longterm PA stimulation (Figure 1C). In the meantime,
the expression of p62 was also increased (Figure 1C),
suggesting the restriction of autophagic flux. Thus,
it was proposed that PA exhibited dual effects on

Western blot

Western blot analyses were performed as described
[19]
previously . Rabbit antibodies against LC3 (monoclonal
ab192890), SQSTM1/p62 (monoclonal ab109012),
p-mTOR (phosphor-S2481) (monoclonal ab137133),
mTOR (monoclonal ab87540), p-PI3K (phosphor-Y607)
(polyclonal ab182651), PI3K (monoclonal ab40755) and
actin (polyclonal ab8227) were purchased from Abcam
(Cambridge, MA, United States).

Establishment of stable fluorescence-expressing cell
lines

HepG2 cells were cultured according to the above
protocol and infected with mRFP-GFP-LC3 lentivirus at
an MOI of 10 for 48 h to establish a stable mRFP-GFPLC3-expressing HepG2 cell line, and then infected with
mCherry-p62 lentivirus at an MOI of 10 for 48 h to
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Figure 1 Autophagy was activated by JZG to protect against injury in palmitate-treated cells. A: The expression of ALT in the supernatants of cell cultures was
determined by ELISA. HepG2 cells were incubated in culture medium containing PA (0, 0.1, 0.2, 0.3, 0.4 or 0.5 mmol/L); B: The expression of ALT in the supernatants
of cell cultures was determined by ELISA. HepG2 cells were treated with 0.4 mmol/L PA with or without JZG (100 μg/mL) for different time periods (0, 6, 12, 24 or 48 h);
C: HepG2 cells were treated with 0.4 mmol/L PA for different time periods (0, 12, 24 or 48 h); D: HepG2 cells were treated with 0.4 mmol/L PA and rapamycin (2 μmol/L)
or JZG (100 μg/mL) for 24 h; E: HepG2 cells were treated with 0.4 mmol/L PA and rapamycin (2 μmol/L) or JZG (100 μg/mL) for 48 h. Data are expressed as mean ±
SEM. aP < 0.05, bP < 0.01, eP < 0.001. ALT: Alanine aminotransferase; ELISA: Enzyme-linked immunosorbent assay; JZG: Jiang Zhi Granule; PA: Palmitate.

An increase in LC3-Ⅱ/LC3-Ⅰ expression and a
reduction in p62 expression were observed following
treatment with JZG for two different time periods (Figure
1D and E), indicating that JZG activated autophagy to
protect against PA-induced cell injury.

autophagy.
A recent study showed that mitochondrial dys
function caused by elevated mitochondrial stress may
[18]
block autophagic flux ; thus, rapamycin was used in
the present study to enhance autophagy at different
time points. The outcomes displayed that the expression
of LC3-Ⅱ/actin and p62 were both increased but the
expression of LC3-Ⅱ/LC3-Ⅰ was not, confirming the
dual effects of PA on autophagy (Figure 1D and E).
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HepG2 cells stably expressing mRFP-GFP-LC3 were pretreated with 0.4 mmol/L PA and rapamycin (2 μmol/L) or JZG (100 μg/mL) for 24 h and 48 h, and then
analyzed by fluorescence microscopy. Data are expressed as mean ± SEM. aP < 0.05, bP < 0.01, eP < 0.001. JZG: Jiang Zhi Granule; PA: Palmitate.

increase in autophagy induction and autophagic flux,
we first investigated the pathway involved in autophagy
induction in JZG-treated cells. The PI3K-AKT-mTOR
pathway, a classic signaling pathway that has been
identified to be important in autophagy induction, was
examined in this study. Western blot analyses reve
aled that the phosphorylation signaling processes of
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mTOR and PI3K were inhibited in PA-treated cells, and
these results were further confirmed by the addition of
rapamycin (Figure 2A and B). As an inhibitor of mTOR,
rapamycin did not further depress the phosphorylation
of PI3K. Conversely, an additional restraint on both
phosphorylation signaling processes was observed in
JZG-treated cells (Figure 2A and B), suggesting that

996

March 7, 2018|Volume 24|Issue 9|

Zheng YY et al . Autophagy protects against hepatocyte injury

A

CON

PA

RAP

JZG

24 h

50 μm

48 h

50 μm

B

Mito

Lyso

Hoechst

Merge

CON

20 μm

PA

20 μm

RAP

20 μm

JZG

20 μm

Figure 3 Effects of Jiang Zhi Granule on autophagic flux in palmitate-treated cells. A: HepG2 cells stably expressing mCherry-p62 were pretreated with 0.4
mmol/L PA and rapamycin (2 μmol/L) or JZG (100 μg/mL) for 24 h and 48 h, and then analyzed by fluorescence microscopy; B: HepG2 cells were treated with 0.4
mmol/L PA and rapamycin (2 μmol/L) or JZG (100 μg/mL) for 48 h, and then analyzed by fluorescence microscopy. JZG: Jiang Zhi Granule; PA: Palmitate.

the PI3K-AKT-mTOR pathway is critically involved in
autophagy induction in response to PA challenge.
As LC3 is the major constituent of autophagosomes,
a stable mRFP-GFP-LC3-expressing HepG2 cell
line was established to visualize the progression of
autophagosome formation in real time in liver cells.
Diffuse cytoplasmic localization of mRFP-GFP-LC3
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was observed in the control group, whereas punctate
fluorescence was observed in PA-treated cells (Figure
2C), indicating that cytoplasmic LC3 was processed
and recruited to autophagosomes. Rapamycin and JZG
advanced this process, indicating increased autophagy
induction, which confirmed that JZG induced the for
mation of autophagosomes.
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Figure 4 Jiang Zhi Granule protected mitochondrial integrity against oxidative stress. A: The ROS-sensitive fluorescent probe DCFH-DA was used to monitor
mitochondrial membrane potential in HepG2 cells pretreated with 0.4 mmol/L PA and rapamycin (2 μmol/L) or JZG (100 μg/mL) for 24 h and 48 h, and the cells
were then analyzed by fluorescence microscopy; B: JC-1 was used to monitor mitochondrial membrane potential in HepG2 cells pretreated with 0.4 mmol/L PA and
rapamycin (2 μmol/L) or JZG (100 μg/mL) for 24 h and 48 h, and the cells were then analyzed by fluorescence microscopy. JZG: Jiang Zhi Granule; PA: Palmitate;
ROS: Reactive oxygen species.

Effects of JZG on autophagic flux in PA-treated cells

whether the mitochondrial integrity was affected in PAtreated cells. MitoTracker and LysoTracker were used
to stain the mitochondria and lysosomes, respectively.
The results showed that mitochondrial dysfunction
was much more serious in PA-treated cells than in
control cells (Figure 3B). A protective effect of JZG
on mitochondrial integrity was demonstrated and the
colocalization of mitochondria and lysosomes in JZGtreated cells showed that the mitochondrial integrity
was related to activation of autophagic flux. Together,
these findings suggested that JZG increased the
formation of both autophagosomes and autolysosomes
and protected against PA-induced mitochondrial
dysfunction by activating autophagy.

To determine the effect of JZG on autophagic flux in
PA-treated cells, we first observed this effect in mRFPGFP-LC3-expressing HepG2 cells. We found that yellow
fluorescence - indicating that GFP was not degraded by
lysosomal enzymes - was largely seen in HepG2 cells
treated with PA for 48 h, whereas red fluorescence
was very rare (Figure 2C). These results led us to
propose that the colocalization of autophagosomes and
lysosomes was prevented and the autophagosomal
degradation was blocked. Yellow punctate fluorescence
was reduced in JZG-treated cells and red diffuse
fluorescence was increased (Figure 2C), suggesting
that JZG promoted colocalization.
To confirm these findings, we established another
stable mCherry-p62-expressing HepG2 cell line to
visualize the cellular expression levels of p62, which
inversely correlated with autophagic flux via selective
incorporation into autophagosomes to be efficiently
degraded by autophagy. We found that punctate
fluorescence was enhanced in HepG2 cells treated with
PA for 48 h and was weak in JZG-treated cells (Figure
3A), confirming the previous findings.
As it has been shown that mitochondrial dysfunction
[22]
may block autophagic flux , we next examined
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JZG protected mitochondrial integrity against oxidative
stress

As the protective effect of JZG on mitochondrial inte
grity was demonstrated, we then examined whether
oxidative stress was involved in this process. The ROSsensitive fluorescent probe DCFH-DA was used to
monitor cellular oxidative stress. We found that the
accumulation of intracellular ROS was considerably
increased in PA-treated cells, and JZG significantly
reduced the PA-induced increase in ROS production
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Figure 5 Autophagy was activated by Jiang Zhi Granule to improve non-alcoholic fatty liver disease in vivo. A: Autophagy of liver tissue was examined by
western blot analyses; B: Biochemical analysis of TG, TC, ALT, AST and FBG using an automatic blood chemistry analyzer; C: Inflammation and lipid content in the
liver was detected by HE staining and oil Red O staining. Data are expressed as mean ± SEM. aP < 0.05, bP < 0.01, eP < 0.001. ALT: Alanine aminotransferase; AST:
Aspartate aminotransferase; HE: Hematoxylin and eosin; JZG: Jiang Zhi Granule; PA: Palmitate; TC: Total cholesterol; TG: Triglycerides.

(Figure 4A), indicating the potential role of oxidative
stress in mitochondrial dysfunction. We also monitored
mitochondrial membrane potential with JC-1 to
evaluate oxidative damage, and the results revealed
a reduction in mitochondrial membrane potential in
PA-treated cells, and JZG prevented this PA-induced
reduction (Figure 4B), confirming that JZG protected
mitochondrial integrity against oxidative stress in PAinduced mitochondrial dysfunction.

NAFLD in vivo.

DISCUSSION
NAFLD, as the leading cause of chronic liver disease,
could result in serious liver-related complications and
an increase in overall mortality. In previous research,
we demonstrated that the Chinese herbal formula,
JZG, had beneficial effects in improving hepatic fat
accumulation, and in this study, we showed that auto
phagy is critically involved in this process.
Autophagy occurs when autophagosomes are formed
and autophagy induction is attributed to various origins,
such as the endoplasmic reticulum, the Golgi apparatus,
[23,24]
the mitochondria or the plasma membrane
. The
autophagosomes then become autolysosomes by fusing
with lysosomes and degrading the components in
[25,26]
cytosols
. Thus, the upstream event of autophagy
induction was presented by LC3-Ⅱ/actin expression in
this study, and the downstream event of autophagic
flux was presented by the expression of LC3-Ⅱ/LC3Ⅰ. Stable fluorescence-expressing cell lines of LC3
were established to visualize the whole progression
of autophagic flux. Results showed that metabolic
stress-induced hepatocyte injury exhibited dual effects
on autophagy by activating autophagy induction and
blocking autophagic flux.
A series of signaling pathways and regulators which
regulate autophagy have been identified in the past
decade. In this research, a classic signaling pathway, the
[27]
PI3K-AKT-mTOR signaling pathway , was confirmed
to be important in response to PA challenge. As the

Autophagy was activated by JZG to improve NAFLD in
vivo

A murine model of NAFLD induced by HFD was
employed to assess the potential role of autophagy in
metabolic stress-induced liver injury and inflammation.
As expected, the HFD increased both the expression
of LC3-Ⅱ/actin and p62 (Figure 5A), suggesting the
activation of autophagy induction and inhibition of
autophagic flux. JZG treatment induced an increase in
LC3-Ⅱ/LC3-Ⅰ expression and led to a decrease in p62
expression (Figure 5A), indicating up-regulation of the
autophagy pathway in JZG-treated mice.
Biochemical analyses showed that HFD elevated
the expression of circulating ALT, aspartate amino
transferase, total cholesterol, triglycerides and fasting
blood glucose as well as hepatic triglycerides, and
JZG improved the metabolic disorder and associated
liver injury (Figure 5B). The results of HE and oil
red O staining demonstrated that lipid droplets and
inflammation were induced by HFD and JZG ameliorated
these conditions (Figure 5C). Together, these findings
suggested that JZG had beneficial effects in improving
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Figure 6 The potential role of autophagy in metabolic stress-induced hepatocyte injury and the protective mechanism of JZG in this process. JZG: Jiang
Zhi Granule.

core target in this signaling pathway, mTOR, a master
regulator of cellular metabolism, can be stimulated by
multiple stimulants, such as nutritional status, hormonal
[28]
factors and oxygen concentrations . Under these
conditions, mTOR complex 1 (mTORC1) will inhibit the
ULK complex by phosphorylating Atg13 and ULK1/2,
[29]
which results in autophagy suppression . However,
restraints on both phosphorylation signaling processes
of PI3K and mTOR were observed in JZG-treated
cells, indicating that the PI3K-AKT-mTOR pathway was
involved in autophagy in the JZG-treated cells.
Subsequent studies have shown that SQSTM1/p62
accumulation is correlated with NAFLD and the fusion
of isolated hepatic autophagosomes and lysosomes is
[30]
different in NAFLD patients , which suggests that an
excessive amount of lipids may contribute to SQSTM1/
p62 accumulation by suppressing autophagosomes/
[31,32]
lysosome fusion
. Thus, we examined the SQSTM1/
p62 accumulation and the results confirmed previous
findings.
Fluorescence staining was performed to connect the
mitochondrial integrity with oxidative stress induced by
PA. We also found that JZG could activate the autophagy
process by either induction of autophagosomes or
colocalization of autophagosomes and lysosomes as
well as degradation of autolysosomes to protect against
metabolic stress-induced hepatocyte injury in NAFLD
(Figure 6).
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Limitations should be acknowledged. The complex
compounds contained in this prescription may have led
to multitarget effects, and a series of signaling pathways
and regulators were not examined. Beyond that, as
p62 could also be degraded by proteasome, further
studies on this aspect should be continually conducted
to confirm the findings in the future. However, as the
current epidemic of obesity and obesity-related NAFLD
continues to increase, new approaches for prevention
and treatment are urgently needed, and traditional
Chinese medicine, as an alternative and complementary
medicine, may be an effective addition to the current
standardized intervention strategy.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

non-alcoholic fatty liver disease (NAFLD), as the leading cause of chronic liver
disease, can result in serious liver-related complications and an increase in
overall mortality. However, the pathogenesis of NAFLD is still unknown and no
effective therapeutic strategy has been accepted as the standard treatment
option. In previous studies, the authors found that JZG had beneficial effects
in improving hepatic fat accumulation, metabolic disorder and associated liver
injury, and its efficacy in patients with NAFLD was also confirmed.

Research motivation

Autophagy is important in liver diseases, and research has demonstrated that
autophagy regulators can improve hepatic function. However, no effective
therapeutic strategy has been accepted as the standard option for NAFLD and
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its complications. Thus, novel treatments are still urgently needed to prevent or
delay the onset as well as the progression of NAFLD.

10

Research objectives

11

NAFLD, as the leading cause of chronic liver disease, could result in serious
liver-related complications and an increase in overall mortality. And traditional
Chinese medicine, as an alternative and complementary medicine, may be an
effective addition to the current standardized intervention strategy.

12

Research methods

The process of autophagy was detected by the expressions of LC3 and
SQSTM1/p62. The upstream event of autophagy induction was presented by
LC3-Ⅱ/actin expression and the downstream event of autophagic flux was
presented by the expressions of LC3-Ⅱ/LC3-Ⅰ and SQSTM1/p62. Stable
fluorescence-expressing cell lines were established with mRFP-GFP-LC3 and
mCherry-p62 lentivirus to visualize the whole progression of autophagic flux.

13

14

Research results

In previous research, the authors had demonstrated that the Chinese herbal
formula JZG had beneficial effects in improving hepatic fat accumulation. In this
study, autophagy was demonstrated to be critically involved in this process.

15

Research conclusions

16

The authors confirmed that metabolic stress-induced hepatocyte injury
exhibited dual effects on autophagy, while JZG activated the whole process to
provide beneficial effects in NAFLD.

17

Research perspectives

The exact compounds contained in this prescription are still unknown and
the complex compounds might have led to multitarget effects. A systems
pharmacology approach to determine the active compounds and action
mechanisms might be a good method for the future research.

18

REFERENCES
1
2

3

4
5

6

7
8

9

Bellentani S, Marino M. Epidemiology and natural history of nonalcoholic fatty liver disease (NAFLD). Ann Hepatol 2009; 8 Suppl
1: S4-S8 [PMID: 19381118]
López-Velázquez JA, Silva-Vidal KV, Ponciano-Rodríguez G,
Chávez-Tapia NC, Arrese M, Uribe M, Méndez-Sánchez N. The
prevalence of nonalcoholic fatty liver disease in the Americas. Ann
Hepatol 2014; 13: 166-178 [PMID: 24552858]
Wree A, Broderick L, Canbay A, Hoffman HM, Feldstein AE.
From NAFLD to NASH to cirrhosis-new insights into disease
mechanisms. Nat Rev Gastroenterol Hepatol 2013; 10: 627-636
[PMID: 23958599 DOI: 10.1038/nrgastro.2013.149]
Tiniakos DG, Vos MB, Brunt EM. Nonalcoholic fatty liver disease:
pathology and pathogenesis. Annu Rev Pathol 2010; 5: 145-171
[PMID: 20078219 DOI: 10.1146/annurev-pathol-121808-102132]
Reiniers MJ, van Golen RF, van Gulik TM, Heger M. Reactive
oxygen and nitrogen species in steatotic hepatocytes: a molecular
perspective on the pathophysiology of ischemia-reperfusion injury
in the fatty liver. Antioxid Redox Signal 2014; 21: 1119-1142
[PMID: 24294945 DOI: 10.1089/ars.2013.5486]
Jung UJ, Choi MS. Obesity and its metabolic complications:
the role of adipokines and the relationship between obesity,
inflammation, insulin resistance, dyslipidemia and nonalcoholic
fatty liver disease. Int J Mol Sci 2014; 15: 6184-6223 [PMID:
24733068 DOI: 10.3390/ijms15046184]
Yin XM, Ding WX, Gao W. Autophagy in the liver. Hepatology
2008; 47: 1773-1785 [PMID: 18393362 DOI: 10.1002/hep.22146]
Cheng Y, Ren X, Hait WN, Yang JM. Therapeutic targeting of
autophagy in disease: biology and pharmacology. Pharmacol
Rev 2013; 65: 1162-1197 [PMID: 23943849 DOI: 10.1124/
pr.112.007120]
Kim KH, Lee MS. Autophagy--a key player in cellular and body
metabolism. Nat Rev Endocrinol 2014; 10: 322-337 [PMID:

WJG|www.wjgnet.com

19

20

21

22

23

24
25
26

1002

24663220 DOI: 10.1038/nrendo.2014.35]
Johansen T, Lamark T. Selective autophagy mediated by
autophagic adapter proteins. Autophagy 2011; 7: 279-296 [PMID:
21189453]
Stolz A, Ernst A, Dikic I. Cargo recognition and trafficking in
selective autophagy. Nat Cell Biol 2014; 16: 495-501 [PMID:
24875736 DOI: 10.1038/ncb2979]
Christian P, Sacco J, Adeli K. Autophagy: Emerging roles
in lipid homeostasis and metabolic control. Biochim Biophys
Acta 2013; 1831: 819-824 [PMID: 23274236 DOI: 10.1016/
j.bbalip.2012.12.009]
Singh R, Kaushik S, Wang Y, Xiang Y, Novak I, Komatsu M,
Tanaka K, Cuervo AM, Czaja MJ. Autophagy regulates lipid
metabolism. Nature 2009; 458: 1131-1135 [PMID: 19339967 DOI:
10.1038/nature07976]
Lin CW, Zhang H, Li M, Xiong X, Chen X, Chen X, Dong XC,
Yin XM. Pharmacological promotion of autophagy alleviates
steatosis and injury in alcoholic and non-alcoholic fatty liver
conditions in mice. J Hepatol 2013; 58: 993-999 [PMID: 23339953
DOI: 10.1124/10.1016/j.jhep.2013.01.011]
Song HY, Zhang L, Pan JL, Yang LL, Ji G. Bioactivity of five
components of Chinese herbal formula Jiangzhi granules against
hepatocellular steatosis. J Integr Med 2013; 11: 262-268 [PMID:
23867244 DOI: 10.3736/jintegrmed2013034]
Wang M, Sun S, Wu T, Zhang L, Song H, Hao W, Zheng P, Xing
L, Ji G. Inhibition of LXRα/SREBP-1c-Mediated Hepatic Steatosis
by Jiang-Zhi Granule. Evid Based Complement Alternat Med 2013;
2013: 584634 [PMID: 23762146 DOI: 10.1155/2013/584634]
Pan J, Wang M, Song H, Wang L, Ji G. The efficacy and safety of
traditional chinese medicine (jiang zhi granule) for nonalcoholic
Fatty liver: a multicenter, randomized, placebo-controlled study.
Evid Based Complement Alternat Med 2013; 2013: 965723 [PMID:
24369486 DOI: 10.1155/2013/965723]
Matsushita N, Osaka T, Haruta I, Ueshiba H, Yanagisawa N,
Omori-Miyake M, Hashimoto E, Shibata N, Tokushige K, Saito K,
Tsuneda S, Yagi J. Effect of Lipopolysaccharide on the Progression
of Non-Alcoholic Fatty Liver Disease in High Caloric Diet-Fed
Mice. Scand J Immunol 2016; 83: 109-118 [PMID: 26524607 DOI:
10.1111/sji.12397]
Cui W, Wang M, Maegawa H, Teranishi Y, Kawada N. Inhibition
of the activation of hepatic stellate cells by arundic acid via the
induction of cytoglobin. Biochem Biophys Res Commun 2012; 425:
642-648 [PMID: 22850540 DOI: 10.1016/j.bbrc.2012.07.126]
Shu X, Wang M, Xu H, Liu Y, Huang J, Yao Z, Zhang L. Extracts of
Salvia-Nelumbinis Naturalis Ameliorate Nonalcoholic Steatohepatitis
via Inhibiting Gut-Derived Endotoxin Mediated TLR4/NF-κB
Activation. Evid Based Complement Alternat Med 2017; 2017:
9208314 [PMID: 28831287 DOI: 10.1155/2017/9208314]
Kamikubo R, Kai K, Tsuji-Naito K, Akagawa M. β-Caryophyllene
attenuates palmitate-induced lipid accumulation through AMPK
signaling by activating CB2 receptor in human HepG2 hepatocytes.
Mol Nutr Food Res 2016; 60: 2228-2242 [PMID: 27234712 DOI:
10.1002/mnfr.201600197]
Ruan L, Zhou C, Jin E, Kucharavy A, Zhang Y, Wen Z, Florens
L, Li R. Cytosolic proteostasis through importing of misfolded
proteins into mitochondria. Nature 2017; 543: 443-446 [PMID:
28241148 DOI: 10.1038/nature21695]
Hamasaki M, Shibutani ST, Yoshimori T. Up-to-date membrane
biogenesis in the autophagosome formation. Curr Opin Cell
Biol 2013; 25: 455-460 [PMID: 23578367 DOI: 10.1016/
j.ceb.2013.03.004]
Lamb CA, Yoshimori T, Tooze SA. The autophagosome: origins
unknown, biogenesis complex. Nat Rev Mol Cell Biol 2013; 14:
759-774 [PMID: 24201109 DOI: 10.1038/nrm3696]
Kaur J, Debnath J. Autophagy at the crossroads of catabolism
and anabolism. Nat Rev Mol Cell Biol 2015; 16: 461-472 [PMID:
26177004 DOI: 10.1038/nrm4024]
Madrigal-Matute J, Cuervo AM. Regulation of Liver Metabolism
by Autophagy. Gastroenterology 2016; 150: 328-339 [PMID:
26453774 DOI: 10.1053/j.gastro.2015.09.042]

March 7, 2018|Volume 24|Issue 9|

Zheng YY et al . Autophagy protects against hepatocyte injury
27

28
29
30

Liu HY, Han J, Cao SY, Hong T, Zhuo D, Shi J, Liu Z, Cao
W. Hepatic autophagy is suppressed in the presence of insulin
resistance and hyperinsulinemia: inhibition of FoxO1-dependent
expression of key autophagy genes by insulin. J Biol Chem
2009; 284: 31484-31492 [PMID: 19758991 DOI: 10.1074/jbc.
M109.033936]
Levine B, Kroemer G. Autophagy in the pathogenesis of
disease. Cell 2008; 132: 27-42 [PMID: 18191218 DOI: 10.1016/
j.cell.2007.12.018]
Kim YC, Guan KL. mTOR: a pharmacologic target for autophagy
regulation. J Clin Invest 2015; 125: 25-32 [PMID: 25654547 DOI:
10.1172/JCI73939]
Fukuo Y, Yamashina S, Sonoue H, Arakawa A, Nakadera

31
32

E, Aoyama T, Uchiyama A, Kon K, Ikejima K, Watanabe S.
Abnormality of autophagic function and cathepsin expression
in the liver from patients with non-alcoholic fatty liver disease.
Hepatol Res 2014; 44: 1026-1036 [PMID: 24299564 DOI:
10.1111/hepr.12282]
Koga H, Kaushik S, Cuervo AM. Altered lipid content inhibits
autophagic vesicular fusion. FASEB J 2010; 24: 3052-3065 [PMID:
20375270 DOI: 10.1096/fj.09-144519]
Inami Y, Yamashina S, Izumi K, Ueno T, Tanida I, Ikejima K,
Watanabe S. Hepatic steatosis inhibits autophagic proteolysis
via impairment of autophagosomal acidification and cathepsin
expression. Biochem Biophys Res Commun 2011; 412: 618-625
[PMID: 21856284 DOI: 10.1016/j.bbrc.2011.08.012]
P- Reviewer: Demonacos C, Marcos R, Osna NA
S- Editor: Gong ZM L- Editor: Filipodia E- Editor: Huang Y

WJG|www.wjgnet.com

1003

March 7, 2018|Volume 24|Issue 9|

World J Gastroenterol 2018 March 7; 24(9): 1004-1012

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i9.1004

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE
Basic Study

Long noncoding RNA RP4 functions as a competing
endogenous RNA through miR-7-5p sponge activity in
colorectal cancer
Mu-Lin Liu, Qiao Zhang, Xiao Yuan, Long Jin, Li-Li Wang, Tao-Tao Fang, Wen-Bin Wang
Mu-Lin Liu, Long Jin, Li-Li Wang, Tao-Tao Fang, Department
of Gastrointestinal Surgery, the First Affiliated Hospital of
Bengbu Medical College, Bengbu 233004, Anhui Province,
China

Institutional Animal Care and Use Committee of SHRM.

Qiao Zhang, Department of General Surgery, the First Affiliated
Hospital of Xinxiang Medical University, Xinxiang 453100,
Henan Province, China

Data sharing statement: The datasets supporting the
conclusions of this article are included within the article.

Conflict-of-interest statement: The authors declare that there is
no conflict of interest related to this study.

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/

Xiao Yuan, Wen-Bin Wang, Department of General Surgery,
the Fourth Affiliated Hospital of Anhui Medical University, Hefei
230022, Anhui Province, China
ORCID number: Mu-Lin Liu (0000-0003-3930-678X);
Qiao Zhang (0000-0001-5413-4547); Xiao Yuan (0000-000
2-4299-7377); Long Jin (0000-0002-7765-4091); Li-Li Wang
(0000-0003-0439-8119); Tao-Tao Fang (0000-0002-1831-1937);
Wen-Bin Wang (0000-0002-9023-6855).

Manuscript source: Unsolicited manuscript

Author contributions: Liu ML, Zhang Q and Yuan X
contributed equally to this work; Liu ML and Zhang Q conceived
the study and participated in its design and coordination;
Yuan X drafted and revised the manuscript; Jin L helped with
the statistical analysis; Wang LL and Fang TT performed the
experiments; Wang WB conceived the study and revised the
manuscript; all authors read and approved the final manuscript.

Correspondence to: Wen-Bin Wang, PhD, Doctor, Professor,
Department of General Surgery, the Fourth Affiliated Hospital of
Anhui Medical University, No. 372, Tunxi Road, Hefei 230022,
Anhui Province, China. surdoctor@163.com
Telephone: +86-551-62879386
Fax:+86-552-3070260

Supported by Scientific Research Foundation of Anhui
Education Department, No. KJ2017A219 to Liu ML;
Scientific Research Foundation of Academic Leader of
Anhui Province, No. 2016H105 to Liu ML; education talent
Foundation of universities of Anhui Education Department,
No. gxbjZD2016070 to Liu ML; National Natural Science
Foundation of China, No. 81500373 to Wang WB; and Natural
Science Foundation of Anhui Province, No. 1608085MH193 to
Wang WB.

Received: November 15, 2017
Peer-review started: November 16, 2017
First decision: December 20, 2017
Revised: December 26, 2017
Accepted: January 16, 2018
Article in press: January 16, 2018
Published online: March 7, 2018

Institutional review board statement: The study was
reviewed and approved by the Ethics Committee of the First
Affiliated Hospital of Bengbu Medical College.

Abstract
AIM
To investigate the role of long noncoding RNA (lncRNA)
RP4 in colorectal cancer.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by the
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METHODS
Lentivirus-mediated lncRNA RP4 overexpression and
knockdown were performed in the colorectal cancer
cell line SW480. Cell proliferation, tumor growth, and
early apoptosis were evaluated by a cell counting kit-8
assay, an in vivo xenograft tumor model, and annexin
V/propidium iodide staining, respectively. Analysis
of the lncRNA RP4 mechanism involved assessment
of the association of its expression with miR-7-5p
and the SH3GLB1 gene. Western blot analysis was
also performed to assess the effect of lncRNA RP4
on the autophagy-mediated cell death pathway and
phosphatidylinositol-3-kinase (PI3K)/Akt signaling.

Surgical resection followed by adjuvant chemotherapy
is the most commonly used strategy for colorectal
cancer management. However, although the overall
5-year survival rate of colorectal cancer has improved to
65%, the 5-year survival rate was only 15% in patients
[2]
presenting with distant metastasis , reflecting the poor
treatment response in some patients. Therefore, it is
necessary to identify effective therapeutic targets to
improve treatment and prognosis.
Long noncoding RNAs (lncRNAs), > 200 nucleotides
in length, are a recently discovered novel class of genes
with regulatory functions but lacking protein-coding
ability. Several studies have identified important roles for
lncRNAs in a wide range of cellular processes, including X
chromosome inactivation, splicing, imprinting, epigenetic
[3-5]
control, and gene transcription regulation . Moreover,
the dysregulated expression of lncRNAs is present in
various human diseases, especially in cancers including
breast cancer, lung cancer, gastric cancer, and colorectal
[6-8]
cancer . Indeed, several recent pieces of evidence
suggest that lncRNAs are involved in the development
and progression of human colorectal cancer and may
[9-11]
serve as novel therapeutic targets
. However, the role
of lncRNAs in colorectal cancer is largely unknown.
The dysregulation of lncRNA RP4 has previously
been shown by expression profile analysis of a tran
scriptome microarray. Therefore, the present study
investigated the role of lncRNA RP4 in colorectal cancer
using an in vitro cell model and an in vivo xenograft
model. Mechanistic analysis suggested that lncRNA
RP4 functions in colorectal cancer pathogenesis as a
competing endogenous RNA (ceRNA) that regulates
SH3GLB1 expression by acting as a sponge for the
microRNA (miRNA) miR-7-5p. It could also serve as
a potential therapeutic target for colorectal cancer
treatment.

RESULTS
Cell proliferation, tumor growth, and early apoptosis
in SW480 cells were negatively regulated by lncRNA
RP4. Functional experiments indicated that lncRNA RP4
directly upregulated SH3GLB1 expression by acting as a
competing endogenous RNA (ceRNA) for miR-7-5p. This
interaction led to activation of the autophagy-mediated
cell death pathway and de-repression of PI3K and Akt
phosphorylation in colorectal cancer cells in vivo .
CONCLUSION
Our results demonstrated that lncRNA RP4 is a ceRNA
that plays an important role in the pathogenesis of
colorectal cancer, and could be a potential therapeutic
target for colorectal cancer treatment.
Key words: Colorectal cancer; long noncoding RNA
RP4; SH3GLB1; miR-7-5p; competing endogenous RNA
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In the present study, we investigated the role
of long noncoding RNA (lncRNA) RP4 in colorectal cancer
using an in vivo cell model and an in vivo xenograft
model. Mechanistic analysis suggested that lncRNA
RP4 functions in colorectal cancer pathogenesis as a
competing endogenous RNA that regulates SH3GLB1
expression by acting as a sponge for miR-7-5p. It could
also serve as a potential therapeutic target for colorectal
cancer treatment.

MATERIALS AND METHODS
Ethics statement

This study was conducted in accordance with the ethical
standards, the Declaration of Helsinki, and national
and international guidelines, and was approved by the
authors’ institutional review board, which adheres to
generally accepted international guidelines for animal
experimentation.
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Cell culture

The human colorectal cancer cell line SW480 was
obtained from the American Type Culture Collection.
Cells were maintained as monolayers in cell culture
flasks with RPMI1640 medium containing 10% (v/v)
fetal bovine serum and 1% antibiotics. They were
cultured at 37 ℃ in a humidified atmosphere with 5%
CO2. All cell culture media and additives were purchased
from Invitrogen (CA, United States).

INTRODUCTION
Colorectal cancer is the fourth most common cancer
and the fifth most common cause of cancer-related
death in China, with an estimated 331300 newly
[1]
diagnosed patients and 159300 deaths in 2012 .
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Table 1 Sequences of the primers used
Gene
ENST00000565575
SH3GLB1
β-actin

Forward primer (5’-3’)

Reverse primer (5’-3’)

ATCCGTTCCAAATCCTGTCGT
CGCTGTCTGAATGACTTTGT
GTGGCCGAGGACTTTGATTG

TTCAAGCAGAGGCTGTATCGTG
CCTTTCTGCTGCCACTACAC
CCTGTAACAACGCATCTCATATT

or lncRNA RP4 small interfering (si)RNA were obtained
from GenePharm Co., Ltd. (Shanghai, China). Cells
were grown to approximately 40% confluence and
infected with lentiviral particles in complete medium for
48 h. To increase the infection efficiency, cells were cotreated with the cationic polymer polybrene (8 μg/ml
in water). Neither shRNA nor polybrene affected cell
viability. siRNA and shRNA had no off-target effects, and
did not affect cell adherence, shape, or viability at the
indicated multiplicity of infection.

plates in complete medium and infected with lncRNA
RP4, lncRNA RP4 siRNA, or control lentivirus particles.
Two days later, cell proliferation was evaluated by
the cell counting kit-8 method according to the
manufacturer’s instructions using a microplate reader
(Molecular Devices, Sunnyvale, CA, United States) to
measure the absorbance.

Nude mouse model of ectopic tumors

Athymic nude (nu/nu) mice at 6 wk old were purchased
from Shanghai SLAC Laboratory Animal Co., Ltd.
Tumors were generated by the subcutaneous injection
6
of 2 × 10 SW480 cells infected with lncRNA RP4,
lncRNA RP4 siRNA, or control lentivirus particles and
suspended in 50 μL of PBS into the dorsal region near
the thigh. Mice were then weighed and assessed for
tumor size every 7 wk by measuring the tumor length
and width.

Real-time quantitative reverse transcription polymerase
chain reaction

Total RNA was extracted from SW480 cells using TRIzol
reagent (Invitrogen). RT-PCR was carried out using a
One Step SYBR PrimeScript RT-PCR kit (Takara, Dalian,
China) and an iQ5 Real-time PCR Detection system
(Bio-Rad, Hercules, CA, United States) for evaluation
of the expression of lncRNA RP4. The miRNA miR-75p was obtained using the PureLink miRNA Isolation Kit
(Invitrogen), and the quantification of miRNA expression
was performed with a TaqMan MicroRNA Assay Kit
(Applied Biosystems, Foster City, CA, United States). The
expression of β-actin and U6 snRNA genes was assessed
simultaneously in all samples as an internal control for
lncRNA/mRNA and miRNA expression, respectively.
–ΔΔCT
Relative gene expression was determined by the 2
[12]
method . Oligonucleotide primers specific for lncRNA
RP4, SH3GLB1, and β-actin are listed in Table 1.

Cell apoptosis analysis

Statistical analysis

All statistical analyses were carried out using SPSS v18
software (SPSS, Chicago, IL, United States). Data are
presented as the mean ± SD. The Student’s t-test or
one-way analysis of variance were used to examine
differences between two or multiple groups. Correlation
analyses of the expression levels of lncRNA RP4,
SH3GLB1, and miR-7-5p were performed using Pearson’
s correlation coefficient. A p-value < 0.05 was considered
statistically significant.

Western blot analysis

Cells were lysed in RIPA buffer, centrifuged at high
speed, and then underwent protein quantification
using a bicinchoninic acid assay. Cellular proteins were
separated by sodium dodecyl sulfate polyacrylamide
gel electrophoresis and transferred onto polyvinylidene
difluoride membranes. After blocking, the membranes
were incubated with anti-total- or -phosphor-PI3K,
phospho-Akt, LC3A/B, Bax, and caspase 3 monoclonal
primary antibodies (Cell Signaling Technology,
Cambridge, MA, United States). β-actin (Santa Cruz
Biotechnology, Santa Cruz, CA, United States) was
used as the loading control. Appropriate horseradish
peroxidase-conjugated secondary antibodies were
applied to detect labeled proteins. The protein
bands were developed with SuperSignal Ultra
Chemiluminescent Substrate (Pierce, Rockford, IL,
United States) on X-ray films (Kodak, Tokyo, Japan).

Cell proliferation

RESULTS
lncRNA RP4 regulates proliferation, tumor growth, and
early apoptosis in colorectal cancer cells

To investigate the role of lncRNA RP4 in the patho
genesis of colorectal cancer, we performed lentivirusmediated overexpression and knockdown. As shown
in Figure 1A, SW480 cell proliferation was negatively
regulated by lncRNA RP4, while early apoptosis was
positively regulated by lncRNA RP4 (Figure 1C and
D). These results suggested that lncRNA RP4 exerts
a negative regulatory role in colorectal cancer cell

3

SW480 cells (3 × 10 cells) were seeded in 96-well
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5

SW480 cells (3 × 10 cells) were seeded in 6-well
plates in complete medium and infected with lncRNA
RP4, lncRNA RP4 siRNA, or control lentivirus particles.
Two days later, cell proliferation was evaluated by flow
cytometry (FACScalibur; BD Biosciences, CA, United
States) after annexin V/propidium iodide staining
(Beyotime institution, Nantong, China).

1006

March 7, 2018|Volume 24|Issue 9|

Liu ML et al . Role of lncRNA RP4 in CRC

A

e

2.0

B

e

1.8

1100

1.6

1000
3

Tumor volume (mm )

Absorbance

1.4
1.2
1.0
0.8
0.6
0.4

900
800
700
600
500
400
300

0.2
0.0

siRNA
Over-expression
Control

Normal

Vector

siRNA

200

Overexpression

100
0

0

lncRNA RP4

7

14

21

C

lncRNA RP4
Normal

Vector

3

10

E2

E1

2

10

1

10

PI-PE-Cy5

10

0.41%

0

10 E3

E4
0

10

Early apoptosis rate (%)

20

1

2

10

E2

10

1

10

0

3

0.46%
E4
0

10

10

3

10

3

10

2

10 E3

5.77%
10

E1

siRNA

Over-expression

3

10

10

D

28

t /d

1

2

10

3

E2

10 E3

E4

1

10

1

0.95%

0

10

E1

2

10

10 E3

5.70%
10

E2

E1

2

E4
0

10

0

14.16%
1

10

2

10

3

10

0

10

0.49%
2.60%
1

10

2

10

3

10

Annexin V-FITC
e
e

15

10

5

0

Normal

Vector

Overexpression

siRNA

Figure 1 lncRNA RP4 regulates proliferation, tumor growth, and early apoptosis in colorectal cancer cells. Lentivirus-mediated lncRNA RP4 overexpression
and knockdown were performed in the colorectal cancer line SW480, and cell proliferation, tumor growth, and early apoptosis were examined. A: Cell proliferation was
examined by the CCK-8 assay. lncRNA RP4 overexpression and knockdown were shown to decrease and increase cell proliferation, respectively. B: Tumor growth
was evaluated by tumor volume change. lncRNA RP4 overexpression and knockdown were shown to significantly decrease and increase tumor volume, respectively,
at weeks 14, 21, and 28. C: Flow cytometry assessment of early apoptosis. lncRNA RP4 overexpression and knockdown increased and decreased early apoptosis,
respectively, in colorectal cancer. D: Early apoptosis quantification. eP < 0.001 for between-group comparisons.

proliferation and a positive regulatory role in early
apoptosis of colorectal cancer cells.

growth.

lncRNA RP4 inhibits the growth of colorectal cancer
cells by regulating SH3GLB1

lncRNA RP4 inhibits the growth of colorectal cancer on
mice

To explore the mechanism of lncRNA RP4-mediated
effects in colorectal cancer cells, we examined
SH3GLB1 expression in SW480 cells following lncRNA
RP4 overexpression and knockdown. lncRNA RP4 was
found to positively regulate SH3GLB1 expression, and
correlation analyses further confirmed the existence
of a significant correlation between lncRNA RP4 and

Compared with the control group, colorectal cancer
with lncRNA RP4 siRNA showed a bigger volume, while
there was a smaller volume in the group with lncRNA
RP4 overexpression (Figure 1B). Consistent with the
results in cell line, the results in vivo also suggested
that lncRNA RP4 plays an inhibitory role in colorectal cell
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Figure 3 lncRNA RP4 functions as an miR-7-5p decoy in colorectal cancer cells. A: The predicted miR-7-5p binding sites on the SH3GLB1 and lncRNA RP4
transcript. B: LncRNA RP4 overexpression and knockdown, respectively, decreased and increased the expression of miR-7-5p in SW480 cells. C: Correlation
analyses revealed a linear association between the expression of lncRNA RP4 and miR-7-5p, with an r2 value of 0.482. D: SW480 cells were transfected with an
miR-7-5p mimic and inhibitor, and cell proliferation was evaluated by the CCK-8 assay. miR-7-5p overexpression and knockdown increased and decreased cell
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SH3GLB1 expression (Figure 2).

complexes and complex recruitment to genomic DNA
[18]
sequences . Some lncRNAs (such as lincRNA-21)
also act as cis-regulators by exerting their function on
[19]
nearby transcripts . Growing evidence has shown that
lncRNAs may act as ceRNAs via their miRNA response
elements for specific miRNA targets, thus blocking
the target binding ability of a single miRNA or multiple
[20,21]
miRNAs
. Several lncRNAs have been suggested to
[22]
[23]
function as ceRNAs, including PTENP1 , H19 , and
[24]
CCAT1 .
In the present study, we investigated the potential
role of lncRNA RP4 as a ceRNA of SH3GLB1 that
competes for miRNA-7-5p binding sites, thereby
regulating the expression of SH3GLB1 mRNA targeted
by miRNA-7-5p. The overexpression of lncRNA RP4
inhibited colorectal cancer cell proliferation and tumor
growth both in vitro and in vivo, and increased early
apoptosis. These findings suggest that lncRNA RP4
plays a critical role in the modulation of colorectal
cancer progression.
To further elucidate the role of lncRNA RP4 in
colorectal cancer, we analyzed its regulatory mechanism
as a ceRNA by bioinformatics analysis and experimental
verification. qRT-PCR analysis showed that lncRNA RP4
overexpression downregulated miR-7-5p expression in
colorectal cancer cells, while an inverse correlation was
detected between lncRNA RP4 and miR-7-5p expression.
Additional functional experiments confirmed that miR-75p overexpression promoted cell proliferation, while an
inverse correlation was detected between miR-7-5p and
SH3GLB1 expression. Consistent with these findings,
miR-7-5p has been found to affect cell proliferation,
anchorage-independent growth, migration and invasion,
apoptosis, and chemosensitivity by targeting specific
[25-27]
oncogenic genes in various types of tumor
.
SH3GLB1, a membrane curvature-inducing protein,
interacts with BECN1 though UVRAG and regulates
the post-Golgi trafficking of membrane-integrated
[28]
ATG9A during autophagy . In the present study, we
found that lncRNA RP4 overexpression upregulated
[29]
autophagy. Recently, Takahashi et al
reported that
SH3GLB1 is a haploinsufficient tumor suppressor
that functions to prevent the acquisition of apoptosis
resistance and malignant transformation during Mycdriven lymphomagenesis. Our data supported the
tumor suppressor role of SH3GLB1 in colorectal cancer.
During tumor development and progression, protein
interactions between SH3GLB1 and BAX resulted in the
[30]
activation of caspase 3, thereby inducing apoptosis .
Similarly, we showed that lncRP4-induced SH3GLB1
upregulation increased levels of BAX and caspase 3 in
colorectal cancer cells.
Previous studies observed that dysregulated PI3K/
Akt signaling in human colorectal cancer is associated
with the growth and proliferation pattern of cancer
[15,16]
cells
, while the PI3K/Akt pathway negatively
[31,32]
regulates autophagy
. Consistent with this, we

lncRNA RP4 functions as an miR-7-5p decoy in the
regulation of SH3GLB1

Because no direct interaction exists between lncRNA
RP4 and SH3GLB1, we further analyzed the potential
functional mechanism by the introduction of miRNA.
lncRNAs were recently reported to act as decoys that
sequester miRNAs and prevent them from binding
to targets, hence modulating many functional mRNA
targets through translation. Bioinformatics analysis
(webserver lnCeDB; http://gyanxet-beta.com/lncedb/)
predicted potential interactions between lncRNA RP4
and miR-7-5p (Figure 3A), which was confirmed
by correlation analysis (Figure 3B and C). We also
observed a positive regulatory effect of miR-7-5p on
cell proliferation via the negative regulation of SH3GLB1
(Figure 3D and E). These results suggested that lncRNA
RP4 functions as an miR-7-5p decoy in colorectal cancer
cells.

Involvement of the autophagy-mediated cell death
pathway and PI3K/Akt signaling pathway in lncRNA-RP4
mediated effects in colorectal cancer cells
[13,14]

According to previous findings
, autophagy-mediated
cell death is involved in the early apoptosis of cancer,
while the PI3K/Akt signaling pathway plays a role in
[15,16]
cancer cell proliferation and growth
. Analysis of the
effects of lncRNA-RP4 on intracellular signaling revealed
that lncRNA-RP4 overexpression and knockdown,
respectively, upregulated and downregulated expression
levels of the autophagy marker LC3 and apoptosisrelated molecules Bax and caspase 3 (Figure 4A). We
also observed the negative regulation of PI3K and Akt
phosphorylation by lncRNA-RP4 in colorectal cancer cells
(Figure 4B). Taken together, we propose a schematic
whereby lncRNA RP4 functions as a decoy that
competitively binds miR-7-5p, upregulating the specific
repressor SH3GLB1, activating autophagy-mediated
cell death, and inhibiting PI3K/Akt signaling, thereby
suppressing colorectal carcinogenesis (Figure 4C).

DISCUSSION
Noncoding regions account for more than 90% of the
entire human genome, and are thought to play a critical
role in the regulation of physiological function given
that only 9% of human genes are protein-coding. As
a representative of noncoding regions, approximately
18% of lncRNAs are associated with human tumors
and have been shown to act as major contributors in
[17]
the development and progression of human cancers .
Multiple mechanisms have been suggested for the
regulatory role of lncRNAs in physiological functions,
including trans- and cis-regulatory mechanisms. In
a trans-regulatory mechanism, lncRNAs (such as
HOTAIR) could affect the transcription of specific genes
through their interaction with chromatin-remodeling
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Research conclusions

detected reduced PI3K and Akt phosphorylation in
lncRP4-overexpressing colorectal cancer cells.
The present study has a number of limitations.
First, because of a lack of colorectal cancer tissue, we
could not evaluate the expression pattern of lncRNA
RP4, miR-7-5p, or SH3GLB1 in carcinoma tissues and
were thus unable to elucidate the clinical significance
of lncRP4 in colorectal cancer. The collection of more
colorectal cancer tissue will be necessary to overcome
this. Second, we did not use small inhibitors of different
signaling pathways, yet it is conceivable that the
mechanism of lncRNA RP4 involves multiple modalities.
Taken together, our results demonstrate that lncRNA
RP4 plays an important role in the progression of
human colorectal cancer by functioning as a ceRNA to
regulate the expression of SH3GLB1 through miR-7-5p
sponge activity. The pleiotropic effects of lncRNA RP4 on
colorectal cancer pathogenesis suggest that is has the
potential to be a therapeutic target for colorectal cancer.

Our results demonstrate that lncRNA RP4 plays an important role in the
progression of human colorectal cancer by functioning as a ceRNA to regulate
the expression of SH3GLB1 through miR-7-5p sponge activity. The pleiotropic
effects of lncRNA RP4 on colorectal cancer pathogenesis suggest that is has
the potential to be a therapeutic target for colorectal cancer.

Research perspectives

This study suggests that the lncRNA intervention may be a promising treatment
strategy for colorectal cancer. The future study might focus on the specific
regulatory role of lncRNA RP4 in colorectal cancer in vivo, and the therapeutic
effect of lncRNA RP4 needs to be validated in clinical practice.
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Abstract
AIM
To study implications of measuring quality indicators
on training and trainees’ performance in pediatric
colonoscopy in a low-volume training center.

Informed consent statement: Patients were not required
to give informed consent to the study because the analysis
performed used anonymous clinical data that were obtained after
each patient agreed to treatment by written consent.

METHODS
We reviewed retrospectively the performance of pediatric
colonoscopies in a training center in Malaysia over 5
years (January 2010-December 2015), benchmarked
against five quality indicators: appropriateness of
indications, bowel preparations, cecum and ileal

Conflict-of-interest statement: All authors declare no conflictsof-interest related to this article.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
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[1-4]

examination rates, and complications. The European
Society of Gastrointestinal Endoscopy guideline for
pediatric endoscopy and North American Society for
Pediatric Gastroenterology, Hepatology and Nutrition
training guidelines were used as benchmarks.

pathologies in children . Major indications for colono
scopy in children include rectal bleeding, investigation
of diarrhea, failure to thrive and perianal lesions, and
as initial diagnostic evaluation for inflammatory bowel
[5-10]
disease (IBD)
.
Approximately 20%-30% of IBD patients have
[11]
onset of disease in childhood . A study from Australia
showed that IBD was the diagnosis in 58% of children
[5]
who had initial diagnostic colonoscopy . The percentage
is much lower in Asia, ranging from 10.9% in Taiwanese
[8]
[7]
children to 19.6% in Korean children . The incidence
[12,13]
of IBD is increasing worldwide
. The incidence in
Asia, including Malaysia, is increasing as well, although
it is still relatively uncommon as compared to North
[13,14]
America and Western Europe
.
Competency in colonoscopy has become an ess
ential component in the training syllabus for both
[15,16]
adult and pediatric gastroenterology worldwide
.
In adult colonoscopy, cecal intubation and detection
for adenoma are considered as standard quality
[15]
measures . In children, however, routine screening
[15]
for adenomas is generally not recommended . On
the other hand, ileal intubation is essential for accurate
[17]
diagnosis of IBD, particularly Crohn’s disease (CD) .
Thus, appropriate indication for colonoscopy, complete
examination including inspection of cecum and terminal
ileum, adequate bowel preparation and free of complica
tions are all important quality indicators in pediatric
[16]
colonoscopy .
In areas where the prevalence of IBD is low, such
as Malaysia, the volume of pediatric colonoscopies
[7-10,18]
performed may be limited
. The reported cecum
examination and ileal intubation rates vary. In Hong
Kong, the cecal and ileal intubation rates were 97.6%
[10]
and 75.6% . In Taiwan, the ileal intubation rate was
[8]
77.5% . In Australia, where the incidence of IBD is
[5]
high, Singh et al reported that the cecal and ileal
intubation rates were 96.3% and 92.4%, respectively.
A study on quality indicators published previously
showed that performance benchmarked against quality
[16]
indicators varies in different centers . To the best of
our knowledge, however, no study on performance
benchmarked against quality indicators from lowvolume centers has been published previously.
We aimed to ascertain the performance of our
unit when benchmarked against established quality
indicators in pediatric colonoscopy covering the following
areas: indications, quality of bowel preparation, safety
and complications, cecal examination and terminal ileum
intubation rates. We also assessed the implications
of our performance to ascertain opportunities for
improvements to the training program in this training
center.

RESULTS
Median (± SD) age of 121 children [males = 74
(61.2%)] who had 177 colonoscopies was 7.0 (± 4.6)
years. On average, 30 colonoscopies were performed
each year (range: 19-58). Except for investigations of
abdominal pain (21/177, 17%), indications for colono
scopies were appropriate in the remaining 83%. Bowel
preparation was good in 87%. One patient (0.6%) with
severe Crohn’s disease had bowel perforation. Cecum
examination and ileal intubation rate was 95% and
68.1%. Ileal intubation rate was significantly higher in
diagnosing or assessing inflammatory bowel disease
(IBD) than non-IBD (72.9% vs 50.0%; P = 0.016).
Performance of four trainees was consistent throughout
the study period. Average cecum and ileal examination
rate among trainees were 97% and 77%.
CONCLUSION
Benchmarking against established guidelines helps
units with a low-volume of colonoscopies to identify
area for further improvement.
Key words: Pediatric colonoscopies; Quality indicators;
Performance
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Competency in colonoscopy is an essential
component in the training for pediatric gastroenterology
worldwide. We measured the performance of pediatric
colonoscopy from a low-volume training center on
quality indicators against established guidelines. The
unit, which performed an average of 30 colonoscopies
each year, performed well in clear indication for
colonoscopy, good bowel preparation, safety and high
rate of cecal examination (95%) but needs improvement
for ileal intubation (at 68%). Benchmarking against
established guidelines helps units with a low volume of
colonoscopies to identify area for improvement.
Lee WS, Tee CW, Koay ZL, Wong TS, Zahraq F, Foo HW, Ong
SY, Wong SY, Ng RT. Quality indicators in pediatric colonoscopy
in a low-volume center: Implications for training. World J
Gastroenterol 2018; 24(9): 1013-1021 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i9/1013.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i9.1013

INTRODUCTION

MATERIALS AND METHODS

Colonoscopy is an essential diagnostic procedure for
the evaluation and treatment of lower gastrointestinal

This was a retrospective review on all pediatric
colonoscopies performed between January 2010 and
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December 2015 at the Paediatric Gastroenterology
Unit, University Malaya Medical Centre (UMMC),
Malaysia. The present study was approved by the
institutional ethics review committee (MEC reference:
902.15). During the study period, the unit was staffed
by one full-time consultant and a part-time visiting
consultant. They were assisted by fellows-in-training,
who spent the first 18 mo of a 3-year fellowship
training program in the unit.

confirmation. The recommendation by North American
Society for Pediatric Gastroenterology, Hepatology and
Nutrition (NASPGHAN) guidelines for training in pediatric
[19]
gastroenterology was used as a benchmark . The
NASPGHAN guidelines recommends a cecum and ileal
[19]
examination rate of between 90%-95% .

Performance

For the purpose of the present study, analysis on
performance was confined to colonoscopies where an
inspection of ileum was intended. This included cases
where intubation of terminal ileum was indicated (i.e.,
in diagnosing or assessing IBD), feasible (acceptable
quality of bowel preparation where full examination was
feasible) or safe (benefit of ileal intubation outweighs
the risk of full examination, such as bowel perforation).

Data collection

Cases were retrieved from hospital and the unit data
base. The following data were collected: demographics
and clinical features; indications for colonoscopy; labo
ratory data; degree of bowel preparation; extent of
colonoscopic examination; and complications. Colono
scopic and pathological diagnoses were ascertained.
Cases were excluded if the data were incomplete.

Performance by trainees

The following areas were used as quality indicators:
(1) appropriateness of indications; (2) quality of bowel
preparation and extent of colonoscopic examination,
including (3) cecum examination and (4) ileal intubation;
and (5) safety (including anesthesia and sedation) and
complications. Factors affecting extent of examination
and the performances of trainees were also analyzed.

Analysis on the performance by trainees was confined
to trainees who had completed a minimum of 12 mo
training in the unit during the study period. Number of
colonoscopies performed, cecum examination and ileal
intubation rates were noted. In colonoscopies where
trainees encountered technical difficulties during the
procedure and were subsequently taken over by the
consultant, the procedures were logged as performed
by the consultant.

Indications and preparations for colonoscopy

statistical analysis

Quality indicators

In our unit, each referral for colonoscopy was sc
reened and decided by a consultant. Generally, the
indications for colonoscopy followed the established
[3,4]
[18]
guidelines , and has been reported previously . For
the purpose of the present study, the European Society
of Gastrointestinal Endoscopy (ESGE) guideline for
[4]
pediatric endoscopy was used as a benchmark .

Data were collected and managed by using a statistical
software program (SPSS version 20.0; SPSS Inc., IBM
Corp., Armonk, NY, United States). Descriptive data
were described in percentage, mean and median.
2
Categorical data were analyzed using a two-tailed χ
test.

RESULTS

Sedation and anesthesia

In our unit, colonoscopies were usually performed under
general anesthesia. In adolescents, sedation (generally
a combination of midazolam and pethidine) was used
occasionally at the discretion of the anesthetist.

During the 6-year study period, 194 colonoscopies
were performed in the unit. Data on 17 procedures
were incomplete and were excluded from analysis. Of
the remaining 177 colonoscopies, 56 were repeated
procedures. Thus, 121 patients who had 177 colono
scopies were analyzed. The results are presented in
two parts: (1) indications, colonoscopic findings and
diagnosis of 121 patients who had first colonoscopy;
and (2) quality indicators of 177 colonoscopies
performed.

Bowel preparation

Bowel preparation has been standardized throughout
the study period. Two days prior to colonoscopy, each
patient was allowed a low residue diet. On the night
before the procedure, each patient had bowel cleansing
with polyethylene glycol solution and glycerin rectal
enema. The degree of bowel preparation observed
during colonoscopy was not standardized. It was judged
[6]
by the endoscopist as poor, fair, good or excellent .

Volume of procedures

There was a steady increase in the number of colo
noscopies performed each year during the study
period (Figure 1). On average, 30 colonoscopies were
performed each year during the study period, ranging
from 19 procedures per year in the first 2 years to
58 procedures in 2015. Among the procedures, 15%
(27/177) were logged as performed by consultants,
while the remaining 85% (150/177) were performed

Extent of colonoscopy

The extent of the colonoscopy was confirmed by visual
identification of the colonic wall appearance, and the
anatomy the cecum and terminal ileum. The biopsy
of the terminal ileum was also used as an additional

WJG|www.wjgnet.com

1015

March 7, 2018|Volume 24|Issue 9|

Lee WS et al . Quality indicators in pediatric colonoscopy
Number of colonoscopies performed during the study period
70
60
50
40
30
20
10
0
2010

2011

2012

2013

2014

2015

Figure 1 Number of colonoscopies performed each year during the study period.

Another 22 (18%) patients had focal inflammation of
the rectum (IBD-unclassified) or solitary rectal ulcer
syndrome.

by trainees supervised by a consultant.

Epidemiology, demographic features in 121 patients

There was a male preponderance (males = 74, 61%)
in the 121 patients who had first colonoscopy (Table 1).
The median (± SD) age was 7.5 (± 4.5) years. Eightyone (67%) patients also had concomitant esophagogastro-duodenoscopy (EGDS).

Trend for diagnosis of IBD in 121 patients

The number of new cases of IBD seen in the unit
during the study period is shown in Figure 2. There
was an increasing trend in the number of new IBD
cases, especially for CD.

Indications for first colonoscopy in 121 patients

Sedation and anesthesia in 177 colonoscopies

The most common indication was confirming the
diagnosis of IBD (36/121, 30%; Table 1). Others were
investigation of anemia or rectal bleeding (25/121,
21%). Investigation of abdominal pain was the indication
in 17% (21/121). Most of the repeat colonoscopies were
for disease assessment in IBD.

Vast majority (165/177, 93.2%) of the procedures were
performed under general anesthesia. The remaining
12 procedures (6.8%) were performed under sedation,
being administered by anesthetist. No major events
related to anesthesia or sedation were observed during
the study period.

Colonoscopic findings in 121 patients

Bowel preparation in 177 colonoscopies

A positive finding was noted in 68 (56.2%) colono
scopies, while the remaining 53 (43.8%) had a normal
colonoscopic finding. Indications for colonoscopy for
the 53 patients with a negative finding were: excluding
IBD (n = 18); disease assessment of pre-existing
IBD (n = 4); assessment of abdominal pain (n = 8);
ascertainment of lower gastrointestinal bleeding (n =
10); and, miscellaneous (n = 13).

Bowel preparation was judged to be good by the
endoscopist in 87% (155/177) of the patients,
moderate in 0.6% (1/177) and bad in 12% (21/177)
patients.

Cecum and terminal ileum intubation in 177
colonoscopies

Information on the extent of colonoscopy was
available in all 177 procedures (Table 1). The overall
ileal intubation rate was 54.2% (96/177). Cecum was
examined in an additional 22.0% (39/177). Thus, the
cecum was reached in 76.3% (135/177) of patients.
The extents of colonoscopy of the remaining 42
procedures are shown in Table 1.
In 36 patients, full colonoscopic examination and
ileal intubation were not intended. They were not
indicated in 18 cases, including those for confirmation
or surveillance of graft-versus-host disease (n = 10),
confirmation of rectal metastasis (n = 2), tissue biopsy
for malabsorption (1 each for food protein-induced

Diagnosis in 121 patients

In addition to 16 patients who had colonoscopic
assessment of preexisting IBD, a new clinical diagnosis
or institution of new therapeutic measures was made
in another 87 patients following colonoscopy. Thus,
a total of 103 patients had a positive diagnosis. The
diagnostic yield was 85%.
The colonoscopic diagnoses are shown in Table
1. Overall, 50 (41%) patients had a diagnosis of
IBD (newly diagnosed, n = 34; diagnosis confirmed
elsewhere, n = 16; Figure 2). Of these, 30 patients
had CD and 20 had ulcerative colitis, respectively.
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Table 1 Indications, diagnoses and quality indicators in 121 children who had 177 colonoscopies

Sex, males
Age in yr, median ± SD
Concomitant esophagogastroduodenoscopy
Indications, n = 1211
Suspected of inflammatory bowel disease, new patients
Per rectal bleeding/investigations of anemia
Investigation of gastrointestinal symptoms
Assessment of inflammatory bowel disease, diagnosed elsewhere
Suspected of colonic polyps
Exclusion of graft-versus-host disease or colonic malignancies
Assessment of failure to thrive/malabsorption
Others
Colonoscopic diagnosis, n = 121
Crohn’s disease
Ulcerative colitis
Non-specific colitis or solitary rectal ulcer syndrome
Infective colitis
Colonic polyps
Graft-versus-host disease
Malabsorption
Allergic colitis
Miscellaneous diagnosis
No diagnosis
Extent of colonoscopic examination, 177 colonoscopies
Terminal ileum
Cecum
Ascending colon
Transverse colon
Descending colon
Sigmoid colon
Rectum
Reached cecum but no terminal ileum intubation
Ileal intubation not intended, 177 colonoscopies2
Not indicated
Distorted anatomy due to previous surgery
External stricture
Previous colostomy in Crohn’s disease
Large polyp at rectum
Risk of perforation outweighs benefit of full examination due to
Severe colitis
Poor bowel preparation
Full colonoscopic examination intended, 177 colonoscopies2
Ileal intubation
Cecum examination

n

%

74
7.5 ± 4.5
81

61
67

36
25
21
16
7
7
4
10

30
21
17
13
6
6
3.3
8

30
20
22
9
8
5
2
2
5
18

25
17
18
7
7
4
2
2
4
15

96
38
9
13
12
7
1
134
36
18
1
2
4
2
5

54
21
5
7
7
4
0.6
76

4
141
96
134

68
95

1

Some patients had more than one indication; 2Not intended include not indicated, not feasible or the risks of full examination outweigh the benefit of full
examination.

(134/141) and 68.1% (96/141), respectively. Overall,
45.8% of colonoscopies did not include an inspection
of terminal ileum, and 31.9% did not reach terminal
ileum when it was intended. Similarly, 24.3% of the
procedures did not reach the cecum, and 5.0% failed to
reach cecum when it was intended.

enterocolitis syndrome and autoimmune enteropathy),
trichuriasis (n = 2), and assessment of previously
confirmed solitary rectal ulcer syndrome (n = 2). Risk
of perforation was judged to outweigh benefit of full
examination in 5 patients. All had IBD with severe
colitis and friable mucosal wall (ulcerative colitis, n
= 3; CD, n = 2). Poor bowel preparation prevented
a complete examination in 4 patients. A large rectal
polyp obstructing the lumen (n = 1) and excessive
bleeding in a patient with a large rectal polyp (n = 1)
prevented a complete colonoscopy in 2 patients.
Of the remaining 141 patients in whom inspec
tion of the terminal ileum was intended, the cecum
examination and ileal intubation rates were 95.0%
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Factors affecting complete examination

Rate of complete examination was not significantly
affected by the age of patients [ileal intubation rate; <
5 years (35/141) vs ≥ 5 years (106/141) = 62.9% vs
69.8%; P = 0.44]. However, the ileal intubation rate
was significantly higher when the indication for the
colonoscopy was for the diagnosis or assessment of
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Table 2 Colonoscopic performance by trainees

Duration of training in mo
Number of colonoscopies performed during training period
Number of colonoscopies where intubation of terminal ileum was intended
Intubation of terminal ileum
Examination of cecum and terminal ileum

Trainee A

Trainee

Trainee C

Trainee D

Average

18
19
16
12 (75)
16 (100)

18
17
13
10 (77)
13 (100)

24
44
39
34 (87)
38 (97)

18
36
28
18 (64)
26 (93)

19.5
29
24
77%
97%

Data are presented as n or n (%), unless otherwise indicated. Note: In colonoscopies where trainees encountered technical difficulties during the procedure
and were subsequently taken over by the consultant, the procedures were logged as performed by the consultant.

Number of new cases of IBD seen in the unit; 2010-2015
18

UC

CD

16
14
12
10
8
6
4
2
0
2010

2011

2012

2013

2014

2015

Figure 2 Number of new cases of pediatric inflammatory bowel disease seen in the unit during the study period. CD: Crohn’s disease; IBD: Inflammatory
bowel disease; UC: Ulcerative colitis.

IBD (73.0% vs 50%; P = 0.016).

anesthesia or sedation.

Performance by trainees

DISCUSSION

During the study period, four trainees completed a
minimum of 12-mo training in pediatric colonoscopy in
the unit (Table 2). Part of the training period of another
three trainees fell outside the study period and were
not included in the analysis. The average number of
colonoscopies performed was 29. The overall cecum
examination rate was 97%, while the overall ileal
intubation rate was 77%. There was a consistent
performance by the trainees (Table 2).

To the best of our knowledge, the present study is the
first of its kind on performance benchmarked against
established quality indicators in pediatric colonoscopy
from a center where the volume of colonoscopy is low.
During the study period, the number of colonoscopies
performed in the center each year ranged from 19
to 58, with an average of 30. It was conducted in a
setting with a low but rapidly increasing incidence of
IBD.
Our results reveal that of the five quality indicators
which were benchmarked against, the performance
was high in four indicators. Most of the indications for
colonoscopy performed in the unit were appropriate,
following the recommendations of ESGE guidelines.
Performances were good in bowel preparation, patient
safety and complications. The cecum examination rate
reached the expected rate at 95% by NASPGHAN, but
was somewhat limited in ileal intubation rate at 68.1%.
The performance of all trainees was consistently good
in cecum examination but variable in ileal intubation.

Complications in 177 colonoscopies

A 7-year-old boy with CD who had gross delay in
referral, severe malnutrition and severe mucosal
ulcerations had iatrogenic perforation of the colon
during the procedure. The patient had an uneventful
recovery after colostomy and repair. Another patient
with rectal polyp developed bleeding while it was
removed during colonoscopy. The bleeding stopped
after cauterization. No blood transfusion was required.
No other complications were noted in the remaining
175 procedures, either associated with the procedure,
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There are several important implications on the
results of the present study. Firstly, the indications
for colonoscopies in the present study were mostly
[4]
appropriate according to established guidelines .
The overall diagnostic yield was 85%. Previously, we
observed that 99.7% of all EGDS and colonoscopies
[18]
performed in the unit were appropriate . The most
common indications for colonoscopy were diagnosing
or assessing IBD and ascertaining the cause of
anemia. There was an increasing trend in the number
of newly-diagnosed IBD cases during the study
period. Investigation of abdominal symptoms, mainly
abdominal pain, was the indication in only 17% of the
[4]
patients .
In adult colonoscopy, screening for colon cancer is
[19]
the main quality indicator . Surrogate measures, such
as colonic adenoma detection and complete examination
of the colon, have been found to correlate with high[20]
quality colonoscopy . Pediatric colonoscopy, on the
other hand, is fundamentally a different procedure
with different indications, technical requirement, and
[21]
different quality indicators . The most important
difference between adult and pediatric colonoscopies
[21]
are the size of the patients and indications .
Screening for IBD is an important indication in
pediatric colonoscopy. Differentiating between ulcerative
colitis and CD is important in the diagnosis of IBD.
Thus, examination of the cecum and terminal ileum are
[22]
important quality indicators in pediatric colonoscopy .
In particular, intubation of the terminal ileum and
sampling biopsy is essential for confirming the diagnosis
[23,24]
of CD
. Pediatric endoscopy training guidelines
suggest the cecal intubation rate to be at least 90%
to 95%, with a comparable terminal ileum intubation
[16,19]
rate
.
Based on these quality indicators, the performances
of centers vary. In Australia where screening for IBD
was the major indication for colonoscopy, the reported
cecum and ileal examination rates were 96.3% and
[5]
92.4%, respectively . In Taiwan, the reported ileal
intubation rate was 77.5%, while in China it was
[8,9]
81.7% . The ileal intubation rates in the multicenter
consortium review from the United States ranged from
[16]
30% to 90% .
After excluding procedures where either complete
colonoscopy was not indicated, unsafe or not feasible,
the cecum examination and ileal intubation rates in the
present study were 95% and 68.1%, respectively. The
cecum examination was comparable to the NASPGHAN
[19]
pediatric gastroenterology training guidelines , but the
ileal intubation rate was somewhat lower. Nevertheless,
these figures were comparable with those reported in
the region and the United States multicenter consortium
[8,16]
study
.
Bowel preparation was noted to be good in the
majority of the cases (87%). Colonic perforation was
observed in 1 patient who had severe long-standing
CD prior to referral. The perforation rate was 0.5%.
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We reported two perforations in 66 colonoscopies
[18]
previously .
The present study showed that all the trainees
have a satisfactory cecum intubation rate, although the
ileal intubation rate needs to be improved. To achieve
cecal intubation examination and ileal intubation
rate of 90%-95%, NASPGHAN guidelines for training
in pediatric gastroenterology recommended 120
[19]
colonoscopies for pediatric trainees . In this center,
each trainee performed about 12-20 colonoscopies in
children each year during their training. Before starting
pediatric colonoscopy under supervision, the trainees
were required to undergo training in adult colonoscopy,
performing at least 50 colonoscopies in adult patients.
The implication of this is that the trainees would
not have adequate training opportunity of reaching
the recommended 120 colonoscopies in pediatric
colonoscopy if the entire training was spent in this
unit alone. Trainees spent between 18 mo to 24 mo
of training in this center. The trainees usually start
the training in endoscopic procedures with the adult
gastroenterologists before being allowed to perform
pediatric colonoscopy. The final year of the training is
usually spent in a center of excellence for training in
Australia or United Kingdom, where there is abundant
opportunity for pediatric colonoscopy. Thus, even
though the ileal intubation rate of the trainees noted
in the present study did not reach the intended goal
[19]
suggested by the NASPGHAN training guidelines , it
is expected that their performance will be enhanced
further once the oversea training is completed.
Another potential way to enhance colonoscopic skills
[25]
is simulated colonoscopy training . Studies involving
trainees in adult colonoscopy showed improved
[25]
performances during patient-based colonoscopy .
However, to date, no such study has been published
involving training in pediatric colonoscopy.
Other important quality indicators which were not
included in the present study were documentation of
American Society of Anesthesiologist Physical Status
Classification System (ASA) risk assessment and
procedure duration. ASA risk assessment was routinely
checked by the anesthetist. It was documented
separately but was not captured in the present study.
Additional potential measures of high-quality pediatric
colonoscopy which have been mentioned but not
included in this study are minimization of air insufflation,
ease of patient sedation, duration of procedure, perfor
mance of mucosal biopsy sampling, patient recovery
[22]
time and ongoing procedural competency assessment .
An obvious limitation to this study is its retrospective
nature. The data was only collected from one center.
However, our center is the only training center for
pediatric gastroenterology in the whole country; we
are unable to benchmark our performance against
other centers. Nevertheless, with the exception of a
somewhat lower ileal intubation rate, the performance
in other quality indicators is excellent.
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volume of pediatric colonoscopy.

In conclusion, there is an increasing trend in the
number of colonoscopies performed each year in this
center. This is due to the increasing number of newlydiagnosed IBD cases during the study period. The
performance of pediatric colonoscopy in this center
was excellent in four of the five quality indicators
benchmarked. The ileal intubation rate needs to be
improved. A period of training in a center with a large
volume of IBD will enhance the skills and performance
of colonoscopy among the trainees of pediatric gastro
enterology in Malaysia.

Research conclusions

The present study was the first attempt by a pediatric gastroenterology unit in
Asia to benchmark its performance in pediatric colonoscopy against established
international guidelines. Our study suggests that such a benchmark is both
applicable and desirable. The study allows our unit to identify areas for further
improvement. Trainees from our unit now routinely spend part of their training in
a center of excellence to enhance their skills in colonoscopy.

Research perspectives

Benchmarking against established guidelines has been adopted as part of
quality assurance of our unit. We plan to conduct a prospective study to include
other indicators of good practice not included in this retrospective review. These
include anesthetic risk assessment, duration of procedure, ease of sedation,
quality of mucosal biopsy sampling and patient recovery time.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

The incidence of inflammatory bowel disease is on the rise worldwide, including
in Asia. The gold standard for the diagnosis of inflammatory bowel disease
is histologic confirmation from tissue biopsies obtained during esophagogastro-duodenoscopy and colonoscopy. In particular, differentiating Crohn’
s disease from ulcerative colitis is dependent upon inspection and biopsy of
the terminal ileum. Thus, intubation of the terminal ileum is considered as an
important quality indicator in pediatric colonoscopy. Current guidelines by the
North American Society of Pediatric Gastroenterology, Hepatology and Nutrition
recommend the cecum examination and terminal ileum of 95%. This target
should be used by pediatric gastroenterology centers worldwide to benchmark
their performance.
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Abstract
AIM
To evaluate the prognostic value of the number of
retrieved lymph nodes (LNs) and other prognostic
factors for patients with distal cholangiocarcinomas,
and to determine the optimal retrieved LNs cut-off
number.

Informed consent statement: As this study is based on a
publicly available database without identifying patient information,
informed consent was not needed.
Conflict-of-interest statement: All authors declare no conflictsof-interest related to this article.

METHODS
The Surveillance, Epidemiology and End Results
database was used to screen for patients with distal
cholangiocarcinoma. Patients with different numbers
of retrieved LNs were divided into three groups by the
X-tile program. X-tile from Yale University is a useful
tool for outcome-based cut-point optimization. The
Kaplan-Meier method and Cox regression analysis were
utilized for survival analysis.

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
A total of 449 patients with distal cholangiocarcinoma
met the inclusion criteria. The Kaplan-Meier survival
analysis for all patients and for N1 patients revealed
no significant differences among patients with different
retrieved LN counts in terms of overall and cancerspecific survival. In patients with node-negative distal
cholangiocarcinoma, patients with four to nine retrieved
LNs had a significantly better overall (P = 0.026) and
cancer-specific survival (P = 0.039) than others. In
the subsequent multivariate analysis, the number
of retrieved LNs was evaluated to be independently
associated with survival. Additionally, patients with
four to nine retrieved LNs had a significantly lower
overall mortality risk [hazard ratio (HR) = 0.39; 95%
confidence interval (CI): 0.20-0.74] and cancer causespecific mortality risk (HR = 0.32; 95%CI: 0.15-0.66)
than other patients. Additionally, stratified survival
analyses showed persistently better overall and cancerspecific survival when retrieving four to nine LNs in
patients with any T stage of tumor, a tumor between
20 and 50 mm in diameter, or a poorly differentiated
or undifferentiated tumor, and in patients who were ≤
70-years-old.

URL: http://www.wjgnet.com/1007-9327/full/v24/i9/1022.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i9.1022

INTRODUCTION
Cholangiocarcinoma constitutes approximately 15% of
[1]
hepatobiliary tumors and 3% of gastrointestinal tumors .
According to its anatomic location, cholangiocarcinoma is
classified as intrahepatic, perihilar or distal malignancy.
Distal cholangiocarcinoma comprise approximately
30% of all cholangiocarcinoma; it is a relatively uncom
mon disease. The only optimal treatment for distal
cholangiocarcinoma is surgical resection, as a result
of the insensitivity of cholangiocarcinoma to radiation
[2]
and chemotherapy . Additionally, complete tumor
resection of distal cholangiocarcinoma always relies
on pancreaticoduodenectomy, which is a complicated
[3]
operation with high morbidity and mortality . Hence,
the postoperative prognosis of patients with distal
cholangiocarcinoma has attracted great interest in
[4,5]
several studies . Lymph node (LN) status was de
termined to be a strong predictor for the prognosis
[6]
of patients with distal cholangiocarcinoma . Patients
without LN metastasis had a better prognosis than
those with LN involvement. Thus, an adequate number
of retrieved LNs is vital to distinguish N0 patients from
N1 ones. The appropriate cut-off of retrieved LNs counts
should be determined.
Currently, the number of LNs that should be re
trieved is still under debate. Several studies evaluated
the prognostic value of retrieved LN counts and tried
to determine the benchmark number of examined
[6-9]
LNs . Nevertheless, most of them were designed
retrospectively with a small sample size, and cases that
met their inclusion criteria comprised both perihilar
and distal cholangiocarcinomas. The differences in
biological and pathological features, as well as surgical
strategies and prognoses, between perihilar and distal
cholangiocarcinomas lead to a different influence of
retrieving LN counts on survival.
The American Joint Committee on Cancer (AJCC)
staging system suggested a different appropriate
number of retrieved LNs for perihilar and distal
cholangiocarcinomas. For distal cholangiocarcinoma,
the number that AJCC suggested was 12. However,
this suggestion lacks verification because the retrieved
LN counts in most previous studies did not reach 12.
[10]
Additionally, in the study of Kawai et al , patients with
more than 12 retrieved LNs only had a moderately
better survival rate than patients with a smaller
number of retrieved LNs in a univariate analysis, not
a multivariate analysis. A subgroup study of Kiriyama
[11]
et al , using a cohort of N0 patients, found that patients
with more than 10 retrieved LNs had a better survival.
This subgroup analysis was based on a small sample

CONCLUSION
The number of retrieved LNs was an important
independent prognostic factor for patients with nodenegative distal cholangiocarcinoma. Additionally,
patients with four to nine retrieved LNs had better
overall and cancer-specific survival rates than others,
but the reason and mechanism were unclear. This
conclusion should be validated in future studies.
Key words: Distal cholangiocarcinomas; Lymph node
count; Survival analysis; SEER
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The prognostic value of retrieved lymph node
(LN) counts is still under debate for patients with distal
cholangiocarcinomas. The aim of the present study
was to evaluate the prognostic value of the number
of retrieved lymph nodes and other prognostic factors
for patients with distal cholangiocarcinomas and to
determine the optimal retrieved LNs cut-off number.
A total of 449 patients with distal cholangiocarcinoma
were included in this study. The univariate and
multivariate analyses revealed that the number of
retrieved LNs was independently associated with
survival. And, patients with four to nine retrieved LNs
had a better overall and cancer-specific survival rate
than others.
Lin HP, Li SW, Liu Y, Zhou SJ. Prognostic value of lymph nodes
count on survival of patients with distal cholangiocarcinomas.
World J Gastroenterol 2018; 24(9): 1022-1034 Available from:
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Statistical analysis

size with a univariate analysis, and the cancers of the
involved cases were all stages Ⅰ and Ⅱ. Therefore,
the appropriate cut-off number of retrieved LNs is still
unconfirmed.
Our study was performed to evaluate the interactions
between the number of retrieved LNs and the prognosis
of patients with distal cholangiocarcinoma; additionally,
this study determined the appropriate retrieved LN
cut-off number. To obtain a larger sample size, the
Surveillance, Epidemiology and End Results (SEER)
database was used for the selection of patients with at
least one retrieved LN.

Statistical analyses were conducted with SPSS (version
23.0; IBM Corp., Armonk, NY, United States). The
demographic data of patients were compared by t
tests (for continuous variables) and chi-square tests
(for proportion variables). A P-value of < 0.05 was
defined to be statistically significant. Patients with
different numbers of retrieved LNs were divided into
three groups.
The cut-off number of retrieved LNs for grouping
was determined by the X-tile program (http://www.
tissuearray.org/rimmlab/). X-tile from Yale University is
a useful tool for outcome-based cut-point optimization.
The strategies of the X-tile program for grouping
included that it would try each number between the
range of the retrieved LN counts as the cut-off; then,
2
the χ score and P-value were calculated with this
[12,13]
number as the cut-off
. Eventually, the number with
2
a maximum χ score and a minimum P-value would be
suggested to be the final cut-off.
The Kaplan-Meier method (univariate analysis) with
log-rank tests and Cox regression analysis (multivariate
analysis) were utilized for survival analysis. The overall
survival and cancer-specific survival were compared
between patients with the different categories of
retrieved LNs counts. Then, we performed stratified
survival analyses for the number of retrieved LNs, in
terms of the confounders that were evaluated to be
independently associated with survival in the multivariate
analysis.

MATERIALS AND METHODS
Data source

SEER is a public dataset that collects survival and
incidence data of various types of cancers and covers
more than 25% of the United States’ population. SEER
data include tumor characteristics such as primary
tumor site, TNM staging of tumor, tumor size, type
of treatment and cause of death, and demographic
characteristics such as race of patients, age of diagnosis,
sex, etc. Our study used the latest 11 years’ data from
SEER (from 2004-2014). We downloaded the data from
SEER with SEER*Stat Software (version 8.3.4; https://
seer.cancer.gov/seerstat/).

Patients

Our study was designed to be a retrospective study.
The inclusion criteria were (1) patients greater
than 20 years in age; (2) patients diagnosed with
distal cholangiocarcinoma according to the term
“006-BileDuctsDistal” of “CS SCHEMA v0204+”; (3)
patients with histology code of 8010, 8020, 8070, 8140,
8144, 8160, 8162, 8163, 8260, 8480, 8490 or 8560;
(4) patients with diagnoses that were not confirmed by
a death certificate or autopsy; (5) patients with active
follow-up; (6) patients from a time span of 2004 to
2014 according to the term “year of diagnosis”; (7)
patients with only one tumor who had survived more
than 1 mo; (8) patients without distant metastasis (the
M0 patients); (9) patients who received intent surgery
in terms of the combination of “Surg Prim Site” and
“Reason no cancer-directed surgery”; (10) patients who
did not receive preoperative radiotherapy according to
the terms of “Radiation” and “Surg/Rad Seq”; and (11)
patients with at least one retrieved LN according to
the terms “Regional Nodes Examined”. Demographics
of patients such as race, age at diagnosis and marital
status, and tumor characteristics such as tumor size,
laterality of tumor, grade and stage of tumor were all
extracted for subsequent analysis. The terms “SEER
cause-specific death classification” and “SEER other
cause of death classification” were used to distinguish
our two endpoints: all-cause mortality and cancer
cause-specific mortality.
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RESULTS
Patient and demographics details

A total of 449 patients with distal cholangiocarcinoma
(2004-2014) met the inclusion criteria for this
research. The majority of them were white and male.
The distributions of age and the diagnosis year were
averaged. Nearly 70% of the patients were married.
The size of the tumor was less than 50 mm in most
patients. Patient and tumor characteristics are shown
in Table 1.
The retrieved LN counts ranged from one to
sixty-three. More than half of the patients had > 10
LNs retrieved, and 22.7% of patients had > 20 LNs
retrieved. There were 226 N0 patients and 223 N1
patients. Most patients underwent extensive surgery
and postoperative chemotherapy; the number of
patients who received adjuvant radiotherapy was less.

Impact of the number of retrieved LNs on survival rates

We divided patients with different numbers of retrieved
LNs into three groups, by use of the X-tile program.
Then, the retrieved LN count was converted from
continuous variables into categorical variables to study
its impact on survival. As shown in Figure 1, the cut-off
numbers for grouping in all patients were 3 and 6, the
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difference was observed among the three categories of
retrieved LN counts for all and N1 patients with distal
cholangiocarcinomas. For patients with node-negative
distal cholangiocarcinomas, there was a significantly
better overall and cancer-specific survival in patients
with 4-9 retrieved LNs than in patients with 1-3 or
> 9 retrieved LNs. Additionally, we compared overall
and cancer-specific survival among each number of
retrieved LNs. Because of space limitations, we could
only put part of the results into the table (Table 2).
There was a similar trend of survival rate as the
retrieved LN count increased in all, N0 and N1 patients;
patients with seven retrieved LNs had the best survival
rate compared with the others. In N0 patients, patients
with seven or nine retrieved LNs had a significantly
higher survival rate compared with other patients; this
result was confirmed in analysis regarding retrieved LN
counts as categorical variables.

Table 1 Characteristics of patients and tumors
No. of patients, n (%) of n = 449

Variable
Race
White
Black
Other
Sex
Male
Female
Age at diagnosis, in yr
≤ 60
60-70
> 70
Marital status
Married
Divorced
Separated or single
Widowed
Unknown
Year of diagnosis
2004-2010
2011-2012
2013-2014
Tumor size, in mm
≤ 20
20-50
> 50
Unknown
Grade
Well differentiated
Moderately differentiated
Poorly differentiated
Undifferentiated
Unknown
Stage
ⅠA
ⅠB
ⅡA
ⅡB
Ⅲ
T stage
T1
T2
T3
T4
pN stage
pN0
pN1
Surgery type
Local excision
Extensive surgery
Adjuvant radiotherapy
No/Unknown radiotherapy
Beam radiation
Adjuvant chemotherapy
No/Unknown chemotherapy
Chemotherapy performed
No. of LNs retrieved
1-10
11-20
> 20

321 (71.5)
35 (7.8)
93 (20.7)
286 (63.7)
163 (36.3)
128 (28.5)
171 (38.1)
150 (33.4)
302 (67.3)
33 (7.3)
58 (12.9)
40 (8.9)
16 (3.6)
110 (24.5)
160 (35.6)
179 (39.9)

Survival analyses in all patients and patients with nodenegative distal cholangiocarcinoma

The results of survival analysis for all patients in the
present study were similar to previous studies. As
shown in Figure 1 and Table 3, retrieved LN counts
were not associated with survival in all patients (P
= 0.233). Factors such as tumor size and T and N
stages that were significant in univariate analysis were
entered into a multivariate model. N stage was shown
to be independently associated with overall survival
[hazard ratio (HR) = 1.40; 95% confidence interval
(CI): 1.05-1.86]. In terms of cancer-specific survival,
T stage [(HR = 1.45; 95%CI: 1.02-2.07)] was shown
to be an independent risk factor of survival, along with
N stage (HR = 1.42; 95%CI: 1.05-1.92).
For N0 patients, univariate analysis showed that
retrieved LN counts, age at diagnosis, and grade of
tumor were associated with overall survival. After those
factors were entered into multivariate analysis, retrieved
LN counts and grade of tumor were determined to be
independent risk factors of overall survival. Patients with
four to nine retrieved LNs had a significantly lower allcause mortality risk than other patients (HR = 0.39;
95%CI: 0.20-0.74). In terms of cancer-specific survival,
tumor size, grade of tumor, T stage and retrieved LN
counts were evaluated to be associated with survival in
both univariate and multivariate analyses. There was a
significant decrease in terms of cancer cause-specific
mortality risk (HR = 0.32; 95%CI: 0.15-0.66) for
patients with four to nine retrieved LNs (Table 4).

203 (45.2)
191(42.5)
15 (3.3)
40 (8.9)
54 (12.0)
204 (45.4)
158 (35.2)
3 (0.7)
30 (6.7)
44 (9.8)
60 (13.7)
89 (19.8)
161 (35.9)
95 (21.2)
49 (10.9)
85 (18.9)
220 (49.0)
95 (21.2)
226 (50.3)
223 (49.7)
102 (22.7)
347 (77.3)
298 (66.3)
151 (33.7)
204 (45.4)
245 (54.6)
196 (43.7)
151 (33.6)
102 (22.7)

Stratified analyses for the number of retrieved LNs in
patients with node-negative distal cholangiocarcinoma

To further study the interactions between retrieved LN
counts and prognoses of patients with node-negative
distal cholangiocarcinoma, we performed survival
analysis stratified by size, grade, T stage of tumor
and age of patients. For patients ≤ 70-years-old,
retrieving four to nine LNs resulted in a significantly

LNs: Lymph nodes.

cut-off numbers for N0 patients were 4 and 9, and the
cut-off numbers for N1 patients were 4 and 16.
In the Kaplan-Meier survival analysis, no significant
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Figure 1 Kaplan-Meier survival curves of all patients in terms of (A) overall survival and (B) cancer-specific survival. There was no significant difference in
terms of overall survival (P = 0.233) and cancer-specific survival (P = 0.141) among the three groups. Kaplan-Meier survival curves of patients with node-negative
distal cholangiocarcinoma in terms of (C) overall survival and (D) cancer-specific survival. Patients with four to nine retrieved LNs had a better overall (P = 0.026) and
cancer-specific (P = 0.008) survival than patients with one to three retrieved LNs and patients with more than nine retrieved LNs. Kaplan-Meier survival curves of N1
patients in terms of (E) overall survival and (F) cancer-specific survival. There was no significant difference in terms of overall survival (P = 0.053) and cancer-specific
survival (P = 0.0564) among the three groups. LNs: Lymph nodes.

better survival rate than retrieving one to three LNs
in terms of overall survival (Figure 2A) and cancerspecific survival (Figure 3A). Additionally, no significant
difference between patients with one to three retrieved
LNs and > 9 retrieved LNs in terms of overall and
cancer-specific survival was observed.
Subsequently, the above results were confirmed
in multivariate survival analyses after adjusting for
all confounders (Table 5). As shown in Figures 2 and
3 and Table 5, similar results were found for patients
with any T stage of tumor, tumor size between 20
and 50 mm, and tumors that were poorly defined or
undifferentiated. The prognostic effect of retrieved LN
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counts was not present when analyses were limited to
well or moderately differentiated tumors, tumors ≤ 20
mm, and patients greater than 70 years in age.

DISCUSSION
Nodal status is a well-studied indicator for the
prognosis of patients with distal cholangiocarcinoma.
In addition to the stage of LNs, the prognostic value of
positive node counts and lymph node ratios has been
[6,10,11]
evaluated in several studies
. While the prognostic
value of the number of retrieved LNs is still under
debate, the optimal cut-off number of retrieved LNs
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Table 2 Impact of the number of retrieved LNs on survival rates
Retrieved LNs counts
For all patients
1
3
5
7
9
11
13
15
17
19
21
23
25
For N0 patients
1
3
5
7
9
11
13
15
17
19
21
23
25
For N1 patients
1
3
5
7
9
11
13
15
17
19
21
23
25

No.

3-yr OS

95%CI

3-yr CSS

95%CI

26
23
18
22
16
16
11
13
15
9
12
5
15

29.51%
35.33%
46.55%
63.31%
57.29%
37.09%
28.41%
16.46%
15.80%
34.29%
47.62%
33.86%
37.50%

10.90-51.07
13.50-58.23
16.40-72.36
35.24-81.81
27.94-78.40
11.27-63.72
4.52-59.96
0.90-50.11
0.82-49.22
4.81-68.55
19.35-71.52
5.73-66.35
9.37-66.61

29.51%
43.64%
51.20%
63.31%
66.20%
40.46%
28.41%
16.46%
17.01%
34.29%
47.62%
33.86%
37.50%

10.90-51.07
18.10-66.88
17.95-77.03
35.24-81.84
32.37-86.00
12.19-67.77
4.52-59.96
0.90-50.11
0.84-51.90
4.81-68.55
19.35-71.52
5.73-66.35
9.37-66.61

17
18
11
16
5
9
4
6
4
2
6
1
7

40.38%
43.65%
30.00%
76.15%
66.67%
50.79%
37.50%
26.67%
55.56%
42.00%

14.15-65.68
17.20-67.68
1.23-71.92
42.67-91.65
5.41-94.52
15.67-78.07
1.10-80.80
0.97-68.61
7.34-87.61
7.01-75.34

40.38%
47.01%
37.50%
76.15%
66.67%
59.26%
37.50%
26.67%
55.56%
52.50%

14.15-65.68
18.51-71.34
1.10-80.80
42.67-91.65
5.41-94.52
18.59-84.95
1.10-80.80
0.97-68.61
7.34-87.61
8.42-84.55

9
5
7
6
11
7
7
7
11
7
6
4
8

14.29%
33.33%
53.57%
55.56%
45.00%
25.00%
41.67%
35.71%
17.05%
26.67%
43.64%
28.57%

0.71-46.49
0.90-77.41
13.20-82.50
7.34-87.61
13.88-72.41
1.23-64.59
5.60-76.65
1.41-77.98
0.84-51.92
0.97-68.61
11.29-72.96
4.11-61.15

14.29%
33.33%
53.57%
55.56%
58.33%
25.00%
41.67%
35.71%
18.94%
26.67%
43.64%
28.57%

0.71-46.49
0.90-77.41
13.20-82.50
7.34-87.61
18.02-84.41
1.23-64.59
5.60-76.65
1.41-77.98
0.87-55.82
0.97-68.61
11.29-72.96
4.11-61.15

CI: Confidence interval; CSS: Cancer-specific survival; LNs: Lymph nodes; OS: Overall survival.

retrieved LNs in terms of overall and cancer-specific
survivals. Additionally, tumor size, grade and T stage
of tumor were evaluated to be independent risk factors
of cancer-specific survival. Therefore, retrieving at
least four LNs would be optimal for patients with nodenegative distal cholangiocarcinoma.
More retrieved LNs could promote the accuracy
of LNs staging to avoid the under-staging effect, thus
to improve survival of patients with distal cholangio
carcinoma. Studies on cholangiocarcinoma demonstrated
there were micrometastases in approximately 5% of
[16]
LNs which were diagnosed as negative nodes . The
more LNs that were resected and retrieved meant
less micrometastases were left, therefore the survival
of patients with more retrieved LNs counts could be
improved. Additionally, more retrieved LNs represented
[17]
adequate surgical, pathological and institutional care .
What’s more, anatomic studies determined that more

is also unconfirmed. Several studies of other diseases
revealed the difference in retrieved LNs’ influence
[8,14,15]
on survival between N0 and N1 patients
.
Nevertheless, for N0 patients, more LNs retrieved
significantly improved survival. Therefore, studies
of distal cholangiocarcinoma on retrieved LN counts
should be performed in a cohort of N0 patients for
whom the prognostic value of retrieved LN counts has
never been systematically studied.
Our study screened 449 patients with distal ch
olangiocarcinoma in a population-based database;
a total of 226 patients with node-negative distal
cholangiocarcinoma were among them. Retrieved LN
counts did not show its prognostic value in the whole
cohort and N1 patients. However, in patients with
node-negative distal cholangiocarcinoma, patients with
four to nine retrieved LNs were determined to have a
significantly better prognosis than patients with ≤ 3
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Figure 2 Kaplan-Meier survival curves of stratified analyses in (A) patients ≤ 70-years-old, (B) > 70-years-old, (C) with tumors of ≤ 20 mm, (D) with
tumors of 20 to 50 mm, (E) with tumors defined as well or moderately differentiated, (F) with tumors defined as poorly or undifferentiated, (G) with tumors
of T1/T2 stage, and (H) with tumors of T3/T4 stage in terms of overall survival. Patients with four to nine retrieved LNs had a significantly better overall survival
than patients with one to three retrieved LNs and patients with more than nine retrieved LNs in the group of patients ≤ 70-years-old (P = 0.029), with tumors of 20 to
50 mm (P = 0.018), with tumors defined as poorly or undifferentiated (P = 0.030), and with tumors of T3/T4 stage (P = 0.041). LNs: Lymph nodes.
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Figure 3 Kaplan-Meier survival curves of stratified analyses in (A) patients ≤ 70-years-old, (B) > 70-years-old, (C) with tumors of ≤ 20 mm, (D) with
tumors of 20 to 50 mm, (E) with tumors defined as well or moderately differentiated, (F) with tumors defined as poorly or undifferentiated, (G) with tumors
of T1/T2 stage, and (H) with tumors of T3/T4 stage in terms of cancer-specific survival. Patients with four to nine retrieved LNs had a significantly better cancerspecific survival than patients with one to three retrieved LNs and patients with more than nine retrieved LNs in the group of patients ≤ 70-years-old (P = 0.025), with
tumors of 20 to 50 mm (P = 0.0.006), with tumors defined as poorly or undifferentiated (P = 0.049), and with tumors of T3/T4 stage (P = 0.041). LNs: Lymph nodes.
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Table 3 Univariate and multivariate survival analyses of factors associated with overall and cancer-specific survival of all patients
with distal cholangiocarcinoma
Variables

Overall survival
Univariate analysis
3-yr OS

Race
White
Black
Other
Sex
Male
Female
Age at diagnosis, in yr
≤ 60
60-70
> 70
Marital status
Married
Divorced
Separated or single
Widowed
Unknown
Year of diagnosis
2004-2010
2011-2012
2013-2014
Tumor size, in mm
≤ 20
20-50
> 50
Unknown
Grade
Well differentiated
Moderately differentiated
Poorly or undifferentiated
Unknown
T stage
T1/T2
T3/T4
N stage
N0
N1
Surgery type
Local excision
Extensive surgery
Adjuvant radiotherapy
No/Unknown radiotherapy
Beam radiation
Adjuvant chemotherapy
No/Unknown chemotherapy
Chemotherapy performed
No. of LNs retrieved
1-2
3-6
>6

χ2

P value

2.22

0.329

Cancer-specific survival

Multivariate analysis
HR (95%CI)

P value

33.3%
34.8%
38.9%

Univariate analysis
3-yr OS

χ2

P value

1.95

0.377

0.54

0.463

0.48

0.783

5.98

0.201

3.25

0.197

8.76

0.032

Multivariate analysis
HR (95%CI)

P value

36.1%
36.9%
42.1%
0.44

0.507

35.3%
37.7%

38.3%
40.9%
1.89

0.387

31.2%
39.1%
30.7%

35.8%
41.4%
36.8%
5.02

0.285

37.3%
31.4%
34.1%
-

39.6%
35.3%
1.82

0.402

37.3%
30.9%
-

41.4%
33.2%
8.04

0.045

40.8%
29.9%
0.0%
37.7%

0.230
Reference
1.25 (0.94-1.67)
1.67 (0.86-3.23)
0.95 (0.57-1.58)

6.77

44.0%
33.2%
0.0%
46.3%

0.079

48.6%
32.6%
30.3%
43.2%

0.249
Reference
1.23 (0.91-1.68)
1.76 (0.91-3.43)
0.96 (0.56-1.65)

6.92

0.074

11.16

< 0.001

52.4%
38.9%
32.6%
43.2%
5.57

0.018

44.3%
29.6%

0.270
Reference
1.19 (0.87-1.64)

10.64

51.6%
32.6%

0.001

44.5%
26.9%

0.020
Reference
1.40 (1.05-1.86)

1.20

12.27

< 0.001

47.4%
30.3%

0.272

44.0%
34.4%

0.037
Reference
1.45 (1.02-2.07)
0.022
Reference
1.42 (1.05-1.92)

0.73

0.393

0.79

0.372

2.92

0.087

3.90

0.141

45.3%
37.9%
0.16

0.683

39.9%
29.5%

44.3%
30.5%
1.10

0.293

41.2%
32.2%

47.5%
33.3%
2.91

0.233

23.6%
35.6%
36.0%

29.9%
39.4%
39.0%

CI: Confidence interval; HR: Hazard ratio; LNs: Lymph nodes; OS: Overall survival.

resected LNs could improve the underlying tumor-host
interactions and reset the immunological balance to
[18]
improve survival .
The AJCC system suggested the optimal number
of retrieved LNs of patients with distal cholangio
carcinoma should be 12. Whereas study of Sasaki
[6]
et al demonstrated there was no difference between
patients with ≥ 12 retrieved LNs and < 12 retrieved
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LNs in terms of overall survival. A subgroup analysis
[11]
in the study of Kiriyama et al
revealed that patients
with stage Ⅰ or Ⅱ tumors who had more than 10 LNs
retrieved had a better survival rate than others. While
83.2% of patients in their study retrieved more than
12 LNs, the number of patients with < 10 retrieved
LNs was very small (n = 22), and their results were
based on a univariate analysis. Therefore, selection
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Table 4 Univariate and multivariate survival analyses of factors associated with overall and cancer-specific survival of patients with
node-negative distal cholangiocarcinoma
Variable

Overall survival
Univariate analysis
3-yr OS

Race
White
Black
Other
Sex
Male
Female
Age at diagnosis, in yr
≤ 70
> 70
Marital status
Married
Divorced
Separated or single
Widowed
Unknown
Year of diagnosis
2004-2010
2011-2012
2013-2014
Tumor size, in mm
≤ 20
20-50
> 50
Unknown
Grade
Well differentiated
Moderately differentiated
Poorly or undifferentiated
Unknown
T stage
T1/T2
T3/T4
Surgery type
Local excision
Extensive surgery
Adjuvant radiotherapy
No/Unknown radiotherapy
Beam radiation
Adjuvant chemotherapy
No/Unknown chemotherapy
Chemotherapy performed
No. of LNs retrieved
1-3
4-9
>9

χ2

P value

0.82

0.663

Cancer-specific survival

Multivariate analysis
HR (95%CI)

P value

44.3%
49.4%
40.4%

3-yr OS

χ2

P value

0.13

0.939

0.77

0.377

2.73

0.097

6.52

0.163

4.05

0.131

9.11

0.027

Multivariate analysis
HR (95%CI)

P value

46.8%
49.4%
44.0%
1.32

0.250

39.5%
47.0%

46.0%
49.8%
3.85

0.049

49.8%
31.4%

0.056
Reference
1.51 (0.98-2.33)

6.30

51.8%
35.7%

0.177

42.9%
31.8%
46.9%
-

48.5%
39.6%
46.9%
3.41

0.181

50.0%
36.5%
48.8%

52.1%
41.4%
54.0%
7.47

0.058

47.3%
36.9%
0.0%
46.8%

49.6%
40.0%
0.0%
60.8%
9.65

0.021

56.8%
43.5%
26.0%
57.0%

0.014
Reference
1.59 (0.84-2.99)
2.35 (1.24-4.46)
0.76 (0.27-2.16)

1.35

12.56

0.244

0.005

0.10

4.63

0.748

0.003
Reference
1.44 (0.70-2.97)
2.90 (1.43-5.88)
1.14 (0.37-3.50)

0.031

58.4%
38.7%

45.7%
44.1%

0.036
Reference
1.57 (0.98-2.53)
3.08 (1.16-8.21)
0.72 (0.30-1.71)

63.3%
51.8%
30.5%
57.0%

48.7%
37.1%

0.030
Reference
1.69 (1.05-2.71)

0.23

0.631

1.53

0.215

1.48

0.222

6.47

0.039

48.2%
47.0%
1.64

0.199

48.2%
35.5%

53.2%
37.2%
1.31

0.251

46.3%
38.5%

53.8%
42.1%
7.24

35.1%
52.3%
39.3%

Univariate analysis

0.026

0.013
Reference
0.39 (0.20-0.74)
0.85 (0.53-1.36)

40.9%
60.0%
44.9%

0.008
Reference
0.32 (0.15-0.66)
0.62 (0.36-1.07)

CI: Confidence interval; CSS: Cancer-specific survival; HR: Hazard ratio; LNs: Lymph nodes; OS: Overall survival.

bias should be kept in mind when interpreting their
results. The fact that retrieving more than 10 or 12 LNs
is an indicator of better prognosis is still disputable.
The present study denoted that retrieving more than
nine LNs did not indicate a better prognosis in patients
with node-negative distal cholangiocarcinoma, but an
increase in terms of all-cause mortality risk and cancer
cause-specific mortality risk was observed compared
with retrieving four to nine LNs. For patients with distal
cholangiocarcinoma, retrieving too many LNs did not
obtain better outcomes. This result was contrary to the
prevailing dogma that a better prognosis was always
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associated with higher retrieved LN counts.
There were several hypotheses for the reason why
more retrieved LNs represented a worse prognosis.
Necrosis represented an aggressive biology of tumor
and a decreased survival rate; it had a close association
with LN hyperplasia. LN hyperplasia always resulted
in increases in the size and number of detectable
LNs; therefore, more retrieved LNs (detectable LNs)
[19-21]
were related to a worse prognosis
. The other
hypothesis was that there might be a difference at the
molecular level between tumors with more and less
detectable LNs. Tumors with more detectable LNs, i.e.
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Table 5 Stratified analyses of overall and cancer-specific survival according to the number of retrieved LNs for N0 patients
Variable

4-9 retrieved LNs (1-3 retrieved LNs as the reference)
Overall survival

Age, in yr
≤ 70
> 70
Tumor size, in mm
≤ 20
20-50
> 50
Grade
Well or moderately differentiated
Poorly or undifferentiated
T stage
T1/T2
T3/T4

Cancer-specific survival

> 9 retrieved LNs (1-3 retrieved LNs as the reference)
Overall survival

Cancer-specific survival

HR (95%CI)

P value

HR (95%CI)

P value

HR (95%CI)

P value

HR (95%CI)

P value

0.33 (0.13-0.86)
0.32 (0.11-0.98)

0.023
0.047

0.34 (0.13-0.89)
0.33 (0.11-1.04)

0.030
0.059

1.02 (0.49-2.14)
0.63 (0.26-1.49)

0.940
0.294

0.93 (0.46-1.88)
0.40 (1.55-1.04)

0.848
0.059

0.55 (0.21-1.46)
0.22 (0.07-0.69)
-

0.232
0.010
-

0.61 (0.22-1.68)
0.12 (0.03-0.55)
-

0.340
0.007
-

1.34 (0.60-2.97)
0.54 (0.24-1.21)
-

0.472
0.134
-

0.96 (0.41-2.23)
0.48 (0.21-1.12)
-

0.921
0.090
-

0.56 (0.24-1.30)
0.23 (0.07-0.79)

0.180
0.020

0.47 (0.18-1.20)
0.26 (0.07-0.89)

0.114
0.032

0.99 (0.49-2.01)
0.69 (0.31-1.58)

0.994
0.389

0.74 (0.34-1.62)
0.75 (0.32-1.78)

0.454
0.514

0.30 (0.11-0.85)
0.34 (0.13-0.85)

0.024
0.022

0.30 (0.09-0.94)
0.31 (0.12-0.79)

0.039
0.016

0.79 (0.39-1.59)
0.66 (0.31-1.41)

0.501
0.285

0.76 (0.36-1.59)
0.65 (0.30-1.39)

0.467
0.267

CI: Confidence interval; HR: Hazard ratio; LNs: Lymph nodes.

more retrieved LNs, might belong to another subset of
distal cholangiocarcinoma that acts biologically more
[19]
aggressively . Additionally, routine histologic techniques
for retrieving LNs may ignore the micrometastases,
leading to the under-staging of LNs. Hence, without
the application of immunohistochemical techniques
that was determined to increase the detection rate
of micrometastases, more retrieved LNs could not
promote the accuracy of LN staging or improve patient
survival. And, we wanted to know if more retrieved LNs
reflected extended lymphadenectomy that may result
in increasing postoperative complications. However,
because of the limitation of the SEER database, we could
not compare the background data in the > 9 retrieved
LNs group with that in four to nine retrieved LN groups.
There were several limitations in our study. First,
although a population-based database was utilized to
screen patients, the total number of patients involved
in our study was still not large enough compared with
congener studies for other diseases. Second, information
for adjuvant chemotherapy and radiotherapy in survival
analysis did not contain the details of the protocols, and
the SEER database did not provide data. Third, diseasefree survival could not be calculated because of the
lack of information about local recurrence in the SEER.
Fourth, patients who received preoperative radiation
were excluded. There might be patients who received
radiation in some other centers that were not recorded
in the SEER, so the down-staging effect of radiation
could not be entirely ruled out. Fifth, the number of
lymph nodes retrieved may depend upon the type
of surgical procedures. And, the lymph nodes distant
from the lesion (for example, nodes from Whipple’s
procedure) may not have the same predicting value as
these from local or limited resection specimen. However,
the detailed operation methods were unknown because
of the limitation of the SEER, i.e. we could not know
how many patients underwent pancreatoduodenectomy
or segmental bile duct resection. Sixth, the number
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of lymph nodes retrieved may rely on lymph node
dissection skill in each individual institution (grossing
by resident vs practicing pathologists or pathologist
assistant). But, the SEER database only provided the
information of the region where the patients were from,
and the classes of hospital were unknown. Therefore,
such institution bias should be taken into consideration
when interpreting our results. Seventh, we could only
compare survival among the groups of patients with
four to nine lymph nodes and others based upon
pathological stage and not clinical stage due to the
limitation of SEER (the SEER database only provided
the information of pathological stage for patients with
resectable distal cholangiocarcinomas). Eighth, the
AJCC staging system utilized in the present study was
th
the 6 edition, which was not the most commonly used
one nowadays (due to limitations of SEER). Finally, we
could not get the data referring to the surgical margin
status in SEER; surgical margin status was an important
prognostic factor in patients with resected distal
cholangiocarcinoma.
In conclusion, the number of retrieved LNs did
not show its prognostic value in the whole group of
patients (a mixture of N0 and N1 patients) and N1
patients. However, the number of retrieved LNs was an
independent prognostic factor of overall and cancerspecific survival for patients with node-negative distal
cholangiocarcinoma. Patients with four to nine retrieved
LNs had better overall and cancer-specific survival
rates than others, but the reason and mechanism
were unclear. The future studies should consider more
operation- and adjuvant therapy-related parameters
into their analysis to evaluate our results.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Lymph node (LN) status was determined to be a strong predictor for the
prognosis of patients with distal cholangiocarcinoma. However, the prognostic
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value of the retrieved LNs counts in distal cholangiocarcinoma is still under
debate.

Research motivation

3

The benchmark number of retrieved LNs has been determined in many
gastrointestinal carcinomas, in addition to the distal cholangiocarcinomas.
Previous studies regarding the retrieved LNs counts in distal cholangiocarcinomas
were limited by their small sample size, and the patients in those studies
comprised both perihilar and distal cholangiocarcinomas. The present study
tried to determine the interactions between the retrieved LNs counts and the
prognosis in patients with only distal cholangiocarcinomas, and a populationbased database was used for patients’ selection that provided a sufficient
sample size.

4

5

Research objectives

We aimed to evaluate the prognostic value of the number of retrieved LNs for
patients with distal cholangiocarcinomas and to determine the optimal retrieved
LNs cut-off number.
6

Research methods

The Surveillance, Epidemiology and End Results (SEER) database was used
to screen for patients with distal cholangiocarcinoma. The retrieved LNs counts
were transformed from continuous variables to categorical variables, and the
cut-off was defined by the X-tile program. The overall and cancer-specific
survival was compared between the different categories of retrieved LNs counts
by the means of the Kaplan-Meier method and Cox regression analysis. Then,
we performed stratified analyses by the clinical factors that were evaluated
to be independently associated with survival in the Cox regression analysis,
among patients within the different LNs groups.

7

8

Research results

A total of 449 patients with distal cholangiocarcinoma were included in the
present study. The Kaplan-Meier survival analysis for all patients and for N1
patients revealed no significant differences among patients with different
retrieved LN counts in terms of overall and cancer-specific survivals. In patients
with node-negative distal cholangiocarcinoma, patients with four to nine
retrieved LNs had a significantly better overall (P = 0.026) and cancer-specific
(P = 0.039) survival than others. In the subsequent multivariate analysis, the
number of retrieved LNs was evaluated to be independently associated with
survival. Additionally, patients with four to nine retrieved LNs had a significantly
lower overall mortality risk (hazard ratio (HR): 0.39; 95% confidence interval (CI):
0.20-0.74) and cancer cause-specific mortality risk (HR: 0.32; 95%CI: 0.15-0.66)
than other patients. Additionally, stratified survival analyses showed persistent
better overall and cancer-specific survival when retrieving four to nine LNs in
patients with any T stage of tumor, a tumor between 20 and 50 mm in diameter,
or a poorly differentiated or undifferentiated tumor and in patients who were ≤
70-years-old.

9

10

11

12

Research conclusions

The number of retrieved LNs was an important independent prognostic factor
for patients with node-negative distal cholangiocarcinoma. Additionally, patients
with four to nine retrieved LNs had a better overall and cancer-specific survival
rate than patients with less than four or more than nine retrieved LNs.

13

Research perspectives

Although our study revealed retrieving four to nine LNs in patients with nodenegative distal cholangiocarcinoma had better overall and cancer-specific
survival rates than others, the reason and mechanism for that were unclear.
The future studies should consider more operation- and adjuvant therapyrelated parameters into their analysis to evaluate our results.
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Abstract
AIM
To analyze clinical differences between monogenic and
nonmonogenic very-early-onset inflammatory bowel
disease (VEO-IBD) and to characterize monogenic IBD
phenotypically and genotypically via genetic testing.
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METHODS
A retrospective analysis of children aged 0 to 6 years
diagnosed with VEO-IBD in a tertiary hospital in
southern China from 2005 to 2017 was performed.
Clinical data for VEO-IBD patients were collected, and
genetic characteristics were analyzed using whole
exome sequencing or target gene panel sequencing.
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RESULTS
A total of 54 VEO-IBD patients were included in this
study. A diagnosis of Crohn’s disease (CD) or CDlike intestinal manifestations accounted for 72.2%
of the VEO-IBD cases. Nine patients (16.7%) were
identified by genetic testing as having monogenic
IBD. The median age of diagnosis in the monogenic
group was younger than that of the nonmonogenic
IBD group, at 18 mo (interquartile range (IQR): 4 to
78) and 43.5 mo (IQR: 3 to 173), respectively; the
P -value was 0.021. The incidence of perianal disease
in the monogenic group was higher than that in the
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nonmonogenic group (P = 0.001). However, there
were no significant differences between weight-forage and height-for-age Z-scores between the two
groups, and similar laboratory results were obtained
for the two groups. Five patients were found to have
IL10 receptor mutation, two patients had chronic
granulomatous disease, one patient had common
variable immunodeficiency disease, and one patient
had X-linked inhibitor of apoptosis protein deficiency.

malnutrition, similar to adults with IBD. In addition,
[5,6]
growth failure is often observed . However, VEOIBD is considered to be a unique entity, and compared
to adults with IBD, VEO-IBD children are more likely
to present with extensive and treatment-resistant
disease.
These patients may require the combined use of
immunosuppressant and biologic agents and even
early intestinal surgery. Although the IBD classification
was recently modified to address the younger age
group, this step may not be sufficient to accommodate
[7]
the heterogeneous phenotypes of VEO-IBD . The
etiology of IBD is related to genetic and environmen
tal factors as well as to the intestinal microbiome.
Furthermore, VEO-IBD, especially IO-IBD, presents
with IBD-like intestinal inflammation and shows a close
association with primary immunodeficiency diseases
[3]
(PIDs), defined as monogenic IBD .
More than 50 VEO-IBD-related genes have been
reported to date, including those associated with IL10
and IL10 receptor mutation, immune dysregulation,
polyendocrinopathy, enteropathy X-linked (IPEX)
syndrome and X-linked inhibitor of apoptosis (XIAP)
[3]
deficiency . Nonetheless, the exact incidence of
[8]
monogenic IBD remains unknown due to variations
in the genetic background of this disease. Most
reports regarding monogenic IBD are based on small
populations or case reports, with only a small number of
genes investigated. To the best of our knowledge, this
study reports the largest cohort of genetically screened
patients with VEO-IBD from China.

CONCLUSION
A high proportion of monogenic IBD was observed
in the VEO-IBD group, especially with disease
onset before the age of 6 mo. Monogenic IBD and
nonmonogenic IBD exhibited similar clinical features.
Furthermore, next-generation sequencing played an
important role in the diagnosis of monogenic IBD, and
IL10 receptor mutation was predominant in this cohort.
Key words: Monogenic; very-early-onset inflammatory
bowel disease; primary immunodeficiency diseases;
IL10 ; IL10R
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study is the largest study to analyze
clinical differences between monogenic and non
monogenic very-early-onset inflammatory bowel
disease (VEO-IBD) in China. Moreover, we characterized
monogenic IBD phenotypically and genotypically
through genetic testing (whole exome sequencing
and targeted gene panel sequencing). We found a
high proportion of monogenic IBD in the VEO-IBD
group, with the most common monogenic IBD being
IL10R mutation. Monogenic IBD and nonmonogenic
IBD showed similar clinical features. Next-generation
sequencing played an important role in the diagnosis of
monogenic IBD.

MATERIALS AND METHODS
Study subjects

This study was approved by the Ethics Committee of
the Children’s Hospital of Zhejiang University School
of Medicine. A total of 54 pediatric patients diagnosed
with VEO-IBD in the Gastroenterology Department
of Children’s Hospital of Zhejiang University School of
Medicine from October 2005 to May 2017 were included
[9]
in this study. According to Porto criteria , Crohn’s disease
(CD) and CD-like intestinal inflammation present as
noncontiguous aphthous or linear ulcers, primarily
in the ileum or colon. Histologically, the disease is
characterized by chronic focal inflammation with or
without granulomas and perianal or fistulating disease.
Ulcerative colitis (UC) or UC-like intestinal inflammation
presents as continuous mucosal inflammation of the
colon starting from the rectum, without small bowel
involvement and without CD features. Patients with a
definitive diagnosis of IBD with inflammation limited to
the colon but without the typical features of UC and CD
are classified as IBD of an unclassified type (IBDU).
The clinical characteristics of the pediatric patients,
including sex, first symptom(s), time of onset of symp
tom(s), clinical features, surgical history, medication

Fang YH, Luo YY, Yu JD, Lou JG, Chen J. Phenotypic and
genotypic characterization of inflammatory bowel disease in
children under six years of age in China. World J Gastroenterol
2018; 24(9): 1035-1045 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i9/1035.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i9.1035

INTRODUCTION
Very-early-onset inflammatory bowel disease (VEOIBD) refers to an IBD diagnosis established before
th
the 6 year of life, including a subset of patients with
disease onset before the age of 2 years, known as
[1]
infantile-onset IBD (IO-IBD) . VEO-IBD is rare, with
an estimated incidence of 4.37 and a prevalence of
[2-4]
14 per 100000 children . These patients present
with abdominal pain, intestinal bleeding, diarrhea and
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[1,2]

history and family history, were collected from medical
records.
The following were criteria for genetic testing: (1)
patients with disease onset before 6 mo of age; (2)
patients with disease onset beyond 6 mo accompanied
with severe perianal disease, severe malnutrition or
growth failure, or resistance to treatment.

College of Medical Genetics and Genomics , and
all variants were categorized as pathogenic, likely
pathogenic, variants of unknown significance, likely
benign or benign.
To validate the variants based on next-generation
sequencing (NGS) and WES, PCR amplification and
Sanger sequencing were performed for the sequence
centers on variant genes.

Whole exome sequencing and targeted gene panel
sequencing

Statistical analysis

The categorical variables were presented as number
(percentage). The continuous variables of normal
distribution were presented as mean ± SD, otherwise
as median ± interquartile range (IQR). The normality
test was performed by Shapiro-Wilk test. The difference
in variables with normal/abnormal distribution between
nonmonogenic and monogenic IBD were estimated by
Student’s t-test and Mann-Whitney test, respectively.
The differences in categorical variables between non
monogenic and monogenic IBD were assessed using
the chi-square test; however, if total sample size was
less than 40 or the number in one cell was less than 5,
Fisher’s exact test was used for testing the difference.
P < 0.05 was considered to be a statistically significant
difference. All statistical analyses were conducted with
SPSS 22.0 statistical software (SPSS Inc., IBM Corp.,
Armonk, NY, United States).

Genomic DNA was isolated from peripheral blood of the
patients. For whole exome sequencing (WES), whole
exome library preparation was based on modifications
of a protocol using the Agilent SureSelect XT Human All
Exon Kit. Sequencing was performed using the Illumina
HiSeq 2500 platform.
For targeted gene panel sequencing (TGPS), target
sequences were enriched using customized capture
probe chips (SureSelect Inherited Disease Panel; Agilent
Technologies), which included 4,503 genes known to
cause inherited disorders. DNA probes were designed
for exons and flanking 10 bp intronic sequences. Briefly,
1 µg of genomic DNA was fragmented into 200-300
bp lengths by the Covaris Acoustics system. The DNA
fragments were subsequently processed by endrepairing, A-tailing and adaptor ligation, 4-cycle precapture polymerase chain reaction (PCR) amplification,
and targeted sequence capture. The captured DNA
fragments were eluted and amplified by 15-cycle
postcapture PCR. The final products were sequenced
with 150-bp paired-end reads using the Illumina HiSeq
X Ten platform according to the standard manual.
Raw data were processed by the Illumina pipeline
(version 1.3.4) for image analysis, error estimation,
base calling and generating the primary sequence data.
For quality control, Cutadapt (https://pypi.python.org/
pypi/cutadapt) and FastQC (https://www.bioinformatics.
babraham.ac.uk/projects/fastqc/) were used to remove
3′-/5′- adapters and low-quality reads, respectively.
Clean short reads were mapped to the human genome
(hg19) using Burrows Wheeler Aligner software (http://
sourceforge.net/projects/bio-bwa/). SOAPsnp software
(http: //soap.genomics.org.cn/) and SAM tools Pileup
software (http://sourceforge.net/projects/samtools/)
were used to detect single-nucleotide polymorphisms
and small insertions and deletions.
Variants were annotated using ANNOVAR software
(http://www.openbioinformatics.org/annovar/), which
includes function implications (gene region, functional
effect, mRNA GenBank accession number, amino acid
change, cytoband) and allele frequencies in dbSNP,
1000 genomes (http://www.1000genomes.org),
ESP6500 (http://evs.gs.washington.edu/EVS/) and
ExAc (http://exac.broadinstitute.org/). Damaging
missense mutations were predicted by SIFT (http://sift.
bii.a-star.edu.sg/), PolyPhen-2 (http://genetics.bwh.
harvard.edu/pph2/) and MutationTaster (http://www.
mutationtaster.org/). Interpretation of variants was
based on recommended standards from the American

WJG|www.wjgnet.com

RESULTS
General characteristics of VEO-IBD patients

From October 2005 to May 2017, 136 pediatric patients
were diagnosed with IBD at our hospital, among which
54 were diagnosed with VEO-IBD; thus, VEO-IBD
patients accounted for 39.7% of pediatric IBD patients
in our cohort. Among the 54 VEO-IBD patients, 37
were males and 17 females, for a male to female ratio
of 2.18:1. Thirty-one VEO-IBD patients (57.4%) had
disease onset before the age of 2 years.
Of the 54 patients with VEO-IBD, 72.2% had a
diagnosis of CD or CD-like intestinal manifestations,
7.4% had a diagnosis of UC or UC-like intestinal manife
stations, and 20.4% had a diagnosis of IBDU. Only
one patient was the offspring of a consanguineous
union, and his older sister also had similar symptoms
during the neonatal period, though without a definitive
diagnosis. None of the remaining patients had a positive
family history of IBD or PID.
The median age of disease onset was 14 mo (IQR: 0
to 72 mo), and the median age of diagnosis was 35.5 mo
(IQR: 3 to 173 mo). The median time to diagnosis was
9 mo (IQR: 0.4 to 104 mo). The Z-scores for median
weight-for-age, height-for-age and body mass index -forage were -1.69 (IQR: -4.69 to 2.2), -1.41 (IQR: -6.43 to
2.51) (n = 51) and 14 (IQR: 0 to 72) respectively.

Mortality

The overall mortality rate was 11.1% (6/54). The
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Table 1 Clinical features of dead very-early-onset inflammatory bowel disease patients
Patient

Sex

Age of disease Chief complaints Perianal diseases
onset

1

M

Neonate

2

M

2 mo

3

M

1 yr 5 mo

4

F

3 yr 10 mo

5

M

4 yr 11 mo

6

M

2 mo 13 d

EIMs

Colonoscopy features

Disease cause
death

Genetic
diagnosis

Perianal abscess
and fistula
Diarrhea, bloody
None
stools
Diarrhea, bloody Perianal abscess
stools
Abdominal pain
None

Arthritis, oral
ulcers
None

Lymphoma

NA

Rash, oral
erosion

Suspension of
treatment
Suspension of
treatment
Sepsis, multiple
organ failure
Intestinal
bleeding

NA

Diarrhea, bloody
None
stools, fever,
malnutrition
Diarrhea, fever Perianal abscess

Pancolitis, ulcers and
hyperplasia
Proctitis, linear and aphthous
ulcers
Pancolitis and terminal ilium
ulcers and hyperplasia
Pancolitis, ulcers and cobble
stone appearance of colon
Pancolitis, erosion, ulcers and
multiple hyperplasia lesions

None

Proctitis, longitudinal ulcer

Sepsis and shock

CGD

Diarrhea

None
None

NA
NA
NA

EIMs: Extraintestinal manifestations.

Table 2 General data of very-early-onset inflammatory bowel disease patients

Patients
Sex, M/F
Median age of disease onset, in mo
Median age of disease diagnosis, in mo
Duration before diagnosis, in mo

Monogenic IBD

Nonmonogenic IBD

P value

9
8/1
1 (0, 72)
18 (4, 78)
6 (2, 29)

45
28/17
19.5 (0, 72)
43.5 (3, 173)
9 (0, 104)

0.008a
0.021a
0.668

a

P < 0.05. IBD: Inflammatory bowel disease.

patients underwent intestinal surgery in the monogenic
group than in the nonmonogenic group; however, this
difference was not statistically significant at P = 0.050.
To date, more patients in the nonmonogenic group have
died compared to the monogenic group (P = 0.000;
Table 3).

clinical conditions of these 6 patients are listed in Table
1. Among the 6 patients, 4 had a diagnosis of CD and
2 a diagnosis of IBDU. Moreover, 2 of the patients had
disease onset before 2 years of age.

Clinical characteristics

Nine patients (16.7%) were diagnosed with monogenic
IBD; among them, 6 were diagnosed with CD and 3
with IBDU. We also compared the clinical manifestations
of monogenic and nonmonogenic IBD patients. The
monogenic group was predominately male, with a male
to female ratio of 8:1. Four patients had disease onset
during the neonatal period, and two patients presented
with symptoms before 1 year of age. The median age
of disease onset for the monogenic patients was earlier
than that for the nonmonogenic patients at 1 mo (IQR:
0 to 72) and 19.5 mo (IQR: 0 to 72) respectively (P
= 0.008). Similarly, the median age of diagnosis for
the monogenic group was earlier than that for the
nonmonogenic group, at 18 mo (IQR: 4 to 78) and 43.5
mo (IQR: 3 to 17) respectively (P = 0.021). However,
there was no significant difference in the median time
from disease onset to diagnosis between the two groups
(P = 0.668; Table 2).
The incidence of perianal disease in the monogenic
group was higher than that in the nonmonogenic group (P
= 0.001); when comparing weight-for-age and heightfor-age Z-scores, no significant differences between the
two groups were found. Moreover, laboratory findings
were similar between the two groups. Mesalazine was
more commonly used in the monogenic than in the
nonmonogenic group (P = 0.009). A greater number of
WJG|www.wjgnet.com

Genetics

A total of 16 patients underwent WES or TGPS, 6 and
12 respectively (2 patients were tested by both WES
and TGPS). Two patients underwent genetic testing
(IL10RA) at another hospital. Nine patients were
diagnosed with monogenic IBD. Seven of these patients
were diagnosed by TGPS, and two were diagnosed by
both methods. Five patients were diagnosed with IL10R
mutation, two patients were diagnosed with chronic
granulomatous disease (CGD) with CYBB mutation, and
one patient was diagnosed with XIAP deficiency. One
patient was diagnosed with common variable immune
deficiency (CVID) with TNFRSF13B mutation. The
clinical information for the 9 monogenic patients are
listed in Table 4, and the genetic phenotypes of the 18
patients are provided in Table 5.

IL10 and IL10R mutations

Patient 1 was a male offspring from a consanguineous
union, with disease onset during the neonatal period.
The first manifestation was a perianal abscess followed
by recurrent fever, bloody stools, anal fistula and anal
abscess formation, and skin infections. Colonoscopic
findings included strictures of the colon near the splenic
flexure, extensive polypoid hyperplasia, irregular ulcers,
1038
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Table 3 Comparison of clinical features of monogenic and nonmonogenic inflammatory bowel disease groups

Diagnosis
CD, %
IBD-U, %
UC, %
Abdominal pain, n
Diarrhea, n
Bloody stools, n
Malnutrition, n
Growth failure, n
Oral ulcers, n
Persistent fever, n
Perianal diseases, n
Body weight Z-score
Height Z-score
WBC, as a109
HGB, in g/L
PLT, as a1012
CRP, in mg/L
ESR, in mm/h
ALB, in g/L
Steroid, n
Antibiotics, n
Mesalazine, n
Immunosuppressants, n
Nutrition, n
Infliximab, n
Surgery, n
Death, n

Nonmonogenic IBD

Monogenic IBD

P value

75.0
18.2
6.8
25
36
26
19
14
3
3
9
-1.54 (-4.69, 2.20)
-1.38 (-6.43, 2.51)
15.04 ± 1.72
103.02 ± 2.57
454.60 ± 28.40
51.16 ± 8.43
29.22 ± 4.70
33.80 ± 1.10
36
29
32
25
33
14
6
5

50.0
40.0
10.0
2
8
8
5
4
1
0
7
-2.04 (-3.66, 0.96)
-1.76 (-4.92, 0.46)
12.53 ± 1.72
106.67 ± 5.00
421.89 ± 54.97
20.22 ± 2.43
21.00 ± 4.56
36.60 ± 1.77
6
7
2
8
5
4
4
1

0.142
1.000
0.131
0.489
0.461
0.529
1.000
0.001a
0.303
0.597
0.382
0.496
0.632
0.668
0.923
0.283
0.399
0.484
0.009a
0.075
0.425
0.461
0.050
0.000a

a

P < 0.05. IBD: Inflammatory bowel disease.

classic CD features (strictures, transmural inflammatory
infiltrate, linear serpentine ulcerations and noncaseating
granulomas). Preliminary immune tests were normal,
and the serum IL10 level was slightly elevated. She
was resistant to treatment with steroids, mesalazine,
antibiotics, immunosuppressants and infliximab. At 3
years and 1 mo of age, she underwent repair for a small
bowel perforation, pancolectomy and ileal pouch-anal
anastomosis. TGPS revealed the following compound
heterozygous IL10RA mutations: Chr11:117864125:
c.537G>A, p.T179T and Chr11:117860269: c.301C>T,
p.R101W. The two mutations were derived from the
mother and father, respectively. Both mutations are
[10,11]
reported in HGMDpro
.
Patient 3 was a male with disease onset at 1 mo of
age. The patient had symptoms of recurrent diarrhea
with mucous and blood, oral ulcers, anal fistula, obvious
malnutrition and growth failure. Initial immune tests
were normal, and the IL10 level was elevated at
85.5 pg/mL (normal range from 2.6 to 4.9 pg/mL).
Colonoscopy showed deep ulcers in the rectum. The
pathology evaluation showed nonspecific inflammation
of the colon. The traditional treatments of antibiotics,
TPN, EN and steroids were unsuccessful. Genetic testing
at an outside hospital detected the following compound
heterozygous IL10RA mutations: Chr11:117860269,
c.301C>T, p.R101W, Chr11:117993268: c.470A>G,
p.Y157C. The two mutations were from his mother and
father, respectively. His older sister is a hereditary carrier.

and inflammatory tags. Esophagogastroduodenoscopy
was normal. Preliminary immune tests and the serum
IL10 level were normal. The patient underwent a
colostomy at the age of 1 year and 1 mo due to
recurrent diarrhea and perianal abscesses. At 2 years
and 5 mo of age, he underwent transverse partial
colectomy, small bowel internal fistula resection and
anastomosis. The pathological evaluation revealed
transmural inflammatory infiltrate and linear serpentine
ulcerations. The patient also underwent incision,
drainage and seton placement for multiple abscesses.
He was resistant to treatment with antibiotics, steroids,
total parenteral nutrition (TPN), enteral nutrition (EN)
and infliximab. At the time of writing this manuscript,
he is in clinical remission on a combination treatment
of azathioprine and thalidomide. Genetic testing by
both TGS and WES revealed the following homozygous
IL10RB mutation: Chr21:34660499: c.737G>A,
p.W246X. This mutation has not been reported in
HGMDpro.
Patient 2 was a female with VEO-IBD of neonatal
onset, with first symptoms of recurrent watery diarrhea
and blood and mucous in stools followed by a perianal
abscess, fistula formation and recurrent fever. The
patient was initially treated with elemental formula
due to suspected cow’s milk allergy. She had her first
colostomy at 1 year and 11 mo of age. Colonoscopy
showed a cobble stone appearance and linear ulcerations
in the colon. The pathological evaluation revealed
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F

M
M
M
M
M

M

M

2

3
4
5
6
7

8

9

5 yr 11
mo

9 mo

1 mo+
1 mo+
11 d
< 1 mo
< 1 mo

4 mo

< 1 mo

-2.2

-4.63

-0.79
-3.11
-4.92
0.46
-0.84

-1.76

0.22

-1.57

-2.95

-2.21
-3.66
-3.38
-1.08
-2.04

-0.96

-1.18

Disease Z-score of Z-score of
onset
height
body weight

Pyoderma

Pyoderma

Others

Abdominal pain,
diarrhea, bloody stools

None

Diarrhea, bloody stools
Elevation of ALT
Diarrhea, bloody stools
None
Diarrhea, bloody stools
NEC
Diarrhea, bloody stools
Epilepsy
Persistent fever
Intestinal malrotation,
elevation of ALT
Diarrhea, bloody stools Hepatosplenomegaly

Diarrhea, bloody stools

Diarrhea, bloody stools

Chief complaints

L2, L4b

L2, B1

L2, P, B2
L2, P, B1
L2,L4b, P, B1
L2, P, B1
L2, P, B1

L2,L4b, P, B2B3

L2, P, B2B3

Disease locations
and behavior
Colostomy

Intestinal surgery

CD, XIAP deficiency

CD, CVID

Intestinal resection and
anastomosis
None

Intestinal perforation repair,
colostomy and J-POUCH
CD, IL10RA mutation
None
IBDU, IL10RA mutation
None
CD, IL10RA mutation
None
IBDU, CGD
None
IBDU, CGD
None

CD, IL10RA mutation

CD, IL10RB mutation

Clinical and genetic
diagnosis

Steroid, 6MP, mesalazine,
thalidomide
DXM, IFX, 6MP/AZA

Steroid, IFX, thalidomide,
6-MP/MTX/AZA
Steroid, mesalazine, IFX,
MTX/CsA
None
Antibiotics
Steroids, AZA
None
None

Treatment

Remission

Partial remission

Waiting HSCT
Give up
Give up
Remission
Dead

Remission

Remission

Prognosis

1040

Patient 6 was a male with disease onset during the neonatal period. He presented with recurrent diarrhea, bloody stools and a perianal abscess. Preliminary immune
tests were normal. Colonoscopy showed pancolitis and a perianal abscess. TGPS revealed the following hemizygotic mutation of CYBB: ChrX:37658209: c.676C>T,
p.R226X. The mutation originates from his mother and is reported in HGMDpro to be pathogenic. The mutation is a termination mutation, which can alter the function
[13]
of the encoded protein .
Patient 7 was a male diagnosed with intestinal malrotation during the neonatal period. He presented with pneumonia, perianal abscess and liver dysfunction; he
developed diarrhea and fever during hospitalization. The immunoglobulin level and CD3 (46.81%), CD4 (29.86%), natural killer cell (7.79%), CD4/CD8 (1.86) levels
were normal. Colonoscopy showed a longitudinal ulcer at the rectum. Soon thereafter, the patient developed multiple organ failure due to severe infection. TGPS

CGD

[10]

At the time of this writing, he is awaiting hematopoietic stem cell transplantation (HSCT). The pathogenic mutation c.301C>T is reported in HGMDpro , and c.470A>G was
predicted by software mentioned in the methods section to be the likely pathogenic gene.
Patient 4 was a male with first symptoms of recurrent perianal abscess followed by watery diarrhea with scant fresh blood, rash and severe malnutrition. Immune
tests were normal, and the IL10 level was 47.2 pg/mL. Colonoscopy showed multiple irregular ulcers at the sigmoid colon and rectum with polypoid hyperplasia and
ulcers of the anus. Pathological examination revealed nonspecific findings. TGPS revealed the following homozygous mutation of IL10RA: Chr11:117860269: c.301C>T,
[10]
p.R101W. The mutation was verified in his mother. The mutation is reported in HGMDpro to be pathogenic .
Patient 5 was a male with disease onset during the neonatal period. He initially presented with bloody diarrhea and was diagnosed with necrotizing enterocolitis;
however, his symptoms persisted after surgery. This patient subsequently presented with a perianal fistula and severe malnutrition. Colonoscopy showed polypoid
hyperplasia at the colon and ulcers at the rectum. This patient was treated with mesalazine and enemas. Genetic testing at an outside hospital revealed the following
compound heterozygous IL10RA mutations: Chr11:117860269: c.301C>T, p.R101W, c.350G>A, p.R117H. The two mutations are reported in the literature to be
[10,12]
pathogenic
.

6-MP: 6-mercaptopurine; ALT: Alanine aminotransferase; AZA: Azathioprine; CGD: Chronic granulomatous disease; CsA: Cyclosporin A; CVID: Common variable immunodeficiency; HSCT: Hematopoietic stem cell
transplantation; IFX: Infliximab; IL10R: Interleukin 10 receptor; MTX: Methotrexate; XIAP: X-linked inhibitor of apoptosis protein.

M
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1

Patient

Table 4 Clinical characteristics of monogenic very-early-onset inflammatory bowel disease patients

Fang YH et al . Genotypic characterization of VEO-IBD patients

March 7, 2018|Volume 24|Issue 9|

WJG|www.wjgnet.com

1041

M

M

M

M

M

5

6

7

8

9

4 mo
8 mo
3 yr 3 mo
4 yr
1 yr 10 mo
4 yr 8 mo

5 yr 9 mo

5 yr 11 mo

9 mo

Neonate

Neonate

Neonate

1 mo+

1 mo+

4 mo

Neonate

WES
WES
TGPS
TGPS
WES
WES

TGPS

TGPS

Both

TGPS

TGPS

TGPS

TGPS

TGPS

TGPS

Both

Age of
WES/TGPS
disease onset
Chr21:34660499
c.737G>A p.W246X

Location of mutation

Chr11:117860269
c.301C>T p.R101W
Chr11:117864125
c.537G>A p.T179T
IL10RA
Chr11:117860269
c.301C>T p.R101W
Chr11:117864058
c.470A>G p.Y157C
(rs1027503096)
IL10RA
Chr11:117860269 c.301C>T
p.R101W
IL10RA
Chr11:117860269
c.301C>T p.R101W
c.350G>A p.R117H
(rs199989396)
CYBB
ChrX:37658209
c.676C>T p.R226X
(rs137854592)
CYBB
ChrX:37642741 c.1422A>G splicing
TNFRSF13B
Chr17:16843819
c.452C>T p.P151L
(rs200037919)
Chr17:16852132 c.365G>A
p.R122Q
(rs755343222)
XIAP
ChrX:123022501 c.910G>T
p.G304X
IL10RB
Chr21:34652146
c.421G>A p.E141K
(rs387907326)
-

IL10RA

IL10RB

Genetic
mutation

TGPS: Targeted gene panel sequencing; WES: Whole exome sequencing.
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Table 5 Genetic testing of very-early-onset inflammatory bowel disease patients

Heterozygotic mutation
in father c.421G>A

No mutation in parents

mother c.365G>A

Heterozygotic mutation
of mother c.142-2A>G
Heterozygotic mutation
of father c.452C>T

Heterozygotic mutation
of mother c.676C>T

Heterozygotic mutation
of parents c.301C>T
Heterozygotic mutation
of father c.301C>T
mother c.350G>A

Heterozygotic mutation
of father c.301C>T
mother c.470A>G

Heterozygotic mutation
of parents
c.737G>A
Heterozygotic mutation
of father c.301C>T
mother c.537G>A

Mutation of parents

Heterozygote

Hemizygotic mutation

Compound heterozygote

Hemizygotic mutation

Hemizygotic mutation

Compound heterozygote

Homozygote

Compound heterozygote

Compound heterozygote

Homozygote

Homo/Heterozygote

0.026/D

-

0.485/T

0.568/T

-

0.946/D

-

0.136/B

0.005/B

-

-

1/D

0.011/D
-

1/D

0/D

1/D

1/D

0.001/D

0/D

1/D

-

1/T
0/D

1/D

-

Polyphen2 score/
prediction

0/D

-

SIFT score/ prediction

56/D

6/D

43/N

98/N

-

6/D

29/D

101/D

101/D

194/N

101/D

-

101/D

6/D

MutationTaster score/
prediction
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revealed the following hemizygotic mutation of CYBB:
ChrX:37642741: c.142-2A>G splicing. The mutation is
[14]
reported as pathogenic in HGMDpro .

among studies. Monogenic IBD typically presents
early, with severe clinical features and is resistant to
traditional therapy; a portion of VEO-IBD patients even
[19]
require HSCT .
[16]
In the study by Jochen Kammermeier et al , a high
rate of IBDU (71%) in patients younger than 2-yearsold was observed, among whom 29% were offspring
from consanguineous unions, 18% had a positive family
history of IBD in a first-degree relative, and 31% were
diagnosed with monogenic IBD. In that study, high
rates of consanguineous unions and positive family
history of IBD resulted in high rates of monogenic IBD,
exhibiting a more severe clinical course than traditional
[16]
[20]
IBD . Abdulrahman Al-Hussaini et al
analyzed 352
IBD patients in Saudi Arabia and found that 21.6%
were diagnosed with IBD before the age of 6 years and
9% before the age of 3 years, and the consanguinity
rate was significantly higher in the infantile or toddleronset CD subgroup (57.1%).
In our study, the percentage of VEO-IBD patients
among cases of pediatric IBD was similar to that
[17]
reported by Oren Ledder et al . Monogenic IBD patients
showed earlier disease onset than nonmonogenic IBD
patients, and CD was the predominant diagnosis in
both groups. Nonetheless, IBDU was more common in
the monogenic group, which suggests that most of the
monogenic IBD patients had disease limited to the colon.
The results of laboratory tests were similar between the
two groups. Moreover, patients in the monogenic group
did not show a propensity to be prescribed infliximab
and immunosuppressants earlier than those in the
nonmonogenic group.
According to the diagnostic guidelines for pediatric IBD
by the European Society of Paediatric Gastroenterology,
[9]
Hepatology and Nutrition , CD is likely to be the
diagnosis when colonoscopy shows classic or nonclassic
CD features with small bowel involvement or the
presence of fistula/perianal disease. IBDU classification
is reserved for patients with inflammation limited to the
colon, in the absence of features suggestive of either
UC or CD. If the initial immune work-up is normal,
further investigation may be considered by physicians
to be unnecessary. However, monogenic IBD, including
IL10/R and XIAP deficiencies, CGD, and IPEX syndrome,
presents with such features as perianal/fistulating
disease, linear serpentine ulcerations, and even non
[21-23]
caseating granulomas
, and these patients are likely
to be diagnosed with IBDU or CD. It is recognized that
onset of disease before 6 mo of age, growth stunting
(height-for-age Z-score < 3), extensive disease and
epithelial abnormalities are significantly more prevalent
[16]
in monogenic IBD , which may indicate the need for
immune tests and even genetic screening in this group
[3]
of patients .
PID can present as IBD-like symptoms with
intestinal manifestations and can be diagnosed by
immune tests. CGD is characterized by genetic defects
in components of the phagocyte reduced nicotinamide

CVID

Patient 8 was a male who presented with jaundice and
recurrent respiratory infections during the neonatal
period. Immunoglobulin (Ig)G and IgM levels were
below normal. He was treated with antibiotics and
intravenous immunoglobulin. He gradually developed
splenomegaly. At the age of 9 mo, this patient presented
with recurrent bloody stools. Colonoscopy showed ulcers
and polypoid hyperplasia, which eventually spread to
involve the entire colon. Pathological examination of
the intestinal biopsy showed nonspecific inflammatory
changes. The patient underwent laparotomy, which
revealed intestinal swelling and with fissure ulcers, and
ulcers involving the tunica muscularis. Treatments with
steroids, TPN, EN, mesalazine, infliximab and multiple
immunosuppressants were unsuccessful. Both WES and
TGPS showed the following compound heterozygous
mutations in TNFRSF13B: Chr17:16843819: c.452C>T,
p.P151L and Chr17:16852132:c.365G>A, p.R122Q.
These mutations are reported to be associated with
CVID, though they have not been reported in HGMDpro.
Further tests are required to determine the effects of
these mutations.

XIAP deficiency

Patient 9 was a male, aged 5 years and 11 mo,
who presented with recurrent bloody stools, fever
and abdominal pain. He had been diagnosed with
hemophagocytic syndrome at 4 years of age. Colono
scopy showed blunting and flattening of villi at the
terminal ileum. The entire colon showed irregular deep
ulcers and aphthous ulcers. Capsule endoscopy revealed
sporadic jejunal ulcers. Immune tests were normal. He
did not respond to exclusive enteral nutrition therapy
and oral steroids. He was treated with infliximab and
6-Mercaptopurine and is currently in clinical remission.
His colonoscopy findings have also improved. TGPS
revealed the following mutation associated with XIAP
deficiency: ChrX:123022501: c.910G>T, p.G304X.
The mutation was not acquired from his parents. This
mutation has not been reported in HGMDpro.

DISCUSSION
VEO-IBD children are generally recognized as having
more severe clinical symptoms, more extensive intestinal
inflammation, higher rates of treatment resistances
and rapid disease progression compared to patients
[15-17]
with adolescence- or adult-onset IBD
. In contrast,
several studies have reported that VEO-IBD patients are
not prone to a more severe clinical course compared
[18]
to those with adolescence-onset IBD . However,
geographic and/or ethnic differences can affect genetic
background and therefore cause conflicting results
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adenine dinucleotide phosphate (NADPH) oxidase (phox)
complex, which can be detected by the neutrophil
oxidative burst assay. High levels of IgG may indicate
[16,24]
FOXP3 deficiency
. However, Wiskott-Aldrich
syndrome, hyper-IgE syndrome and IL10 or IL10R
mutations are not detected by basic immunodeficiency
screening tests and require specific functional analyses.
Defects in gene IL10RA and IL10RB can be detected
by assays that determine whether exogenous IL10 will
suppress lipopolysaccharide-induced peripheral blood
mononuclear cell cytokine secretion or IL10-induced
[22]
STAT3 phosphorylation . Flow cytometry can detect
functional defects in muramyl dipeptide signaling in
[25]
patients with XIAP deficiency .
Given the large number of potential candidate genes
and overlapping phenotypes, single-gene sequencing
and immune tests are becoming less appropriate in
children with suspected monogenic IBD. NGS techniques
have significantly improved in recent years, with lower
cost and diagnosis time. Although WES is suitable
for novel gene discovery, it offers less reliable gene
[8]
coverage in the diagnostic setting compared to TGPS .
TGPS and WES were both used in our study, with 16
VEO-IBD patients with suspected immune deficiency
undergoing WES and/or TGPS, which revealed 9 cases
of monogenic IBD (IL10RA, IL10RB, XIAP and CYBB).
Among the 9 patients, 4 had disease onset during the
neonatal period, and 4 had symptoms within 1 year of
age. The phenotypes of the patients were in accordance
with the genotypes. SIFT, Polyphen2 and MutationTaster
were used to predict the innocuousness of the mutated
genes.
There were limitations in this study. First, we did
not perform functional analyses of novel mutations,
and such studies should be performed to confirm
the results. However, the novel mutations were all
predicted to be pathogenic and likely pathogenic by
SIFT, PolyPhen-2 and MutationTaster. Second, not all
of the VEO-IBD patients were assessed by genetic
testing. In cases in which immune deficiency disease
was strongly suspected but could not be diagnosed by
initial immune tests, genetic testing was recommended.
At our hospital, the identification of monogenic IBD
and genetic testing in VEO-IBD patients have only
been performed during the last 5 years. Several IOIBD patients diagnosed in early years who met the
criteria for genetic testing had died, and their blood
samples were not collected. For this reason, more cases
of monogenetic IBD might have been present in our
cohort.
In the present study, we identified monogenic IBD
in 9 patients, predominantly with IL10R mutation; five
patients were diagnosed with IL10R mutation. Among
them, 1 patient was the offspring of a consanguineous
union, with a homozygous mutation of IL10R which
has not been reported in the literature. All remaining
patients had compound heterozygous mutations of
IL10R. IL10 and IL10R mutations have been reported
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previously. Patients with IL10 signaling defects primarily
present with IBD symptoms within 3 mo of life, with
severe perianal disease (abscess, fistula formation,
fissure, tags) and susceptibility to infections. In addition,
they are usually resistant to traditional therapies,
though HSCT can induce sustained remission of
[19,26,27]
intestinal inflammation
. Defects in IL10 signaling
are associated with extraintestinal inflammation, such
as folliculitis and arthritis, as well as a predisposition
[28]
toward B-cell lymphoma .
[27]
In the report of Zhiheng Huang et al , 42 IO-IBD
patients among the Han population in China had IL10R
mutations, 41 patients had IL10RA mutations, and only
1 patient had an IL10RB mutation; thus, IL10RA was
predominant in the Han population. In another report
[19]
from China, Xiao et al
described 4 patients with
IL10RA mutation and 1 with IL10RB mutation among
13 VEO-IBD patients. In the present study and in other
[26]
studies from Asia , monogenic IBD is predominately
due to mutations in IL10R and XIAP and CGD, whereas
mutations in EPCAM, TTC37, SKIV2LLRBA and TTC7A
[16]
have been reported in Western countries . These
findings suggest that IL10R mutation is the most
common cause of monogenic IBD in the Han population.
Further multicenter studies are warranted.
The genetic background of VEO-IBD patients is not
clear, especially among different ethnicities. Due to the
heterogeneity of VEO-IBD with overlapping phenotypes
between different genotypes, TGSP is appropriate for
rapid recognition of monogenic IBD in VEO-IBD patients
with the signs and features of monogenic IBD. This
approach may help guide a more appropriate treatment
strategy. For example, sustained remission after HSCT
[12]
can be achieved with IL10R/IL10 mutation , XIAP
[29]
[30]
deficiency and FOXP3 deficiency .
In conclusion, using WES and TGPS, we identified
underlying PID gene mutations in pediatric patients
with VEO-IBD in a Chinese population. There was a
high proportion of monogenic IBD in the VEO-IBD
group, especially with disease onset before 6 mo of
age. IL10R mutation was predominant in our cohort.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Very-early-onset inflammatory bowel disease (VEO-IBD) patients show a close
association with primary immunodeficiency diseases, defined as monogenic
IBD. More than 50 VEO-IBD related genes have been reported to date.
Nonetheless, the incidence of monogenic IBD in Chinese population remains
unknown.

Research motivation

Most reports regarding monogenic IBD were based on small population or case
report, with only a small number of genes investigated. This study reports the
largest cohort of genetically screened patients with VEO-IBD from China.

Research objectives

The objective of this research is to characterize monogenic IBD phenotypically
and genotypically via genetic testing and to analyze clinical differences between
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monogenic and nonmonogenic VEO-IBD patients.

9

Research methods

A retrospective analysis of children aged 0 to 6 years diagnosed with VEOIBD in a tertiary hospital in southern China from 2005 to 2017 was performed.
Clinical data for VEO-IBD patients were collected, and their genetic
characteristics were analyzed using whole exome sequencing or target gene
panel sequencing.

Research results

10

Nine patients (16.7%) were identified to have monogenic IBD by genetic testing.
Five patients were shown to have IL10R mutation, two patients had chronic
granulomatous disease, one patient had common variable immunodeficiency
disease, and one patient had X-linked inhibitor of apoptosis deficiency.

11

Research conclusions

A high proportion of monogenic IBD was observed among the VEO-IBD
group, especially with disease onset before the age of 6 mo. IL10RA was the
predominant mutation in this cohort. Monogenic IBD and nonmonogenic IBD
demonstrated similar clinical features. Next-generation sequencing played an
important role in the diagnosis of monogenic IBD.

12

Research perspectives

Next-generation sequencing revealed a high proportion of monogenic IBD in
our VEO-IBD cohort. Multicenter prospective studies are expected to determine
the incidence of monogenic IBD in the Chinese VEO-IBD population and to
investigate the genetic characteristics of monogenic IBD in China.
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Abstract
AIM
To assess the effect of polyglycolic acid (PGA) plus stent
placement compared with stent placement alone in the
prevention of post-endoscopic submucosal dissection
(ESD) esophageal stricture in early-stage esophageal
cancer (EC) patients.

Informed consent statement: All study participants provided
written informed consent prior to study enrolment.
Conflict-of-interest statement: The authors have no conflicts of
interest to disclose.
Data sharing statement: No additional data are available.

METHODS
Seventy EC patients undergoing ESD were enrolled
in this randomized, controlled study. Patients were
allocated randomly at a 1:1 ratio into two groups as
follows: (1) PGA plus stent group (PGA sheet-coated
stent placement was performed); and (2) Stent group
(only stent placement was performed). This study was

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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carcinomas with high mortality and has been identified
as the sixth leading cause of cancer-related death
[1]
worldwide . Based on 2015 global cancer statistics, an
estimated 455800 new EC cases and 400200 deaths
occurred in 2012. In the United States, approximately
16940 new EC cases and 15690 deaths will be seen
[2,3]
in 2017 . Endoscopic submucosal dissection (ESD),
performed as an endoscopic resection technique, has
been widely utilized in the treatment of EC patients with
early-stage disease, due to its minimal invasiveness
[4,5]
and high rate of en bloc resection . However, more
than 30% of EC patients after ESD still experience
postoperative esophageal stricture, which is chara
cterized by dysphagia, dramatically decreasing the
[6,7]
quality of life .
To prevent post-ESD esophageal stricture, va
rious treatments have been implemented, such as
polyglycolic acid (PGA) sheet, stent placement, and
[8]
esophageal balloon dilatation . Among these, PGA
sheet, a biodegradable suture material, could be used
to prevent post-ESD esophageal stricture because
of its advantages of reinforcing suture and minimal
scar contracture, although the limitation of instability
between the PGA sheet and wound surface after long[9-11]
term pasting still exists
. Another popular method is
stent placement, which is frequently used with covered
self-expandable metal material, and has been verified
to have curative effects on refractory stricture to some
extent, although its complications, such as translocation
and promotion of granulation tissue proliferation, still
[12,13]
affect its clinical outcomes in EC patients
.
Although some studies on the applications of combi
nations of two or three treatments in the prevention of
esophageal stricture after ESD have been performed,
no study has explored the effect of the combination
of PGA and stent placement in the prevention of post[9,14]
ESD esophageal stricture
. Therefore, the aim of
this study was to assess the effect of PGA plus stent
placement compared with stent placement alone in the
prevention of post-ESD esophageal stricture in earlystage EC patients.

RESULTS
The occurrence rate of esophageal stricture in the PGA
plus stent group was 20.5% (n = 7), which was lower
than that in the stent group (46.9%, n = 15) (P =
0.024). The mean value of esophageal stricture time
was 59.6 ± 16.1 d and 70.7 ± 28.6 d in the PGA plus
stent group and stent group (P = 0.174), respectively.
Times of balloon dilatation in the PGA plus stent group
were less than those in the stent group [4 (2-5) vs
6 (1-14), P = 0.007]. The length (P = 0.080) and
diameter (P = 0.061) of esophageal strictures were
numerically decreased in the PGA plus stent group,
whereas no difference in location (P = 0.232) between
the two groups was found. Multivariate logistic analysis
suggested that PGA plus stent placement (P = 0.026)
was an independent predictive factor for a lower risk of
esophageal stricture, while location in the middle third
(P = 0.034) and circumferential range = 1/1 (P = 0.028)
could independently predict a higher risk of esophageal
stricture in EC patients after ESD.
CONCLUSION
PGA plus stent placement is more effective in
preventing post-ESD esophageal stricture compared
with stent placement alone in EC patients with earlystage disease.
Key words: Esophageal cancer; Endoscopic submucosal
dissection; Polyglycolic acid plus stent placement;
Esophageal stricture
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study determines the effect of polyglycolic
acid (PGA) plus stent placement compared with stent
placement alone in the prevention of post-endoscopic
submucosal dissection (ESD) esophageal stricture
in early-stage esophageal cancer (EC) patients. Our
findings confirm that PGA plus stent placement is more
effective in preventing post-ESD esophageal stricture
compared with stent placement alone in EC patients
with early-stage disease.

MATERIALS AND METHODS
Patients

A total of 70 early-stage EC patients receiving ESD
at Department of Gastroenterology, China PLA
General Hospital from July 2016 to May 2017 were
consecutively enrolled in this randomized controlled
study. The inclusion criteria were as follows: (1)
Circumferential range above 3/4; (2) Longitudinal
length above 3 cm; (3) Lesion depth no more than M2;
and (4) Tumor lesion could be completely removed.
The exclusion criteria were as follows: (1) Patients with
coagulative dysfunction, hepatic failure, renal failure, or
cardiopulmonary dysfunction; (2) Patients complicated
with malignant hematological disease or other solid
tumors; (3) Patients who had a previous history of
esophagectomy or radiation therapy; (4) Patients

Chai NL, Feng J, Li LS, Liu SZ, Du C, Zhang Q, Linghu
EQ. Effect of polyglycolic acid sheet plus esophageal stent
placement in preventing esophageal stricture after endoscopic
submucosal dissection in patients with early-stage esophageal
cancer: A randomized, controlled trial. World J Gastroenterol
2018; 24(9): 1046-1055 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i9/1046.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i9.1046

INTRODUCTION
Esophageal cancer (EC) is one of the most common
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Stent placement

who were unable to complete the ESD operation; (5)
Pregnant or lactating women; (6) Patients who could
not be followed regularly; and (7) Patients who refused
to participate in this study.
This study was approved by the Ethics Committee
of China PLA General Hospital (approval No.
S2016-059-01), and all participants provided written
informed consent. This study was registered on http://
www.chictr.org.cn (Chinese Clinical Trial Registry
conducted by World Health Organization; registration
No. chictr-inr-16008709).

The length of the ESD wound was measured, and
then the appropriate length of metal coated stent was
selected (Derman Science, China, 1.7 cm of diameter,
stainless steel, silicone rubber membrane), which
was beyond the top and bottom edge of the lesion by
more than 2 cm. Subsequently, the guide wire was
placed under the endoscope, and then the endoscope
was pulled out and the conveyer was inserted for the
esophageal stent ring supporter along with the guide
wire for the stent placement. After stent placement,
the endoscope was inserted again to observe the stent
position. A chest X-ray was performed after the stent
placement, and the stent position was recorded.

Randomization

The randomization code was generated by a statistician
using the blocked randomization method with block
length set as four because of the need for allocation
balance between the two groups (1:1 ratio). The
documents were subsequently sent and kept in
Shanghai Qeejen Bio-tech Company (a medical and
statistical service company). After screening, when a
patient was eligible for the study, a call was made to the
Qeejen Company, and a unique subject identification
number was provided from the randomized module.

Stent removal

In the PGA plus stent group, the stent was removed
by endoscopy at 4 wk, whereas in the stent group, the
stent was removed at 8 wk after operation. Endoscopic
evaluation of the ESD wound was performed (Figure
2A-C). The time to remove the stent between the two
groups was different because PGA is a biodegradable
suture material, which would be degraded after a
period of time. According to a preliminary study with a
small sample size, we found that when PGA plus stent
placement was used to prevent post-ESD esophageal
stricture in early-stage EC patients, the PGA was
degraded at approximately 3 or 4 wk after ESD, and
therefore, the previous clinical experiences suggested
that removing PGA plus stent placement at 4 wk might
be a good choice in EC patients.

Treatment

After the randomization, patients were allocated to the
PGA plus stent treatment group or stent treatment
group at a 1:1 ratio. In the PGA plus stent group, the
patients received PGA sheet-coated stent placement
to prevent esophageal stricture post ESD operation;
in the stent group, the patients received only stent
placement to prevent esophageal stricture post ESD
operation.

Assessment

The primary endpoint was esophageal stricture
occurrence after ESD operation, which was defined as
diameter of stricture section below 1 cm (endoscopy
could not pass through) under endoscopy. The secondary
endpoints were as follows: time to esophageal stricture;
location, length, and diameter of esophageal stricture;
and balloon dilatation times for the esophageal stricture.

ESD procedure

After intravenous anesthesia, patients with tracheal
intubation and oropharyngeal tube placement underwent
endoscope (Olympus, Japan) insertion to the area of
the tumor lesion. Subsequently, the lesion margins were
stained with iodine, and the submucosa was labeled.
Then, the lesion dissections were performed, and
endoscopic submucosal tunnel dissection was used for
lesion stripping, followed by hemostasis.

Follow-up

All patients were followed through clinic visits or
telephone interviews. Each patient was asked if
dysphagia or other symptoms occurred at each visit
or call, and if distinct dysphagia was determined,
endoscopy was performed to examine the esophageal
stricture. Chest X-ray examination was performed
every 2 wk to monitor the position of esophageal stent,
and if a stent shifted more than 2 cm, endoscopy was
performed to adjust the stent to the original place.

Combination of PGA membrane and stent

According to the ESD wound length (Figure 1A), the
length of stent (Derman Science, China, 1.7 cm of
diameter, stainless steel, silicone rubber membrane)
was selected (Figure 1B), followed by PGA sheet
selection (NEOVEIL, Japan, 100 mm × 100 mm × 0.15
mm) (Figure 1C). Subsequently, the stent was coated
with the PGA sheet (Figure 1D), and the covered
place was designed to the ESD wound site after stent
release. Then, this stent covered with a PGA sheet was
mounted on the conveyer for the esophageal stent
ring supporter (Figure 1E and F) and inserted under
endoscopic observation (Figure 1G).

WJG|www.wjgnet.com

Balloon dilatation

All patients with esophageal stricture received en
doscopic balloon dilation treatment (balloon diameter:
8 mm/10 mm/12 mm/15 mm, Boston Scientific, United
States). The esophageal stricture section was repeatedly
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A

B

C

E

F

G

D

Figure 1 Combination of polyglycolic acid sheet and stent. A: Measurement of endoscopic submucosal dissection wound length; B: Adjustment of stent length; C:
Polyglycolic acid sheet selection based on lesion length; D: Stent coating with polyglycolic acid (PGA) sheet; E-F: Stent covered with PGA sheet mounted on the stent
support; G: Insertion of stent covered with PGA sheet under endoscopic observation.

A

B

C

Figure 2 The management of one of the study patients. A: Stent covered with polyglycolic acid sheet inserted after 1 wk; B: Stent removed after 4 wk with a
portion of wound not healed; C: No formation of esophageal stricture observed after 2 mo.

dilated until the endoscope could successfully pass
through at each endoscopic examination, and balloon
dilation was performed every week until the endoscope
could pass through the section before dilation.

21 patients for exclusions and 10 patients who refused
to participate in this study (Figure 3). Subsequently,
the remaining 70 patients were randomized at a 1:1
ratio into two groups as follows: PGA plus stent group
and stent group. In the PGA plus stent group, one case
withdrew during the study due to a lesion depth > M2
post-ESD operation, and 34 (97%) cases completed
the entire study. In the stent group, there were three
total withdrawals; three patients with lesion depth more
than M2 after ESD operation withdrew, and 32 (91%)
cases completed the entire study. Ultimately, a total of
66 EC patients completed the final analysis. After the
operation, the stent was removed by endoscopy at 4
wk in the PGA plus stent group, and it was removed
at 8 wk in the stent group. During the study, stent
displacement was adjusted by endoscopy. Chest X-ray
examination was performed every 2 wk. Endoscopy
was performed to check the esophageal stricture. All
patients with esophageal stricture received endoscopic
balloon dilation treatment.

Statistical analysis

Statistical analyses were performed using SPSS 22.0
(IBM, United States) and OFFICE 2010 (Microsoft,
United States). Data are mainly presented as mean value
± SD, median value (range), or count (percentage).
The comparison between two groups was determined
by t-test, Chi-square test, or Wilcoxon rank sum test.
Factors affecting esophageal stricture occurrence were
evaluated by univariate logistic regression analysis,
and all factors with a P-value below 0.1 were further
detected by multivariate logistic regression analysis. P <
0.05 was considered significant.

RESULTS
Study flow

Baseline characteristics

In the current study, 109 EC patients were screened
for eligibility, while 39 cases were excluded as follows:

WJG|www.wjgnet.com
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Table 1 Baseline characteristics n (%)
Parameter
Patients characteristic
Age (yr)
Gender (Male/Female)
Tumor lesion feature
Location
Upper third
Middle third
Lower third
Tissue depth
M1
M2
Longitudinal length (cm)
Circumferential range
3/4
4/5
1/1

PGA + stent group (n = 34)

Stent group (n = 32)

P value

62.74 ± 8.38
22/12

59.91 ± 8.80
18/14

0.186
0.482

0 (0)
12 (35)
22 (65)

0 (0)
17 (53)
15 (47)

20 (59)
14 (41)
5.97 ± 2.68

15 (47)
17 (53)
6.06 ± 2.12

12 (35)
8 (24)
14 (41)

14 (44)
8 (25)
10 (31)

0.145

0.331

0.878
0.684

Data are presented as mean ± SD or count (with or without percentage). Comparison was performed by t-test or Chi-square test. P < 0.05 was considered
significant. PGA: Polyglycolic acid.

Table 2 Comparison of esophageal stricture features in polyglycolic acid + stent and stent groups
Parameter
Length (cm)
Diameter (cm)
Location (distance from the incisors, cm)
Balloon dilatation times

PGA + stent group (n = 7)

Stent group (n = 15)

P value

0.97 + 0.59
0.37 + 0.17
31.71 + 3.20
4 (2-5)

1.47 + 0.59
0.51 + 0.14
29.07 + 5.20
6 (1-14)

0.080
0.061
0.232
0.007

Data are presented as mean ± SD or median (range). Comparison was performed by t-test or Wilcoxon rank sum test. P < 0.05 was considered significant.
PGA: Polyglycolic acid.

characteristics and tumor lesion features between the
PGA plus stent group and stent group were observed
(P > 0.05 for all). The numbers of patients with tumor
location at the upper, middle, and lower third were 0
(0%), 12 (35%), and 22 (65%), respectively, in the
PGA plus stent group, while 0 (0%), 17 (53%), and
15 (47%) in the stent group (P = 0.145). In terms
of tissue depth (P = 0.331), there were 20 (59%)
patients with M1 and 14 (41%) patients with M2 in
the PGA plus stent group and 15 (47%) patients with
M1 and 17 (53%) patients with M2 were in the stent
group. The mean value of longitudinal length was 5.97
± 2.68 cm in the PGA plus stent group and 6.06 ±
2.12 cm in the stent group (P = 0.878). Other baseline
characteristics are presented in Table 1.

Figure 4B).

Comparison of esophageal stricture features in the two
groups

T-test or Wilcoxon rank sum test was used to compare
esophageal stricture features between the PGA plus
stent and stent groups (Table 2). The balloon dilatation
times for esophageal stricture in the PGA plus stent
group were less than those in the stent group [4 (2-5)
vs 6 (1-14), P = 0.007]. Length (P = 0.080) and
diameter (P = 0.061) of esophageal stricture were
numerically decreased in the PGA plus stent group
compared with the stent group, whereas there was
no difference in location (P = 0.232) between the two
groups (Table 2).

Comparison of post-ESD stricture in the two groups

Comparison of tumor lesion features in patients with
esophageal stricture

The occurrence rate of patients with esophageal
stricture in the PGA plus stent group was 20.5% (n
= 7), which was lower than that in the stent group
(46.9%, n = 15) (P = 0.024, Figure 4A). Regarding
time to esophageal stricture, the mean value was
59.6 ± 16.1 d and 70.7 ± 28.6 d in the PGA plus
stent group and stent groups, respectively (P = 0.174,

WJG|www.wjgnet.com

As presented Table 3, comparison of tumor lesion
features in patients with esophageal stricture between
the PGA plus stent and stent groups was performed. No
difference was observed in location (P = 0.899), tissue
depth (P = 0.823), longitudinal length (P = 0.360),
or circumferential range (P = 0.181) in patients with
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Table 3 Comparison of tumor lesion features in patients with esophageal stricture n (%)
Parameter

PGA + stent group (n = 7)

Stent group (n = 15)

0 (0)
4 (57)
3 (43)

0 (0)
9 (60)
6 (40)

2 (29)
5 (71)
7.71 + 3.50

5 (33)
10 (67)
6.60 + 2.10

0 (0)
1 (14)
6 (86)

4 (27)
4 (27)
7 (47)

Location
Upper third
Middle third
Lower third
Tissue depth
M1
M2
Longitudinal length (cm)
Circumferential range
3/4
4/5
1/1

P value
0.899

0.823

0.360
0.181

Data are presented as mean ± SD or count (percentage). Comparison was determined by t-test or Chi-square test. P < 0.05 was considered significant. PGA:
Polyglycolic acid.

109 participants screened
39 excluded
21 exclusions
10 disagreed to participate
70 randomized as 1:1 ratio

35 PGA + stent group

1 total withdrawals
1 depth > m2 post ESD operation

Adjusted stent if displacement
Chest radiograph in the outpatient every 2 wk
Stent was removed at 4 wk
Dysphagia and esophageal stricture confirmed by endoscopy
Balloon dilatation if stricture

35 stent group

3 total withdrawals
3 depth > m2 post ESD operation

Adjusted stent if displacement
Chest radiograph in the outpatient every 2 wk
Stent was removed at 8 wk
Dysphagia and esophageal stricture confirmed by endoscopy
Balloon dilatation if stricture

34 completed the study (97%)

32 completed the study (91%)

Figure 3 Study flow. ESD: Endoscopic submucosal dissection.

esophageal stricture between the two groups (Table 3).

stricture occurrence. Location in the middle third (P
= 0.083) and longitudinal length ≥ 6 cm (P = 0.059)
were two factors that appeared to be correlated with
a higher risk of esophageal stricture but without
statistical significance. All factors with a P-value not
above 0.1 were further detected by multivariate
logistic regression analysis. PGA plus stent placement
(P = 0.026) was an independent predictive factor for
a lower risk of esophageal stricture, whereas location
in the middle third (P = 0.034) and circumferential
range = 1/1 (P = 0.028) could independently predict a

Analysis of factors affecting esophageal stricture
occurrence

Factors affecting esophageal stricture occurrence were
determined by univariate logistic regression analysis
(Table 4). PGA plus stent placement (P = 0.027)
was correlated with a lower possibility of esophageal
stricture occurrence, whereas circumferential range =
1/1 (P = 0.008) and tissue depth M2 (P = 0.017) were
associated with a higher probability of esophageal
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Table 4 Logistic analysis of factors affecting esophageal stricture occurrence
Parameter

Univariate logistic regression

P value
PGA + stent (vs stent alone)
Age ≥ 62 yr
Location - middle third (vs lower third)
Longitudinal length ≥ 6 cm
Circumferential range = 1/1 (vs others)
Tissue depth M2 (vs M1)

0.027
0.298
0.083
0.059
0.008
0.017

OR

Multivariate logistic regression

P value

95%CI

0.294
1.733
2.528
2.779
4.333
3.750

Lower

Higher

0.099
0.615
0.886
0.963
1.457
1.264

0.868
4.887
7.214
8.019
12.888
11.123

OR

0.026
0.034
0.092
0.028
0.069

0.197
5.148
3.826
5.113
3.284

95%CI
Lower

Higher

0.047
1.135
0.801
1.194
0.912

0.820
23.344
18.270
21.892
11.822

Data are presented as P-value, OR (odds ratio), and 95%CI. Factors affecting esophageal stricture occurrence were determined by univariate logistic
regression analysis, while all factors with a P-value less than 0.1 were further detected by multivariate logistic regression analysis. P-value < 0.05 was
considered significant. PGA: Polyglycolic acid.

A

B
60

46.9
Time to esophageal stricture (d)

Percentage of patients with
esophageal stricture (%)

P = 0.174

90

50
40
30
20

70.7 ± 28.6

100

P = 0.024

20.6

10

80

59.6 ± 16.1

70
60
50
40
30
20
10

0

PGA + stent (n = 34)

0

Stent (n = 32)

PGA + stent (n = 7)

Stent (n = 15)

Figure 4 Comparison of post-endoscopic submucosal dissection stricture in polyglycolic acid plus stent and stent groups. A: Patients in the polyglycolic
acid (PGA) plus stent group had a lower occurrence rate of esophageal stricture than that in the stent group; B: No difference in time to esophageal stricture was
observed between the PGA plus stent and stent groups. Comparison of post-endoscopic submucosal dissection stricture in the PGA plus stent and stent groups was
performed by t-test. P < 0.05 was considered significant.

higher risk of esophageal stricture in EC patients after
ESD.

appearance of several fibroblasts and the shrinking of
the natural muscle layer are present in the formation
of post-ESD esophageal stricture, which suggests
that fiber proliferation, scar formation, and wound
contracture might contribute to the formation of post[17]
ESD esophageal stricture .
Stenting has been regarded as a useful way to
prevent post-ESD esophageal stricture, although a
high recurrence rate still exists in most patients after
removing the stent, and some patients with long-term
stent placement experience several complications, such
[18,19]
as displacement and granulation tissue hyperplasia
.
In clinical practice, stent insertion has been reported to
decrease the dysphagia score and the mean diameter
[20]
of esophageal stricture . PGA sheet, a polymer with
a fiber mesh structure, could: (1) provide abundant
cytoskeletons to support cell crawling during the repair
process, and inhibit rejection reaction by its strong
degradative function, thereby leading to a decreased
risk of scar germination and stricture formation; and
(2) carry cells and medicines to promote cell repair
and wound healing. An interesting study revealed that

DISCUSSION
In the current study, we found that: (1) the occurrence
rate of esophageal stricture in the PGA plus stent
group was lower compared with the stent group, and
the balloon dilatation times of esophageal stricture
in the PGA plus stent group were less compared with
the stent group; and (2) PGA plus stent placement
could independently predict a lower occurrence rate of
esophageal stricture, while location in the middle third
and circumferential range = 1/1 were independent
predictive factors for a higher possibility of post-ESD
esophageal stricture occurrence in EC patients.
ESD, which is considered an effective method to
completely resect mucosal lesions, has been popularly
applied in EC patients with early-stage disease,
although due to the physiological characteristics of
the esophageal cavity, esophageal stricture frequently
[4,15,16]
occurs after ESD
. Recent data indicate that the
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A

the formation of esophageal stricture in the PGA plus
stent group. This occurrence might be explained by the
fact that during the process of wound repair, epithelial
cells usually crawl from the edge of the wound to the
central area. Because of the long-term repair, the PGA
sheet might be degraded to result in frameless support,
leading to its defluvium and increasing the occurrence
rate of esophageal stricture in the central area (Figure
5A-D). As to the predictive value, the results of the
present study showed that PGA plus stent placement
could be an independent factor to predict a lower
possibility of esophageal stricture occurrence. The
possible reasons are that the stent contributes to fixing
the PGA sheet and the PGA sheet increases the friction
to reduce stent displacement, thereby preventing the
[9,11,18,19]
occurrence of post-ESD esophageal stricture
.
Although there is no report on the effects of PGA
plus stent in the prevention of post-ESD esophageal
stricture in EC patients, further studies investigating
other combined treatments, such as PGA plus stent
plus corticosteroids, are greatly needed. Furthermore,
the results of our study also found that shorter length
(P = 0.080) and diameter (P = 0.061) were observed
in the PGA plus stent group compared with the stent
group, which suggests that the interaction of PGA and
stent might decrease the severity of the degree of
esophageal stricture.
In clinical practice, glucocorticoids have established
their value in inhibiting the inflammatory response,
repressing collagen synthesis, and promoting collagen
decomposition, thereby preventing the formation of
[23,24]
post-ESD esophageal stricture
. Although glucocor
ticoid injection is a good way to decrease the occurrence
of systemic adverse reactions, it still leads to several
complications in EC patients after ESD, including
[23,25]
perforation, bleeding, and mediastinal abscess
.
Therefore, a PGA sheet infiltrated with a glucocorticoid
(triamcinolone acetonide) might decrease the occurrence
of post-ESD esophageal stricture while reducing adverse
reactions. Furthermore, to optimize the methods to
prevent esophageal stricture, we explored the combined
application of PGA, stent, and glucocorticoid in three EC
patients after ESD (Figure 6A-C). After stent removal,
no formation of esophageal stricture occurred and good
effectiveness was achieved during a 3 mo follow-up
(Figure 6D and E). However, further study with a larger
sample size and a longer follow-up period is necessary.
One limitation in the present study was that the total
number of recruited EC patients was relatively small,
which might cause lower statistical efficiency compared
with a study with a large sample size. Therefore, a
study with a larger sample size is needed to further
confirm the efficacy of PGA plus stent placement in
preventing esophageal stricture.
In conclusion, PGA plus stent placement is more
effective in preventing post-ESD esophageal stricture
compared with stent placement alone in EC patients

Pre-operation

B

Post ESD

C

PGA + stent

D

3 wk post ESD

Figure 5 The endoscopic submucosal dissection wound before and after
the polyglycolic acid sheet plus stent placement. A: The esophageal lesion
before endoscopic submucosal dissection (ESD); B: The mucosal defect after
ESD; C: The ESD wound after the PGA sheet plus stent placement; D: The
PGA sheet plus stent placement was inserted after 3 wk.

PGA sheets could shield mucosal defects and prevent
scarring, reducing postoperative adverse events
[21]
in patients with colorectal ESD . However, some
limitations of PGA sheets still exist, which are easy to
[9,10]
fall off for long-term utilization
. Therefore, both
stents and PGA can decrease the risk of esophageal
stricture to some extent. However, there remain several
limitations. No study on the effects of the combined
application of PGA and stent has been reported. Our
study compared the occurrence rate of post-ESD
esophageal stricture between the PGA plus stent and
stent groups and indicated that the percentage of postESD esophageal stricture in the PGA plus stent group
was lower compared with the stent group. Balloon
dilatation, which is one of the most common treatments
for esophageal stricture, has been identified to have
good short-term efficacy, whereas the long-term
curative effect is still far from satisfactory. A previous
study suggested that the average usage rate of balloon
dilatation is estimated to be 16 times for post-ESD
[22]
esophageal stricture . The results of our study also
found that the balloon dilatation times for esophageal
stricture in the PGA plus stent group were less than
those in the stent group [4 (2-5) vs 6 (1-14) times].
Therefore, these findings indicated that PGA plus
stent placement could decrease the risk of esophageal
stricture and the balloon dilatation times for esophageal
stricture compared with stent placement alone. Possible
explanations might be as follows: (1) The stent could
provide radial force to fix the PGA sheet, thereby
[18,19]
preventing the defluvium of the PGA sheet
; and (2)
The PGA sheet could increase the friction between the
stent and wound surface, reducing stent displacement,
and also provide cytoskeleton and carry medicine to
accelerate cell repair and wound healing. Therefore,
the interaction of the PGA sheet with the stent could
decrease the occurrence rate of post-ESD esophageal
[9,11]
stricture
. However, seven patients still reported
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A

B

D

E

C

Figure 6 The management of one of the study patients. A: Stent covered with polyglycolic acid (PGA) sheet was injected with glucocorticoid before insertion; B:
The mucosal defect after endoscopic submucosal dissection (ESD); C: The combination of PGA, stent, and glucocorticoid was applied after 1 wk; D: The endoscopic
appearance of the esophagus 4 wk after ESD; E: The endoscopic appearance of the esophagus 3 mo after ESD.
esophageal stricture in EC patients after ESD.

with early-stage disease.

Research conclusions

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE

PGA plus stent placement is more effective in preventing post-ESD esophageal
stricture vs stent placement alone in early-stage EC patients.

Research background

Esophageal cancer (EC) is one of the most common carcinomas with high
mortality, and more than 30% of EC patients after endoscopic submucosal
dissection (ESD) still experience postoperative esophageal stricture, which
dramatically decreases the quality of life.

Research perspectives

The total number of recruited EC patients in the present study was relatively
small. And a study with a larger sample size is needed to further confirm the
efficacy of PGA plus stent placement in preventing esophageal stricture.

Research motivation

The applications of combinations of two or three treatments in the prevention
of esophageal stricture after ESD have been investigated in some studies.
However, no study explored the effect of the combination of PGA and stent
placement in the prevention of post-ESD esophageal stricture.
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Abstract
Esophageal atresia (EA) is one of the most common
congenital digestive malformations and requires
surgical correction early in life. Dedicated centers
have reported survival rates up to 95%. The most
frequent comorbidities after EA repair are dysphagia
(72%) and gastroesophageal reflux (GER) (67%).
Chronic GER after EA repair might lead to mucosal
damage, esophageal stricturing, Barrett’s esophagus
and eventually esophageal adenocarcinoma. Several
long-term follow-up studies found an increased risk of
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Barrett’s esophagus and esophageal carcinoma in EA
patients, both at a relatively young age. Given these
findings, the recent ESPGHAN-NASPGHAN guideline
recommends routine endoscopy in adults born with EA.
We report a series of four EA patients who developed
a carcinoma of the gastrointestinal tract: three
esophageal carcinoma and one colorectal carcinoma
in a colonic interposition. These cases emphasize
the importance of lifelong screening of the upper
gastrointestinal tract in EA patients.

damage, esophageal stricturing, Barrett’s esophagus
[5-8]
and eventually esophageal adenocarcinoma (EAC) .
Data on incidence and risk factors for esophageal
[8-10]
carcinogenesis after EA repair are scarce
. The
recent ESPGHAN-NASPGHAN guideline recommends
[11]
routine endoscopy in adults born with EA . Until now,
eight cases of esophageal cancer in young EA patients
have been described: five esophageal squamous cell
[10,12-15]
carcinoma (ESCC) and three EAC
. Here we
report four EA patients who developed a carcinoma of
the gastrointestinal tract: three esophageal carcinoma
and one colorectal carcinoma in a colonic interposition.
These cases emphasize the importance of lifelong
screening and surveillance of the upper gastrointestinal
tract in EA patients.

Key words: Adenocarcinoma; Esophageal atresia;
Esophageal cancer; Screening; Barrett’s esophagus;
Squamous cell carcinoma
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

CASE REPORT

Core tip: Esophageal atresia (EA) is a common con
genital malformation that requires surgical correc
tion early in life. Improved perioperative care and
surgical techniques have increased the survival rate.
Gastroesophageal reflux and stasis are common after
surgical repair and may be associated with an increased
esophageal cancer risk. However, data on incidence
and risk factors for esophageal carcinogenesis after
EA repair are scarce. The recent ESPGHAN-NASPGHAN
guideline recommends routine endoscopy in adults
born with EA. Here we report four cancer cases at a
relatively young age after EA repair: three esophageal
carcinoma and one colorectal carcinoma in a colonic
interposition.

Case 1

Patient A presented for the first time with esophageal
carcinoma at age 45 years. He was born with EA Gross
type C (with a distal TEF) which was surgically repaired
with closing of the fistula and end-to-end anastomosis
of the esophagus. In childhood he had undergone a
number of esophageal dilations to treat an anastomotic
stricture.
At the age of 37 years he developed progressive
dysphagia. Upper endoscopy showed proximal
esophagitis and a stenotic anastomosis, which then
was dilated. No biopsies were taken. Eight years later,
dysphagia for solid foods reoccurred with complaints of
heartburn and weight loss of 6 kg in six months (BMI
2
21.6 kg/m ). He was a tobacco smoker (at least 27
pack years) and used 3-4 alcoholic beverages per day.
Upper endoscopy showed a non-stenotic anastomosis
at 30 cm from the incisors with a ¾ circular growing
easily bleeding lesion from 33-42 cm from the incisors.
Biopsies showed chronic inflammation. A chest CT
scan revealed a stenotic esophagus extending from the
aortic arch to the cardia with a malignant appearance
and mediastinal lymph nodes (pre- and subcarinal).
Due to the strong suspicion of esophageal cancer an
esophageal resection with gastric tube reconstruction
was performed. Pathology results confirmed the
diagnosis of a squamous cell carcinoma (SCC) of
the distal esophagus (pT2N0M0) which did not need
further treatment.
Fifteen years later, at the age of 60 years, he again
developed dysphagia and odynophagia with 7 kg weight
2
loss (BMI 23.2 kg/m ). Endoscopy revealed a circular
tumor (17-21 cm from incisors) in the remaining
cervical native esophagus eroding the constructed
gastric tube and trachea. Biopsies showed a welldifferentiated SCC. One suspicious supraclavicular and
two mediastinal FDG-positive lymph nodes were seen
on PET-CT scan images and tumor invasion in the left
thyroid gland was suspected (Figure 1). Given the
long interval between the two malignancies, this new

Vergouwe FW, Gottrand M, Wijnhoven BP, IJsselstijn H,
Piessen G, Bruno MJ, Wijnen RM, Spaander MC. Four cancer
cases after esophageal atresia repair: Time to start screening
the upper gastrointestinal tract. World J Gastroenterol 2018;
24(9): 1056-1062 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i9/1056.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i9.1056

INTRODUCTION
With a prevalence of 2.43 per 10000 births, esophageal
atresia (EA) with or without a tracheoesophageal
fistula (TEF) is one of the most common congenital
[1]
digestive malformations . Surgical correction needs
to be performed shortly after birth. Due to advanced
surgical techniques and improved perioperative care,
survival rate has increased up to 95% in dedicated
[2,3]
centers . Follow-up studies have shown that most
EA patients have a favourable long-term outcome
despite persistant digestive and respiratory problems.
Common gastrointestinal symptoms after EA repair
are dysphagia and gastroesophageal reflux (GER) in
[4,5]
up to 72% and 67% of the patients, respectively .
Chronic GER after EA repair might lead to mucosal
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esophagus (22-29 cm, anastomosis not visible) (Figure
2A). Endoscopic ultrasound findings were suspicious
for tumor invasion in the trachea and several
potentially malignant regional lymph nodes (T4N2M0).
The tumor was considered unresectable due to
invasion of surrounding vital structures (cT4b) (Figure
2B), lymph node metastases, previous thoracotomies
(both sides) and intra-mediastinal surgery. Induction
chemotherapy (paclitaxel/carboplatin) was started to
which the tumor evidently had responded after 2 mo.
Concomitant chemoradiotherapy was given (28 × 1.8
Gy) with curative intent. Six years after treatment he
shows no signs of recurrent or metastatic disease.

Case 3

Patient C presented at the age of 36 years. She was born
with an EA Gross type A which was surgically repaired
with an end-to-end anastomosis using Livaditis elongation
procedure at one month of age. At one year of age she
underwent a Nissen fundoplication for severe GER. At the
age of 3 years, an anastomotic stricture developed which
was treated with repeated esophageal dilations. At the
age of 22 years she presented with chronic respiratory
symptoms, severe pneumonia, persistent GER, and
dysphagia complaints. Upper endoscopy with esoph
ageal biopsies showed no abnormality. In view of the
respiratory and gastrointestinal symptoms a duodenal
diversion procedure (partial antrectomy with Roux-en-Y
gastrojejunal anastomosis) was performed at the age of
23 years.
At 36 years of age she presented with food
2
impaction and weight loss of 4 kg (BMI 14.9 kg/m ).
She did not smoke tobacco and did not drink alcoholic
beverages. Upper endoscopy revealed a stenotic
ulcerative tumor in the distal esophagus with proximal
dilation of the esophagus (25-32 cm from the incisors,
gastroesophageal junction at 34 cm, anastomosis
not visible). Biopsies revealed a well differentiated
SCC. PET-CT scan (Figure 3) and bronchoscopy did
not reveal any metastasis. She underwent a subtotal
esophagectomy with total gastrectomy and a colonic
interposition (pT1bN0M0). Within the following month
she required reoperation for a cervical fistula and
mediastinitis and underwent two endoscopic dilations
of an anastomotic stricture without any evidence of
tumor recurrence. Twelve months after surgery she
was diagnosed with pleural and bone metastases for
which she recently has started palliative chemotherapy.

Figure 1 Chest computed tomography scan (CT scan) (case 1, tumor
2) demonstrating a tumor mass in the cervical native esophagus with
suspected tumor invasion in the left thyroid gland.

tumor (T4bN2M0) was most likely a second primary
tumor in the remaining cervical esophagus. In a
multidisciplinary team discussion it was decided to treat
with induction chemotherapy (carboplatin/paclitaxel).
Initially the tumor responded well, but four months
later he suffered from progressive disease with fistula
formation to the trachea which was a contraindication
for additional radiotherapy. An esophageal stent was
placed to manage progressive dysphagia and palliative
radiotherapy (13 × 3 Gy) was started to manage
neuropathic pain caused by tumor invasion with
imminent spinal cord compression. He died two days
later.

Case 2

Patient B was a 42-year old man born with VACTERL
association (acronym: vertebral anomalies, anal
atresia, cardiac anomalies, TEF, renal anomalies, and
[16]
limb defects)
including EA Gross type A (long gap
without TEF), anorectal malformation, coccyx agenesis
and vertebral anomalies. Continuity of the esophagus
was restored with a delayed end-to-end anastomosis.
At 37 years of age he presented with dysphagia.
Upper endoscopy revealed a stenotic anastomosis
at 30 cm from the incisors, which could be easily
dilated. In the next two years he underwent another
three esophageal dilation procedures because of
recurrent dysphagia. Biopsies revealed chronic and
active inflammation with presence of hyphae. At
the age of 42 years he presented with progressive
2
dysphagia, without weight loss (BMI 17.6 kg/m ). He
smoked tobacco and drank alcoholic beverages only
in the weekend. This time upper endoscopy revealed
a circular stenotic ulcerative ESCC in the proximal
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Case 4

Patient D presented at the age of 47 years. He was
[16]
born with VACTERL association (EA Gross type C,
anorectal malformation, congenital urethral valves
with bilateral vesicoureteral reflux and hydronephrosis
left kidney). At day 5 after birth a thoracotomy
was performed with TEF closure, gastrostomy and
cervical esophagostomy placement. In addition the
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A

B

Figure 2 Findings at upper endoscopy and chest computed tomography scan (CT scan) (case 2). A: Upper endoscopy revealing a stenotic ulcerative tumor in
the proximal esophagus, 22-29 cm from incisors. Histological examination of esophageal biopsies confirmed the diagnosis esophageal squamous cell carcinoma. B:
Chest CT scan showing a tumor mass in the proximal esophagus with suspected tumor invasion in the trachea.

At presentation the patient suffered from pneumonia
with a density in the lower lobe of the right lung.
Subsequent PET-scan revealed a PET-positive thickening
in the colonic interposition for which he had been
referred to our center. He complained about progressive
2
dysphagia without any weight loss (BMI 18.6 kg/m ). He
was a cannabis smoker (2 joints/wk), had quit tobacco
smoking just before presentation (a few cigarettes per
day) and only sporadically drank alcoholic beverages.
Upper endoscopy revealed the proximal and distal
anastomosis of the colonic interposition at, respectively,
21 and 47 cm from incisors. From 26-30 cm from
incisors a tumor was visible in the colon interposition
which could be easily passed with the scope. Histology
revealed a moderately differentiated adenocarcinoma.
No abnormalities were found at colonoscopy. PETCT scan showed circumferential thickening of the
colonic interposition over a length of 10 cm, not clearly
separated from the thyroid and left brachiocephalic vein,
a small lesion in the lower right lobe of the lung (PETnegative) and a few locoregional lymph nodes (≤ 1 cm,
PET-negative) (Figure 4 A and B).
Patient D was treated with induction chemotherapy
(capecitabine/oxaliplatin) to enable maximum tumor
regression. After six treatments, the colonic interposition
was resected and an esophagostomy and jejunal fistula
for feeding were created. Pathological examination
confirmed the diagnosis of colonic adenocarcinoma with
a maximum diameter of 4.1 cm, tumor free resection
margins (≥ 1 cm) and one of 19 lymph nodes positive
for metastasis (ypT2N1). Family history was negative
for Lynch Syndrome. Both pentaplex microsatellite
instability testing and mismatch repair gene expression
analysis for MLH1, MSH2, MSH6 and PMS2 were
normal.
After 4 mo continuity was restored by a sub
cutaneous gastric tube pull-up. At oncological followup one year after resection of the colonic interposition
patient D did not experience any dysphagia, weight was
2
stable (BMI 19.7 kg/m ) and ultrasound of the liver and

Figure 3 Initial findings at positron emission tomography-computed
tomography scan (PET-CT scan) (case 3), showing PET-positive lesion in
the distal esophagus without metastasis.

anorectal malformation was corrected. Nine days
later a recurrent TEF was ligated. At day 29 the distal
esophagus was ligated directly above the stomach and
after 7 mo a colonic interposition was constructed.
The spleen was congested and therefore resected
during this surgery. Revision was needed because of
leakage of the proximal anastomosis 19 days later.
At 2.5 year of age the gastrostomy was closed. Other
medical history included asthmatic bronchitis, bilateral
orchidopexy, transurethral resection of urethral valves
and nephrectomy of an afunctional infected left kidney.

WJG|www.wjgnet.com

1059

March 7, 2018|Volume 24|Issue 9|

Vergouwe FWT et al . Gastrointestinal cancer after EA repair

A

B

Figure 4 Initial findings at positron emission tomography-computed tomography scan (PET-CT scan) (case 4). A: Chest CT scan image with a circumferential
wall thickening of the thoracic colonic interposition over a length of 10 cm, not clearly separated from the thyroid and left brachiocephalic vein. Locoregional suspected
lymph nodes (< 1 cm). B: PET-CT scan showing a PET-positive lesion in the thoracic colonic interposition. No PET-positive lesions or lymph nodes.

CEA were normal (2.72 µg/L).

production and subsequent esophageal inflammation,
[20,21]
dysplasia and cancer
. Most of the ESCC in EA
patients were found near or at the anastomosis (middistal esophagus). It has been suggested, therefore,
that frequent dilation procedures with associated
mucosal tears, scarring and inflammation may lead
[10,12]
to development of ESCC in this patient group
.
Mitomycin-C, an antifibrotic applicant used to prevent
recurrence of strictures, may be an additional risk
factor for ESCC, but this was not used in any of the
[22]
patients in present case series . Moreover, genetic
predisposition may contribute to esophageal cancer in
EA patients and is subject to future studies.
Endoscopic surveillance of EA patients is advocated
[11]
to detect lesions at an early stage . Those treated
with a colonic interposition should not be excluded from
surveillance, as carcinoma could arise in the cervical
native esophagus or thoracic colon. More data on the
actual incidence of esophageal cancer development
in adulthood will hopefully become available soon
when surveillance programs have been implemented.
Together with the identification of risk factors this will
help to optimize surveillance strategies in EA patients.
Until then, pediatric surgeons and gastroenterologists
who are involved in treatment of EA patients should
be made aware of the cancer risk and be encouraged
to reach consensus on optimal surveillance. When EA
patients reach adulthood, they should be transferred
to a gastroenterologist for endoscopic surveillance.

DISCUSSION
We presented four cases of gastrointestinal cancer
that have developed more than 30 years after surgical
treatment of EA: three esophageal carcinoma and
one unusual presentation of colorectal carcinoma
in a colonic interposition. These patients’ relatively
young age, the fact that only few carcinogenic factors
were identified and the high incidence of cancer
development in a low prevalence disease suggest that
EA carries an increased risk for esophageal cancer
development and therefore screening and surveillance
may be warranted, as recommended in the ESPGHAN[11]
NASPGHAN guideline .
Esophageal cancer is the 8th most common cancer
worldwide, with an incidence rate of 6.4 and 1.2 per
100000 males and females respectively in developed
countries and 10.1 and 4.1 per 100000 males and
[17]
females, respectively, in less developed countries .
ESCC and EAC have different etiologies. ESCC arrises
from dysplastic squamous epithelium and is associated
with a low socioeconomic status, use of tobacco or
alcohol, several dietary factors, and human papilloma
[18,19]
virus
. The main risk factors for EAC are GER,
[18]
use of tobacco, obesity, and hiatal hernia . Chronic
GER might lead to gastric and intestinal metaplasia
of the squamous epithelium in the esophagus,
known as Barrett’s esophagus, which predisposes
to dysplasia and EAC. GER is present in up to 67%
of the adult EA patients and is likely to contribute
[5]
to EAC development . However, in literature - and
also in our case series - ESCC is more common
[10,12-15]
than EAC in EA patients
. The reason for this
high risk of ESCC development has not yet been
established. The pathogenesis might be the same as
in achalasia, where ESCC is thought to result from
stasis, causing bacterial overgrowth with nitrosamine
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Case characteristics

At presentation (age 36-47 years) all four patients born with esophageal atresia
(EA) complained of progressive dysphagia, and two of them had lost weight.

Clinical diagnosis

Clinical diagnosis was made by upper endoscopy, revealing a for potentially
malignant circular stenotic lesion in the esophagus in three cases and a tumor
in the colonic interposition in one case.
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Differential diagnosis

The differential diagnosis included severe ulcerative esophagitis, benign
stenotic anastomosis, and motility disorder.
3

Laboratory diagnosis

Carcinoembryonic antigen (CEA) was measured (normal) in the patient with a
colonic adenocarcinoma in the colonic interposition.
4

Imaging diagnosis

In addition to upper endoscopy a positron emission tomography-computed
tomography scan (PET-CT scan) - in combination with endoscopic ultrasound in
one case - was performed, which revealed a stenotic esophagus in three cases;
a circumferential thickening of the colonic interposition in one case; potentially
malignant lymph nodes in three cases; and suspected tumor invasion in two
cases.

5

6

Pathological diagnosis

Histology and immunohistochemistry results confirmed the diagnosis of
squamous cell carcinoma of the esophagus in three cases and adenocarcinoma
of the colonic interposition in one case, in the latter case pentaplex
microsatellite instability testing and mismatch repair gene expression analysis
for MLH1, MSH2, MSH6 and PMS2 were normal.

7

Treatment

8

The esophageal cancer patients underwent (sub)total esophagectomy with
reconstruction (curative intent); received induction chemotherapy (paclitaxel/
carboplatin) followed by chemoradiotherapy (curative intent); or received
palliative radiotherapy or chemotherapy. The patient with colon cancer was
treated with induction chemotherapy (capecitabine/oxaliplatin) followed by
resection of the colonic interposition with construction of an esophagostoma
and jejunal fistula for feeding.

9

Related reports

10

Up to two-thirds of EA patients suffer from gastroesophageal reflux, which in
the long-term might lead to mucosal damage including Barrett’s esophagus
and esophageal adenocarcinoma. As dysphagia is common (up to 72%) after
EA repair, this symptom may be neglected as an early warning symptom of
esophageal cancer in these patients. Up till now, eight esophageal cancer
cases have been described in young EA patients.

11

Term explanation

EA with or without tracheoesophageal fistula (TEF) is a common congenital
malformation and requires surgical correction early in life. The Gross
classification divides five types of EA: type A (isolated EA), type B (EA with
proximal TEF), type C (EA with distal TEF), type D (EA with dual TEF’s) or type
E (isolated TEF).
VACTERL is an acronym that describes a nonrandom association of birth
defects: Vertebral anomalies, Anal atresia, Cardiac anomalies, TEF, Renal
anomalies, and Limb defects.

12

13

Experiences and lessons

14

These patients’ relatively young age, the fact that only few carcinogenic
factors were identified and the high incidence of cancer development in a low
prevalence disease suggest that EA carries an increased risk for esophageal
cancer development. This emphasizes the importance of lifelong screening and
surveillance of the upper gastrointestinal tract in EA patients.

15
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Abstract
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Iron deficiency without anemia and iron deficiency
anemia are common and frequently overlooked
complications of inflammatory bowel disease. Despite
the frequency and impact of iron deficiency in
inflammatory bowel disease, there are gaps in our
understanding about its incidence, prevalence and
natural history and, consequently, patients may be
undertreated. Medical registries have a key role in
collecting data on the disease’s natural history, the
safety and effectiveness of drugs in routine clinical
practice, and the quality of care delivered by healthcare
services. Even though iron deficiency impacts
inflammatory bowel disease patients and healthcare
systems substantially, none of the established European
inflammatory bowel disease registries systematically
collects information on iron parameters and related
outcomes. Collection of robust iron parameter
data from patient registries is one way to heighten
awareness about the importance of iron deficiency
in this disease and to generate data to improve the
quality of patient care, patient outcomes, and thus
quality of life. This objective could be achieved through
collection of specific laboratory, clinical, and patient-
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[6]

reported measurements that could be incorporated into
existing registries. This review describes the status of
current European inflammatory bowel disease registries
and the data they generate, in order to highlight their
potential role in collecting iron data, to discuss how
such information gathering could contribute to our
understanding of iron deficiency anemia, and to provide
practical information in regard to the incorporation of
accumulated iron parameter data into registries.

world’s ten leading causes of years lived with disability
and can manifest in a broad range of symptoms,
including chronic fatigue, increased susceptibility to
infection, tachycardia, sleep disturbance, impaired
cognitive function, hair loss, and changes to skin and
[7]
nails . Iron deficiency without anemia (ID) and IDA
are two of the most common systemic complications of
IBD; estimates of prevalence indicate that ID occurs in
60%-80% of people with IBD, with the prevalence of
[8]
anemia ranging from 16% to 74% .
For patients with IBD, IDA can be caused by a
[8]
variety of factors and affect a range of physical,
personal, and social parameters, impairing work
productivity and ultimately compounding the diminished
[9]
quality of life (QoL) associated with IBD alone . The
economic burden of IBD is elevated by the presence of
IDA; a retrospective review of healthcare claims data
in the US estimated the direct treatment costs for each
IBD patient to be substantially higher for those with
[10]
anemia versus those without .
The natural history of IDA in IBD is not fully understood
[11]
and its occurrence remains underestimated , so patients
are potentially undertreated. The gaps in our understanding
require comprehensive longitudinal data collection-an
important source of which may be the collection of iron
parameter data from patient registries. The objectives
of this review article are to describe the status of current
European IBD registries and the data they generate, to
highlight the potential role of IBD registries in collecting
IDA data and contributing to our understanding of IDA,
and to provide practical information in regard to the
incorporation of collated iron parameter data into IBD
registries.

Key words: Anemia; Iron deficiency; Registries;
Inflammatory bowel disease; Patient care
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Despite its prevalence, iron deficiency is often
overlooked in inflammatory bowel disease (IBD). More
data are required to fully understand the epidemiology,
treatment, and quality of care around iron deficiency
in IBD. We suggest that IBD registries are ideally
positioned to collect these data from routine clinical
practice. We discuss the laboratory, clinical, and patientreported data that could be collected, and review how
best to incorporate collection of these data into existing
registries.
Halfvarson J, Cummings F, Grip O, Savoye G. Inflammatory
bowel disease registries for collection of patient iron parameters
in Europe. World J Gastroenterol 2018; 24(10): 1063-1071
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i10/1063.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i10.1063

EXISTING REGISTRIES
INTRODUCTION

Registry searches

A literature search was conducted to identify IBD
registries that are currently collecting data in Europe,
using the PubMed online database and internet
searches. The search term “inflammatory bowel
disease registry” was used and results were reviewed
to identify articles meeting the inclusion criteria. The
reference lists of any article meeting the inclusion
criteria were reviewed manually to identify additional
relevant publications. Where articles were identified,
the name of the registry was used as a search term in
the Google internet search engine in an attempt to find
further relevant information. Where a web page did
not provide information in English, translation software
was used to determine if the information was relevant.
For inclusion in this review, studies were required
to have met the following criteria, in regard to the
registry: (1) Being disease-specific with information on
IBD; (2) being located in a European country; and (3)
currently collecting data. Registries that were specific
to treatment, and not disease, were excluded. Details
of the registries identified are shown in Table 1. Note

The current healthcare landscape relies heavily on
controlled trials to generate evidence to support
regulatory approval of new drugs and inform treatment
[1-4]
of patients
. While scientifically rigorous, the
applicability to everyday clinical situations might be
questionable, since it does not necessarily include a
cohort that is representative of the real-world patient
[5]
population . In contrast, registries have a key role
in acquiring, maintaining, analyzing and, ultimately,
publishing data that reveal how drugs are used in
routine clinical practice. Medical registries can survey
the demographics of patients with a particular medical
condition, collect data on the use of a particular
pharmaceutical product, class of products or use of
a particular medical device, or be used to evaluate
the quality of care delivered. Consequently, the use
of national registries to generate real-world data is of
great value, particularly in complex diseases such as
inflammatory bowel disease (IBD), namely Crohn’s
disease and ulcerative colitis.
Iron deficiency anemia (IDA) is ranked as one of the
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Sweden

SWIBREG[35]

1065

Europe and
Israel

Spain

Austria and
Germany

United
Kingdom

Description and aim
Approximately 50000
(anticipated)

IBD Study population

Developed and operated by the working group of chronic
inflammatory bowel diseases of the Society for Pediatric
Gastroenterology and Nutrition; aims to improve the care of
children and adolescents with IBD.
To understand the incidence and prevalence of IBD in
pediatric patients
To audit the diagnostic workup of pediatric IBD patients and
to accurately describe disease in newly diagnosed pediatric
IBD patients

To drive improvement in patient care and access to care
across the United Kingdom, inform commissioning and
service design, improve understanding of long, term
outcomes in IBD, provide local, regional, and national data
in order to better define the pattern of ulcerative colitis and
Crohn’s disease, and support IBD research

To build understanding of the consequences of IBD on the
physical, mental, and social conditions of IBD patients

Approximately 4000

Approximately 2000

Approximately 1000

Voluntary national
database of > 2500
patients
Approximately 20000
(adult and pediatric)

Promotion of clinical and genetic studies in IBD,
> 11000
epidemiology of IBD, clinical outcomes, and drug safety in
IBD treatment
To provide reliable data on the epidemiology of IBD to
All IBD patients in region
healthcare authorities, provide data to search for a cause
(approximately 20000
of disease, and describe in a population-based setting the
patients)
natural history and real-life management of IBD
To serve as a decision support tool in everyday life, assessing
> 40000 (adult and
disease activity and quality of life
pediatric)

Scientists, physicians, clinics, research institutes, and
industry with an interest in research to improve the care of
patients with IBD

Data collected

Patient demographics, disease and treatment data

Patient demographics, disease and treatment data

Patient demographics, disease and treatment data

Patient demographics and disease data, drug history,
treatment and disease outcomes, surgical interventions,
patient-reported outcomes. Capacity to enter information
about comorbidities
Patient demographics, disease and treatment information.
Patient blood samples are kept in a biobank providing a
databank of genetic and disease information
Patient demographics, disease data, any surgical
interventions, drug history, treatment and disease
outcomes, disease activity scores and patient-reported
outcomes

Patient demographics and disease data

IBD frequency and course; comorbidity incidence;
efficacy of treatment; predictive parameters; subgroup
characterization; outpatient vs inpatient costing; guideline
implementation; service delivery
Patient demographics, disease classification, treatment
outcomes and safety, phenotype, and family history of IBD

Items common to the IBD registries include: number of patients with IBD in the region covered, information on clinical characteristics, medication, treatment effectiveness,

Data collected by European registries on IBD

that the list of identified registries presented here may not be exhaustive, as small local or regional registries may not be visible to such a search, and this work is not
intended to be a complete systematic review.

2004

1996

2004

2013

2005

2005

1988

2006

2015

Year established

IBD: Inflammatory bowel disease; IDA: Iron deficiency anemia.

EUROKIDS[38,39]

SPIRIT-IBD[37]

Pediatric registries
CEDATA[36]

UK IBD Registry[13]

Switzerland

Northern
France

EPIMAD[18,30-34]

SIBDC[12]

Spain

Competence Network IBD Registry[27]

ENEIDA[28,29]

Country

Germany

Name

Table 1 Examples of active inflammatory bowel disease registries in Europe
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cases of IBD are identified, and a diagnosis of IBD
is verified by two expert practitioners. Each patient
can be followed, if necessary, for 2 years until a final
diagnosis is confirmed. In contrast, the UK IBD Registry
utilizes electronic data-entry systems, such that data
are collected in real time at the point of care (Figure
1). Some of the data-entry tools allow for the upload
of laboratory data directly into the system, such that,
after negotiations with the relevant providers, iron
parameters could be added to the data collected with
[13]
relative ease . Similarly, the Swedish Quality Registry
for Inflammatory Bowel Disease (SWIBREG) - which is
notable in being well established and in covering half
of the Swedish IBD population-can be linked to other
national registers to evaluate etiology, prognosis, and
[14]
outcomes of different treatment modalities .
Despite the coverage of these registries, the initial
research questions used, the configuration of datacollection systems, and available resources (both
financial and personnel) all impose limits on the data
they can gather. Information about medications to
treat conditions concomitant to IBD, such as ID and
IDA, may not be captured. Similarly, the collection and
inclusion of patient-reported outcome (PRO) data in
existing IBD registries is not a trivial undertaking. Given
the importance of ID-related symptoms, the collection
and analysis of PRO questionnaires is important and
should be considered.

Table 2 Suggested iron deficiency anemia-related parameters
to collect in an inflammatory bowel disease registry
Laboratory measurements
Hemoglobin level
Serum ferritin level
Transferrin saturation level
Soluble transferrin receptor level
Hepcidin
Mean corpuscular volume
Mean corpuscular hemoglobin
C-reactive protein level
Clinical observations
Identification of ID/IDA-related symptoms
Duration of possible ID/IDA-related symptoms
Number of, duration of, and reasons for healthcare visits
Medication usage
Patient-reported outcomes
Quality-of-life questionnaires
Fatigue questionnaires
Work productivity and activity questionnaires
Treatment decisions
Iron supplement (oral or IV)
IBD medication
Surgical procedures
IBD: Inflammatory bowel disease; IDA: Iron deficiency anemia.
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Paper
record

Electronic
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REGISRY
DATA

Although national healthcare databases collect and
store data from blood tests on anemias, ID, and the
drugs used in their treatment, they do not seem to be
an appropriate way to collect data on IDA in IBD. In
general, such databases are optimized to collect highlevel administrative data, and do not describe IBD
patients adequately to offer the level of medical detail
needed to research the natural history of disease.
This is also the case for databases owned by agencies
involved in reimbursement of medical treatment. From
this, a clear need for prospective and specific collection
of iron parameter data can be established, which may
be achieved through the adaptation of existing IBD
registries.
Even though IDA and ID are common in IBD, and
exert a substantial burden on patients and healthcare
[8-10]
systems
, none of the established European IBD
registries systematically collects information on iron
parameters and related outcomes. Addressing this
shortfall in data collection requires examination of
the primary objectives of the registries in question,
and consideration of parameters that could answer
further research questions around this objective. The
parameters collected would be determined by the type
of registry (condition-, product-, or service-based) and
should serve its primary research objective; suggestions

NAT
IONAL
Ser
vice planning

AU
G
DI
KIN
TA
ND BENCHMAR
INF
T
EN
ORM
ING THE PATI

RESEARCH

Figure 1 Data recorded at the point of care on an electronic system can
be used to achieve a wide range of local and national objectives.

and service delivery. Some information is registry
specific, such as biobanking of blood samples for
[12]
genotyping, as within the Swiss cohort . It is notable
that, despite the prevalence of ID/IDA among IBD
patients, none of the registries identified explicitly were
collecting information on iron parameters and related
outcomes in a systematic manner at the time of this
review.
The approach to data collection and verification
varies among registries. For example, in EPIMAD
(Registre des Maladies Inflammatoires Chroniques
de l’Intestin du Nord Ouest de la France), data are
collected by interviewer practitioners when possible
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IDA-related
laboratory
parameters

Treatment
decisions
Healthcare
utilization
Resource
utilization related
to IDA in IBD
Screening,
diagnosis,
monitoring of
IDA in IBD
Health economic
parameters

Digital/online access system

Patientreported
outcomes

Conditionbased
IBD registry

Digital/online data collection systems

IDA-related
clinical
observations

Stakeholders and
data users

Existing registeries

Data collection

Servicebased
IBD registry

Productbased
IBD registry

Implications and
outcomes

Patients

Informed
self-care

Healthcare
professionals

Improves
patient care

Researchers

High quality
research

Governmental
healthcare
departments

Global policy
change

Non-IBD registries

Figure 2 Collection and flow of data between existing healthcare registries to support various outcomes for multiple stakeholders. Solid line: flow of
patient-level data; dashed line: flow of pseudo-anonymized data; dash-dot line: flow of aggregated anonymized data; block arrows, overall and relationships between
implications. IBD: Inflammatory bowel disease; IDA: Iron deficiency anemia.

are listed in Table 2.
A condition-based registry designed to monitor
epidemiology of IBD could also collect data to provide
snapshots of the prevalence and severity of IDA.
Longitudinal analyses of IDA duration and disease
course, with the potential to identify commonly
associated factors-including ID-related burden
occurring during pregnancy-could also be included. To
chronicle the natural history of IDA, it is necessary to
collect longitudinal information on clinical, biochemical
and endoscopic disease activity; data from imaging
techniques such as magnetic resonance imaging should
ideally be included. In line with the current European
Crohn’s and Colitis Organisation (ECCO) consensus on
the diagnosis and management of ID with and without
[15]
anemias in IBD , a basic dataset may comprise
hemoglobin levels, transferrin saturation and serum
ferritin levels, and perhaps mean corpuscular volume
and mean corpuscular hemoglobin. Measuring C-reactive
protein would inform the interpretation of serum
ferritin levels, which may be elevated by inflammation.
Recording the levels of individual iron parameters (rather
than a diagnosis of anemia) would offer a more detailed

WJG|www.wjgnet.com

view of ID and the capacity to investigate concepts such
[15]
as absolute and functional ID . To further understand
the impact that ID and IDA have on disease course and
its influence on the response to treatment the registry
would need to collect medication history and validated
disease activity scores/PROs that evaluate fatigue, QoL,
and impaired productivity. Fatigue is a key symptom of
ID (and of IBD) and can be quantified using a validated
scoring system such as the functional assessment
of chronic illness therapy-fatigue (FACIT-F)-Fatigue
[16]
questionnaire . There are several tools available to
measure QoL in patients with IBD or, more recently,
[17,18]
disability
, although these do not necessarily
distinguish between the burden of ID/IDA and IBD.
A product-based registry (focused on IBD treatment)
could be used to monitor use of iron supplements.
Information on prescribed iron replacement therapy,
including doses, may be recorded as either oral or
intravenous, to illustrate any impact of a different choice
of iron administration route.
A service-based registry would typically have a
different dataset, including information on the use of
healthcare (including hospitalizations and surgery),
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and the resource utilization attributable to ID and IDA
in IBD. Collection of data on screening, diagnosis,
and monitoring of ID and IDA in IBD could offer a
perspective on aspects of quality of care, with reference
to the recommendations of the European Consensus
on the Diagnosis and Management of Iron Deficiency
[15]
and Anaemia in Inflammatory Bowel Diseases . If an
economic perspective is deemed valuable, observations
on impaired work productivity and activity can be
collected, as well as information on absences from work
or full-time education, healthcare attendance, need for
surgery, and medication adherence and persistence.
A registry would ideally use appropriate digital
and online technologies to make it easier for sites to
contribute data, including enabling data entry at point
of care and a facility for patients to submit diseaserelated information. Incentives for teams to use these
technologies might include the opportunity to deliver
data-driven care to patients. Patients may also be
given access to presentations of these data to facilitate
supported self-management, and improve patient
participation and empowerment. An example of success
in this area is Improve Care Now-a network of people
from 95 care centers in the United States, Qatar, and
United Kingdom that has the objective of improving the
health, care, and costs for children and adolescents with
[19]
IBD . The centers involved in this initiative collect data
about treatment and performance in a standardized
format; the tools for best practice in the treatment of
these patients, with the related evidence, is shared
within the network, leading to substantial improvements
[20]
in patient outcomes and better patient safety .
Cross-registry interoperability and integration,
to facilitate sharing of data with existing healthcare
systems and resources, would be highly beneficial;
figure 2 illustrates a potential model for how data
could move between registries and shows the potential
outcomes for stakeholders. Collection and incorporation
of unique pseudoanonymized national personal
identifiers of patients enables connections to be made
between registries. IDA is prevalent in patients with
renal disease, heart disease, and cancer, and can
affect cognitive development/function and resistance
[21,22]
to infection
. Correlation between disease registries
in IBD, oncology, heart failure, and mental health
could offer completely new perspectives on improving
the multidisciplinary care of patients with ID. Further
connections could be made with drug prescription
databases with the intention of correlating disease
outcomes with specific treatment information. Linkage
of an IBD registry with national service-based registries
could show the frequency of outpatient visits, inpatient
care, surgery, and co-existing disease, based on the
international classification of disease codes. Linkage
with mortality databases would provide an additional
view of disease outcomes. A potential barrier to sharing
of data is the governance issues around information.
Any such sharing should comply with the registry’s ethical
requirements and national laws covering data protection.
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If there are restrictions on exporting personal data
from the country, steps must be taken to anonymize
and aggregate the information. It is also important to
understand exactly what is of interest to a collaborating
registry, and to identify and characterize all variables
[14]
collected, as these may vary between registries .

HOW CAN EXISTING IBD REGISTRIES BE
ADAPTED TO COLLECT IDA-RELATED
PARAMETERS?
The current IBD registries are positioned well to collect
iron parameter data and link these with IBD-specific
data. Although it is beyond the scope of this article
to provide detailed guidance on adapting a registry
to collect a new set of variables, there are several
factors that should be considered, in regard to the
prospective collection of iron parameters in an IBD
registry. Initially, it is important to consider the change
in scope of a registry, in terms of its expected redefined
purpose, objectives, and overall outputs. While it may
be tempting to maximize the opportunities for data
collection, this must be balanced against the importance
of collecting high-quality, reliable data with no significant
increased burden associated with their entry to the
database. Limiting the scope of a registry ensures that
specific objectives and well-defined research questions
can be established in order to specify what outputs
should be sought. Defining and confirming the scope
of any changes with all stakeholders will optimize
the work needed as the changes to the registry are
implemented. When the objectives have been clearly
established, the data to be collected can then be
determined. The data collection method should suit the
data type. The practicalities of incorporating collection
of iron parameters into an existing IBD registry
could present a challenge, as it would depend on the
healthcare system in which the registry operates.
Ideally, the addition of new parameters to a registry
should not generate substantially more work for sites
contributing to the registry. With the introduction of
electronic medical records and network integration it
is theoretically possible for iron parameter data from
medical laboratories to be automatically added to a
medical record and uploaded to a registry database.
This would greatly minimize the resources needed for
data entry, avoiding the review and entry of information
from unstructured case notes, and circumventing
double entry of data. However, there are currently
barriers to this approach. Firstly, retrieval of data from
laboratory service providers requires negotiation,
financial commitment, and often improvement of IT
facilities. This problem is magnified if a country has
multiple service providers, each of which is presenting
data in a proprietary format, thus requiring a large
amount of interface development work. Secondly,
the use of electronic medical records is still not widely
used, and standards of interoperability are yet to be
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established. The functioning of a registry could be
complicated if data source inputs present information
in a range of formats that have to be interpreted before
they can be used. Many commercial providers offer
digital and online interfaces to facilitate data capture
in a registry; however, there can be great variation
between them in terms of financial cost, ease-of-use,
and features (not all of which may be necessary or
[23]
relevant to an individual registry) . Indeed, the quality
and capabilities of different software used to manage
data in clinical studies and registries can vary greatly,
raising barriers in interoperability and evaluation of
[24]
data across studies . Open-source software offers an
alternative that is both low-cost and can be modified
[24]
by researchers to suit specific requirements . A key
role for national and international registries would be
to define data submission frameworks that enable the
entry of data from a range of different sources.
The rise in health technologies that are accessible
from personal mobile devices is likely to have an
important role in collection of PROs. Electronic PRO
data collection has many advantages relating to
easy, accurate, and complete collection of data that is
potentially of great value to investigators and healthcare
[25]
systems . In the context of a registry, as opposed to a
clinical trial, it may make sense for a patient to be able
to complete PRO information using their own mobile
device, rather than attending an appointment. Although
this adds a level of convenience for both patient and
healthcare team, a number of barriers still remain
including data security, patient compliance with data
collection, and what to do if a patient does not possess a
[25]
suitable device . Nevertheless, ePROs show promise;
indeed, pilot studies of an electronic data submission
method implemented by the SWIBREG registry have
proved successful and its launch is imminent in some
regions in Sweden. A UK study to collect ePROs in
an elective orthopedic setting showed great promise,
gathering reliable data but also highlighting that
the ePRO system may not be adequate for some
[26]
patients .
The incorporation of iron parameter data into
European IBD registries offers great opportunities to
improve the care of IBD patients. Firstly, highlighting
the prevalence of IDA in the IBD population would
show the unmet need in this patient group in countries
across Europe. It is notable that the ECCO guidelines
for diagnosis and management of ID and IDA in
IBD recommend that all patients with IBD should
[15]
be assessed for the presence of anemia . Robust
data are necessary to heighten awareness of the
importance of IDA in IBD and to lobby healthcare
systems to improve access to the full range of iron
supplementation therapies. Secondly, longitudinal
analysis of iron parameters and treatment could offer
a perspective to assess some aspects of the quality of
care that patients receive, including the management
of IDA and ID, as well as the numbers of patients who
receive optimal treatment. Thirdly, the inclusion of QoL
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information and PROs would offer perspectives on how
optimal treatment could change the burden of IDA on
the patient, as well as potentially providing economic
arguments for the use of iron supplementation.
Finally, the information collected could inform service
planning at the local and national level, including on
how resources should be managed to provide improved
access to nursing support or access to infusion suites.
Periodic assessment of the data collected in national
registries would also provide information needed for
clinical audits and quality improvement programs.
Beyond the local and national level, the collection
and comparison of iron parameters by multiple registries
would allow the relationship between IBD and IDA to be
examined from different perspectives, stemming from
each registry’s specific remit, leading to the generation
of new research questions and ultimately improving
patient care. A further possibility would be the pooling
of data between national registries to identify and study
any differences in patterns of disease, and to compare
practices in healthcare service delivery. A very large
dataset should also able to highlight any rare effects
that might not be evident from a single national registry.
This initiative would, of course, require agreement on
the collection of a basic dataset and standardization of
methodologies, as well as addressing how data should
be anonymized and aggregated to comply with the legal
aspects of sharing data across national borders.

CONCLUSION
Iron deficiency and IDA are common and often
overlooked complications of IBD. Historically, ID and
IDA have been accepted as part of IBD, and not as
an issue to be addressed and treated independently.
The prevailing attitude was that treatment of IBD
would lead to the resolution of anemia, so organized
research efforts to understand ID in patients with
IBD were minimal. In recent years, however, opinion
has shifted, with a growing acknowledgement that
ID/IDA is an issue to be managed concomitantly
with IBD. A recent consensus statement provides upto-date guidance on the diagnosis, treatment and
[15]
prevention of ID/IDA in IBD . Despite the frequency
and impact of ID and IDA in IBD, there are gaps in our
understanding about its incidence, prevalence, natural
history, and particularly its impact on patients. Due
to similarities between symptoms of IBD and ID/IDA,
the identification of ID/IDA-specific symptoms in the
IBD population is necessary. There is, therefore, a
clear need to collect robust, structured data around
ID/IDA in IBD, its treatment, and on related service
delivery. Despite potential limitations (possible
selection bias and potential variability in data quality),
it has been suggested that ‘real-world’ data have
a greater applicability to the routine clinical setting
[5]
than the findings of controlled trials . Current digital
technologies and networking capabilities raise the
prospect of an acquisition and analysis of real-world
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data that is (and should be) easier than ever before.
With appropriate planning, information governance
structures, adaptation, and negotiation, registries are
ideally placed to collect this information in a routine
clinical practice setting. The direct input by patients of
self-reported data can capture and quantify symptoms
such as fatigue and cognitive impairment, which can
otherwise be difficult to evaluate. If multiple registries
were to commence collection of ID/IDA data in IBD as
a standard, there would be an opportunity to compare
and pool data collected from multiple sources. Although
this endeavor would be challenging, the ultimate benefit
to the care of patients with IBD would be substantial.
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Abstract
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AIM
To investigate the response to hyperthermia and
chemotherapy, analyzing apoptosis, cytotoxicity, and
cisplatin concentration in different digestive system
cancer cells.
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and approved by the Kaunas Regional Biomedical Research
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METHODS
AGS (gastric cancer cell line), Caco-2 (colon cancer
cell line) and T3M4 (pancreatic cancer cell line) were

Data sharing statement: No additional data are available.

WJG|www.wjgnet.com

1072

March 14, 2018|Volume 24|Issue 10|

Cesna V et al. Hyperthermia and cisplatin in GI cancer cells

treated by cisplatin and different temperature setting
(37 ℃ to 45 ℃) either in isolation, or in combination.
Treatment lasted for one hour. 48 h after the treatment
viability was evaluated by MTT, cell apoptosis by
Annexin V-PE and 7ADD flow cytometry. Intracellular
cisplatin concentration was measured immediately after
the treatment, using mass spectrometry. Isobologram
analysis was performed to evaluate the mathematical
combined effect of temperature and cisplatin.

INTRODUCTION
For the past two decades, hyperthermal intraperitoneal
chemotherapy (HIPEC) has been considered
as a treatment option for peritoneum invading
[1]
gastrointestinal cancers . Various studies have
[2]
demonstrated improved survival rates for gastric
[3-5]
and colorectal cancers
. The clinical application
of hyperthermia is based on the assumption that
it may enhance the effect of the chemotherapy,
[6-8]
especially cisplatin-based treatments . There are
some experimental studies providing evidence that
hyperthermia can affect cell membranes, cytoskeletons,
synthesis of macromolecules, increase drug-induced
DNA damage, and inhibit the repair of drug-induced
[9]
DNA damage . Hyperthermia may provide higher
local cisplatin concentrations in tissues, indicating the
pharmacokinetic advantage of its use and reduction
[10]
of systemic toxicity . Hyperthermia-induced PARP
blockade can increase chemotherapy-induced damage
[11]
in BRCA-competent cells of ovarian and colon cancer .
However, the results of available studies on the
synergy of hyperthermia and cisplatin chemotoxicity,
initiation of apoptosis, and intracellular accumulation
of cisplatin in different gastrointestinal cancer cells
are controversial. The opposite effect of hyperthermia
on cisplatin sensitivity was observed in mismatch
repair deficiency and mismatch repair proficiency
[12]
in colon cancer cell lines . Isolated hyperthermia
only temporarily inhibited cell proliferation without
cytotoxic effects on gastric cancer cell lines. However, a
synergistic effect of hyperthermia and chemotherapy on
inhibiting proliferation and induction of cell death via the
[13]
apoptotic pathway was reported . Interestingly, the
hyperthermia-mediated increase of cellular accumulation
of cisplatin and persistent DNA damage in gastric cancer
cells was observed only with the addition of tumor
[14]
necrosis factor . The expression of heat shock genes
and proteins provides an adaptive mechanism for stress
tolerance, allowing cells to survive non-physiologic
conditions. However, the same adaptive mechanism can
ultimately favor malignant transformation by interfering
with pathways that regulate cell growth and apoptosis.
Cytoprotection and thermotolerance raised the concern
that heat-treated tumor cells might also be resistant to
[15]
attack by immune effector mechanisms . Data on the
additive effect of hyperthermia in terms of enhanced
chemo-cytotoxicity in cancer cells of pancreatic origin
are scarce.
Therefore, the aim of this study was to analyze the
additivity of hyperthermia to cisplatin effects in gastric,
pancreatic, and colorectal cancer cell lines evaluating
cell cytotoxicity, apoptosis, and intracellular cisplatin
concentration.

RESULTS
AGS cells were the most sensitive to isolated application
of hyperthermia. Hyperthermia, in addition to cisplatin
treatment, did not provoke a synergistic effect at
intervals from 37 ℃ to 41 ℃ in neither cancer cell line.
However, a temperature of 43 ℃ enhanced cisplatin
cytotoxicity for Caco-2 cells. Moreover, isobologram
analysis revealed mathematical antagonistic effects
of cisplatin and temperature combined treatment in
AGS cells; variations between synergistic, additive, and
antagonistic effects in Caco-2 cells; and additive and
antagonistic effects in T3M4 cells. Combined treatment
enhanced initiation of cell apoptosis in AGS, Caco-2,
and T3M4 cells by 61%, 20%, and 19% respectively.
The increase of intracellular cisplatin concentration was
observed at 43 ℃ by 30%, 20%, and 18% in AGS,
Caco-2, and T3M4 cells, respectively.
CONCLUSION
In addition to cisplatin, hyperthermia up to 43 ℃ does
not affect the viability of cancer cells in a synergistic
manner.
Key words: hyperthermal intraperitoneal chemotherapy;
Cisplatin; Hyperthermia; Isobolograms; Gastric cancer;
Pancreatic cancer; Colon cancer
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: hyperthermal intraperitoneal chemotherapy
is widely used as a standard treatment option for
peritoneum invading gastrointestinal cancer. Our in
vitro results suggest that optimal temperature has
to be taken into consideration for achieving optimal
therapeutic effect. In addition to cisplatin, hyperthermia
up to 43 ℃ does not affect the viability of AGS, Caco-2,
and T3M4 cells in a synergistic manner. However, some
regimens of hyperthermia and cisplatin treatment
are beneficial regarding an increase in intracellular
cisplatin concentration and enhancement apoptosis of
gastrointestinal cancer cells.
Cesna V, Sukovas A, Jasukaitiene A, Naginiene R, Barauskas
G, Dambrauskas Z, Paskauskas S, Gulbinas A. narrow line
between benefit and harm: additivity of hyperthermia to cisplatin
cytotoxicity in different gastrointestinal cancer cells. World J
Gastroenterol 2018; 24(10): 1072-1083 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i10/1072.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i10.1072
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MATERIALS AND METHODS
Human cancer cell lines

The AGS and Caco-2 cell lines were purchased from

1073

March 14, 2018|Volume 24|Issue 10|

Cesna V et al. Hyperthermia and cisplatin in GI cancer cells
Measurement
of cisplation
concentration
(mass spectrometry)

Apoptosis (flow cytometry)
Viability (MTT) isobograms

Readouts

1h

0h

48 h
Cells cultivated in normal conditions

Start of
exposure to
temperature
and particular
cisplatin IC50
concentration

End of
exposure to
temperature
and wash out
of media,
containing
cisplatin

Figure 1 Design of experiment.

American Type Cell Culture (ATCC Manassas, VA,
United States). AGS cell line is derived from a gastric
adenocarcinoma of the stomach of a 54 year-old
Caucasian female with no prior anti-cancer treatment.
Caco-2 cells were isolated from a primary colonic
tumor in a 72-year-old Caucasian male using the
explant culture technique. Forms moderately well
differentiated adenocarcinomas consistent with colonic
primary grade Ⅱ, in nude mice. T3M4 cell line was
obtained as a gift from the European Pancreas Center
(Heidelberg, Germany). This cell line was derived from
a lymph node metastasis of the Japanese male patient,
diagnosed with pancreatic ductal adenocarcinoma. It is
characterized as pancreatic adenocarcinoma producing
CEA, K-ras activated, and with slow cell growth. Cells
were grown in RPMI medium (Gibco/Invitrogen,
Carlsbad, CA, United States) with the addition of 10%
fetal bovine serum (Gibco/Invitrogen) and 1% penicillin/
streptomycin solution (Gibco/Invitrogen). Flasks with
cells were cultured in a humid incubator with a CO2 level
of 5% and temperature of 37 ℃.

three times.

MTT assay

Cytotoxicity of cisplatin or/and hyperthermia was
determined by MTT [3-(4, 5-dimethylthiazol-2-Yl)-2,
5-diphenyltetrazolium bromide] (Gibco/Invitrogen)
assay. The plate was incubated for 4 h at 37 ℃ after 5
mg/mL of the MTT reagent was added to the wells. Then
the supernatant was removed, and DMSO (dimethyl
sulfoxide) (Carl Roth GmbH, Karlsruhe, Germany) was
added to solubilize the resulting formazan crystals.
Absorbance measurements were made at 570 nm on
the Sunrise spectrophotometer (Tecan GmbH, Grodig,
Austria).

Cell apoptosis

The changes in apoptosis were evaluated after
treatment of the cells by hyperthermia (43 ℃) and
the previously determined IC50 of cisplatin (specific
for particular cell line). Untreated cisplatin cells and
normothermia (37 ℃) cultivated cells were defined
as controls. Forty-eight hours after the experiment
(Figure 1), the rate of apoptosis was determined by
flow cytometer Guava Nexin Annexin V Assay (Merck,
Millipore United States and Canada). All the procedures
were performed according to the manufacturer’s
instructions. Samples were measured using a Guava
Personal Cell Analysis (PCA) Flow Cytometer (Merck,
Millipore) and CytoSoft software.

Design of experiment

Cancer cells were cultivated for 24 h in the conditions
described above. Afterwards, cells were treated by one
of two separate factors: temperature (37 ℃, 38 ℃,
39 ℃, 40 ℃, 41 ℃, 42 ℃, 43 ℃, 44 ℃, 45 ℃) or IC50 dose
of cisplatin, which was specifically determined for each
cell line. Moreover, the combination of hyperthermia and
cisplatin treatment was applied (Figure 1). The duration
of treatment was 1 h as it reflected the treatment time
under the clinical conditions of HIPEC. Cells were heated
in humid incubators at particular temperature regimens.
When temperature of the media reached desired level,
we started the countdown of one hour exposure.
Medium temperature was controlled by the electronic
thermometer. Following the treatment, the medium was
changed, and cells were cultivated for 48 h under the
conditions as previously described. Afterwards, MTT and
flow cytometry were performed (see “MTT assay” and
“Cell apoptosis”). All experiments were repeated at least

WJG|www.wjgnet.com

Intracellular concentration of cisplatin

Immediately after the experiment, the cell lysate
samples were diluted ten times with high purity
deionized water. Concentration of total intracellular
cisplatin was analyzed by inductively coupled plasma
mass spectrometer (ICP-MS) NexION™ 300D
(PerkinElmer, United States) equipped with nickel
cones and a quartz cyclonic spray chamber as a sample
introduction system and using collision mode kinetic
energy discrimination (KED) with helium gas (purity
≥ 99.999%) to remove polyatomic interferences.
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Figure 2 The different effect of the temperature on cancer cell viability. Following a one-hour exposure of AGS, Caco-2, and T3M4 cells to temperatures ranging
from 37 ℃ to 42 ℃, there were no significant viability changes. Starting at 43 ℃, viability gradually decreased in AGS and Caco-2 cells. Activation of viability was
evident in T3M4 cells at temperatures of 43 ℃ and 44 ℃. All data were compared with a control group (viability of cells at temperature of 37 ℃ set as 100%).
Statistical analysis was performed using the Mann-Whitney U test comparing selected groups to the control. aP < 0.05 vs control.
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Figure 3 The influence of different cisplatin doses on cancer cell viability. Exposure to gradually increasing doses of cisplatin resulted in a linear decrease of
viability in all cancer cell lines. T3M4 cells were the most sensitive to cisplatin, followed by Caco-2 and AGS cells. All data were compared with the control group (viability
of cells at 37 ℃ set as 100%). Data are presented as the mean ± SE from ≥ 3 replicates.
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Figure 4 Effect of temperature and cisplatin (IC50) combinations on cancer cell viability. The increase of temperature had no significant additional effect on
cancer cell viability with the exception of extreme hyperthermia (44 ℃-45 ℃). Peaks of enhanced viability were observed in AGS and T3M4 cells at temperatures of
42 ℃ and 43 ℃. Data are equalized to control (untreated cells) as 100% and shown in percentages. Dashed line shows IC50.
WJG|www.wjgnet.com

1075

March 14, 2018|Volume 24|Issue 10|

Cesna V et al. Hyperthermia and cisplatin in GI cancer cells
Isobologram
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Figure 5 Interaction of temperature and cisplatin using the isobologram method for cancer cell viability. Mathematically revealed combined effects of
hyperthermia and cisplatin differ in AGS, Caco-2, and T3M4 cell lines. The isobologram represents the interaction between cisplatin and temperature resulting in
inhibition of cancer cell growth. The solid line in the diagram (Combination Index = 1) indicates the alignment of theoretical values of an additive interaction between
two effectors and represents calculated conditions required to inhibit cell growth by 50%. Mathematically calculated IC50 for AGS cells: temperature 51 ℃, cisplatin
159 μmol/L; Caco-2 cells: temperature 66 ℃, cisplatin 328 μmol/L; T3M4 cells: temperature 61 ℃, cisplatin 0 μmol/L. Treatment combination points falling above the
line indicate mathematical antagonism (below synergism, on the line additivity). Combination points that are distant from the line are not shown. Tables on the right
represent the CI of selected combinations.

cisplatin concentration data points of 25 μmol/L, 50
μmol/L, 100 μmol/L, 200 μmol/L, and 400 μmol/L were
used to define the dose effect curve for temperature
and cisplatin, respectively. For combined treatment
analysis, the following combinations of factors were
used: 39 ℃ + 50 μmol/L; 39 ℃ + 100 μmol/L; 39 ℃ +
200 μmol/L; 40 ℃ + 50 μmol/L; 40 ℃ + 100 μmol/L;
40 ℃ + 200 µmol/L; 41 ℃ + 50 μmol/L; 41 ℃ + 100
μmol/L; 41 ℃ + 200 μmol/L; 42 ℃ + 50 μmol/L; 42 ℃
+ 100 μmol/L; 42 ℃ + 200 μmol/L; 43 ℃ + 50 μmol/L;
43 ℃ + 100 μmol/L; 43 ℃ + 200 μmol/L; 44 ℃ + 50
μmol/L; 44 ℃ + 100 μmol/L; 44 ℃ + 200 μmol/L. The
[16]
Chou median effect equation was used . It provides

The calibration graphs for determination of Platinum
by ICP-MS were prepared in the range of 0-50 ng/mL
using Pure Plus 10 mg/L Multi-Element calibration
standard 4 (PerkinElmer, United States). The working
conditions of the spectrometer were optimized daily in
order to obtain the maximal sensitivity and stability.

Isobologram analysis

To identify the confidence limits for the additive action
of hyperthermia and cisplatin, isobologram analysis
was applied. Data for analysis was obtained from the
MTT test (Figure 4). Temperature data points of 38 ℃,
39 ℃, 40 ℃, 41 ℃, 42 ℃, 43 ℃, 44 ℃, and 45 ℃, and
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Figure 6 Apoptotic effect of temperature and cisplatin in cancer cells. A: Early apoptosis was significantly induced by hyperthermia in cisplatin-treated cells,
with the exception of Caco-2 cells, where temperature had no significant role. The dashed line represents control rates of apoptosis in untreated cells. Statistical
analysis was performed using the Mann-Whitney U test. aP < 0.05. B: Dot plots presenting change of apoptosis in cisplatin untreated/treated cells and cultivated in
hyperthermia. “-cis”: Cisplatin untreated cells; “+cis”: Cisplatin treated cells.
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on cancer cell viability, with a similar linear response in
the AGS, Caco-2, and T3M4 cell lines. Pancreatic cancer
cells (T3M4) were the most sensitive, revealing cisplatin
IC50 at 48 μmol/L. The IC50 for Caco-2 was 194 μmol/L,
and for AGS, it was 182 μmol/L (Figure 3).

37 ℃ +cis
43 ℃ +cis
40

Concentration ng/mL

a
30

a

Insufficient temperature regimens can be detrimental in
combined hyperthermic chemotherapy

20
a

Previously determined IC50 doses of cisplatin were
used for particular cell lines during this experiment.
Simultaneous exposure of cells to hyperthermic
conditions and cisplatin triggered different response
in AGS, Caco-2, and T3M4 cells (Figure 4). Overall,
temperatures ranging from 37 ℃ to 41 ℃ had no
detectable additive effect to cisplatin cytotoxicity.
Interestingly, we observed peaks of viability in AGS
(42 ℃, increase by 33%) and T3M4 (43 ℃, increase
by 32%) cells. Higher temperatures, in addition to
cisplatin exposure, inhibited cell growth dramatically;
AGS viability dropped by 70% and T3M4 dropped by
76% at 45 ℃. Application of hyperthermia in addition
to cisplatin in the Caco-2 cell line gradually improved
the cytotoxic effect and decreased the viability of
cells by one-fourth from 43 ℃ to 45 ℃. In summary,
application of hyperthermia (43 ℃ and higher) in
addition to cisplatin might enhance its cytotoxic
effect in the Caco-2 cell line. However, lower (e.g.,
< 43 ℃) temperature regimens may even promote
cell proliferation and worsen expected hyperthermal
chemotherapy effects in AGS and T3M4 cell lines.

10

0

AGS

Caco-2

T3M4

Figure 7 The change of the intracellular cisplatin concentration.
Temperature of 43 ℃ significantly increased the intracellular concentration of
cisplatin in all analyzed cell lines. Data are shown as concentrations of ng/mL.
Statistical analysis was performed using the Mann-Whitney U test. aP < 0.05.
“+cis”: Cisplatin treated cells.

the theoretical basis for the combination index (CI),
which enabled quantification of drug interaction
affects defining synergism (CI < 1), additivity (CI =
1), or antagonism (CI > 1). The CompuSyn software
(CompuSyn, Inc., Paramus, NJ, United States) was
used for calculations.

RESULTS
Different cell lines have specific responses to
hyperthermia

To evaluate the effect of hyperthermia per se on
different cancer cells in vitro, we examined the
response of the AGS, Caco-2, and T3M4 cell lines
to temperature using a stepwise increase of one
degree ranging from 37 ℃ to 45 ℃. Cell viability was
determined by MTT assay. Every cell line demonstrated
a different pattern of response to hyperthermia
(Figure 2). AGS cells were the most sensitive one to
hyperthermia, where a temperature rise from 41 ℃ to
45 ℃ gradually decreased its viability by 30%. In the
37 ℃ to 41 ℃ interval, the viability stayed constant.
Cells affected by 43 ℃, 44 ℃, and 45 ℃ dropped their
viability rate by 16%, 22 ℃, and 30%, respectively,
as compared to the control (37 ℃). A temperature
increase from 37 ℃ to 42 ℃ had no significant
effect on Caco-2 cells, but at 43 ℃ and 44 ℃, its
viability dropped by 14% and 20%, respectively,
but stayed constant at higher temperatures. The
response of T3M4 cells to the changes of temperature
was different. Temperatures from 37 ℃ to 42 ℃
decreased its viability by 30%. At 43 ℃, the viability
of T3M4 cells sharply increased by 20% and stayed
at this level in higher temperatures. Overall, only
the AGS cell line responded to hyperthermia as
implied, with gradual inhibition of cell viability.

Isobologram analysis: unpredictable response of the
cells to hyperthermia and cisplatin

We constructed isobolograms to reveal if the
combined application of hyperthermia and cisplatin
had synergistic, antagonistic, or additive effects.
Combination of temperature and cisplatin was strongly
antagonistic for AGS cells in all studied data points.
Combined application of hyperthermia and cisplatin
was tripled in Caco-2 cells: synergistic (at 40 ℃ with
50 μmol/L and 100 μmol/L of cisplatin, at 43 ℃ with
50 μmol/L, 100 μmol/L, and 200 μmol/L cisplatin, at
44 ℃ with 50 μmol/L , 100 μmol/L, and 200 μmol/L
of cisplatin), additive (at 39 ℃ with 100 μmol/L of
cisplatin, at 41 ℃ with 100 μmol/L cisplatin, and at
42 ℃ with 50 μmol/L and 100 μmol/L of cisplatin),
and antagonistic (at 39 ℃ with 200 μmol/L of cisplatin,
at 40 ℃ with 200 μmol/L cisplatin, at 41 ℃ with 50
μmol/L and 200 μmol/L cisplatin, and at 42 ℃ with
200 μmol/L of cisplatin). Combined treatment of T3M4
at 41 ℃ with 200 μmol/L cisplatin, at 42 ℃ with 50
μmol/L cisplatin, and at 44 ℃ with 100 μmol/L and
200 μmol/L of cisplatin had an additive effect. The
remaining combinations were antagonistic (Figure 5).

Hyperthermia addition to cisplatin enhances rates of
early apoptosis

Different cell lines respond to cisplatin in a comparable
linear pattern but with specific sensitivity

Annexin V-PE flow cytometry analysis was performed to
evaluate rates of early apoptosis. Cisplatin induced early

Cisplatin induced a dose-dependent suppressor effect
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Table 1 Overview of results
Cell line

Effect of temperature
at 43 ℃ on cancer cells
viability

IC50 dose of cisplatin

AGS
Caco-2
T3M4

↓↓
↓
-

182
194
48

Effect of temperature in
Combined effect of
temperature, at 43 ℃ and addition to IC50 dose of
cisplatin on cancer cell
IC50 dose of cisplatin on
apoptosis
cancer cells viability
↓
↑
↓↓
↑

Effect of temperature
on intracellular cisplatin
concentration
↑↑↑
↑↑
↑

The number of the arrows represents strength of effect.

apoptosis in Caco-2 and T3M4 cells 1.5-fold and 3.4-fold,
respectively. The number of dead/late apoptotic cells
was insignificant in the following groups: 0.5% of
Caco-2 cells and 2.9% of T3M4 cells. Hyperthermia of
43 ℃ in addition to cisplatin induced early apoptosis as
compared to cells treated in normothermia by 20% in
Caco-2 (1% of dead cells) and 19% (3.9% dead cells)
in T3M4, respectively. Interestingly, early apoptosis was
not significantly induced by isolated cisplatin treatment
in AGS cells. Rates of AGS early apoptosis were not
significantly induced by an isolated cisplatin treatment.
However, application of combined treatment with
hyperthermia and cisplatin increased early apoptosis by
61% (0.4% dead cells) (Figure 6).

for 1 h in order to mimic clinical conditions. We have
performed our aimed readouts at 48 h following the
experiment as the earlier readouts have not proven any
changes.
We have chosen three most common peritoneum
invading GI cancers in our study, selecting one cancer
cell line per cancer type. It is known that various cancer
cells of same cancer type are different in the manner
[27]
of apoptosis, biomarker expression etc
. This study
is an overview, which leads to a better knowledge of
gastric, pancreatic and colorectal cancer cell response to
simultaneous hyperthermia and cisplatin treatment.
Until now, our analyzed cells are well examined
in various aspects. AGS cells in 516 analyzed genes,
[28]
have 40 mutations, like KRAS, WNK1 and WNK2 .
Overexpression of HER-2, EGFR, VEGF, Bcl-2 biomarkers
[29]
was investigated in gastric cancer cells . Mutations of
SMAD4 and TP53 genes and overexpression of ILF3,
[30-32]
TIMP3 genes are present in Caco-2 cells
. T3M4
are the least examined cells. No known gene mutations
[33]
were found
and they are known to overexpress
[34]
growth factors as FGFR4 .
Our experiments revealed the differences of cell
viability in response to isolated hyperthermia. We even
observed positive effects of isolated hyperthermia on
the viability of pancreatic cancer cells. We hypothesize
that this effect could be related to the activation of
the cytoprotective heat shock proteins (HSP), an
[35]
effect described in other studies . It is known that
higher temperatures can enhance thermotolerance
[36]
by activating HSPs . However, gastric cancer cells
(AGS) and colon cancer cells (Caco-2) responded to
hyperthermia with a significant drop of viability at
43 ℃. One study demonstrated that hyperthermia
alone can significantly reduce viability of the Colon 26
[37]
cancer cells . The investigation of the effect of local
heat used for ablation of tumor nodules showed that
exposing cultured Caco-2 cells to 48 ℃ for 2 h resulted
[38]
in an approximately 80% reduction of cell viability .
However, in our study, the viability of Caco-2 cells
decreased only by 14% after exposure to 43 ℃ for 1 h.
Hyperthermia may enhance the effect of
[6-8]
chemotherapy, especially cisplatin-based treatments .
[39]
Ferraro et al studied the effects of hyperthermia and
cisplatin on model protein hen eggs and revealed that
increased temperature enhanced cisplatin cytotoxicity.
[13]
Tang et al
have shown a synergistic effect
of hyperthermia and chemotherapy inhibiting

Hyperthermia increases intracellular cisplatin
concentration

Hypothesizing that hyperthermia promotes delivery
of cisplatin to cancer cells, we aimed to measure
intracellular cisplatin concentrations. Analysis was
performed immediately following a one-hour exposure
to the IC50 of cisplatin at 37 ℃ and 43 ℃. Overall,
43 ℃ promoted an increase of intracellular cisplatin
concentration. The concentration was significantly
increased in AGS, Caco-2, and T3M4 cells by 30%,
20%, and 18%, respectively (Figure 7).

DISCUSSION
Hyperthermal intraperitoneal chemotherapy has
been applied to treat peritoneal carcinomatosis for
[17-19]
[20]
[21]
gastric
, colorectal , ovarian , and peritoneal
[22]
mesothelioma
and has aided in prolonged long[23-26]
term survival in selected patients
. In HIPEC,
intraperitoneal free cancer cells and the serous surface
of the bowel and peritoneum are exposed to high
concentrations of chemotherapy agents. Hyperthermia
itself may affect cell cytoskeletons, cell membranes,
synthesis of macromolecules, and DNA repair
[9]
mechanisms .
As the origin, genotypes, and phenotypes of
free cancer cells may be quite different, it seems
unreasonable to treat all peritoneal metastases the
same way. Until now, basic information regarding
the contribution of hyperthermia to intraperitoneal
chemotherapeutic agents in different gastrointestinal
cancers is poor and controversial. In this in vitro study,
we have applied hyperthermia and chemotherapy
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proliferation in six gastric cancer cell lines, including
AGS, in a certain range of chemoagent (cisplatin)
concentration. Moreover, hyperthermia, in addition to
chemotherapy, induced cell apoptosis as the major type
of death. MicroRNA-218 upregulation and increased
chemosensitivity were observed in gastric cancer cells
[40]
after exposing them to hyperthermal conditions .
However, in our study, only temperatures higher than
43 ℃ in addition to cisplatin exposure inhibited cell
growth. In the isobologram analysis, the combination
of temperature and cisplatin was antagonistic for
AGS cells. On the contrary, AGS cells showed an
increased viability of 33% at 42 ℃. This is an important
observation as it may highlight the possibility that
technically incorrect temperature regimens may
activate metabolism of cancer cells and increase their
resistance to chemotherapy. Interestingly, we observed
that application of cisplatin to gastric cancer (AGS) cells
for one h had no significant impact on cell apoptosis.
However, the combination of cisplatin and hyperthermia
(43 ℃) increased the affect by 61%. Our results suggest
that temperature and cisplatin are not always acting in
synergy as was shown by isobolograms.
Previous in vitro investigations have revealed that
the response of the colon cancer cells to hyperthermia
and chemotherapeutic drug differ by cell type.
Some authors have shown that hyperthermia alone
significantly decreased the viability of the Colon 26
[37]
[41]
cancer cells , and the cytotoxic effect of cisplatin
was enhanced at hyperthermal conditions. After
exposure to 43 ℃, the activity of oxaliplatin markedly
and rapidly increased, indicating its inhibiting potential
[42]
in Colon 26 cells . Significant synergy of hyperthermia
[43]
and chemotherapy was detected in CX-1 cells
in
similar experimental conditions (42 ℃ for 1 h). Some
authors described similar results in HCT116+ch2
(MMR-) cells that were resistant to heat treatment at
[12]
temperatures of 41 ℃ and 42 ℃ . The exposition of
the colon carcinoma cell lines CX-1 and HTC 116 to
[13,43]
42 ℃ for 1 h revealed no change in cell viability
.
Moreover, HCT116+ch2 (MMR-) cells exposed to a mild
[12]
heat were 1.42-fold more resistant to cisplatin . We
observed that the addition of hyperthermia to cisplatin
treatment had a slight positive influence on Caco-2 cell
viability. At 43 ℃, cisplatin had an insignificant effect
regarding apoptosis, whereas intracellular cisplatin
concentration was elevated by 26% as compared to the
control. Isobologram analysis showed approximately
50% of selected cisplatin and temperature treatment
combinations acted in a synergistic manner, indicating
that some of hyperthermic chemotherapy regimens
might be useful.
Recent studies reported that hyperthermia increased
[44]
sensitivity to gemcitabine and enhanced gemcitabine[45]
related apoptotic cell death in pancreatic cancer cells .
Moreover, the improved drug delivery and antitumor
effects in combination with mild hyperthermia were
[46]
reported .
The combined cytotoxic effect of cisplatin and
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hyperthermia in T3M4 cells was evident only when the
temperature was higher than 43 ℃. These cells were the
most sensitive to cisplatin with the lowest IC50. Cisplatin
amplified apoptosis by 3.4-fold and hyperthermia
increased the effect by 19%; however, it was 3-fold less
in the gastric cancer cell line. Similar to AGS cells, T3M4
isobologram analysis revealed that the combination of
treatments acted in an antagonistic manner in most of
the selected combinations; however, in few of them,
the additive effect of the two agents was revealed.
An extremely limited increase of intracellular cisplatin
concentration in hyperthermia could be observed in
pancreatic cancer cells. Our experiments elucidated that
the response of T3M4 cells differs from other studied
gastrointestinal cancer cells (AGS and Caco-2). A
[47]
review by Loggie et al
postulated that hyperthermia
combined with chemotherapy is probably beneficial for
less aggressive tumors and should be the standard of
care for appendiceal and colorectal cancers.
Caco-2 cell results varied from the other cells in
our study. In some cases, they acted in unpredictable
manner. One of the possible explanations for this
discrepancy, would be that Caco-2 cells can differentiate
their phenotype prior to post-confluence stage, and lead
to the change of morphology, degree of differentiation
[48]
etc .
In summary, we have proven that the role of
hyperthermia in addition to cisplatin is different in
gastric, colonic, and pancreatic cancer cells. The
overview of the basic results is shown in Table 1.
Different cancer cells respond to combined treatments
in different manners, and temperature-induced
[49]
apoptosis is initiated by various pathways .
In conclusion, hyperthermia up to 43 ℃ in addition
to cisplatin does not influence AGS, Caco-2, and T3M4
cell viability in a synergistic manner. However, some
regimens of hyperthermia and cisplatin treatment are
beneficial regarding the apoptotic response and an
increase of intracellular cisplatin concentration.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Hyperthermal intraperitoneal chemotherapy is an option to treat peritoneum
invading gastrointestinal cancer. Until now the results of hyperthermal
intraperitoneal chemotherapy (HIPEC) treatment are controversy, needing
unification in selected parameters of the treatment. In different cancer
centers, the procedure varies in time setting, hyperthermia level and different
chemotherapy drugs are used.

Research motivation

As HIPEC is widely used in clinical practice, still there is a lack of studies,
analyzing the impact of hyperthermia and cisplatin to cancer cells. The cellular
response to the treatment is still not clear. There is no clear data defining
optimal timing and temperature of the procedure.

Research objectives

Our objective was to analyze gastric, pancreatic and colorectal cancer cells
response to hyperthermia and cisplatin treatment regarding viability, change of
intracellular cisplatin concentration and apoptosis rate.
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Research methods

We used AGS (gastric cancer), T3M4 (pancreatic cancer) and Caco-2 (colorectal
cancer) cells. Mimicking HIPEC procedure, cells were treated with specific to
each cell line IC50 dose of cisplatin at the temperature regimens ranging from
37 ℃ to 45 ℃. Treatment lasted for one hour. Later cells were harvested in
normothermia, changing cisplatin containing media to fresh one. Immediately
after experiment, intracellular cisplatin concentration was measured, using
mass spectrometer analysis. For other readouts cells were harvested for
48 hours in normal conditions. MTT test was performed for cellular viability
evaluation and isobologram analysis. We used flow cytometry to determine
apoptosis change of hyperthermia and cisplatin treatment.

6

7

Research results

8

Cells responded to hyperthermia (ranging from 38 ℃ to 45 ℃) in a different
manner. Viability of AGS cells was the most hyperthermia-dependent,
decreasing by 30% (from 41 ℃ to 45 ℃). Caco-2 cell viability had no change
in the interval from 38 ℃ to 42 ℃. Higher temperature regimens dropped its
viability rate by 14%-20%. T3M4 cells reacted differently. Viability dropped until
42 ℃, but at higher temperature regimens, we observed increase of viability.
While in simultaneous hyperthermia and cisplatin treatment, we observed no
change of viability until 41 ℃ in all cancer cells. Higher temperatures inhibited
cell growth. Interestingly, we observed peaks of viability in AGS (42 ℃,
increase by 33%) and T3M4 (43 ℃, increase by 32%) cells. Putting all MTT
data to isobologram analysis, we observed synergistic, antagonistic, or additive
effects of combined treatment. Hyperthermia and cisplatin treatment was
strongly antagonistic in AGS cells. In Caco-2 cells we observed synergistic,
additive and antagonistic effects of simultaneous treatment. Few combined
treatment regimens were additive for T3M4 cells, and remaining antagonistic.
Cisplatin induced early apoptosis in Caco-2 and T3M4 cells 1.5-fold and
3.4-fold, respectively. Hyperthermia of 43 ℃ in addition to cisplatin induced
early apoptosis as compared to cells treated in normothermia by 20% in Caco-2
and 19% in T3M4, respectively. Hyperthermia strongly decreased intracellular
cisplatin concentration in AGS, Caco-2, and T3M4 cells by 30%, 20%, and
18%, respectively.

9

10

11

Research conclusions

12

Our data suggest that HIPEC conditions have to be cancer type dependent and
well revised. Particular temperature regimens can do more harm, than benefit,
by activating cell division and growth.

Research perspectives

13

To get better knowledge of hyperthermia and cisplatin treatment effects, future
studies should include more cancer cell lines per cancer type. Also, in vivo
vehicle should be established.

14
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AIM
to study sex disparity in susceptibility to hepatocellular
carcinoma (HCC), we created a transgenic mouse
model that expressed the full hepatitis B virus (HBV)
genome with the W4P mutation.

Conflict-of-interest statement: There was no conflict of
interest.

METHODS
Transgenic mice were generated by transferring the
pHY92-1.1x-HBV-full genome plasmid (genotype
A2) into C57Bl/6N mice. We compared serum levels
of hepatitis B surface antigen (HBsAg), interleukin
(IL)-6, and the liver enzymes alanine aminotransferase
(ALT) and aspartate transaminase (AST), as well as
liver histopathological features in male and female
transgenic (W4P TG) mice and in nontransgenic
littermates of 10 mo of age.
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RESULTS
W4P TG males exhibited more pronounced hepa
tomegaly, significantly increased granule generation in
liver tissue, elevated HBsAg expression in the liver and
serum, and higher serum ALT and IL-6 levels compared
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to W4P TG females or littermate control groups.

was the main cause of death was reported to be
[1,2]
786000 worldwide .
The incidence of chronic HBV infection in children
has been considerably decreased by the successful
[3-5]
development of antiHBV vaccine
. Nevertheless,
the high risk of liver cirrhosis (LC) and HCC is still a
problem in adult HBV carriers. The five-year cumulative
risk of HCC progression is approximately 10%-17%
in LC patients, and disease progression from chronic
hepatitis B to LC is expected in 12%-20% of patients
[6-8]
in 5 years . HBV genotype C2, which is predominant
in Asia, is associated with a particularly significant risk
of HCC compared to that conferred by HBVs of other
[9-11]
genotypes
. The correlation between HBV infection
and sex disparity in susceptibility to HCC has been
well documented. However, the mechanism by which
HBV causes cancer development is still unresolved.
Premature termination of HBV X protein (HBx), which
results in truncated hepatitis B surface antigen (HBsAg),
or mutations, particularly deletions, in the preS region
of large-surface proteins (LHBs) have been reported to
[12-15]
be associated with HCC progression
.
Prevalence in males is one of the remarkable global
epidemiological characteristics of HCC, as approximately
3-5 times more cases of HCC are observed in men than
[16-18]
in women
. The sex disparity is more prominent in
HBV-related HCC than in hepatitis C virus-related HCC,
suggesting the presence of an HBV infection-related
[19,20]
factor that determines HCC male predominance
. It
has been reported that high expression levels of both
androgen and active androgen receptor gene alleles
increase the risk of HCC in male patients with chronic
hepatitis B due to the interaction between HBx and
[21-23]
androgen axis
.
HCC development is likely affected not only by
the HBx-androgen axis interactions but also by a
tumor-protective effect of estrogen. In particular, it
has been suggested that taking contraceptives or
postmenopausal hormone therapy associated with longterm exposure to estrogen reduces the risk of HCC in
[24]
female patients . In addition, it has been reported that
estrogen receptor α-mediated inhibition of interleukin
(IL)-6 production had an essential role in inhibiting
carcinogenesis in a mouse model of HCC induced
[25,26]
chemically by diethylnitrosamine
.
On the basis of differential time courses of HCC
development and disease severity in wild-type (WT)
individuals and in individuals with LHB mutations,
it has been proposed that mutated LHBs lead to
carcinogenesis by inducing endoplasmic reticulum
stress pathway or by altering transactivating capacity of
[27-29]
hepatocytes
.
In a molecular epidemiological study, we have
previously found that the W4P mutation in the preS1
start region is associated with HCC development in
[30]
male but not female patients . In addition, our further
cell-based and nude mouse xenograft model studies
supported the notion that the W4P mutation likely
induced HCC progression in an IL-6-dependent manner

CONCLUSION
Together, our data indicate that the W4P mutation in
preS1 may contribute to sex disparity in susceptibility
to HCC by causing increased HBV virion replication
and enhanced IL-6-mediated inflammation in male
individuals. Additionally, our transgenic mouse model
that expresses full HBV genome with the W4P mutation
in preS1 could be effectively used for the studies of the
progression of liver diseases, including HCC.
Key words: Hepatitis B virus; W4P mutation of preS1;
transgenic mice; Hepatocellular carcinoma
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: With the development of hepatitis B virus
(HBV) vaccine, the rate of chronic HBV infection
has dramatically declined worldwide. However, the
incidence of hepatocellular carcinoma (HCC), which is
characterized by poor prognosis and low survival rate, is
on the rise. Predominance in males is a representative
global epidemiological characteristic of HCC. Recently,
we introduced the novel W4P substitution into the
preS1 region, which associated with HCC and notably
occurred exclusively in male patients. Our study in the
nude mouse xenograft model indicated that the W4P
mutation likely contributed to IL-6-dependent HCC
progression, particularly in male individuals. Here, to
gain further insight into the role of this mutation in
HBV-induced liver inflammation, we created transgenic
mice carrying the full HBV genome with this mutation.
Of note, our data showed that W4P transgene males
of 10 mo of age, but not W4P transgene females,
spontaneously developed liver damage due to IL-6mediated liver inflammation, further supporting the
previous finding regarding the contribution of the
W4P mutation to sex disparity in susceptibility to
HCC. Furthermore, our results prove the utility of the
developed W4P transgene mouse model for research
into the mechanisms of HBV-caused liver diseases.
Lee SA, Lee SY, Choi YM, Kim H, Kim BJ. Sex disparity in viral
load, inflammation and liver damage in transgenic mice carrying
full hepatitis B virus genome with the W4P mutation in the
preS1 region. World J Gastroenterol 2018; 24(10): 1084-1092
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i10/1084.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i10.1084

INTRODUCTION
Hepatitis B virus (HBV) infection causes a wide range of
chronic infectious diseases, including chronic hepatitis,
liver cirrhosis and hepatocellular carcinoma (HCC). In
2010, the number of patients in which HBV infection
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Figure 1 Construction of the W4P TG mice expressing pHY92-1.1x the HBV full genome with the preS1 W4P mutation and the screening of the constructed
W4P TG mice. A: A plasmid map of pHY92 vector containing a copy of the 1.1x-unit length HBV genome under the control of a CMV promoter; B: The HBV full
genome construct with a W4P missense mutation in the preS1 region; C: Screening of the constructed W4P TG mice by PCR targeting the preS1 region. CMV:
Cytomegalovirus; HBV: Hepatitis B virus.
[31]

in male patients . Here, to gain further insight into
the role of this mutation in the sex disparity of HBVinduced liver inflammation, we created transgenic
(TG) mice carrying the full HBV genome with the W4P
mutation and evaluated HBV virion replication and IL6-mediated inflammation in male and female TG and
WT individuals.

CCCATGCTGTAGCTCTTGTT-3’) located from 2473 bp
and 2513 bp. Site-directed mutagenesis of the full HBV
[33]
genome was performed as described .

TG mice

To generate W4P TG mice, fertilized C57BL/6N embryos
and HBV full genome with the W4P mutation were comicroinjected into one-cell embryo in accordance with
the standard microinjection procedures for TG mouse
production (Macrogen, Seoul, Korea). Genotyping of
TG mice was conducted by PCR and viral DNA samples
obtained from tail vein bleeds were screened using the
primers PreS-F (5’-GGGTCACCATATTCTTGGGAA-3’)
and PreS-R (5’-CGAATGCTCCCRCTCCTAC-3). The
mice were housed in a specific pathogen-free labo
ratory animal center. The TG mice were crossed
with B6D2F1/J mice (The Jackson Laboratory, Bar
Harbor, ME, United States) and the HBV-expressing
offspring mice, as well as their littermates, were used
in this study. All animal experiments were conducted
following United States’ National Institutes of Health
guidelines for housing and care of laboratory animals

MATERIALS AND METHODS
Generation of the full-length HBV genome construct with
the prS1 W4P mutation using site-directed mutagenesis

The mutant full-length HBV genome construct carrying
the W4P mutation in the preS1 region (hereafter,
pHY92-W4P) was generated by site-directed muta
genesis of the WT pHBV-1.1x vector (hereafter,
pHY92-WT) (Genotype A, GenBank No. AF305422),
[32]
which was kindly provided by Yang et al . The muta
genesis was performed using the forward primer
W4P-F (5’- AACAAGAGCTACGCATGGGAGGTCCGT
CATCAAAACCTC-3’) and the reverse primer
W 4 P - R ( 5 ’ - G A G G TTTTG ATG A C G G A C C T
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Figure 2 Increased hepatomegaly in the W4P male TG mice. A: In situ view of liver of W4P TG male mice and W4P TG female mice at 10 mo of age; B: Liver
weight ratio against the total body weight (mg) in W4P mutant mice (males: 24 mice; females: 18 mice) and nonTG littermates (males: 17 mice; females: 15 mice) at
10 mo of age (aP < 0.05, bP < 0.01, and cP < 0.001 vs W4P male, one-way ANOVA.
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Figure 3 Increased generation of lipid droplets in W4P male TG mice. A: Comparison of generated lipid droplets in the liver section by hematoxylin-eosin
staining (× 200); B: Incidence of lipid droplets in W4P mutant mice (males: 24 mice; females: 18 mice) and non TG littermates (males: 17 mice; females: 15 mice) at
10 mo of age.

and in accordance with the protocol approved by the
Institutional Animal Care and Use Committee (IAUAC)
of the Seoul National University College of Medicine
(Protocol No. SNU-111025).

Tissue sections were stained with hematoxylin and eosin
at the Seoul National University Hospital Biomedical
Research Institute facility. Immunohistochemical
staining with an anti-preS1 monoclonal antibody
(Aprogen, Daejeon, South Korea) was also performed.
Deparaffinized sections were heated in citrate buffer
(Zytomed, Berlin, Germany) to accomplish antigen
retrieval. Endogenous peroxidase was blocked with
peroxidase blocking solution (Zytomed). An anti-preS1
antibody was applied as the primary antibody followed
by the application of the avidin-biotin complex method
to detect the primary antibody. Peroxidase activity was
visualized by a 3,3’-diaminobenzidine substrate kit
(Zytomed) with hematoxylin (Wako, Osaka, Japan) as
counterstain.

Enzyme-linked immunosorbent assay

Serum HBsAg levels in male and female W4P TG
mice and their WT littermates were determined by
enzyme-linked immunosorbent assay (ELISA) using a
commercial Bioelisa HBsAg color kit (Biokit, Barcelona,
Spain) according to the procedures provided by the
manufacturer. The amount of secreted IL-6 was
determined by a mIL-6 ELISA kit (eBioscience, San
Diego, CA, United States). Serum levels of alanine
aminotransferase (ALT) and aspartate transaminase
(AST) were determined at the Seoul National University
Hospital Biomedical Research Institute facility.

Statistical analysis

All ELISA assays in this study were repeated at least
three times, and the results were expressed as the
mean percentage ± standard deviation, or as the
median (± range). For continuous variables, separate
one-way analyses of variance were used to determine

Hematoxylin and eosin staining and
immunohistochemistry

Liver samples were fixed with 4% paraformaldehyde in
phosphate-buffered saline and embedded in paraffin.
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Figure 4 Increased secreted HBsAg level and liver LHBs in W4P male TG mice. A: Comparison of LHBs level in liver section by IHC analysis using anti-preS1
antibodies between W4P TG male and female mice (× 200); B: Comparison of HBsAg level in the liver and serum from W4P mutant mice (males: 24 mice; females:
18 mice) and nonTG littermates (males: 17 mice; females: 15 mice) at 10 mo of age (cP < 0.001 vs W4P male, one-way ANOVA). HBsAg: Hepatitis B surface antigen;
IHC: Immunohistochemistry; LHBs: Large-surface proteins.

Increased hepatomegaly and lipid granule content in
male W4P TG mice

if there was a significant difference by using the
Bartlett’s test. All statistical analyses were conducted
with a significance level of α = 0.05 (P < 0.05).

To check whether there was sex disparity in hepa
tomegaly, we examined the ratio of the liver weight to
total body weight between W4P TG mice (24 males,
18 females) and their nonTG littermates (17 males, 15
females) at 10 mo of age. W4P TG male mice showed
a significantly higher liver to total body weight ratio
compared to that in mice of the three other groups,
including W4P TG female mice and nonTG littermates
(male and female mice) (Figure 2). Examination of
histological samples stained with hematoxylin and
eosin revealed that the incidence of mice generating
lipid granules was higher in W4P male mice compared
to that in W4P TG female mice and nonTG littermates
(Figure 3).

RESULTS
Construction of TG mice harboring full HBV genome
with the W4P mutation in preS1

TG mice generated on B6D2F1/J background expressed
the full-length HBV genome with the W4P mutation in
preS1 under the control of the cytomegalovirus (CMV)
promoter. For this purpose, we used site-directed
mutagenesis of the pHY92 vector containing a copy of
the 1.1x-unit length HBV genome under the control of
the CMV promoter (genotype A, serotype adw, HBV
strain identical to GenBank AF305422), which was
[32]
provided by Yang et al , and generated a missense
mutation, changing tryptophan to proline (TGG to CCG)
at the fourth codon of preS1 (Figure 1A). Comparison of
WT and W4P mutant LHB region sequences is shown in
Supplementary Figure 1.
To confirm whether TG mice harbored the full HBV
genome, the presence of virion DNA and secreted
HBsAg in the serum or liver was checked by PCR and
ELISA, respectively (Figure 1A).
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Higher serum levels of HBsAg and increased amounts
of LHBs in the livers of male W4P TG mice
Next, to check whether there was sex disparity in HBV
production, we determined HBsAg levels in the serum
and LHB levels in the livers of W4P TG mice (24 males,
18 females) and their nonTG littermates (17 males, 15
females) at 10 mo of age. W4P TG male mice showed
a significantly higher level of HBsAg in the serum
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Figure 5 Serum alanine aminotransferase (A) and aspartate transaminase (B) levels in W4P TG mice (males: 24 mice; females: 18 mice) and nonTG
littermates (males: 17 mice; females: 15 mice) at 10 mo of age. aP < 0.05, and bP < 0.01, vs W4P male, one-way ANOVA. ALT: Alanine aminotransferase; AST:
Aspartate transaminase.

compared to that in mice from the other three groups.
Immunohistochemical staining of the liver samples
using an anti-preS1 antibody also showed increased
LHB production in W4P TG male mice (Figure 4).

disparity of HBV-associated HCC in an IL-6-dependent
[30,31]
manner
. In the present study, we constructed W4P
TG mice that expressed the full HBV genome, which can
help us to study sex disparity of the progression of liver
diseases, including chronic hepatitis, steatohepatitis,
cirrhosis and HCC, following chronic HBV infection.
We identified three noteworthy findings supporting
the contribution of the W4P mutation in preS1 to liver
disease progression in male patients. First, by using
the W4P TG mouse model of chronic HBV infection, we
found that male W4P TG mice exhibited higher levels
of secreted HBsAg and liver LHBs, which was indicative
of higher HBV replication than in female W4P TG mice
[34]
(Figure 4) and is one of the known HCC risk factors .
Second, we found that male W4P TG mice showed
increased incidence of hepatomegaly and lipid droplets
(Figure 3), reflecting the imbalance of metabolic liver
homeostasis, which could drive liver pathogenesis,
including fatty liver and steatohepatitis, and further
promote tumorigenesis. Third, we found that male W4P
TG mice had increased IL-6-related liver inflammation
and higher serum ALT levels (Figure 5), which were
indications of liver damage, compared to those seen in
female W4P TG mice.
IL-6 is one of the core stimulators that lead to
persistent HBV infection and development of HBVrelated HCC. It is also a key cytokine that may be a
[25,31]
link to preferential male susceptibility to HCC
. A
previous study that used diethylnitrosamine to evoke
HCC showed that estrogen prevented HCC generation
in female mice by inhibiting IL-6 production in a Myd88dependent manner. That observation suggested that
inhibition of IL-6 production in liver Kupffer cells by
estrogen and estrogen receptor-mediated signaling
pathways could be a major molecular mechanism
that underlies sex disparity in HBV-associated liver
[25,26]
diseases, including HCC
. Furthermore, increased
hepatic IL-6 production also likely plays a pivotal
role in the development of nonalcoholic fatty liver
disease, nonalcoholic steatohepatitis, and insulin

Increased serum levels of ALT and IL-6 in male W4P TG
mice

It has been reported previously that the presence of
the W4P mutation in the preS1 region sex-dependently
affected IL-6 production in the xenograft nude mouse
model system, which could be one of the reasons for
[31]
increased male susceptibility to HCC . Thus, to check
whether there was sex disparity in the induction of IL-6mediated inflammation, we next examined serum IL-6
levels in W4P TG mice (24 males, 18 females) and their
nonTG littermates (17 males, 15 females) at 10 mo of
age. W4P TG male mice showed significantly higher
serum IL-6 levels than did mice of the other three
groups (Figure 5). We also checked the levels of liver
enzymes in the serum as indicators of liver damage in
the four groups of mice. We found that W4P TG male
mice had significantly higher serum levels of ALT than
mice from the other three groups. However, serum AST
levels were not significantly different in the four groups
of mice (Figure 6).

DISCUSSION
Increasing evidence has shown sex disparity in the
incidence of HBV-associated HCC in a sex hormonedependent manner. Sex hormones, including androgen
and estrogen, likely affect the progression of HBV
infection and development of HBV-related HCC via their
[24-26]
actions on receptor-mediated cell signaling
. To date,
of all HBV proteins, HBx has been most extensively
studied as the predominant virus interactor with host
[22,23]
cell sex hormone-mediated signaling
. However,
in our recent molecular epidemiologic and cell-based
studies, we have demonstrated that LHB harboring the
W4P mutation in preS1 could also contribute to the sex

WJG|www.wjgnet.com

1089

March 14, 2018|Volume 24|Issue 10|

Lee SA et al . Transgenic mice expressing W4P HBV genome

mIL-6 (pg/mL)

150

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS

100

Research background

A remarkable global epidemiological feature of hepatocellular carcinoma
(HCC) is its higher incidence in males. Recently, we identified the novel W4P
substitution in the preS1 region of hepatitis B virus (HBV) related to HCC that
occurs exclusively in male patients. We have also shown that the W4P mutation
likely contributed to HCC development, particularly in male patients, in an
interleukin (IL)-6-dependent manner.

c

c

b

50

fe
m
al
e

m
al
e

Studies of sex disparity in the susceptibility to HCC in vivo have mainly utilized
the chemical agent diethylnitrosamine to induce HCC in mice. However, no
transgenic (TG) mouse model system expressing the full HBV genome has yet
been available for the study of sex disparity in HBV-related liver diseases.

tte

rm
at

e

es

Research motivation

Li

Li

tte

rm
at

fe
m
al
e
W
4P

W
4P

m
al
e

0

Figure 6 Secreted interleukin-6 levels in the W4P TG mice (males: 24
mice; females: 18 mice) and nonTG littermates (males: 17 mice; females:
15 mice) at 10 mo of age. (aP < 0.05, bP < 0.01, and cP < 0.001 vs W4P_male,
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Research objectives

To gain further insight into the role of the W4P mutation in the preS1 region of
HBV on sex disparity of HBV-induced liver inflammatory manifestations, we
created a TG mouse that carried the full HBV genome with this mutation and
evaluated HBV virion replication and IL-6-mediated inflammation in mutant and
wild-type (WT) mice of both sexes.

[35-40]

resistance, which are the leading causes of HCC
.
Thus, our W4P TG model showing increased hepatic
IL-6 production could provide a novel insight into
the relationships between IL-6 production due to an
infection caused by an HBV variant on the one hand,
and development of nonalcoholic steatohepatitis, type 2
diabetes or HCC on the other hand.
Our study had some limitations. Unfortunately, we
did not prove predominant carcinogenesis in males
in our W4P TG mice. Therefore, further studies are
necessary to demonstrate higher male susceptibility
to liver carcinogenesis in our W4P TG mouse model
and clarify its mechanism in the future. In addition,
the relationships between increased hepatic production
of IL-6 in mice expressing HBV genome with the W4P
mutation and fat accumulation, increased liver weight
and HCC development also remain to be elucidated in
the future.
The phenotypes of male W4P TG mice, namely
higher levels of IL-6 and ALT in the serum, could provide
a technical advantage in drug screening protocols, as it
will be possible to analyze not only the inhibition of HBV
replication but also the antiinflammatory activity. To the
best of our knowledge, this possibility is currently not
available in other related TG mouse models.
In conclusion, we created W4P TG mice that
constitutively express the full HBV genome with the
W4P mutation in preS1 in the present study. Our data
using W4P TG mice indicate that this mutation likely
contributes to sex disparity in the susceptibility to liver
disease, including HCC, leading to increased HBV virion
replication and enhanced IL-6-mediated inflammation in
male individuals. Additionally, the developed TG mouse
model system carrying the full HBV genome with the
W4P mutation in preS1 could be effectively used not
only in basic research into the mechanisms of liver
disease progression in HCC but also for the screening of
antiHBV or antiinflammatory drugs.

WJG|www.wjgnet.com

Research methods

TG mice were generated by transferring the pHY92-1.1x-HBV-full genome
plasmid (genotype A2) into C57Bl/6N mice. We compared serum levels of
hepatitis B surface antigen (HBsAg), IL-6, and the liver enzymes alanine
aminotransferase (ALT) and aspartate transaminase (AST), as well as liver
histopathology features in male and female W4P TG mice and their WT
littermates.

Research results

Our data showed significantly increased hepatomegaly, enhanced granule
generation in liver tissue, higher HBsAg expression in the liver and serum, and
higher serum ALT and IL-6 levels in W4P TG males compared to the values of
these parameters in W4P TG females or littermate control groups.

Research conclusions

This is the first study that used TG mice to uncover the role of the W4P mutation
in HBV preS1 in sex disparity of liver disease progression due to concomitantly
increased HBV virion replication and greater IL-6-mediated inflammation in
male individuals.

Research perspectives

The obtained results suggest that W4P TG mice developed in this study could
be effectively used not only for the basic research into the mechanisms of HBVassociated liver diseases, including HCC, but also for screening antiHBV and
antiinflammatory drugs.
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Abstract
AIM
To design colon-targeted codrugs of mycophenolic
acid (MPA) and aminosugars as a safer option to
mycophenolate mofetil (MMF) in the management of
inflammatory bowel disease.
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METHODS
Codrugs were synthesized by coupling MPA with
aminosugars (D-glucosamine and D-galactosamine)
using EDCI coupling. The structures were confirmed
by infrared radiation, nuclear magnetic resonance,
mass spectroscopy and elemental analysis. The
release profile of codrugs was extensively studied in
aqueous buffers, upper gastrointestinal homogenates,
faecal matter and caecal homogenates (in vitro ) and
rat blood (in vitro ). Anti-colitic activity was assessed
in 2,4,6-trinitrobezenesulfonic acid-induced colitis in
Wistar rats by the estimation of various demarcating
parameters. Statistical evaluation was performed by
applying one-way and two-way ANOVA when compared
with the disease control.
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RESULTS
The prodrugs resisted activation in HCl buffer (pH
1.2) and stomach homogenates of rats with negligible
hydrolysis in phosphate buffer (pH 7.4) and intestinal
homogenates. Incubation with colon homogenates
(in vitro ) produced 76% to 89% release of MPA
emphasizing colon-specific activation of codrugs and
the release of MPA and aminosugars at the site of
action. In the in vitro studies, the prodrug of MPA with
D-glucosamine (MGLS) was selected which resulted in
68% release of MPA in blood. in vitro studies on MGLS
revealed its colon-specific activation after a lag time of
8 h which could be ascribed to the hydrolytic action of
N-acyl amidases found in the colon. The synthesized
codrugs markedly diminished disease activity score and
revived the disrupted architecture of the colon that was
comparable to MMF but superior to MPA.
CONCLUSION
The significant attenuating effect of prodrugs and
individual aminosugars on colonic inflammation proved
that the rationale of the codrug approach is valid.
Key words: Mycophenolic acid; Mutual prodrug;
Inflammatory bowel disease; Mycophenolate mofetil
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Mycophenolic acid (MPA), an immuno
suppressant and its morpholinoethyl ester prodrug:
mycophenolate mofetil are under investigation for
the treatment of inflammatory bowel disease (IBD).
Diarrhea and local gut toxicity are their major setbacks.
The present work focused on the synthesis of colontargeted prodrugs wherein MPA was bio-reversibly
linked with aminosugars to mask the carboxyl group of
MPA responsible for gastrointestinal side effects. The
synthesized prodrugs exhibited a significant mitigating
effect on 2,4,6-trinitrobezenesulfonic acid-induced
colitis in Wistar rats compared to MPA. The absence of
pancreatitis, hepatitis and the gastro-sparing nature of
the prodrugs emphasize their potential which could be
investigated further for the management of IBD.
Choapade SS, Dhaneshwar SS. Determination of the mitigating
effect of colon-specific bioreversible codrugs of mycophenolic
acid and aminosugars in an experimental colitis model in Wistar
rats. World J Gastroenterol 2018; 24(10): 1093-1106 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v24/
i10/1093.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i10.1093

INTRODUCTION
Mycophenolic acid (MPA) was synthesized as a
fermentation product of Penicillium stoloniferum cultures
by Gosio in 1896. Since its discovery, MPA has been the
subject of intensive in vivo and in vitro screening for

WJG|www.wjgnet.com

[2,3]

antifungal , antibacterial
and immunosuppressive
[4-8]
activities
. Currently it is under investigation for
the treatment of inflammatory bowel disease (IBD)
and rheumatoid arthritis (RA). MPA is a potent, noncompetitive, reversible inhibitor of eukaryotic inosine
monophosphate dehydrogenase which is necessary for
the growth of T cells and B cells. Due to its local gastric
irritant side effect, it is being marketed in two forms
i.e. mycophenolate mofetil (MMF) and mycophenolate
sodium (enteric coated) to improve its gastrointestinal
[7]
tolerance and enhance bioavailability. MMF is an
immunosuppressant of choice due to its multifaceted
spectrum of activities and the apparent advantage of
enhanced oral bioavailability. However, MMF-induced
diarrhoea and local gut toxicity lead to poor patient
compliance. It is under investigation for the treatment of
IBD patients refractory or intolerant to steroids.
Since the isolation of MPA, it has been shown to
possess a broad spectrum of activities due to which
continuous attempts were made to improve its specificity
by replacement of the lactone ring, modification of
aromatic substituents, ester or amide derivatization,
but these failed to show any benefits in most cases.
Various derivatives of MPA, their synthesis and uses
in the treatment of autoimmune diseases, psoriasis,
inflammatory diseases including IBD, RA, tumors, virus
and allograft rejection are described in many United
[9-12]
States Patents
. Hydroxamic acid derivatives of
MPA as histone deacetylases at the cellular level have
[9]
been reported by Batovska et al . 4 and 6-substituted
[10]
derivatives of MPA , 5-hexanoic acid side chain
[11]
derivatives of MPA
and a parenteral formulation of
[12]
MPA, a salt or prodrug thereof have been filed in the
[13]
last two decades. Recently, Iwaszkiewicz-Grzes et al
in search of new immunosuppressants, synthesized
amino acid derivatives of MPA as methyl esters using
EDCI as the coupling reagent. With the exception of
MMF, the morpholinoethyl ester prodrug of MPA, there
are no reports of any prodrugs in the literature that are
designed with the objective of enhancing its efficacy,
reducing its effective dose or rendering a gastro-sparing
effect.
The routine drug therapy of IBD involves the use of
5-aminosalicylic acid (5-ASA), sulfasalazine, corticosteroids
(hydrocortisone, prednisolone, betamethasone,
beclometasone and budesonide) and immunosuppressive
agents (6-mercaptopurine, azathioprine, methotrexate
and cyclosporine), whereas 4-ASA, broad-spectrum
antibiotics, MMF, metronidazole, nicotine and thalidomide
are other choices available for the treatment of disease
or its secondary effects. Short chain fatty acids such
as butyric acid are presently under investigation as
treatment options for the safer management of IBD.
Alternative treatments for IBD involve the use of
colestyramine, sodium cromoglycate, bismuth and
arsenical salts, methotrexate, lidocaine (lignocaine),
sucralfate, new steroid entities, cytoprotective agents,
fish oils and human growth hormone. During the last
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decade, a huge number of biological agents against
tumor necrosis factor-α, as well as many biochemical
substances, have been developed for the effective
treatment of patients with IBD. Among the new biologic
agents, natalizumab is currently in regular use in the
United States. Several nutritional deficiencies have been
indicated in IBD and there are reports of improvement
in the symptoms by taking daily supplements of
nutraceuticals like vitamin A and carotenoids, vitamin E,
vitamin C, vitamin K, folic acid, calcium, iron, selenium,
zinc, magnesium and copper. Patients with active
ulcerative colitis (UC) have a reduction in the amounts
of obligate anaerobes, facultative organisms and microaerobes, when compared to UC patients in remission.
Supplementation with probiotics is considered an
effective option in UC. Leukocytapheresis has shown
satisfactory results in steroid-refractory patients with
UC. Unfractionated heparin and low molecular weight
heparins (LMWH) have been used in patients with
active UC with encouraging results. Microbes and
microbial products including eggs of helminths seem to
reduce disease activity in patients with UC or Crohn’s
[14]
disease .
5-ASA and its colon-targeted prodrug sulpha
salazine, are associated with various serious side effects
including ulcerogenicity, hypersensitivity, skin rash, blood
disorders, pancreatitis and hepatitis. Corticosteroids
and immunosuppressants are also known to produce
many serious side effects so there is an urgent need for
steroid-sparing, non-nephrotoxic, safe anti-inflammatory
agents to treat inflammatory diseases such as IBD, RA,
[14-18]
psoriasis and organ transplantations
.
The present work was focused on exploring colontargeting prodrugs of MPA for their possible application
in the management of IBD. For the study, aminosugars
such as D-galactosamine and D-glucosamine were
selected as promoieties. An extensive literature
review revealed that aminosugars play a vital role in
resisting chemical attack and improving the tenacity
of colon mucus. Moreover, glucosamine is involved in
the biosynthesis of glucosaminoglycans and intestinal
mucus. Colonic mucus is distinguished from mucus in
the proximal intestine not only by its greater sialylation
[19]
but also by its marked degree of sulphation . The
mucin molecule bristles with oligosaccharide side
chains, the initial sugar of which is always N-acetyl
galactosamine O-linked onto serine or threonine in
the protein core. Onto this initial galactosamine may
be attached up to 10 or more sugar moieties which
can include N-acetyl glucosamine, galactose, N-acetyl
galactosamine, fucose or the acid sugar sialic acid
(usually as N-acetyl neuraminic acid). Alterations in
sialylation and sulphation of mucins and O-acetylation
of the mucin sialic acids could all have important effects
on the resistance of mucus to bacterial enzymatic
attack leading to colorectal cancer and IBD. Clamp
and colleagues demonstrated that in UC and
Crohn’s disease, the oligosaccharide side chain of
[20]
mucin is greatly shortened . Therefore, we thought
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of linking glucosamine and galactosamine with MPA
which when released in the colon would help to retain
the architecture of mucin and form a protective layer on
the colon mucosa. In addition to this, the polyhydroxy
nature of these aminosugars would increase the
hydrophilicity of MPA to such an extent that absorption
of the intact prodrug in the upper gastrointestinal tract
(GIT) would be minimized assuring efficient delivery to
the site of action.
In the present study, we synthesized colonspecific mutual prodrugs involving the formation of a
covalent amide linkage between MPA and aminosugars
(glucosamine and galactosamine) in such a manner
that upon oral administration the linkage remains
intact in the upper GIT, but releases MPA in the colon
[14,21]
through enzymatic activation
. Site-specific drug
delivery through site-specific prodrug activation may
be accomplished by the utilization of specific enzymes
secreted by the colonic microflora such as N-acyl
amidases. The present work was aimed at the rational
design, pharmacokinetic and pharmacodynamic
comparison of colon-targeting, mutual prodrugs of MPA
with the marketed prodrug MMF.

MATERIALS AND METHODS
Mycophenolate sodium was generously gifted by
Emcure Pharmaceuticals Pvt. Ltd., Pune, India. D-(+)glucosamine hydrochloride and D-(+)-galactosamine
hydrochloride were purchased from Sigma-Aldrich, St.
Louis, United States and Himedia Laboratories Pvt. Ltd.,
Nashik, India, respectively. All other chemicals used in
the synthesis were purchased from Merck Speciality
Pvt. Ltd., Mumbai, India. The reactions were monitored
on TLC, which was performed on pre-coated silica gel
plates-60 F264 (Merck). Nuclear magnetic resonance
(NMR) spectra were recorded on a NMR Varian Mercury
400 MHz at SAIF, Panjab University, Chandigarh, India.
The IR spectra were recorded on a Jasco, V-530 FTIR in
potassium bromide (anhydrous IR grade). A Jasco V530,
UV-Visible double-beam spectrophotometer was used
for determination of aqueous solubility and partition
coefficient. The partition coefficient was determined in
n-octanol/distilled water, whereas aqueous solubility was
determined in distilled water at room temperature (25 ±
1 ℃). In vitro and in vivo studies were carried out using
HPLC. Before analysis, the mobile phase was filtered
through a 0.45 μm membrane filter and degassed using
a sonicator. Sample solutions were also filtered through
the same system. The HPLC system consisted of a
pump (Jasco PU-1580, Serial No. B179460677), with
an autosampler injector (Jasco AS-1555) and a UV/VIS
detector (Jasco UV 1575, Serial No. A083360681). Data
were incorporated using Jasco Borwin version 1.5. The
Waters Xterra RP 18 (4.6 mm I.D. × 150 mmL; Part
No. 186000442) column along with a Hypersil guard
column were used in the reversed phase partition
chromatographic condition. The system was used in
an air-conditioned HPLC laboratory atmosphere (20 ±
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OH

CH3

HO
O

H

O
CH3

was carried out in aqueous buffers (0.05 mol/L HCl
buffer pH 1.2 and 0.05 mol/L phosphate buffer pH 7.4),
faecal matter and tissue homogenates of the upper
GIT and colon of male Wistar rats by a validated HPLC
method. The Rt values for MPA, MGAS and MGLS were
5.9, 9.7 and 11.6, respectively. Concentrations of the
parent drug and prodrugs were calculated by equations
generated from their respective calibration curves. All
the kinetic studies were carried out in triplicate and their
standard deviation was calculated.
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Prodrug (50 mg) was introduced into 100 mL of
HCl buffer in a flask which was kept in a constant
temperature bath at 37 ± 1 ℃ under continuous stirring
and 2 mL aliquots were withdrawn at different time
intervals (0-180 min), each time reloading with an
equal volume of fresh buffer. The aliquots were filtered
through a membrane filter (0.45 μm) and directly
estimated by HPLC at 225 nm using phosphate buffer
(pH 4.5):acetonitrile (40 V:60 V) as mobile phase. The
same procedure as described above was followed to
study the release kinetics of prodrugs in 0.05 mol/L
phosphate buffer pH 7.4.

O

O
CH3

Aqueous buffers

O

CH3

Figure 1 Scheme of synthesis. (1) Mycophenolic acid: (2) D-glucosamine
and (3) Prodrug of mycophenolic acid and D-glucosamine.

1 ℃). The column was monitored for UV absorbance
at a detection wavelength of 225 nm for estimation of
both prodrugs. All kinetic studies were carried out in
triplicate. The K values from the plots were calculated
separately and the average K and SD values were
determined. Histopathological studies of the colon, liver
and pancreas were carried out at PRADO Pathology
Laboratory, Pune. The pathologist was unaware of the
experimental protocols. The histopathological sections
were stained with haematoxylin and eosin. Colour
microphotographs of the sections were captured on a
Nikon optical microscope, Eclipse E-200, with resolution
10 × 40 ×, and a trinocular camera at Poona College of
Pharmacy, Pune.

Upper GIT homogenates

Wistar rats (250 g) were anesthetized by ether, sacrificed
and then midline incisions were made. Sections of
stomach, small intestine and colon were collected
separately, homogenized using a Remi overhead
homogenizer and diluted to half concentration with
isotonic HCl buffer (pH 1.2) for stomach homogenates
and with isotonic phosphate buffer (pH 7.4) for small
intestinal homogenates and colon homogenates. To
each Eppendorf tube, 0.8 mL of prodrug solution (1
mg/mL) and 0.2 mL of homogenate solution were
added and incubated at 37 ± 1 ℃. Subsequently, at 15
min intervals for the first 1 h and then hourly for the
next 3 h (stomach homogenates), 7 h (small intestinal
homogenates) and 10 h (colon homogenates), the
Eppendorf tubes were withdrawn and mixed in a vortex
mixer, centrifuged at 10000 rpm for 10 min and the
supernatants were filtered through a membrane filter
(0.45 μm). The filtrate (20 μL) was injected into the
HPLC system and the amount of MPA released estimated
by the UV detector using the same mobile phase as
above at 225 nm.

Synthesis

MPA (1 mol) in DMF was reacted with EDCI (2 mol) at
0 ℃. The reaction was continued for 1 h until the MPAEDCI activated complex was formed. Then in a separate
beaker, the aminosugar (1.2 mol/L) in methanol was
mixed with 2 drops of triethylamine until basic to litmus
and the resulting solution was added to the MPA-EDCI
activated complex and stirred at room temperature for
6 h. After completion of the reaction, the solution was
poured into 15 mL of cold water and extracted with
ethyl acetate. The organic layer was separated and
dried with sodium sulphate, filtered and concentrated.
The crude product was purified by preparative
chromatography using chloroform:methanol:glacial
acetic acid (90 V:9 V:1 V). The structures of the
synthesized prodrugs (MPA with D-glucosamine:
MGLS and MPA with D-galactosamine: MGAS) were
established by spectroscopic methods. The scheme of
[13]
synthesis is presented in Figure 1.

Faecal matter and caecal homogenate

To a 0.1 mL suspension of fresh rat faecal matter and
caecal homogenate (homogenised and diluted with
phosphate buffer pH 7.4), prodrug solution (0.9 mL)
was added and the tubes were incubated at 37 ±
1 ℃. The samples were removed from the incubator
at predetermined time intervals over a period of 13 h
and the same procedure was followed for analysis as
mentioned in the above section.

In vitro stability and release studies

In vitro release profiling of the synthesized prodrugs
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position for 30 s and returned to their cages. The rats
were housed without treatment for 3 d to maintain
the development of a full inflammatory bowel disease
model. The animals received standard and test
compounds orally, once daily for five continuous days.
The doses of prodrugs were calculated on an equimolar
basis to MPA and are shown in Table 1. The healthy
control and colitis control groups were given only saline
[22]
instead of free drug or prodrug .
During the course of 11 d, three parameters
were observed; weight loss, stool consistency and
rectal bleeding. Anti-colitic activity was estimated by
[23]
assessment of the disease activity score rate
(Table
[24]
3). As previously applied by Krawisz et al , the disease
activity score was determined by calculating the average
of the above three parameters for each group on each
day in the range of 0 (healthy) to 4 (maximal activity of
th
colitis). On the 11 day the animals were sacrificed by
isoflurane anaesthesia and their colon/body weight ratio
was calculated using dissected sections of colon. Anticolitic activity of the prodrugs was compared with MPA
and MMF as standards. Rat stomach, colon, liver and
pancreas were dissected. Gastric ulcers were scanned
and the ulcer index was calculated by scoring the ulcers
[25]
as per the method reported by Cioli et al
(1979).
Specimens of colon, liver and pancreas were fixed in
formalin for histopathological analysis.

Table 1 Doses of test and standard compounds
1

Groups

Dose (mg/kg)

HC
MPA
MMF
MGLS
MGAS
D- Glucosamine
D- Galactosamine
MPA + GL
MPA + GA

0.9% saline (1 mL)
18.5
25.0
28.5
28.5
12.4
12.4
18.5 + 12.4
18.5 + 12.4

1

All doses were calculated on an equimolar basis to the dose of MPA.
HC: Healthy control; MPA: Mycophenolic acid; MMF: Mycophenolate
mofetil; MGLS: Prodrug of MPA and D-glucosamine; MGAS: Prodrug
of MPA and D-galactosamine; MPA + GL: Physical mixture of MPA
and D-glucosamine; MPA + GA: Physical mixture of MPA and
D-galactosamine.

In vivo pharmacokinetics

Of the two prodrugs, MGLS was selected for in vivo
study. All the experimental procedures and protocols
used for the in vivo release studies were reviewed and
approved by the Institutional Animal Ethical Committee
(IAEC) of Poona College of Pharmacy, Pune (CPCSEA/
PCH/15/2014-15) and were in accordance with the
guidelines of the Committee for the purpose of Control
and Supervision of Experiment on Animals (CPCSEA),
Government of India.
Male Wistar rats fasted for 24 h (average weight
200-230 g; 12-15 wk; n = 6/group) were provided
with only water ad libitum. The retro-orbital bleeding
technique was used to withdraw blood from the rats
(1 mL) and this was considered the zero hour reading.
Then an oral dose of MGLS prodrug (28.53 mg/kg) in
1.0 mL of physiological saline was administered and
blood samples were collected in EDTA tubes at 15 min
intervals for 1 h and then on an hourly basis until the
th
th
11 hour and finally at the 24 hour. The EDTA tubes
were centrifuged at 5000 rpm at 0-5 ℃ for 10 min. The
supernatant solution of centrifuged blood was added to
the Eppendorf tube and 0.9 mL of methanol was added
for immediate plasma precipitation. All the solutions
were then vortexed for 2 min, centrifuged at 10000 rpm
for 5 min at 0-5 ℃, filtered through a membrane filter
and analysed by HPLC.
Faeces and urine were collected from metabolic
cages, pooled together as 24 h samples, diluted 100and 10-fold, respectively, with isotonic phosphate buffer
solution pH (7.4) and then the same procedure was
followed as described above.

Statistical analysis

All data were expressed as mean ± SEM; (n refers
to the number of animals in each group). For the
disease activity score rate, statistical differences
between groups were calculated by two-way ANOVA
followed by Bonferroni’s test, whereas statistical
analysis of ulcerogenic activity was carried out using
one-way ANOVA followed by the Dunnett’s post- hoc
test. Differences were considered significant at P <
0.001-0.05.

RESULTS
Aqueous solubility and partition coefficient

The aqueous solubility was determined experimentally
and was found to be 0.42 mg/mL and 0.21 mg/mL
for MGLS and MGAS, respectively. Log P in n-octanol/
distilled water was found to be 2.1 and 2.3, respectively.

Spectral analysis

Structures of the synthesized prodrugs were confirmed
by IR, NMR, mass spectroscopy and elemental
analysis.

Pharmacological evaluation

Amide prodrug of MPA and D-glucosamine

Induction of colitis: To induce inflammation in rat
colon, all the groups except the healthy control group
were catheterized using a rubber cannula (8 cm intrarectal) and 0.25 mL of 2,4,6-trinitrobezenesulfonic acid
(TNBS) (100 mg/kg of body weight in 50% v/v ethanol
solution) was administered after light narcotizing with
ether. The animals were then maintained in a vertical

WJG|www.wjgnet.com

MGLS: (E)-N-((2S, 3R, 4R, 5S)-tetrahydro-2,4,5trihydroxy-6-(hydroxymethyl)-2H-pyran-3-yl)-7-1,3dihydro-7-hydroxy-5-methoxy-4-methyl-1-oxoiso
benzofuran-6-yl)-4-methylhept-4-enamide, M.P: 78 ℃
(uncorrected), Rf 0.42; chloroform: methanol: glacial
acetic acid (90:9:1; v/v/v), Aq. sol.: 0.42 mg/mL,
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Table 2 Results of in vitro release in different incubation media
Prodrug

MGLS
MGAS

Aqueous buffers pH
1.2 and pH 7.4

Stomach and
intestinal
homogenates

Stable
Stable

1.30%
14-19%

Incubation media
Colon homogenate
-1 1
K ± SD (min )
t1/2 (min)
% Prodrug
hydrolysed
0.0025 ± 0.000978
275
92.6
0.000108 ± 0.00001
305
79.15

% MPA
released
86.7
76.4

Faecal matter
% Prodrug
% MPA
hydrolysed
released
63
54
47
52

1

Average of six readings, follows first-order kinetics. MGLS: Prodrug of mycophenolic acid and D-glucosamine; MGAS: Prodrug of mycophenolic acid and
D-galactosamine.

trihydroxy-6-(hydroxymethyl)-2H-pyran-3-yl)-7(1,3-dihydro-7-hydroxy-5-methoxy-4-methyl-1oxoisobenzofuran-6-yl)-4-methylhept-4-enamide. M.P:
80 ℃ (uncorrected), Rf 0.41; chloroform: methanol:
glacial acetic acid (90:9:1; v/v/v), Aq. sol.: 0.21
-1
mg/mL, Log Poct: 2.3, FTIR (anhydrous KBr ; cm ):
3652 (OH stretch) , 3284 (NH stretch sec. amide
group), 2997 (C=C stretch aromatic), 1765 (C=O
stretch ester), 1698 (C=O stretch sec. amide), 1536
1
(C=C bend aromatic), 1132 (C-O stretch ester), H
NMR (CDCl3; 400MHz) MPA backbone : δ 1.88 [s, 3H]
=C-CH3, 2.09 [s, 3H] Ar-CH3 , 2.17-2.20 [m, 4H]-CH2CH2-, 2.29-2.36 [q, 2H]=C-CH2, 2.59-2.70 [t, 2H]ArCH2, 3.1 6[s, 3H] -OCH3 , 5.13 [t, 1H] =C-H, 5.14 [s,
2H] lactone ring, 5.29 [s, 1H] OH group, galactosamine
backbone: 1.79 [s, 1H] -OH tetrahydropyran, 2.50-2.52
[s, 3H] -OH tetrahydropyran , 3.20-3.38 [m, 7H] C-H
13
tetrahydropyran ring, 9.1 [s, 1H] -NH sec. amide, C
NMR (400 MHz, CDCl3, δ ppm): 11.01, 14.46, 15.82,
22.35, 32.15, 34.09, 34.80, 51.02, 60.49, 60.93,
68.59, 78.53, 78.86, 79.19, 106.81, 115.83, 122.21,
123.05, 133.06, 145.46, 152.73, 162.54, 170.24,
172.75, Mass: m/z M+2 497. 09, (molecular weight:
495.52), Elemental analysis: calculated for C24H33NO10;
C, 58.17; H, 6.71; N, 2.83. Found: C, 58.21; H, 6.72;
N, 2.82.

MGAS CH
MGLS CH
MGAS FM
100

MGLS FM

90
80

% Release

70
60
50
40
30
20
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0

0

200

400
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t /min

Figure 2 In vitro release of mycophenolic acid from prodrugs in different
incubation media. MPA: Mycophenolic acid; MGLS: Prodrug of MPA and
D-glucosamine; CH: Colon homogenate; FM: Faecal matter.
-1

Log Poct: 2.1, FTIR (anhydrous KBr; cm ): 3530 (OH
stretch), 3284 (NH stretch sec. amide), 3048 (C=C
stretch aromatic ring), 1765 (C=O stretch ester),
1698 (C=O stretch sec. amide), 1536 (C=C bend
1
aromatic ring), 1133 (C-O stretch ester), H NMR
(CDCl3 ; 400MHz) MPA backbone : δ 1.71 [s,3H] C-CH3
, 1.80-1.89 [t, 2H] C-CH2, 2.33-2.38 [q, 2H]-CH2, 2.50
[s, 3H] -CH3 Ar-H, 2.59-2.63 [m, 4H] O=C-CH2 and
Ar-CH2, 3.71 [t, 3H] -OCH3, 3.77-3.78 [d, H] = CH,
5.20 [s, 2H] lactone ring, 5.26 [s, H] -OH glucosamine
backbone: 2.1 [s, 2H] -OH tetrahydropyran, 2.17-2.22
[t, 2H] -OH group tetrahydropyran, 3.06-3.36 [m,
5H]-CH, 3.79-3.82 [d, H]-CH2-OH, 9.2 [s, H] -NH sec.
13
amide, C NMR (400 MHz, CDCl3): δ 11.00, 11.40,
14.42, 16.06, 22.34, 25.74, 34.09, 60.41, 68.65,
78.31, 78.64, 78.84, 78.97, 106.63, 115.71, 122.16,
122.82, 123.14, 133.29, 145.03, 162.60, 170.53,
Mass: m/z M+1: 496. 99, (molecular weight: 495.52),
Elemental analysis: calculated for C24H33NO10; C, 58.17;
H, 6.71; N, 2.83. Found: C, 58.24; H, 6.72; N, 2.82.

In vitro stability study

In vitro release kinetics are an important tool in
understanding the behaviour of prodrugs with respect
to their stability and ability to release drugs under in
vitro conditions that simulate those in the body with
respect to pH and enzymes. For the in vitro study,
prodrugs were incubated at 37 ℃ in aqueous buffers
at pH 1.2 and 7.4 representing the pH of stomach and
small intestine, respectively. The prodrugs were also
incubated with homogenates of stomach and small
intestine at 37 ℃ and the release of MPA was studied.
Approximately 1%-3% and 14%-19% release of MPA
was observed in homogenates of stomach and small
intestine, respectively, suggesting negligible hydrolysis
by peptidases in the upper GIT. MGLS and MGAS
showed 63% and 52% release of MPA in rat faecal
matter, respectively, and 87% and 76% release in colon
homogenate, respectively (Figure 2). The half-lives of
MGLS and MGAS were found to be 275 min and 305

Amide prodrug of MPA and D-galactosamine

MGAS: (E)-N-((2S, 3R, 4R, 5R)-tetrahydro-2,4,5-
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0
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±
±
±
±
±
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2

1.15
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0.58
0.75
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0
0.87 ± 1.50
0.67 ± 1.15
0.67 ± 1.15
0.33 ± 0.58
0.43 ± 0.75
0.67 ± 1.15
0.67 ± 1.15
0.33 ± 0.58
0.667 ± 1.15

3
0
2.53 ± 0.50
1.07 ± 1.29
2.50 ± 0.17
1.77 ± 0.40
1.53 ± 0.81
2.1 ± 0.85
2.17 ± 0.75
1.83 ± 0.68
1.97 ± 0.65

4
0
2.63 ± 0.65
1.53 ± 0.50
2.63 ± 0.35
1.97 ± 0.65
2.10 ± 0.17
2.3 ± 0.89
2.53 ± 0.50
2.17 ± 0.75
1.97 ± 0.654

5
0
2.63 ± 0.65
2.53 ± 0.0
2.63 ± 0.35
2.53 ± 1.08
2.33 ± 0.58
2.53 ± 0.50
2.53 ± 0.52
2.17 ± 0.75
2.3 ± 0.89

6

Days
0
2.97 ± 0.85
2.10 ± 0.85
2.33 ± 0.58
1.73 ± 1.03
1.73 ± 1.03
2.1 ± 0.85
2.33 ± 0.58
1.87 ± 0.51
1.77 ± 0.51

7
3.12
1.07
1.97
1.06
0.93
1.73
2.10
1.30
1.17

0
±
±
±
±
±
±
±
±
±

8
1.80
0.51
0.65
0.50
0.58
0.75
0.85
0.70
0.51

0
3.22 ± 1.70
0.73 ± 0.81
1.63 ± 0.91
0.63 ± 0.65
0.73 ± 0.81
1.40 ± 0.17
1.50 ± 1.01
0.93 ± 0.58
0.73 ± 0.23

9
3.23
0.23
0.97
0.33
0.50
1.20
1.39
0.53
0.53

0
±
±
±
±
±
±
±
±
±

10
2.00
0.68
0.85
0.17
0.35
0.40
1.00
0.50
0.50

0
3.30 ± 2.0
c
0
c
0.77 ± 0.68
c
0
c
0.30 ± 0.1
b
1.02 ± 0.2
b
1.30 ± 0.4
c
0.40 ± 0.35
c
0.40 ± 0.35

11

1099
[26]

Two mutual latentiated amide derivatives (MGLS and MGAS) of MPA were synthesized with aminosugars D-glucosamine and D-galactosamine, respectively. As
anticipated, the outcomes of physico-chemical characterisation revealed that the aqueous solubility of MPA (practically insoluble in water) was significantly improved with

Aqueous solubility and partition coefficient

DISCUSSION

The TNBS model efficiently imitates both acute and chronic colitis resembling human UC . All animals in each group were examined for stool consistency, rectal
th
bleeding and weight loss for 11 d to determine the disease activity score. On the 11 day, all animals were sacrificed and the colon/body weight ratio was calculated to
quantify inflammation (Figure 5). The mitigating effect of synthesized prodrugs as well as standards was evaluated for disease activity score rate and colon/body weight
[24,27]
ratio in the TNBS-induced experimental colitis model in Wistar rats
. The results for disease activity score, colon/body weight ratio and ulcerogenic activity are shown
in Table 3, Figures 5 and 6, respectively, while photomicrographs of rat colon, pancreas, and liver are shown in Figures 7-9, respectively.

Pharmacological evaluation

MGLS was selected as a representative of the two synthesized prodrugs to study in vivo behaviour which was compared with standard MPA. The study was carried out
by oral administration of 28.53 mg/kg MGLS and 18.5 mg/kg plain MPA in male Wistar rats housed in metabolic cages. The blood samples were withdrawn by retroorbital puncture at pre-set time intervals. Urine/faeces samples were collected at various time intervals and pooled together over a period of 24 h. The release pattern
of the prodrug was determined by injecting these biological samples into the HPLC system using the newly developed and validated method. After oral administration,
MPA appeared in the blood after 1 h, reached a maximum at 7 h (68%) and then gradually declined with disappearance at 24 h. After administration of MGLS, neither
MPA nor intact prodrug was observed until 6 h. At 7 h, MGLS was observed in the blood. MGLS showed 70% concentration at 10 h. MPA was observed in the blood at
10 h and reached 68% at 13 h. The concentration of MPA and MGLS started to decline in the blood and was negligible at 24 h (Figure 3).

In vivo kinetics

min in rat colon homogenates and 523 min and 641 min in rat faecal matter following first order kinetics (Table 2).

Average of six readings; two-way ANOVA followed by Bonferroni’s Test, statistical significance considered at cP < 0.001
Disease control. HC: Healthy control; DC: Disease control; MMF: Mycophenolate mofetil; MPA:
Mycophenolic acid; MGLS: Prodrug of MPA and D-glucosamine; MGAS: Prodrug of MPA and D-galactosamine; GL: D-glucosamine; GA: D-galactosamine; GL+MPA: Physical mixture of D-glucosamine and MPA; GA + MPA
oral: Physical mixture of D-galactosamine and MPA.

HC
DC
MMF
MPA
MGLS
MGAS
GL
GA
GL + MPA
GA + MPA

Groups

Table 3 Disease activity score rate
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Figure 3 In vivo kinetics. MPA: Mycophenolic acid; MGLS: Prodrug of MPA and D-glucosamine.
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Figure 5 Colon to body weight ratio. Average of six readings; One-way
ANOVA followed by Dunnett’s Multiple Comparison Test, statistical significance
considered at aP < 0.05, bP < 0.01, cP < 0.001 vs Disease control. HC: Healthy
control; DC: Disease control; MMF: Mycophenolate mofetil; MPA: Mycophenolic
acid; MGLS: Prodrug of MPA and D-glucosamine; MGAS: Prodrug of MPA
and D-galactosamine; GL: D-glucosamine; GA: D-galactosamine; GL + MPA:
Physical mixture of D-glucosamine and MPA; GA + MPA oral: Physical mixture
of D-galactosamine and MPA.

OH

Figure 4 Mode of activation of mycophenolic acid and D-glucosamine
prodrug. (1) MGLS prodrug; (2) Mycophenolic acid; and (3) D-glucosamine.
MPA: Mycophenolic acid; MGLS: Prodrug of MPA and D-glucosamine.

a corresponding decrease in the partition coefficient
(2.8) in prodrugs. This feature would minimize transcellular absorption of prodrugs, thus facilitating their
passage directly to the colon. Increased aqueous
solubility was attributed to the polyhydroxy nature of
the aminosugars.

40
c
c

UIcer index

30

Spectral study

The IR spectra showed characteristic 2 amide stretches
at 3284 and 3283 and C=O stretches of amide at
-1 1
1698 and 1700 cm . H NMR of both prodrugs showed
characteristic chemical shifts for protons of amide
13
between δ 5 to 8. C NMR showed all the relevant
chemical shifts as per number of anticipated carbon
atoms present in the prodrugs. Disappearance of C=O
stretch and OH stretch of carboxylic acid confirmed
the formation of an amide bond between MPA and the
aminosugars.
1
13
The outcomes of H NMR and C NMR spectral
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Figure 6 Results of ulcerogenic activity. Average of six readings; One-way
ANOVA followed by Dunnett’s Multiple Comparison Test, statistical significance
considered at bP < 0.01, cP < 0.001 vs Healthy control. HC: Healthy control;
MMF: Mycophenolate mofetil; MPA: Mycophenolic acid; MGLS: Prodrug of MPA
and D-glucosamine; MGAS: Prodrug of MPA and D-galactosamine.
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HC

DC

MPA

MMF

MGLS

MGAS

GL

GA

MPA + GL

MPA + GA

Figure 7 Photomicrographs of colon. HC: Healthy control showing normal architecture of colon mucosa; DC: Disease control showing severe haemorrhage
in submucosa with infiltration of inflammatory cells; MPA: MPA showing mild infiltration of inflammatory cells and mild degeneration of epithelium lining; MMF:
Showing mild infiltration of inflammatory cells and mild degeneration of epithelium lining; MGLS: Prodrug of MPA and D-glucosamine; MGAS: Prodrug of MPA and
D-galactosamine showing mild infiltration of inflammatory cells; GL: D-glucosamine showing mild infiltration of inflammatory cells; GA: D-galactosamine showing mild
infiltration of inflammatory cells; MPA + GL: Physical mixture of D-glucosamine and MPA showing mild infiltration of inflammatory cells; MPA + GA: Physical mixture of
D-galactosamine and MPA showing mild infiltration of inflammatory cells and mild degeneration of epithelium lining.

studies supported the formation of MGLS and MGAS
prodrugs. The results of elemental analysis and mass
spectroscopy revealed that the calculated molecular
weights of the prodrugs were in accordance with their
predicted molecular weights.

vitro studies showed that the prodrugs were stable in
aqueous buffers at pH 1.2 and 7.4 over a period of 3 h
and 7 h, respectively, confirming that the prodrugs were
not released in the upper GIT. Further studies revealed
that both prodrugs exhibited faster activation in colon
homogenates as compared to faecal content which was
attributed to greater microbial populations in the colon
than in faeces. The release of MPA from prodrugs in rat
colon homogenates and faecal matter confirmed their
colon-specific activation.

In vitro stability study

The aim of the present work was to achieve colontargeted drug delivery of MPA through its site-specific
activation in the colon by resident microflora. The in

WJG|www.wjgnet.com
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HC
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GL

GA
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Figure 8 Photomicrographs of pancreas. HC: Healthy control; DC: Disease control; MMF: Mycophenolate mofetil; MPA: Mycophenolic acid; MGLS: Prodrug of
MPA and D-glucosamine; MGAS: Prodrug of MPA and D-galactosamine; GL: D-glucosamine; GA: D-galactosamine; GL + MPA: Physical mixture of D-glucosamine
and MPA; GA + MPA oral: Physical mixture of D-galactosamine and MPA. DC group showing reduced number and size of islets of Langerhans while all other groups
showed normal pancreas architecture without evidence of pancreatitis.

In vivo kinetic study

its absorption from the large intestine (colonic mucosa)
into the systemic circulation. MPA was observed in the
blood at 10 h indicating hydrolysis of MGLS to MPA in
the large intestine which was due to its high lipophilicity
and it may have transversed the colonic mucosa into
the systemic circulation. MPA concentration reached
68% at 13 h. The concentration of MPA and MGLS
started to decline in the blood and was negligible
at 24 h (Figure 3). The in vivo release profile
clearly indicated that activation of the prodrug was pH-

The in vivo study indicated quick absorption of
MPA in the upper GIT. In contrast, when MGLS was
administered, neither MPA nor intact prodrug was
observed until 6 h indicating that prodrug was not
absorbed from the stomach and remained intact there.
MGLS was observed in the blood at 7 h indicating
minimal absorption through the small intestine. The
concentration of MGLS consistently increased in the
blood reaching a maximum of 70% at 10 h indicating

WJG|www.wjgnet.com
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HC

DC

MPA

MMF

MGLS

MGAS

GL

GA

MPA + GL

MPA + GA

Figure 9 Photomicrographs of liver. HC: Healthy control; DC: Disease control showing minimal degeneration of hepatocytes and congestion of blood vessels;
MPA: MPA showing normal liver architecture; MMF: MMF Showing normal liver architecture; MGLS: Prodrug of MPA and D-glucosamine showing minimal infiltration
of inflammatory cells; MGAS: Prodrug of MPA and D-galactosamine showing mild infiltration of inflammatory cells; GL: D-Glucosamine showing minimal infiltration of
inflammatory cells; GA: D-galactosamine showing minimal infiltration of inflammatory cells; MPA + GL: Physical mixture of D-glucosamine and MPA showing minimal
infiltration of inflammatory cells; MPA + GA: Physical mixture of D-galactosamine and MPA showing mild infiltration of inflammatory cells.

dependent (pH 7.4) and by N-acyl amidase present in
the colon (Figure 4). The 24 h pooled faeces and urine
samples also showed peaks of prodrug and MPA, which
confirmed that the prodrug passed through the entire
length of the GIT and hence appeared in the faeces;
thus, the objective of targeting MPA to the colon was
achieved. Moreover, the systemic availability of MPA
at high concentration at 13 h revealed that MGLS can
be used effectively for the treatment of inflammatory

WJG|www.wjgnet.com

diseases associated with the circadian rhythm such as
rheumatoid arthritis.

Pharmacological evaluation

An approximately 11 d TNBS-induced colitis model was
used for the pharmacological evaluation. The anti-colitic
activity of prodrugs was compared with MMF and MPA.
th
Up to the 5 day the disease activity score increased
rapidly and consistently for all TNBS-treated groups
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(Table 3). From day 6 to day 10, standard MMF and
MPA, prodrugs, carriers and physical mixtures were
administered orally to the animals. Full-blown colonic
inflammation was demonstrated by the high disease
activity score (3.30 ± 2.0) in the colitis control group.
Prodrug-treated groups showed a marked decrease
in disease activity score rate (99%-100%) that was
comparable with the MMF-treated groups. The results
of the animal study showed that the disease activitylowering effect of both prodrugs was significantly
superior to MPA (77%), individual carriers (61%-69%)
and physical mixtures (88%). Overall, the maximum
decrease in colon/body weight ratio was observed in
the prodrug-treated groups indicating their significant
protective effect on colon inflammation, which was
significantly better than MMF and MPA. The lowering
effect of carriers and physical mixtures was also better
than that of both standards.
Microscopic characterisation of a colon section was
performed by considering the following four important
parameters, mucosal distortion, inflammation, fibrosis
and cryptitis (Figure 7). The colitis control showed
severe erosion with absence of the mucosal layer,
goblet cell depletion, distorted crypt architecture,
lymphocytic infiltration, and thickening of the muscularis
mucosa. The lamina propria was also infiltrated with
leukocytes. Due to the destruction of crypts, normal
mucosal architecture was totally lost. Treatment with
the synthesized prodrugs resulted in a marked decrease
in the extent and severity of colonic damage (Figure 7)
with normal morphology and mild lymphocytic infiltration,
which may have been due to activation of T lymphocytes
triggered by immune-stimulation of D-glucosamine
as well as D-galactosamine as reported by Sadeghi et
[28]
al , while the colon of animals treated with a physical
mixture of MPA and aminosugars, appeared congested
with ulcerated mucosa. MGLS and MGAS proved to be
better than the physical mixtures as they were able
to release MPA and aminosugars locally in the colon in
effective concentrations, thus having a protective effect,
while MPA and aminosugars administered orally were
unable to reach the colon in required concentrations to
mitigate colonic inflammation.
All groups except DC exhibited normal pancreas
morphology (Figure 8). Mild infiltration of inflammatory
cells in the liver was observed in the groups treated
orally with prodrugs and physical mixtures (Figure 9).
The synthesized prodrugs resulted in substantial
lowering of ulcer indices as compared to MMF and MPA
(Figure 6). These results were consistent with their
stability in upper GIT homogenates.
In conclusion, in the present study carrier-linked
codrug platforms were successfully designed for efficient
colon-specific transport of MPA in order to investigate
their potential in mitigating local inflammation in the
colon induced by TNBS. Tethering aminosugars to MPA
as promoieties resulted in a significant outcome in
terms of a marked protective effect compared to MPA
without the perpetual diarrhoea observed with MMF
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therapy. The gastro-sparing nature of the prodrugs and
the absence of adverse effects on the pancreas and
liver make them promising candidates which should
be exploited further as mainstream therapy in the
management of IBD.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Defects in the innate immune system are key factors in the pathogenesis
of inflammatory bowel disease (IBD). The most commonly used
immunomodulators are azathioprine (AZA) or 6-mercaptopurine; however,
approximately 10% of patients exhibit intolerance to these drugs, resulting
in either withdrawal or prescription of an alternative immunomodulator.
Discovered by Gosio in 1893, mycophenolic acid (MPA) was the first
antibiotic to be synthesized in a pure and crystalline form. It was used as an
immunosuppressant to prevent rejection in organ transplantation, but poor
oral bioavailability of MPA was an issue of serious concern. To overcome this
setback, mycophenolate mofetil (MMF), the only marketed prodrug of MPA was
introduced in 1995 (Trade name: Cellcept) which was used in the treatment of
refractory Crohn’s disease. Unfortunately MMF also induced GI side effects
such as diarrhoea and local gut toxicity leading to poor patient compliance. The
role of MMF as an immunomodulator in managing IBD is yet to be fully defined.
It is reported in the literature that it may represent a promising treatment for
inducing and maintaining remission in IBD patients intolerant of thiopurines.
It may be of more value and relevance in ulcerative colitis, as few alternative
proven therapies are available.
Hence, it is necessary to design novel colon-targeted prodrugs of MPA with
improved bioavailability, lower gastrointestinal (GI) side effects and enhanced
efficacy. Many derivatives of MPA have been patented but none has cleared the
clinical trials. Therefore, in the present study, colon-specific mutual prodrugs
were synthesized by the formation of a covalent amide linkage between
MPA and aminosugars. To confirm attainment of an effective concentration
of MPA in the colon, in vivo pharmacokinetic studies were performed. A
2,4,6-trinitrobezenesulfonic acid (TNBS)-induced colitis model in Wistar rats
was used for biological screening of prodrugs and to confirm their mitigating
effect on colonic inflammation. The present study underlines the potential of
colon-targeting co-therapy of IBD using a novel strategy of delivering MPA
with aminosugars simultaneously at the site of action without causing the GIT
distress associated with MMF therapy.

Research motivation

Immunosuppressants such as AZA are an inherent constituent of therapy for
50% of patients with Crohn’s disease (CD) who develop steroid-dependent
or refractory disease. MMF is of proven efficacy and safety in transplantation
and in some autoimmune disorders. It has been reported that both AZA and
MMF are effective in inducing remission, but AZA seems to be more effective
in maintaining remission while onset of the therapeutic effect is delayed less
under MMF treatment. Both drugs have steroid-sparing potential, which is
delayed under AZA. It seems that AZA is still the immunosuppressant of choice
in chronic active CD, but MMF is a reasonable alternative in patients who do
not tolerate AZA. One of the major side effects of MMF is gastric distress and
diarrhoea that may worsen the symptoms of IBD. The morpholino moiety in
MMF is implicated in these side effects. This particular observation inspired
us to design codrugs of MPA; replacing the morpholino moiety of MMF with
aminosugars which could help to maintain the integrity of the colonic mucosal
wall. It was envisaged that these prodrugs might find applicability in those
cases of CD which are intolerant to AZA.

Research objectives

The main objectives of this work were to minimize gastric discomfort caused by
MMF, and improve the bioavailability and efficacy of MPA in the management
of IBD. As gastric side effects are known to be caused by the morpholino
moiety of MMF, replacing this moiety with nontoxic aminosugars may have a
mitigating effect on inflammation, a stabilizing effect on the colonic mucosal
layer and the requisite hydrophilic nature that would impart the desired aqueous
solubility to MPA ensuring its efficient delivery to the colon. As anticipate,
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effective targeting of MPA to the colon using glucosamine and galactosamine
as carriers was achieved due to enhanced aqueous solubility of the prodrugs
and a resistant amide linkage between MPA and the aminosugars. MMF-related
diarrhoea was not evident in the prodrug-treated groups, which was one of the
important objectives of the present study. Site-specific delivery of MPA resulted
in improved bioavailability of MPA. Future research should be directed at
investigating the potential of these prodrugs on refractory CD and for inducing
and maintaining remission in IBD patients intolerant of thiopurines.

assistance to carry out this project and Emcure
Pharmaceuticals Pvt. Ltd. Pune, Maharashtra for
providing a gift sample of mycophenolate sodium. The
authors would like to thank Dr. K.R. Mahadik, Principal,
Poona College of Pharmacy, Pune for providing the
necessary facilities to carry out the work.

Research methods
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A clean, single step synthesis of target codrugs was achieved through
optimization of the EDCI coupling reaction to avoid complex purification
procedures. The synthesized compounds were extensively characterized
by spectral analysis. New HPLC methods were developed and validated for
simultaneous estimation of MPA and aminosugars in the presence of intact
codrugs in order to study the release profiles of codrugs in buffers of various
pH, homogenates of gastro-intestinal tract, faecal matter, rat blood, urine
and faeces. The TNBS-induced experimental colitis model was optimized
to investigate the mitigating effect of codrugs of MPA and aminosugars in
comparison to standard drugs (MPA and MMF) and physical mixtures (MPA
plus aminosugars) to prove the codrug hypothesis. All data were analysed
using relevant statistical tests.
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Research results

Colon-targeted release of MPA, absence of gastric distress, diarrhoea,
maintenance of the integrity of colonic mucosa by released aminosugars
and a significant marked amelioration of TNBS-induced colitis in Wistar rats
as compared to MPA were the promising outcomes of this study. These
codrugs should be explored further as an alternative to MMF for inducing and
maintaining remission in IBD patients, those intolerant to thiopurines as well as
those with refractory CD.
A comparative analysis of efficacy of these codrugs against the established
anticolitics such as aminosalicylates and corticosteroids is required. In addition,
screening of combinations of these prodrugs with established therapies would
help to prove their potential in the management of IBD. Acute toxicity and
estimation of various pro-inflammatory mediators such as interleukins, tumour
necrosis factor-α and myeloperoxidase enzyme are several studies which are
underway.
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Research conclusions

8

In the present work, the morpholino moiety of MMF was replaced by novel
aminosugars which were tethered with MPA as a literature review revealed
that glucosamine and galactosamine play a vital role in resisting chemical
attack and improving the tenacity of colon mucus. The novel strategy of codrug
therapy proved to be beneficial in terms of lowering the disease activity,
colon to body weight ratio and markedly improving the degenerated colon
morphology induced by TNBS. MMF-related gut toxicity and diarrhoea were
not evident with these codrugs, which was a very promising outcome. This
study underlined the utility of aminosugars in maintaining the integrity of colonic
mucosa and supported the significant role of an abnormal immune response in
the pathophysiology of IBD. These codrugs have the potential to be screened
further to determine their efficacy in refractory CD and in the induction and
maintenance of IBD remission in patients who are intolerant to thiopurines or
MMF.
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Research perspectives

A mutual prodrug approach was proven to be superior to physical mixtures of
two active drugs i.e., MPA and aminosugars in this study as the efficacy of the
codrugs was found to be significantly better than physical mixtures. There is a
scope to explore the possibility of conjugation of other nontoxic, biocompatible
carrier moieties and established drugs with MPA for a synergistic advantage
over administering them in the form of a physical combination.
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Core tip: Despite the rapid proliferation of future liver
remnant induced by associating liver partition and
portal vein ligation for staged hepatectomy (ALPPS),
the high mortality and morbidity rates have remained
alarming. A plausible reason was the functional
proliferation lagged behind the increase in volume. In
this study, a rat model was established to evaluate the
maturity of ALPPS-derived hepatocytes. Through the
identification of hepatic characteristics, detection of liver
function, and analysis of functional gene expression, we
revealed the immaturity of ALPPS-derived proliferation
in early regenerative response, which indicated that the
volumetric assessment overestimated the functional
proliferation. And clinically, the stage Ⅱ of ALPPS should
be performed prudently in patients with marginally
adequate FLR, as the ALPPS-derived proliferation in
volume lags behind the functional regeneration.

Abstract
AIM
To establish a rat model for evaluating the maturity of
liver regeneration derived from associating liver partition
and portal vein ligation for staged hepatectomy (ALPPS).
METHODS
In the present study, ALPPS, partial hepatecotmy (PHx),
and sham rat models were established initially, which
were validated by significant increase of proliferative
markers including Ki-67, proliferating cell nuclear
antigen, and cyclin D1. In the setting of accelerated
proliferation in volume at the second and fifth day after
ALPPS, the characteristics of newborn hepatocytes,
as well as specific markers of progenitor hepatic cell,
were identified. Afterwards, the detection of liver
function followed by cluster analysis of functional gene
expression were performed to evaluate the maturity.

Tong YF, Meng N, Chen MQ, Ying HN, Xu M, Lu B, Hong
JJ, Wang YF, Cai XJ. Maturity of associating liver partition
and portal vein ligation for staged hepatectomy-derived liver
regeneration in a rat model. World J Gastroenterol 2018;
24(10): 1107-1119 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i10/1107.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i10.1107

RESULTS
Compared with PHx and sham groups, the proliferation
of FLR was significantly higher in ALPPS group (p =
0.023 and 0.001 at second day, p = 0.034 and p < 0.001
at fifth day after stage I). Meanwhile, the increased
expression of proliferative markers including Ki-67,
proliferating cell nuclear antigen, and cyclin D1 verified
the accelerated liver regeneration derived from ALPPS
procedure. However, ALPPS-induced Sox9 positive
hepatocytes significantly increased beyond the portal
triad, which indicated the progenitor hepatic cell was
potentially involved. And the characteristics of ALPPSinduced hepatocytes indicated the lower expression of
hepatocyte nuclear factor 4 and anti-tryptase in early
proliferative stage. Both suggested the immaturity
of ALPPS-derived liver regeneration. Additionally,
the detection of liver function and functional genes
expression confirmed the immaturity of renascent
hepatocytes derived in early stage of ALPPS-derived
liver regeneration.

INTRODUCTION
Given its increasing incidence, liver tumor is one of the
[1]
most life-threatening diseases worldwide . Despite
the development in a variety of therapies based on
the property of tumor (e.g., transcatheter arterial
chemoembolization, chemotherapy, molecular targeting
therapy, etc.) in recent decades, surgery remains
the only curative treatment for patients with primary
[2,3]
or metastatic hepatic malignancies . Although the
remarkable regenerative capacity of the liver permits
the extended hepatectomy in clinic, postoperative
liver failure caused by small-for-size syndrome (SFSS)
represents the most common cause of death after
[4]
hepatectomy . To address this issue, a novel innovation
called associating liver partition and portal vein ligation
for staged hepatectomy (ALPPS) has been invented.
This technique induces the accelerated growth of future
liver remnant (FLR) within transient period through
integrating the portal vein occlusion and parenchymal
[5-8]
transection .
However, some experts caution the feasibility and
safety of such procedure, and the initial enthusiasm for
ALPPS also was tempered because of high morbidity
[9-12]
and mortality
. The improvement of technology and
accumulation of experience has decreased the mortality
[8]
rate to less than 10%, but this remains too high .

CONCLUSION
Our study revealed the immaturity of ALPPS-derived
proliferation in early regenerative response, which
indicated that the volumetric assessment overestimated
the functional proliferation. This could be convincing
evidence that the stage Ⅱ of ALPPS should be performed
prudently in patients with marginally adequate FLR, as
the ALPPS-derived proliferation in volume lags behind the
functional regeneration.
Key words: associating liver partition and portal vein
ligation for staged hepatectomy; Liver regeneration;
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A rational possibility is that volumetric assessment
overestimates the functional proliferation. Given the
development of induced pluripotent stem cell technique
and the illustration of the roadmap determining the
fate of diverse cells, the mechanism of hepatocyte
differentiation has been elucidated gradually through
[13]
the lineage tracing method . Basic research has
elucidated that it takes about 8 to 10 d for a hepatoblast
[14]
to mature into a hepatocyte . In this setting, within a
short interval period of ALPPS procedure, the maturity
of induced hepatocytes has to be queried. Clinically,
the interval time between two stages of ALPPS is usual
one or two weeks. Additionally, several studies also
have shown that there is a distinct delay in functional
[15,16]
gain compared to volumetric increase in ALPPS
.
Therefore, the functional quality of hypertrophic
response derived from ALPPS procedure, not just
volumetric assessment of the FLR, should be performed
to time the stage Ⅱ.
Despite the establishment of several ALPPS animal
studies with remarkable growth in volume, none
of models were dedicated to evaluating functional
proliferation. Thus, the aim of study was to establish
a rat model mimicking ALPPS procedure to assess
the maturity of ALPPS-derived liver regeneration
functionally and volumetrically. This might be of great
value in timing the stage Ⅱ of ALPPS and improving its
safety clinically.

parenchyma of middle lobe. PHx group: removal of left
lateral, right and caudate lobes. Sham group: Open and
close the abdominal cavity.

Surgical procedure

All rats were fasted 8 h before operation. Under the
general anesthesia with 8% of chloral hydrate (5.0
ml/kg) by intra-abdominal injection, the abdominal
transverse incision was adopted. For the ALPPS pro
cedure, dissection of the left lateral lobe followed by
ligation of the portal vein supplying the corresponding
lobe with 5-0 silk were performed while artery and
biliary duct branches were maintained. Then, the same
procedure was conducted in the portal branches of the
right and caudate lobes, respectively. The parenchyma
was partitioned by 5-0 silks along with the ischemic
demarcation line of the middle lobe. Five days after
stage Ⅰ, the stage Ⅱ was performed, in which the
deportalization lobes were removed (n = 5). For the
PHx model, the left lateral, right, and caudate lobes
were removed after corresponding hepatic pedicle were
ligated with 3-0 silks. And for sham group, opening
followed by closing the abdominal cavity was performed
(Figure 1A).
Previously, several studies indicated the ALPPS
procedure was divided into early (1-3 d after stage Ⅰ)
[17-21]
and later stage (4-7 d after stage Ⅰ) generally
.
Therefore in our study, the rats were sacrificed on the
second and fifth day after operation. The specimen
was collected for subsequent research. Each group at
different time points contained six rats. Half of them
were used for evaluating the efficiency of proliferation,
and the other three rats were used for primary
hepatocyte isolation and subsequent detection of
hepatic function.

MATERIALS AND METHODS
Study design

The protocol of this study was reviewed and approved
by the animal ethics committee of the Zhejiang
University, Hangzhou, China. All experiments were
performed in accordance with relevant approved
guidelines and regulations. In the present study, male
Sprague-Dawley rats, weighing 180 to 230 g from
experimental animal center of Zhejiang province,
Hangzhou, China, were used. All the rats were housed
in a restricted access room with controlled temperature
(23 ℃) and a light/dark (12 h:12 h) cycle, and had free
access to food and water before and after treatment.
Initially, a preliminary study was simply performed to
screen the feasible models (n = 5, each group). The
sham group was adopted as negative control and the
appropriate PHx model was regarded as a positive
control. Then, the volumetric and functional liver
regeneration of three groups, ALPPS group, PHx group,
and sham group were compared in this study.

RNA extraction, reverse transcription, quantitative realtime PCR

For RNA extraction, total RNA was extracted from
50 mg of liver specimen by TRIzol reagent (CWBIO,
China). 5 μg of RNA were reverse-transcribed by the
HiFiScript cDNA Synthesis Kit (CWBIO, China), yielding
the complementary DNA template. The quantitative
real-time PCR amplification was performed by the
ROCHE Light Cycler 480 Ⅱ. The expression of mRNA
was shown as fold induction. The primer sequences
were listed in Supplement table 1.

Western blotting

The detection of proteins was performed by standard
[22]
western blot assays according to the steps below .
Total proteins from liver tissues were extracted with
RIPA buffer containing protease inhibitors (Beyotime,
China) and quantified using the Pierce BCA Protein
Assay Kit (Thermo Scientific, United States). About
40 μg of total protein was separated by 10% SDSPAGE. Samples were transferred to PVDF membranes

Definition of different groups

According to the results of preliminary study, the ALPPS,
PHx, and sham groups were defined as experimental,
positive, and negative control groups in this study.
ALPPS group: ligation of the portal vein belonging to
left lateral, right, caudate lobes, and transection of
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Figure 1 Establishment of ALPPS model. A: Pictures of ALPPS, PHx, and sham models; B: Proliferation of ALPPS, PHx, and sham models. The X axis represented
the day after operation while the Y axis represents the RML/WB (%); C: Representative image (100 ×) of Ki-67 stain by immunohistochemistry of each group at day 2
and 5, respectively; D: Proliferative index of different models, which was calculated by the mean of percentage of Ki-67 positive particle in four random visual fields (200
×) of IHC stain. aP < 0.05, bP < 0.01, cP < 0.001; E: Protein level of represent expression of PCNA of each group. A: ALPPS; P/PHx: Partial hepatectomy; S: Sham;
PCNA: Proliferating cell nuclear antigen; IHC: Immunohistochemistry; RML: Right middle lobe; WB: Body weight.

(Millipore, United States) and incubated overnight
at 4 degrees with primary antibodies. The blots
were incubated with horseradish peroxidase (HRP)conjugated secondary antibodies and visualized using
the ECL system (Thermo Fisher Scientific, Rochester,
NY, United States).

histochemistry (IHC). Through the IHC stain, the
number of Ki-67 positive hepatocytes were calculated
randomly in four visual fields (× 400) and analyzed by
Image Pro plus 5.1 (Media Cybernetics, United States),
which was presented as the proliferation index. With
respect to immunofluorescence, the primary antibody
to Sox9 (ab185230) and Albumin (ab106582) were
produced from Abcam. The experimental procedure was
according to the standard protocol.

Histological examination

The liver tissues were immersion fixed in 4% formal
dehyde overnight. Then, they were embedded,
sectioned, dehydrated in ethanol and xylene before
being stained with hematoxylin-eosin (HE) immuno
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Figure 2 The role of hepatic progenitor cell in associating liver partition and portal vein ligation for staged hepatectomy. A: The schematic of differentiation
from hepatic progenitor cell to mature hepatocyte; B: Representative image (400 ×) of HE stain of each group at day 2 and 5, respectively; C: Relative mRNA
expression of hepatic progenitor cell markers of each group; D: Immunofluorescence for expression of Sox9 in different groups. aP < 0.05, bP < 0.01, cP < 0.001.

according to three-step collagenase perfusion. Briefly,
the liver was perfused through the suprahepatic inferior
vena cava with calcium-free buffer (0.5 mmol/L EGTA,
2+
2+
1 × EBSS without Ca and Mg ), followed by the
calcium-bearing buffer (10 mmol/L HEPES, 1 × EBSS
2+
2+
with Ca and Mg ), and then irrigated with collagenase
[0.2 mg/mL collagenase type Ⅳ (Yeasen, China)].
Subsequently, parenchymal cells were purified by 90%
Percoll buffer (Sigma) at low speed centrifugation (1000
rpm, 10 min). After the cells were cultured in DMEM
medium with 10% FBS for 8 h, PAS stain, OilRed stain,
and detection of urea nitrogen were performed following
the manufacturer’s instructions (Solarbio, China). In
the indocyanine green (ICG) uptake assay, hepatocytes
were cultured with 1 mg/mL ICG (Tianyi, China) at 37
℃ for 90 min and washed with PBS three times.

Compared with extended PHx group, no rat in
ALPPS group which induces rapid hepatic proliferation
(removal of left lateral, left middle, right and caudate
lobes) died both in stage Ⅳ and Ⅱ. (0% vs 80%, p =
0.053). As the preservation of portal vein of right middle
lobe (RLM) in each group, the liver regeneration was
assessed by the ratio of RLM weight to body weight
(BW). The mean RML/BW of ALPPS, PHx, sham groups
were 1.44% ± 0.04%, 1.24% ± 0.09%, 1.14% ±
0.11% on the second day after operation, and 3.06% ±
0.11%, 2.63% ± 0.39%, 1.13% ± 0.10% on the fifth
day after operation, respectively (Figure 1B). Compared
with sham group, the proliferation of PHx group was
remarkably induced in later stage (P = 0.002). However,
in the ALPPS group, the hypertrophic response was
more active than that of the PHx groups in whole course
(P = 0.023 and P = 0.034). To further confirm the
regenerative response, the staining of Ki-67 followed by
the calculation of proliferation index of different groups
were compared (Figure 1C and D). The expression
of PCNA, a classical marker for cell proliferation, was
detected by western blotting. Apparently, up-regulated
expression of PCNA in the ALPPS group appeared earlier
than that in PHx group (Figure 1E).
Thus, these results indicated PHx procedure could
trigger liver regeneration, but a stronger regenerative
response was activated by ALPPS procedure.

Statistical analysis

The data were expressed as a mean with standard
deviation or a percentage. Correspondingly, Student
2
t-test or χ test was used to analyze the difference.
Significance was considered when a two-tailed P
value was less than 0.05. Statistical analysis was
performed using SPSS, version 22.0 for Windows (IBM
Corporation, Armonk, NY, United States).

RESULTS

The characteristics of induced hepatocytes

Establishment of rat models

As suggested by previous studies showing that the
progenitor hepatic cell (HPC) differentiated into mature
hepatocyte by the regulation of hepatic transcription
factors (Figure 2A), we found that the hepatocytes
in ALPPS and PHx presented a larger nucleus around
the portal triad in both early and late stages (Figure
2B). These special hepatoctyes, we suspected, might
be immature HPC. To verify this hypothesis, classical
markers of hepatic progenitor cell were detected (Figure
2C). Compared with sham group, several markers,
including Sox9 and Epcam were significantly increased
at mRNA level (p < 0.001 and p = 0.002), especially
in early proliferative stage. Furthermore, we checked

To establish a feasible positive control model, various
PHx models with different extensions of hepatectomy
were compared (Supplement figure 1). The mortality of
extended PHx group (removal of left lateral, left middle,
right and caudate lobes, n = 5), which presented
the same extension of stage Ⅱ of ALPPS, was 80%.
Compared with extended PHx model (removal left
lateral, left middle, right and caudate lobes) and minor
PHx model (only removal left lateral), the medium PHx
group (removal of left lateral, right and caudate lobes)
presented an acceptable mortality (20%) and triggered
a remarkable proliferation of FLR. It was therefore
determined as positive control group in this study.
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the expression of Sox9 at protein level, and found it
remarkable that the Sox9-positive hepatocytes were
widespread beyond the portal traid on second day
after ALPPS procedure (Figure 2D). These might imply
the activation of HPC in early regenerative response,
which was in accordance with the powerful regenerative
[23]
capacity of HPC from literature reports . As suggested
by expression of HPC special markers, the maturity
of induced liver hypertrophy either by ALPPS or
conventional PHx procedure seemed comparable in
later stage of proliferation. And thereby, we inferred
the ALPPS-derived liver regeneration might be not
completely mature in early phase. Meanwhile, a delay
of functional proliferation was indicated in comparison of
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PHx-derived liver regeneration.
To clarify the above-mentioned inference from
the other side, we detected the expression of wellknown markers of mature hepatocytes (Figure 3A).
Several transcription factors (e.g., HNF1, HNF4, GATA4,
FoxA1, etc) had been demonstrated to regulate the
lineage reprogramming of fibroblasts into hepatocytes
[24]
in vitro . In this study, the HNF4 was delayed upregulation on the fifth day of ALPPS and PHx groups,
suggesting the process of differentiation of hepatocyte
remained activated even in later phase. To measure the
expression of HNF4 at protein level, the IHC stain was
performed, which presented a negative result in early
stage but a positive result in later stage of hypertrophic
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response (Figure 3C). Similarly, functional proteins in the
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process of regeneration, the expression of anti-tryptase
(AAT) was relatively reduced even in the setting of the
increase in amount of hepatocytes (Figure 3B and D).
Taken together, compared with intrinsic hepatocyte
in sham group, the immaturity of newborn hepatocytes
in early proliferative response of ALPPS and PHx
group were elucidated. Among, the differentiation
of hepatocyte in ALPPS group appeared to be more
prolonged than that in PHx group through the analysis
of characteristics of induced hepatocyte.

in early and later stages were conducted (Figure 4A). As
a result, a comparable capacity of glycogen synthesis
and fat metabolism was presented between groups,
even in the early stage of proliferation. Nevertheless,
compared with sham group on the second day after
operation, the PHx group had a decreased capability of
ICG up-take. Furthermore, the ALPPS group showed a
more inferior capacity of ingestion of ICG. Moreover, an
insufficiency of urea nitrogen synthesis of hypertrophic
groups existed in the whole course of liver regeneration
(Figure 4B). With respect to the metabolism, the P450Y
enzyme system was the most representative substance.
In comparison of PHx group, the expression of CYP3A1
and CYP2B6 in ALPPS group was suppressed on the
second day and the expression of CYP1A1 and CYP7B1
was down-regulated in both stages (Figure 4C). But
in terms of expression of albumin, no inter-group
discrepancy was clarified (Figure 4D).
In this section, we found that the ALPPS-derived

Detection of hepatocyte function

Given the proliferation in volume and the immaturity
of the induced hepatocyte, the functional regeneration
had to be naturally questioned. Despite the complexity
of induced liver regeneration, an elaborate detection of
hepatocyte function was performed as shown below. By
primary hepatocyte isolation, the PAS stain, OilRed stain,
ICG stain, and synthesis of urea nitrogen of each group
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liver regeneration postponed the functional maturity
in aspects of ICG up-take, synthesis of urea nitrogen,
and expression of P450Y enzyme in the early stage of
proliferation.

functional proliferation, which could be of great help in
clinical decision-making.
As suggested by previous results presenting that
the volumetric proliferation of FLR could be induced
in patients who underwent ALPPS procedure, it was
remarkable that the right middle lobe in our rat
model was rapidly hypertrophic through the same
manipulation. Nonetheless, we found that the newborn
hepatocytes for liver restoration remained poorly
characterized. First of all, our study revealed that in
ALPPS and PHx models, of the majority of cells with a
large ratio of nucleus to cytoplasm appeared enriched
around the portal vein. In addition, a significant upregulation of Sox9 on the second day after ALPPS and
subsequent decrease in the later stage indicated the
potential role of HPC in triggering the activation of
[30]
regeneration . Based on previous reports, the HPC,
a stem-like cell around the portal triads, presented a
dramatic capacity to restore liver function and replenish
[31-33]
liver mass in liver regeneration
. Thus, we inferred
that the activity of HPC promoted the accelerated
liver restoration. To clarify the immaturity of newborn
hepatocyte, we detected several transcription factors
associated with the destiny of hepatocytes, and found
that the peak of HNF4, which plays a critical role in
regulating the expression of differentiation-related
genes and maintenance of liver function in mammals,
[34-36]
was postponed
. Meanwhile, the inferior expression
of AAT was manifested on the second day of ALPPS
and PHx groups, which supported the immaturity of
hepatocytes. To sum up, the induced hepatocytes were
still in the process of differentiation, which suggested
the induced-hepatocytes were defective functionally in
early regenerative response.
To further evaluate the maturity of neonatal
hepatocytes, function detection was performed. In
this section, a mild inefficiency of ICG uptake capacity
was presented in ALPPS group in early stage. And
the insufficient synthesis of P450Y enzymes indicated
a deficient capacity of ALPPS-derived hepatocyte in
early stage. As seen from the above, the metabolic
function is not recovered in early stage of ALPPS
procedure. Hence, for patients with biliary obstruction
or disorder of renal function, the accumulation of
detrimental substances always aggravates the burden
of detoxification, and thereby induces the hepatic
failure theoretically. Correspondingly, the patients with
hilar cholangiocarcinoma or gallbladder cancer, always
combined with biliary obstruction, presented a higher
mortality and morbidity clinically. Intriguingly, the
cluster analysis of different genes expression revealed
a paradoxical result. The lower abundance of functional
genes relevant to glycogen metabolism presented an
insufficiency of synthesis in the ALPPS group, even
though the PAS stain presented a comparable capacity
in terms of glycogen synthesis. Moreover, relatively low
expression of genes in regards to fat, cholesterol, bile
acid, and drugs in later stage reminded us that liver

Cluster analysis of different expression of functional
genes

As seen from above, because the ALPPS-derived
liver regeneration might be not completely mature
in early stage, cluster analysis of different expression
of functional genes was therefore performed. All
expression of functional genes were summarized in
Figure 5A and Supplement table 2. In the initial stage
of liver regeneration, almost all functional genes were
up-regulated and were accompanied by an increase in
the amount of hepatocyte, which either was induced
by ALPPS or PHx procedure. Intriguingly, although the
PAS stain showed comparable capacity of synthesis
of glycogen in ALPPS and PHx groups, the cluster
analysis indicated a relatively low expression of genes
in regard to glycogen metabolism. Until the later stage
of proliferation, almost all genes had relatively lower
expression in the ALPPS group (Figure 5B-E).
Together, these results suggested the expression
of functional genes in hepatocytes derived from ALPPS
procedure were relatively lower, even in the later stage
of proliferation.

DISCUSSION
Based on the first ALPPS Consensus Meeting held in
Hamburg in February 2015, the timing of stage Ⅱ was
recommended until the FLR reached 40% in liver
[25,26]
with cirrhosis or 25% to 30% in normal liver
.
Nevertheless, the incidence of postoperative hepatic
failure remains up to 31% even when sufficient FLR
[27]
volumes were achieved . A rational explanation is the
fact that rapid increase in volume derived from ALPPS
lags behind the functional proliferation. And thereby,
the timing of stage Ⅱ could be better addressed
and the rate of mortality could be minimized more
efficiently on the basis of functional evaluation. Till
now, several technologies including ICG disappearance
rate, fluorodeoxyglucose imaging, and 99mTcmebrofenin hepatobiliary scintigraphy (HBS) had
[28,29]
been established
. Among them, the widespread
application of HBS is of great help in the assessment
of functional maturity before and after hepatectomy,
[8]
even in the ALPPS procedure . However, the functional
maturity in the process of liver regeneration is too
complicated to be determined by merely the uptake and
excretory function. For instance, the synthesis of urea
nitrogen and albumin, vitality of P450Y enzyme, and
fat metabolism are vital parameters in the assessment
of liver function. Clinically, it is quite difficult to recruit
adequate recipients to fulfill the study of functional
detection in ALPPS procedure. Thus, we conducted a
rat model mimicking ALPPS procedure to evaluate the
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Research objectives

function of hepatocytes derived from ALPPS procedure
lagged behind the increase in liver volume. Taken
together, the assessment of ICG clearance and hepatic
metabolites could improve the comprehensiveness
of liver functional evaluation, avoiding the process
by which the volumetric increase overestimates the
functional gain in liver.
In the present study, we demonstrated that the liver
regeneration derived from ALPPS was not completely
mature in early stage, but the functional proliferation
was mainly completed on the fifth day after ALPPS.
Besides, the 0% of mortality after stage Ⅱ indirectly
clarified both volumetric and functional regeneration
were achieved. Nevertheless, whether the results
could be generalized to clinical patients are warranted
definitely. To begin with, a majority of ALPPS procedure are
performed in patients with diseased liver (e.g., fibrosis,
non-alcoholic steatohepatitis, post-chemotherapy,
etc). Given that the capacity of liver regeneration was
attenuated in the diseased liver, the maturity has to
be queried subsequently. In this setting, the timing of
stage Ⅱ should be prolonged as well. Additionally, the
rate of metabolism is apparently faster in rats than
in humans. The optimal time to perform stage Ⅱ in
human is still controversial, despite that extended
hepatecotmy was performed smoothly with an interval
time of five days in rat. Theoretically, the speciesspecific characteristics and inconsecutive observation
point time could contribute to a confounding effect on
the conclusion.
Given the mechanism of ALPPS-derived liver
regeneration is scarce, our follow-up work will verify the
hypothesis that the dramatic capacity of regeneration
is derived from HPC by lineage tracing method (Sox9[32]
Cre-GFP mouse) . Despite these limitations, our study
revealed the immaturity of ALPPS-derived proliferation
in early regenerative response, which indicated the
volumetric assessment overestimated the functional
proliferation. This could be a convincing evidence that
the stage Ⅱ of ALPPS should be performed prudently
in patients with marginally adequate FLR, as the
ALPPS-derived proliferation in volume lags behind the
functional regeneration.

This study was to evaluate the maturity of ALPPS-derived liver regeneration. In
our rat model, the postponed maturity in function might be an important reason
for high mortality of ALPPS even when the adequate future liver remnant was
achieved before stage II of ALPPS. Likewise, the functional proliferation should
be performed to time the stage II of ALPPS clinically.

Research methods

In this study, ALPPS, partial hepatectomy (PHx) and sham models were
conducted. The ratio of right middle lobe to body weight as well as proliferative
markers were used for assessing the liver regeneration. Morphological
changes by HE stain and detection of specific markers of progenitor or
mature hepatocytes were adopted to identify the characteristics of newborn
hepatocytes. Eventually, the liver function in vivo and vitro was measured,
followed by the cluster analysis of expression of functional genes to detect the
maturity of liver regeneration from different models.

Research results

By establishment of ALPPS, PHx and sham models, we demonstrated that
ALPPS could induce an accelerated proliferative response. However, the
characteristics of newborn hepatocytes seemed to be not mature completely.
Sox9 positive hepatocyte, as well as different expression of other specific
markers, indicated the potential role of progenitor hepatic cell in ALPPSderived regeneration. Parts of limited liver function and different expression of
functional genes supported the above-mentioned immaturity in ALPPS-induced
proliferation.

Research conclusions

As the mortality remains unsatisfactory even in patients with adequate future
liver remnant after stage I of ALPPS, this study presented the immaturity of
ALPPS-derived proliferation in early regenerative response, which indicated
that the volumetric assessment overestimated the functional proliferation. To
the best of our knowledge, this is the first study to evaluate the maturity of
ALPPS-derived liver regeneration in a rat model. Meanwhile, Sox9 positive
hepatocyte indicated the potential role of hepatic progenitor cell in the ALPPS
rather than conventional PHx model. Therefore, a more detailed research about
the hepatic progenitor cell promotes the ALPPS-derived liver regeneration and
its mechanism would be done in our next work.

Research perspectives

The stage II of ALPPS should be performed prudently in patients with marginally
adequate future liver remnant, as the ALPPS-derived proliferation in volume
lags behind the functional regeneration. By the way, as the hepatic progenitor
cell might be an important role in ALPPS-derived liver regeneration, our future
work is to further demonstrate the fate of Sox9 positive hepatocyte with ALPPS
procedure and its underlying mechanism by lineage tracing method.
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Research background

Associating liver partition and portal vein ligation for staged hepatectomy
(ALPPS) has been increasingly popular worldwide recently. However, the high
mortality makes surgeons reconsider the difference between functional and
volumetric proliferation in ALPPS-derived liver regeneration. In this study, we
therefore establish a rat model to mimic the ALPPS, exploring whether the
functional proliferation lags behind the hypertrophy in volume.
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Abstract

Institutional animal care and use committee statement:
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AIM
To clarify the role of proteinase-activated receptor 2
(PAR2) in hepatocellular carcinoma, especially in the
process of metastasis.

Conflict-of-interest statement: The authors declare that they
have no competing interests.

METHODS
PAR2 expression levels were assessed by qRT-PCR and
immunohistochemistry (IHC) in patient tissues and in
hepatocellular carcinoma cell lines SMMC-7721 and
HepG2. Cell proliferation and metastasis were assessed
both in vitro and in vitro . Immunoblotting was carried
out to monitor the levels of mitogen-activated protein
kinase (MAPK) and epithelial-mesenchymal transition
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[1,2]

markers.

common malignancies worldwide . Surgical resection is
[3]
the main strategy for treating this deadly malignancy .
Unfortunately, intrahepatic and extrahepatic metastases
often occur in progressive and recurrent patients,
[4]
thus leading to a poor prognosis . Metastasis is a
comprehensive process that facilitates cancer cell
transition from a primary lesion to a metastatic focus.
Many intrinsic cellular characteristics and extrinsic
microenvironmental factors influence the metastatic
[5]
potential of HCC cells . However, the underlying
mechanisms that facilitate this process remain largely
unknown, therefore, it is critical to identify new targets
for these patients to improve their prognosis.
Proteinase-activated receptor 2 (PAR2) is a
[6]
member of the G-protein coupled receptor 1 family .
PAR2 downstream signaling is mediated through
several signaling pathways such as intracellular
calcium, phospholipase C (PLC), mitogen-activated
protein kinase (MAPK), Rho, and I-kappaB kinase/
[7,8]
NF-kappaB . It is also transactivated by cleaved
[9]
F2R/PAR1 . PAR2 is known to regulate physiological
responses such as vasoregulation, cell growth,
[10,11]
inflammation, and nociception
. However, there is
growing evidence that PAR2 also has an important role
[12-15]
in tumors, especially in tumors of epithelial origin
.
PAR2 is expressed in HCC tissues and multiple HCC
cell lines, where it promotes cancer cell migration and
invasion through different signaling pathways including
2+
[16,17]
[Ca ]i mobilization, Src, Met, and p42/p44 MAPK
.
PAR2 also participates in tumor initiation, self-renewal,
+
[18]
and metastasis by regulating CD47 HCC stem cells .
Moreover, PAR2 in hepatic stellate cells (HSCs) plays
an important role in promoting HCC growth through
mediating migration and secretion of pro-angiogenic
[19]
and pro-mitotic factors . In addition, TF/VIIa/PAR2
signaling is involved in mTOR mediated autophagy in
[20]
HCC . Collectively, these data suggest an important
role for PAR2 in HCC progression. However, the role of
PAR2 in HCC metastasis and the underlying mechanism
are poorly understood.
Epithelial-mesenchymal transition (EMT) and its
intermediate states have been identified as crucial
[21,22]
drivers of organ fibrosis and tumor progression
.
EMT is thought to be activated in cancer cells to allow for
dissociation from the primary tumor and intravasation
[23,24]
into blood vessels
. However, the impact of PAR2associated EMT in cancer metastasis is still poorly
understood. Based on these findings, we sought to
investigate the relationship between PAR2 expression
and HCC prognosis and the underlying mechanisms of
the EMT in HCC.

RESULTS
The prognosis was significantly poorer in patients with
high PAR2 levels than in those with low PAR2 levels.
Patients with high PAR2 levels had advanced tumor
stage (P = 0.001, chi-square test), larger tumor size
(P = 0.032, chi-square test), and high microvascular
invasion rate (P = 0.037, chi-square test). The
proliferation and metastasis ability of SMMC-7721 and
HepG2 cells was increased after PAR2 overexpression,
while knockdown of PAR2 decreased the proliferation
and metastasis ability of SMMC-7721 and HepG2
cells. Knockdown of PAR2 also inhibited hepatocellular
carcinoma tumor cell growth and liver metastasis
in nude mice. Mechanistically, PAR2 increased the
proliferation ability of SMMC-7721 and HepG2 cells via
ERK activation. Activated ERK further promoted the
epithelial-mesenchymal transition of these cells, which
endowed them with enhanced migration and invasion
ability.
CONCLUSION
These data suggest that PAR2 plays an important role
in the proliferation and metastasis of hepatocellular
carcinoma. Therefore, targeting PAR2 may present a
favorable target for treatment of this malignancy.
Key words: Hepatocellular carcinoma; Proteinaseactivated receptor 2; Epithelial-mesenchymal transition
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The role of proteinase-activated receptor
2 (PAR2) in tumor progression especially metastasis
of hepatocellular carcinoma and how it is regulated
are still unclear. In this study, we found that PAR2
was upregulated in hepatocellular carcinoma (HCC)
tumor tissues and related with poor prognosis in HCC
patients. In addition, we proved that PAR2 could not
only promote the proliferation and metastasis ability of
SMMC-7721 and HepG2 cells in vitro , but also promoted
xenograft tumor growth and HCC cell liver metastasis
in vivo . These effects were mediated by the activation
of ERK, which further induced epithelial-mesenchymal
transition of HCC cells.
Sun L, Li PB, Yao YF, Xiu AY, Peng Z, Bai YH, Gao YJ.
Proteinase-activated receptor 2 promotes tumor cell proliferation
and metastasis by inducing epithelial-mesenchymal transition
and predicts poor prognosis in hepatocellular carcinoma. World J
Gastroenterol 2018; 24(10): 1120-1133 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i10/1120.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i10.1120

MATERIALS AND METHODS
Patients

Cancer tissue sections were obtained with informed
consent from 60 HCC patients undergoing radical
resection between 2010 and 2012 at Qilu Hospital of
Shandong University. Ethical consent was granted from

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
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the Institutional Ethics Committee, Qilu Hospital of
Shandong University.

assay) membranes. Each inferior chamber was filled
with 600 μL of medium containing 10% FBS. After 16 h
of incubation, the filters were taken out, fixed with 4%
paraformaldehyde for 30 min, and stained with crystal
violet dye for 30 min. Then, the remaining cells on the
upper sides of the filters were removed using cotton
swabs. Migrated or invaded cells in four randomly chosen
fields (× 100 magnification) per well were counted.

Immunohistochemistry and evaluation of PAR2
expression

Immunohistochemistry (IHC) was performed using a
standard immunoperoxidase staining method. Rabbit
anti-PAR2 antibody (#6976) was purchased from
Cell Signaling Technology (Danvers, United States).
PAR2 expression in HCC tissues was evaluated using a
[25]
method described previously . The scoring of PAR2
immunohistochemical staining was performed as
follows: the degree of staining [yellow (1) and brown (2)]
and the percentage of area staining positive [< 50%
(1) and > 50% (2)]. The final score was the product
of the two parameters, and the samples were grouped
as high (2-4 point) or low PAR2 expression (1). Two
experienced pathologists evaluated the staining for
PAR2.

Wound healing assay

HepG2 and SMMC-7721 cells were seeded into 6-well
plates and grown to 90% confluence. Then, the
confluent cell monolayers were scraped with a 10 μL
pipette tip to create wounds. The cellular debris was
removed and cells were cultured in FBS-free medium.
Pictures were taken under a microscope (Leica) at 0,
24, and 48 h. The difference in wound width represents
the migration ability.

Plasmid construction and transfection

Cell culture

The coding region of PAR2 was cloned into a
pcDNA3.1(+) plasmid at EcoR I and Xho I sites;
this is referred to as pcDNA3.1-PAR2. Empty control
and pcDNA3.1-PAR2 vectors were transfected into
HepG2 and SMMC-7721 cells using Lipofectamine
2000 (Thermo, United States) according to the
manufacturer’s instructions. Primer sequences
for vector construction were as follows: forward,
5’-GGAATTCTCGGGGCTTCCAGGAGGA-3’ and reverse,
5’-CCGCTCGAGTTCCCATCTGAGGACCTGG-3’.

HepG2 and SMMC-7721 cells were cultured at 37 ℃
in a humidified atmosphere containing 5% CO2. Cells
were cultured in DMEM (Gibco, NY, United States)
supplemented with 10% fetal bovine serum (FBS;
Gibco, NY, United States), 100 U/mL penicillin, and 100
μg/mL streptomycin (Hyclone, UT, United States).

Cell proliferation analysis

The cell counting kit 8 (CCK8) assay (Tongren Chemical
Research Institute, Kyushu, Japan) was used to
measure cell proliferation. HepG2 and SMMC-7721 cells
in the exponential growth phase were seeded into a
96-well plate at 1000 cells per well with five replicates.
DMEM medium containing 10% FBS was used to culture
the cells. At 6, 24, 48, 72, 96, or 120 h after plating
the cells, 100 μL of DMEM containing 10 μL of CCK-8
solution was added into each well. The wells were then
incubated for 2 h at 37 ℃, and the absorbance was
measured at 450 nm. The absorbance at 6 h of each
group was designated as baseline.

Lentivirus-mediated RNA interference

pLKO.1 vector encoding shRNA targeting human PAR2
was purchased from Sigma (MISSION shRNA lentivirusmediated transduction system, SHCLNG-NM_005242).
To generate lentivirus that expressed shRNA, HEK293T
cells were cultured in DMEM (Gibco, NY, United States)
supplemented with 10% FBS (Gibco, NY, United
States). Using polyethyleneimine, we transfected cells
transiently with pLKO.1-derived plasmids combined with
pRev, pEnv-VSV-G, and pMDLg. Retrovirus particles
[19]
were collected from the media after 12, 24, and 48 h .
HepG2 and SMMC-7721 cells were infected three times
with the retrovirus particles with 8.0 μg/mL polybrene.
At 48 h after the transduction, transduced cells were
selected using 2.0 μg/mL puromycin for one week. The
efficiency of the shRNA knockdown was measured via
quantitative real-time RT-PCR and immunoblot analysis.

Colony formation assay

Cells were seeded in 6-well plates (500 cells per well)
and cultured for 2 wk. The generated colonies were
fixed with 4% paraformaldehyde and then stained with
5% crystal violet dye (Sigma, MO, United States). The
total number of colonies in each well was manually
counted.

RNA extraction and quantitative real-time PCR

Cell invasion and migration assays

Total RNA was extracted from cultured cells using
Trizol reagent (Takara, Japan). cDNA was synthesized
from at most 1 μg of total RNA (Takara, Japan).
RNA expression was measured by qRT-PCR using
SYBR-Green (Takara, Japan) according to the
manufacturer’s guidelines. Primers for PAR2 were:
forward, 5’-GATGGCACATCCCACGTCACT-3’ and reverse,
5’-TTGGCAAACCCACCACAAACAC-3’. GAPDH was used as

Cell invasion and migration assays were carried
out using a 24-well plate and 8-μm polyethylene
terephthalate membrane filters (Costar, MA, United
States). Serum-free medium (200 μL) containing 3
4
× 10 HepG2 and SMMC-7721 cells was added to the
upper chambers, which contained either uncoated
(for migration assay) or matrigel coated (for invasion
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Table 1 Immunohistochemical score for proteinase-activated
receptor 2 in hepatocellular carcinoma
Score

Table 2 Clinicopathological characteristics of hepatocellular
carcinoma patients according to proteinase-activated receptor
2 expression

Patient number

1
2
4

Clinicopathological variable

22
15
23

All cases
Gender
Male
Female
Age (yr)
< 60
≥ 60
TNM stage
Early (Ⅰ-Ⅱ)
Late (Ⅲ-Ⅳ)
Tumor size (cm)
Small (≤ 5)
Large (> 5)
Microvascular invasion
Present
Absent
HBsAg
Negative
Positive
Serum AFP level (ng/mL)
< 400
≥ 400

an endogenous control.

Immunoblot analysis

Rabbit anti-PAR2, anti-ERK, anti-phospho-ERK, anti-Ecadherin, anti-N-cadherin, and anti-GAPDH antibodies
were obtained from Cell Signaling Technology (Danvers,
United States). Cell lysates were prepared in RIPA
buffer (Sigma-Aldrich, MO, United States) where equal
quantities of cellular proteins were separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and
transferred onto polyvinylidene difluoride membranes.
The membranes were blocked with skimmed milk,
incubated with a primary antibody, washed with TBST
three times, and then incubated with a secondary
antibody (Cell Signaling Technology, GA, United
States). After the secondary antibody incubation,
the membranes were washed three more times with
TBST, and the proteins were visualized by enhanced
chemiluminescence (Millipore, MA, United States).
GADPH was used as the internal loading control.

16
6

28
10

0.832

10
12

22
16

0.352

16
6

12
26

0.001a

15
7

15
23

0.032a

5
17

21
17

0.037a

3
19

7
31

0.632

18
4

25
13

0.154

of nude mice (4 wk) followed by a splenectomy 3 min
later; the mice were monitored every 3 d after the
th
procedure. After the 4 week, the mice were sacrificed
and their livers were dissected. The liver tumor was
weighed and tumor number on each liver was counted.

Statistical analysis

All assays were done in triplicate. The data are shown
as mean ± SD. To compare the mean values between
the two groups, the independent Student’s t-test was
used. To compare the mean values among more than
two groups, two-way ANOVA was used. Fisher’s exact
test was used to compare tumor metastatic rate in the
2
two groups. A Pearson χ test was adopted to analyze
the clinicopathological variables according to PAR2
expression. For survival analysis, Kaplan-Meier method
and log-rank test were used. P < 0.05 was considered
statistically significant.

6

HepG2 or SMMC-7721 cells (2 × 10 ) suspended in
100 μL of normal saline were subcutaneously injected
into the axillae of the nude mice (4 wk). Tumor
growth was monitored every week and tumor volume
was calculated as follows: tumor volume = 4π/3 ×
2
(width/2) × (length/2), in which the length and width
are the longest and shortest diameters, respectively.
Four weeks after injection, the mice were sacrificed
and the tumors were dissected and weighed.

RESULTS
The expression level of PAR2 correlates with TNM stage,
tumor size, microvascular invasion, and patients’ overall
survival and disease-free survival

To determine whether PAR2 plays an important role
in HCC progression, the expression level of PAR2 in
patients’ tumor tissues was detected by IHC. PAR2
was mainly located on the plasma membrane (Figure
1A). The patient distribution of PAR2 IHC score is
shown in Table 1. Patients were divided into PAR2 high
and PAR2 low groups according to the IHC score (Figure

6

HepG2 and SMMC-7721 cells (2 × 10 ) suspended in
100 μL of normal saline were injected into the spleen

WJG|www.wjgnet.com

38

P < 0.05. PAR2: Proteinase-activated receptor 2; HBsAg: Hepatitis B
surface antigen; AFP: Alpha-fetoprotein.

Male Balb/c nude mice (aged 4 wk with an initial body
weight of 20 ± 2 g) were purchased from Shanghai
SLAC Laboratory Animal Co., Ltd. (Shanghai, China).
The mice were housed at a temperature of 25 ± 2 ℃
and a relative humidity of 70% ± 5% under natural
light/dark conditions for 1 wk and allowed free access
to food and water. The animal experiments were
performed in strict accordance with international
ethical guidelines and the National Institutes of Health
Guide for the Care and Use of Laboratory Animals. The
protocols were approved by the Institutional Animal
Care and Use Committee, Qilu Hospital of Shandong
University.

Tumor metastasis model

P value

High

22

a

Experimental animals

Tumor xenograft model

PAR2 expression
Low
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A

C

1.0
0.8

Disease survival

PAR2 low

0.6

PAR2 high
(n = 38)
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0.0
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20
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PAR2 low
(n = 22)

0.6
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0.2
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Figure 1 The expression level of proteinase-activated receptor 2 predicts overall survival and disease-free survival in hepatocellular carcinoma patients.
A: Immunohistochemical staining for proteinase-activated receptor 2 (PAR2) in hepatocellular carcinoma (HCC) tissues, and the expression level of PAR2 was divided
into high (left) and low (right); B: Disease-free survival in HCC patients correlated with PAR2 expression; C: Overall survival in HCC patients correlated with PAR2
expression.

1A). Patients with high PAR2 levels had advanced
tumor stage (P = 0.001, chi-square test), larger
tumor size (P = 0.032, chi-square test), and high
microvascular invasion rate (P = 0.037, chi-square
test; Table 2). Patients with high PAR2 expression
levels had significantly shorter overall survival (OS)
and disease-free survival (DFS) than those with low
PAR2 expression levels (P = 0.02 and P = 0.03,
respectively; Figure 1B and C). Multivariate Cox
regression analysis further revealed that PAR2 was
an independent prognostic marker for the OS of HCC
patients (hazard ratio = 1.814; P = 0.041) (Table 3).
These data suggest that PAR2 is associated with tumor
growth and invasion; it can also predict the prognosis
of HCC patients.

knocked down using lentiviral-mediated shRNA in
HepG2 and SMMC-7721 cells. The PAR2 knockdown
is referred to as shPAR2, while the negative control is
referred to as shNC. The PAR2 RNA and protein levels
both decreased in shPAR2 knockdown cells (Figure
2A and B). To overexpress PAR2, its coding region
was amplified and inserted into the pcDNA3.1 (+)
plasmid. After transfecting cells with empty pcDNA3.1
or pcDNA3.1-PAR2 using Lipofectamine 2000, PAR2
was transiently overexpressed in pcDNA3.1-PAR2 cells
(Figure 2C and D).

PAR2 promotes proliferation of HCC cells

CCK8 and colony formation assays were used to
uncover the role of PAR2 in promoting HCC cell
proliferation. Cell viability and proliferation were
dramatically reduced after PAR2 knockdown (Figure 3A
and B), but increased after PAR2 overexpression (Figure
3C and D). The same results were also observed using a
colony formation assay (Figure 3E and F). These results
demonstrate that PAR2 could promote the proliferation

PAR2 is stably knocked down by lentiviral-mediated
RNAi and transiently overexpressed by plasmid
transfection

To determine whether PAR2 is essential for HCC
carcinogenesis, the expression of PAR2 was stably
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Figure 2 Proteinase-activated receptor 2 knockdown and overexpression. A: qRT-PCR analysis of the proteinase-activated receptor 2 (PAR2) mRNA expression
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ability of HCC cells.

Metastasis often occurs in HCC patients and the results
shown in Table 1 suggest that PAR2 is associated with
tumor microvascular invasion. To determine whether
PAR2 could promote HCC cell migration and invasion,
transwells with or without matrigel coating were
used to measure cell migration in vitro. As shown in
Figure 4A and B, the migration and invasion abilities
of HepG2 and SMMC-7721 cells were reduced after
PAR2 knockdown, but increased after overexpression.
These results were also verified using a wound healing
assay (Figure 4C and D). The wound healing assay
showed that the migration rate of shPAR2 cells was
significantly slower than that of the control shNC cells.
Also, the migration rate of pcDNA3.1-PAR2 cells was
faster than that of the control pcDNA3.1 cells. These
data suggest that PAR2 can influence the process of
HCC cell invasion and migration.

PAR2 promotes HCC cell invasion and migration

PAR2 knockdown inhibits tumor growth in nude mice

Table 3 Multivariate analysis of the association of prognosis
with clinicopathological variables and proteinase-activated
receptor 2 expression in hepatocellular carcinoma patients
Clinicopathological variable
Gender (male vs female)
Age (< 60 vs ≥ 60)
TNM stage (Ⅰ-Ⅱ Ⅲ-Ⅳ)
Tumor size (≤ 5 cm vs >5 cm)
Microvascular invasion (present vs absent)
HBsAg (negative vs positive)
Serum AFP level (< 400 ng/mL vs ≥ 400 ng/mL)
PAR2 expression (high vs low)

Hazard ratio P value
0.214
0.126
4.292
2.193
2.499
1.072
3.688
1.814

0.672
0.763
0.016a
0.034a
0.029a
0.092
0.023a
0.041a

a

P < 0.05. HBsAg: Hepatitis B surface antigen; AFP: Alpha-fetoprotein;
PAR2: Proteinase-activated receptor 2.
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Figure 4 Proteinase-activated receptor 2 promotes hepatocellular carcinoma cell invasion and migration in vitro. A and B: Transwell assays with or without
matrigel coating were performed in HepG2 and SMMC-7721 cells. Cell number in each field was counted; C and D: Wound healing assays were performed in HepG2
and SMMC-7721 cells and the pictures were taken every 24 h (aP < 0.05, bP < 0.01).
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To further confirm the role of PAR2 in promoting cell
proliferation in vivo, HepG2 and SMMC-7721 cells
with stable knockdown of either PAR2 or NC were
subcutaneously injected into nude mice to make tumor
xenografts. After 4 wk, tumors from the NC groups
were much larger than those from the shPAR2 groups
for both HepG2 and SMMC-7721 cells (Figure 5A and
B). Tumor weights from the NC groups were much
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greater than those of the shPAR2 groups (Figure 5C
and D). These data suggest that PAR2 knockdown
could dramatically inhibit tumor growth in vivo.

PAR2 knockdown inhibits tumor metastasis in nude
mice

Intrahepatic metastasis is the most common mode of
[26]
HCC metastasis . To determine whether PAR2 could
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facilitate tumor metastasis in vivo, a mouse model
was established that mimics the process of tumor
metastasis to the liver. HepG2 and SMMC-7721 cells
stably expressing shPAR2 or shNC were injected into
the spleen of nude mice, and then a splenectomy was
performed. This allows the tumor cells to circulate into
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the liver through the portal vein, thus forming liver
metastases. After 4 wk, ascites and liver tumors grew in
the mice of the shNC groups (Figure 6A), the maximum
body weight that increased due to ascites was no more
than 10% of the body weight in age-matched shPAR2
group. The mice in both groups were sacrificed and

1129

March 14, 2018|Volume 24|Issue 10|

Sun L et al . PAR2 promotes HCC proliferation and metastasis

A

HapG2

B

SMMC-7721

HapG2

SMMC-7721

p-ERK

shNC

ERK
GAPDH
shNC

shPAR2

shNC

shPAR2

shPAG2

GAPDH
shNC

shPAR2

.1

shPAR2

pc

DN

A3

pc

.1

DN

A3

shNC

-P
AR

GAPDH

.1

E-cadherin

A3

E-cadherin

DN

N-cadherin

.1

N-cadherin

A3

Snail

DN

Snail

SMMC-7721

pc

EGR-1

2

HapG2

EGR-1

pc

D

SMMC-7721

2

HapG2

-P
AR

C

Figure 7 Proteinase-activated receptor 2 mediates the activation of ERK and further induces epithelial-mesenchymal transition. A: The protein levels of ERK
and p-ERK in HepG2 and SMMC-7721 cells; B: The morphological changes in HepG2 and SMMC-7721 cells after proteinase-activated receptor 2 knockdown; C and D:
The protein levels of EGR-1, Snail, E-cadherin, and N-cadherin in HepG2 and SMMC-7721 cells. GAPDH was selected as an endogenous control.

the tumor volumes of the shNC groups were much
larger than those in the shPAR2 groups (Figure 6B).
Livers in the shNC group also had a higher number
of tumors compared to the shPAR2 groups (Figure
6C). There was almost no liver metastasis observed in
the shPAR2 groups (Figure 6D). From this metastasis
model, it appears that PAR2 is necessary for HCC
intrahepatic metastasis. PAR2 knockdown could inhibit
the colonization of HCC cells on the liver.

in shNC and shPAR2 cells through immunoblot
analysis. As shown in Figure 7C, the epithelial marker
E-cadherin was upregulated while EGR-1, Snail, and the
mesenchymal marker N-cadherin were downregulated
when PAR2 was knocked down. After transient
overexpression of PAR2, E-cadherin was downregulated,
and EGR-1, Snail, and N-cadherin were upregulated
(Figure 7D). These results demonstrate that PAR2
participates in the process of EMT and promotes HCC
cell metastasis.

PAR2 mediates the activation of ERK to promote cell
proliferation and induces EMT to promote metastasis

DISCUSSION

PAR2 is reported to activate ERK to promote HCC cell
[16]
proliferation ; these results were confirmed in HepG2
and SMMC-7721 cells (Figure 7A), but the downstream
mechanisms that facilitate metastasis are unclear.
EMT is a common mechanism of cancer metastasis,
and it is reported that activated ERK can activate
[27]
EGR-1 . As a transcription factor, EGR-1 induces
Snail expression to inhibit E-cadherin expression, thus
[27-29]
inducing EMT
. Interestingly, after knockdown of
PAR2, HepG2 and SMMC-7721 cells showed obvious
morphological changes toward an epithelial phenotype
(Figure 7B). Therefore, we measured EGR-1, Snail, and
the EMT markers E-cadherin and N-cadherin expression

WJG|www.wjgnet.com

HCC is one of the most lethal malignancies worldwide,
[4]
especially in China . Although many genes and
signaling pathways have been found to participate in
[30-33]
HCC carcinogenesis
, the prognosis of the patients
is still unsatisfactory, therefore it is urgent to uncover
more genes responsible for the development of HCC.
The focus of this work was PAR2, which is evident
for its important role in the development of tumors,
[12-15]
especially of epithelial origin
. PAR2 is known to
promote proliferation, migration, and invasion of HCC
cells. Unfortunately, the underlying mechanism of
PAR2 activity in HCC metastasis is unclear and few in
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vivo studies have been carried out elucidating its role
in tumor development. Additionally, the association
between PAR2 and clinicopathological variables of HCC
patients has not been analyzed; this work addressed
those questions.
In the clinical association study, expression
levels of PAR2 were analyzed in 60 HCC patients
by immunohistochemistry. Patients with high PAR2
expression levels tended to have advanced tumor stage,
larger tumor size, and high microvascular invasion
rate, indicating that PAR2 plays an important role in
the development of HCC. Additionally, patients with
high PAR2 expression levels had shorter OS and DFS,
implying that PAR2 could serve as a biomarker to predict
the prognosis of HCC patients.
Because PAR2 is associated with tumor size and
microvascular invasion, the role of PAR2 in HCC
proliferation and invasion was investigated. PAR2
was stably knocked down using shRNA or transiently
overexpressed in HepG2 and SMMC-7721 cells. CCK8
and colony forming assays were used to measure
in vitro cell proliferation. These assays showed that
PAR2 knockdown inhibited cell proliferation and
colony formation ability, while overexpression of PAR2
presented adverse effects. From transwell and wound
healing assays, PAR2 was shown to promote tumor
cell migration and invasion. These in vitro experiments
indicated that PAR2 plays an important role in
tumorigenesis and the development of HCC cells.
Two mouse models were used to explore the role of
PAR2 in HCC progression in vivo. From a subcutaneous
xenograft model, it was determined that knockdown
of PAR2 could inhibit tumor growth to a great extent.
From the liver metastasis model, PAR2 was shown to
help HCC cells plant onto the liver and form metastatic
foci. These in vivo data provide solid evidence that PAR2
promotes HCC cell proliferation, invasion, and migration.
After knockdown of PAR2, morphological changes
toward an epithelial phenotype were observed in HepG2
and SMMC-7721 cells. EMT is an important step in
tumor progression and plays a critical role during cancer
invasion and metastasis. During EMT, cells lose their
[21]
epithelial qualities and acquire mesenchymal features
such as increased expression of mesenchymal-related
markers (such as N-cadherin), and reduced expression
[28]
of epithelial-related markers (such as E-cadherin) .
It is reported that the function of PAR2 is mediated by
[16]
activating MAPK proteins such as ERK ; ERK activation
by PAR2 was verified in this study. Interestingly, it is
reported that activated ERK can induce EMT through
[28,29]
EGR-1 and Snail
, therefore the expression levels
of EGR-1, Snail, E-cadherin, and N-cadherin were
monitored through immunoblot analysis in HepG2 and
SMMC-7721 cells. PAR2 knockdown resulted in higher
levels of E-cadherin and lower levels of N-cadherin,
while overexpression of PAR2 reduced the levels of
E-cadherin and increased the levels of N-cadherin.
This implies that PAR2 can promote EMT in HCC cells

WJG|www.wjgnet.com

through activating ERK, at least in part. As we all know,
PAR2 is activated via its N-terminal cleavage by several
[34]
proteases such as serine proteases , but which
protease is responsible for PAR2 activation in HCC is
still not clear. This is a very interesting direction in the
following study. Recently, some growth factors such as
HGF were reported to be responsible for EMT in HCC.
Whether HGF participates in PAR2-induced EMT could
[27,35]
be further investigated based on this study
.
Collectively, this study comprehensively investigated
the role of PAR2 in HCC progression in vitro, in vivo,
and in clinical samples for the first time. PAR2 could
promote HCC cell proliferation, invasion, and migration
by activating ERK and thus inducing EMT. These findings
highlight the potential role of PAR2 in directing the
diagnosis, treatment, and prognosis of HCC.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Hepatocellular carcinoma (HCC) is one of the most common malignancies
worldwide. Metastasis often occurs in HCC patients, thus leading to a poor
prognosis. It is urgent for us to find out molecules that are responsible for HCC
metastasis to improve the prognosis of HCC patients.

Research motivation

Proteinase-activated receptor 2 (PAR2) is reported to be responsible for
HCC development, but the underlying mechanism is unclear. Figuring out the
detailed mechanisms for PAR2-induced metastasis of HCC could give us more
options for HCC treatment.

Research objectives

Although the role of PAR2 in HCC has been reported, the underlying
mechanism for PAR2-induced metastasis is more important. Therefore, we
aimed to find out the downstream signaling for PAR2-induced HCC metastasis.
This could help us to find targets for HCC treatment.

Research methods

PAR2 expression levels were assessed by qRT-PCR and immunohistochemistry
in patient tissues. Cell proliferation was investigated by CCK8 and colony
formation assays in vitro and tumor xenograft in vivo. HCC cell metastasis
was assessed by transwell and wound healing assays in vitro and intrasplenic
injection of HCC cells in mice in vivo. Immunoblotting was carried out to monitor
the levels of mitogen-activated protein kinases and epithelial-mesenchymal
transition (EMT) markers to figure out the underlying mechanisms for PAR2.
This is the first time to analyze the correlation between PAR2 expression and
HCC clinicopathological characteristics. Also, it is the first for us to investigate
the underlying mechanism for PAR2-mediated HCC metastasis. What’s more,
we proved the role of PAR2 in HCC proliferation and metastasis using an
animal model.

Research results

The prognosis of patients with high PAR2 levels was poorer than those with
low PAR2 levels. Patients with high PAR2 levels had advanced tumor stage,
larger tumor size, and high microvascular invasion rate. The proliferation
and metastasis ability of SMMC-7721 and HepG2 cells was increased after
PAR2 overexpression, while knockdown of PAR2 decreased the proliferation
and metastasis ability of SMMC-7721 and HepG2 cells. Knockdown of PAR2
also inhibited HCC tumor cell growth and liver metastasis in nude mice.
Mechanistically, PAR2 increased the proliferation ability of SMMC-7721 and
HepG2 cells via ERK activation. Activated ERK further promoted the epithelialmesenchymal transition of these cells with the help of EGR-1 and Snail, which
endowed them with enhanced migration and invasion ability.
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Research conclusions

In this study, we found that PAR2 was upregulated in HCC tumor tissues and
related with poor prognosis in HCC patients. In addition, we proved that PAR2
could not only promote the proliferation and metastasis ability of SMMC-7721
and HepG2 cells in vitro, but also promoted xenograft tumor growth and HCC
cell liver metastasis in vivo. These effects were mediated by the activation of
ERK, which further induced EMT by EGR-1 and Snail of HCC cells. Therefore,
targeting PAR2 may present a favorable anticancer target for treatment.

13

14

Research perspectives

As we all know, PAR2 is activated via its N-terminal cleavage by several
proteases such as serine proteases, but which protease is responsible for
PAR2 activation in HCC is still not clear. This is a very interesting direction in
the following study. Recently, some growth factors such as HGF were reported
to be responsible for EMT in HCC. Whether HGF participates in PAR2-induced
EMT could be further investigated based on this study.
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AIM
To investigate 30-year treatment outcomes associated
with Budd-Chiari syndrome (BCS) at a tertiary hospital
in China.
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kexu@vip.sina.com. The participants gave informed consent for
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METHODS
A total of 256 patients diagnosed with primary BCS
at our tertiary hospital between November 1983 and
September 2013 were followed and retrospectively
studied. Cumulative survival rates and cumulative
mortality rates of major causes were calculated by
Kaplan-Meier analysis, and the independent predictors
of survival were identified using a Cox regression
model.

Xu K. Budd-Chiari syndrome in China: A 30-year retrospective
study on survival from a single center. World J Gastroenterol
2018; 24(10): 1134-1143 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i10/1134.htm DOI: http://
dx.doi.org/10.3748/wjg.v24.i10.1134

RESULTS
Thirty-four patients were untreated; however, 222
patients were treated by medicine, surgery, or
interventional radiology. Forty-four patients were lost
to follow-up; however, 212 patients were followed, 67
of whom died. The symptom remission rates of treated
and untreated patients were 81.1% (107/132) and
46.2% (6/13), respectively (P = 0.009). The cumulative
1-, 5-, 10-, 20-, and 30-year survival rates of the
treated patients were 93.5%, 81.6%, 75.2%, 64.7%,
and 58.2%, respectively; however, the 1-, 5-, 10-, 20-,
and 30-year survival rates of the untreated patients
were 70.8%, 70.8%, 53.1%, 0%, and unavailable,
respectively (P = 0.007). Independent predictors of
survival for treated patients were gastroesophageal
variceal bleeding (HR = 3.043, 95%CI: 1.363-6.791,
P = 0.007) and restenosis (HR = 4.610, 95%CI:
1.916-11.091, P = 0.001). The cumulative 1-, 5-, 10-,
20-, and 30-year mortality rates for hepatocellular
carcinoma were 0%, 2.6%, 3.5%, 8%, and 17.4%,
respectively.

Budd-Chiari syndrome (BCS) is a rare disease defined
as hepatic venous outflow tract obstruction at any level
from small hepatic veins (HVs) to the junction of the
inferior vena cava (IVC) and right atrium in the absence
[1]
of right heart failure or constrictive pericarditis . An
obstruction that originates from endoluminal lesions (i.e.,
thrombosis, webs, and endophlebitis) is considered
[2]
primary BCS . Western and Asian patients exhibit
different characteristics regarding the nature and level of
obstructive lesions; therefore, clinical presentations and
[3]
treatment strategies are also different in these groups .
In Western countries, where hepatic thrombosis is the
major obstructive lesion of BCS, a step-wise therapeutic
strategy aimed at minimizing invasiveness has been
[4,5]
advocated and proven to be effective . The most
widely used treatment modalities are anticoagulation
and trans-jugular intra-hepatic porto-systemic shunt
[5,6]
(TIPS)
. However, for Asian patients, especially
Chinese patients, the predominant obstructive lesions
are membranous and segmental obstructions of the
supra-hepatic or retro-hepatic portion of the IVC, and
the most used treatment modalities are interventional
[7-11]
re-canalization and surgery
.
Till the year 2014, more than 20000 cases of BCS
[12]
have been published in China , since the first Chinese
[13]
case was reported in 1957 . According to a recent
literature survey study, interventional radiological
procedures (mainly percutaneous re-canalization) have
[14]
become the most common treatment option , and
[10,15,16]
their outcomes are good or excellent
. However,
outcomes from more than 10-year follow-up are
[10,15-20]
scarcely reported
. Ten years may not be long
enough for long-term outcome observations in Chinese
patients with BCS characterized by insidious onset and
[21,22]
chronic development
. The aim of this study was to
retrospectively analyze the 30-year follow-up outcomes
of BCS patients at our center and to evaluate their longterm survival and its related predictors.

INTRODUCTION

CONCLUSION
Long-term survival is satisfactory for treated Chinese
patients with BCS. Hepatocellular carcinoma is a chronic
complication and should be monitored with long-term
follow-up.
Key words: Budd-Chiari syndrome; Chinese; Survival;
Interventional radiology
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first study to evaluate interventional
treatment outcomes of Chinese Budd-Chiari syndrome
(BCS) patients with more than 20-year follow-up,
and the cumulative 20-year survival rate was 69.5%
for patients treated by interventional radiological
procedures. The cumulative 1-, 5-, 10-, and 20-year
survival rates for untreated BCS patients were 70.8%,
70.8%, 53.1%, and 0%, respectively. Restenosis and
gastroesophageal variceal bleeding were critical factors
for predicting long-term survival. Long-term follow-up
to monitor the chronic complications of BCS should not
be less than 10 years, and deaths greatly increase after
10-year follow-up, especially those of patients who died
from hepatocellular carcinoma.

MATERIALS AND METHODS
Study design and case selection

This retrospective case series study was approved
by the ethics committee of our hospital. All patients
were informed about the benefits and related risks
before treatment, and they provided written informed
consent. Medical records of 410 patients treated
between November 1983 and September 2013 with
an admission diagnosis of BCS were identified in
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included medical treatments, surgical operations, and
interventional radiological procedures. Medical treatments
included anticoagulation, diuretics, paracentesis and
reinfusion of ascites, and albumin infusion. Surgical
operations included cavoatrial shunting, radical resection,
meso-cavo-atrial shunting, splenopneumopexy, and
splenocaval shunting and were performed as described
[23]
in a previous study . Interventional radiological
procedures included percutaneous intravascular catheterdirected thrombolysis, percutaneous transluminal
angioplasty (PTA) with or without stent implantation, and
TIPS, and the techniques were described in our previous
[10,24]
studies
. Technical success of the interventional
radiological procedures (mostly percutaneous
recanalization) was defined as the recanalization of
hepatic venous outflow tract obstruction as demonstrated
[10]
by venography .

410 BCS medical records

109 BCS medical records of
repeated admission
301 BCS medical records of
non-repeated admission

30 patients excluded:
5 secondary BCS
25 misdiagnosis

271 primary BCS patients

15 with radiological and clinical
data completely missing

Data collection and follow-up

Baseline data were extracted from the medical records
before treatment, including demographic data, clinical
presentations, laboratory test results, and imaging data.
Patients were followed until death, the end of this study
(December 31, 2014), or the last outpatient visit date
if the patient was lost to follow-up. Symptom remission
was defined as complete remission or substantial
partial remission of the main symptoms that the
patients complained about most urgently. Patients were
examined by color Doppler ultrasonography, computed
tomography, or magnetic resonance imaging at their
local hospitals for restenosis evaluation, and the results
were confirmed by venography at our hospital. Followup data were obtained from medical records or by
telephone interview of the patients themselves or their
family members.

256 primary BCS patients
eligible for data analysis

Figure 1 Flow chart of case selection. BCS: Budd-Chiari syndrome.

our hospitalization register system. There were 172
records from 63 patients that represented repeated
hospitalizations; only the primary hospitalization medical
records were enrolled. Thirty records were excluded,
including 5 for secondary BCS and 25 for misdiagnoses
of BCS. For the remaining 271 primary BCS records, 15
were not qualified for statistical analysis due to missing
laboratory and imaging investigation data. Finally, 256
patients were eligible for our study. A flow chart of case
selection is shown in Figure 1.

Statistical analysis

Categorical variables are expressed as absolute numbers
(or frequencies, if indicated) and were compared
using the chi-square or Fisher’s exact test. Continuous
variables are summarized as medians and ranges and
were compared by using the independent sample t-test
or one-way analysis of variance. Cumulative survival
rates and cumulative mortalities associated with major
causes were analyzed using Kaplan-Meier curves and
compared by the log-rank test. The Cox regression
model was employed for the analysis of factors related
to survival. Variables reaching statistical significance (P
< 0.05) in the univariate analysis were incorporated into
a multivariate analysis as covariates. Two-tailed P-values
less than 0.05 were considered statistically significant.
All statistical calculations were performed using SPSS
21.0 package (SPSS Inc, Chicago, IL, United States).

Diagnosis and classification

BCS was diagnosed by color Doppler ultrasonography,
computed tomography, magnetic resonance imaging,
and/or venography of HVs and the IVC. BCS patients
were classified into three groups according to the
obstruction site of the hepatic venous outflow tract: (1)
IVC type, manifesting as obstruction of the IVC with
at least one patent HV; (2) HV type, manifesting as
obstruction of the three main HVs; and (3) combined
type, manifesting as obstruction of both the IVC
[10]
and three main HVs . Patients were considered
symptomatic when they had any one of the following
manifestations: abdominal pain, abdominal distention,
ascites, esophageal and gastric varicose bleeding,
encephalopathy, or lower-extremity edema.

Treatment

RESULTS

In this case series, 34 patients were untreated (did
not receive any regular treatments) due to technical
contraindications (n = 9), poverty (n = 10), or relatively
mild symptoms (n = 15), and 222 patients received
treatment. Treatment modalities used for BCS patients
WJG|www.wjgnet.com
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Two hundred and fifty-six patients with confirmed
diagnoses of primary BCS were analyzed, including 153
males and 103 females with a median age of 41 (range,
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Table 1 Baseline characteristics of the 256 patients

Total number
Demographic data
Sex
Male
Female
Age (yr)1
Duration of symptoms
≤ 1 mo
1-6 mo
≥ 6 mo
Clinical manifestations
Abdominal distention
Abdominal wall varicosis
Lower-extremity edema
Gastroesophageal variceal bleeding
Hepatic encephalopathy
Laboratory tests1,2
Hemoglobin level (g/L)
Platelet count (× 109/L)
Alanine transaminase level (× ULN)
Albumin level (g/L)
Total bilirubin level (μmol/L)
International normalized ratio
Creatinine level (μmol/L)
Blood urea nitrogen level (mmol/L)
Imaging features
Type of obstruction
HV
IVC
Com
Pattern of IVC obstruction
No obstruction
Membranous
Segmental
Long segmental
Ascites
AHV compensation
IVC thrombosis
Portal vein thrombosis
Prognostic index
Child-Pugh score1, 2
Child-Pugh class2
A
B
C

Medicine

Surgery

Intervention

Untreated

30

14

178

34

16
14
36 (7-74)

4
10
35 (24-47)

109
69
41 (14-80)

24
10
44.5 (14-66)

5
7
18

0
2
12

28
35
115

7
12
15

24
12
17
8
0

12
13
13
3
0

82
105
104
26
0

15
16
17
4
2

133 (64-172)
130 (49-479)
0.6 (0.2-7.6)
34.5 (13.1-54)
26.2 (6-146.2)
1.4 (0.9-1.9)
106.3 (85-341)
5.3 (1.8-26.6)

149 (101-176)
92 (47-160)
0.6 (0.3-1.6)
36 (22-41)
28.6 (17.1-68.4)
1.3 (1.1-1.7)
74 (71-77)
5.1 (2.5-18.6)

130.5 (30-180)
108.5 (33-603)
0.6 (0.2-28)
37.4 (16.7-57.7)
26 (7-292)
1.3 (0.9-2.9)
74.1 (30-254)
5.3 (2.5-39.1)

134 (80-180)
139.5 (50-341)
0.7 (0.3-3.6)
35 (16-58)
24.9 (6.1-168)
1.3 (0.9-1.8)
75 (29.6-146)
5.6 (3.6-11.8)

9
3
18

0
2
12

25
41
112

10
9
15

7
14
8
1
17
1
11
1

0
8
4
2
9
3
5
0

25
108
36
9
85
34
57
3

10
15
4
5
14
4
14
3

7 (5-9)

6 (5-7)

7 (5-12)

6 (5-11)

3
6
0

1
1
0

59
61
6

6
4
1

1

Data are shown as median with range in parentheses; 2Data are incomplete because some laboratory tests were not performed prior to the year 2000.
Except where indicated, data are shown as number of patients. ULN: Upper limit of normal; HV: Hepatic vein; IVC: Inferior vena cava; Com: Combination;
AHV: Accessory hepatic vein.

surgery, and 178 by interventional radiology. Detailed
information is presented in Table 2 for the 14 patients
treated by surgical operations and the 178 patients
treated by interventional procedures. For the patients
treated by interventional radiology, the procedures
were successful in 172 (96.6%) patients and failed in 6
patients due to diffuse HV obstruction (n = 4) and long
segments (more than 5 cm) of IVC obstruction (n =
2). For the patients who experienced procedure-related
complications, one died of disseminated intravascular
coagulation 6 h after PTA, one died of severe
hemoptysis of bronchiectasis 72 h after thrombolysis,
one had stent fracture and was treated by implantation
of an additional stent, and the other patients were

7-80) years. The baseline characteristics of the 256
patients are shown in Table 1 according to treatment
modality. Furthermore, the patients were divided
into two groups according to whether they received
treatment or not, and their baseline characteristics
were compared. The treated and untreated groups had
statistically significant differences in the presentation
of hepatic encephalopathy (P = 0.017), the pattern
of IVC obstruction (P = 0.016), and portal vein
thrombosis (P = 0.047).

Treatment

Except for 34 untreated patients, 222 patients received
treatment, including 30 treated by medicine, 14 by
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Table 2 Detailed information on surgical operations and interventional procedures
Department
Surgery

Interventional radiology

Operations/procedures

No.

Complications

Cavoatrial shunt
Radical resection
Meso-cavo-atrial shunt
Splenopneumopexy
Splenocaval shunt
Technic failure
PTA
PTA combined with stent
TIPS
Catheter directed thrombolysis

10
1
1
1
1
6
96
69
7
191

Hemorrhagic shock (n = 1)
Acute hepatic failure (n = 1)

Abdominal pain (n = 4), DIC (n = 1)
Abdominal pain (n = 2), Stent fracture (n = 1), Supraventricular tachycardia (n = 2)
Hematuria (n = 2), Hemoptysis (n = 1)

1

The total number of patients treated by interventional procedures was 178, and the 19 patients treated by catheter directed thrombolysis were repeatedly
counted among the patients treated by PTA (n = 5) and PTA combined with stent implantation (n = 14). PTA: Percutaneous transluminal angioplasty; TIPS:
Transjugular intrahepatic portosystemic shunt; DIC: Disseminated intravascular coagulation.

A

B

Untreated
Treated

1.0
0.8

0.8
Cumulative survival

Cumulative survival

Intervention
Medicine
Surgery

1.0

0.6
0.4
0.2

0.6
0.4
0.2

0.0

0.0
0

60

120

180

240

300

360

0

60

Months of follow-up

120

180

240

300

360

Months of follow-up

Figure 2 Survival rates of Budd-Chiari syndrome patients. A: Comparison of cumulative survival rates of Budd-Chiari syndrome (BCS) between the 188 treated
patients and 24 untreated patients. Treated patients had significantly better long-term survival than untreated patients (P = 0.007); B: Comparison of cumulative
survival rates of BCS among different treatment modalities. Patients treated by interventional radiology had significantly better long-term survival than patients treated
by medicine or surgery (P = 0.002).

given symptomatic treatment.

that the loss rate of the untreated group was 29.4%
(10/34), which was higher than 20%.

Follow-up

Survival

Forty-four patients were lost to follow-up, and 212
patients were followed with a median period of 89
(0.2-360) mo; 67 of the followed patients died, with
a median follow-up period of 28 (0.2-289) mo. The
deaths of five patients who suffered from intracranial
hemorrhage induced by hypertension (n = 1), cho
langiocarcinoma (n = 1), disseminated intravascular
coagulation (n = 1), accidental death (n = 1), and
hemoptysis (n = 1) were not considered to be related to
BCS. Detailed follow-up information is shown in Table 3.
Regarding the remission of symptoms, symptoms were
relieved in 107 out of 132 living patients in the treated
group, and the overall remission rate was 81.1%; for
the untreated group, 6 out of the 13 living patients
were relieved of symptoms, and the remission rate was
46.2%. The difference between these two groups was
statistically significant (P = 0.009). Furthermore, the
comparison of loss rates between these two groups was
not significantly different (P = 0.052). It was notable

WJG|www.wjgnet.com

The cumulative 1-, 5-, 10-, 20-, and 30-year survival
rates of the 188 treated patients were 93.5%, 81.6%,
75.2%, 64.7%, and 58.2%, respectively; for the 24
untreated patients, the 1-, 5-, 10-, 20-, and 30-year
survival rates were 70.8%, 70.8%, 53.1%, 0%, and
unavailable, respectively. The difference in cumulative
survival rates between these two groups was statistically
significant (P = 0.007) (Figure 2A). Regarding the
different treatment modalities, the cumulative 1-, 5-,
10-, 20-, and 30-year survival rates of patients treated
by interventional radiology were 95.7%, 85.3%, 80.2%,
69.5%, and unavailable, respectively; the 1-, 5-, 10-,
20-, and 30-year rates of patients treated by medicine
were 85.7%, 50%, 50%, 50%, and 50%, respectively;
and the 1-, 5-, 10-, 20-, and 30-year rates of patients
treated by surgery were 88.9%, 88.9%, 44.4%,
33.3%, and unavailable, respectively. The difference in
cumulative survival rates among these three treatment
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Table 3 Follow-up results of 256 Budd-Chiari syndrome patients
Treatment

Total

Lost

Death

Remission

Non-remission/progression

Medicine

30

16

3

Abdominal distention (n = 3)

Surgery

14

5

Variceal bleeding (n = 4), liver or multiple
organ failure (n = 3), and hepatocellular
carcinoma (n = 1)
Liver or multiple organ failure (n = 3),
hepatocellular carcinoma (n = 1), variceal
bleeding (n = 1), anastomotic infection (n = 1),
and hepatic encephalopathy (n = 1)

1

Abdominal distention (n = 1)

6

0

Liver or multiple organ failure (n = 3)

1

96

6

57

69

5

7

2

34

10

Liver or multiple organ failure (n = 8),
hepatocellular carcinoma (n = 5), variceal
bleeding (n = 3), cholangiocarcinoma (n
= 1), intracranial hemorrhage induced by
hypertension (n = 1), DIC (n = 1), and accidental
death (n = 1)
Liver or multiple organ failure (n = 7),
hepatocellular carcinoma (n = 3), variceal
bleeding (n = 2), hepatic encephalopathy (n = 2),
and hemoptysis (n = 1)
Liver or multiple organ failure (n = 2), and
variceal bleeding (n = 1)
Liver or multiple organ failure (n = 7), variceal
bleeding (n = 1), hepatocellular carcinoma (n =
1), hepatic encephalopathy (n = 1), and chronic
leukemia (n = 1)

Abdominal distention (n = 1) and
lower-extremity edema (n = 1)
Abdominal distention (n = 7), lowerextremity edema (n = 4), and lowerextremity varix (n = 2)

Interventional radiology
Technic failure
PTA

PTA combined with
stent placement

TIPS
Untreated

44

Abdominal distention (n = 3), lowerextremity edema (n = 1), and muscle
wasting (n = 1)

1

Jaundice (n = 1)

6

Abdominal distention (n = 4), muscle
wasting (n = 2), and lower-extremity
edema (n = 1)

PTA: Percutaneous transluminal angioplasty; TIPS: Transjugular intrahepatic portosystemic shunt; DIC: Disseminated intravascular coagulation.

modalities was statistically significant (P = 0.002) (Figure
2B). The factors related to survival, excluding the five
deaths unrelated to BCS, were analyzed in the treated
patients. In univariate analysis, the predictors of survival
included gastroesophageal variceal bleeding, a high
level of alanine transaminase, ascites, and restenosis.
In multivariate analysis, the independent predictors of
survival were gastroesophageal variceal bleeding (HR =
3.043, 95%CI: 1.363-6.791, P = 0.007) and restenosis
(HR = 4.610, 95%CI: 1.916-11.091, P = 0.001) (Table
4).

respectively (Figure 3B); and the 1-, 5-, 10-, 20-, and
30-year mortality rates for HCC were 0%, 2.6%, 3.5%,
8%, and 17.4%, respectively (Figure 3C).

DISCUSSION
To the best of our knowledge, the present study is the
first large case series that evaluated interventional
treatment outcomes of Chinese BCS patients with more
than 20-year follow-up. We assume that most Chinese
BCS patients are characterized by insidious onset and
[22,25,26]
chronic development
; therefore, a relatively
long time is needed to observe long-term outcomes.
However, the follow-up time span that can be defined
as “long-term follow-up” is still debatable. According
to our study, we found that deaths greatly increased
after 10-year follow-up, especially those of patients who
died of HCC. Therefore, we suggest that the long-term
follow-up span should not be less than 10 years for
Chinese BCS patients.
In the present study, patients were retrospectively
divided into a treated group and an untreated group
according to whether the patients received treatment
or not. Less than half of the patients who did not
receive any regular treatments (medicine, surgery, or
interventional radiology) had intermittent, spontaneous
relief of clinical symptoms, and none survived for more
than 20 years. These findings were very interesting
because the follow-up results might reflect the natural
outcomes of Chinese BCS patients. According to our

Cumulative mortalities of major causes

For the treated patients, the major causes of
death were liver or multiple organ failure (n = 26),
gastroesophageal variceal bleeding (n = 11), and
hepatocellular carcinoma (HCC) (n = 10), which
accounted for more than 80% of the total deaths
(83.9%). The median survival time was 37.5 (1-239)
mo for patients who died of liver or multiple organ
failure, 48 (4-150) mo for patients who died of gastro
esophageal variceal bleeding, and 122.5 (14-282) mo
for patients who died of HCC. The difference in survival
times across these three groups was statistically
significant (P = 0.016). The cumulative 1-, 5-, 10-, 20-,
and 30-year mortality rates for liver or multiple organ
failure were 4.4%, 10.1%, 14.5%, 20.5%, and 20.5%,
respectively (Figure 3A); the 1-, 5-, 10-, 20-, and
30-year mortality rates for gastroesophageal variceal
bleeding were 0.5%, 5.3%, 7.3%, 8.5%, and 8.5%,
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Figure 3 Cumulative mortality rates of Budd-Chiari syndrome. A: Cumulative mortality rates of Budd-Chiari syndrome (BCS) patients who died of liver or multiple
organ failure; B: Cumulative mortality rates of BCS patients who died of gastroesophageal variceal bleeding; C: Cumulative mortality rates of BCS patients who died
of hepatocellular carcinoma.

results, the natural survival of Chinese BCS patients
seemed to be better than that of Western patients, for
whom it was estimated that 90% of untreated patients
[2,27]
would die within 3 years
. The follow-up results
also suggested that timely intervention was crucial for
the survival of BCS patients, even if their symptoms
could be spontaneously intermittently relieved. It was
noteworthy that the loss rate was higher than 20% for
untreated patients; therefore, the findings that reflected
the natural outcomes of Chinese BCS patients should be
carefully interpreted.
The cumulative survival rates of the treated
group were better than those of the untreated group.
However, some baseline characteristics between these
two groups were different (the presentation of hepatic
encephalopathy and portal vein thrombosis was higher in
the untreated group than in the treated group, indicating
a more serious condition). For the patients treated by
interventional radiology, the cumulative 1-, 5-, 10-, and
20-year survival rates were 95.7%, 85.3%, 80.2%,
and 69.5%, respectively. The cumulative 1-, 5-, and
10-year survival rates were excellent and comparable to
the results recently reported from a systematic review,

WJG|www.wjgnet.com

which found that the median 1-, 5-, and 10-year survival
rates were 93%, 83%, and 73% after interventional
[28]
radiological treatments, respectively . The cumulative
20-year survival rate of patients treated by intervention
radiology was significantly better than that of patients
treated by medicine or surgery (69.5% vs 50% or
33.3%, respectively), which supported wide future use
of interventional radiological procedures as a treatment
modality. Furthermore, the cumulative 20- and 30-year
survival rates of the treated patients were 64.7% and
58.2%, which were satisfying for such a rare disease
with chronic history. Of note, the actual survival rates of
patients treated by medicine and surgery in our study
were influenced by the high ratio of patients lost to
follow-up (more than 50%) and should be cautiously
interpreted.
According to previous studies, the causes
of death of BCS patients mainly included liver
failure, gastroesophageal bleeding, HCC, hepatic
[5,10,29]
encephalopathy, and chronic leukemia
. The present
study demonstrated that the major cause of death
was liver or multiple organ failure, which accounted for
46% (26/56) of the total deaths of treated patients,
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Table 4 Univariate and multivariate analyses of the predictors of survival for treated patients
Variable

Univariate analysis

Sex (Male/Female)
Age
History of BCS since first presentation
Abdominal distention (Yes/No)
Abdominal wall varicosis (Yes/No)
Gastroesophageal variceal bleeding (Yes/No)
Lower-extremity edema (Yes/No)
Hemoglobin level
Platelet count
Alanine transaminase level
Albumin level
Total bilirubin level
INR
Creatinine level
Blood urea nitrogen level
Ascites (Yes/No)
Accessory hepatic vein (Yes/No)
Associated IVC thrombosis (Yes/No)
Restenosis (Yes/No)
Child-Pugh score

Multivariate analysis

HR

95%CI

P value

0.558
0.992
0.994
0.943
0.819
2.928
1.318
0.994
1.002
1.003
0.975
1.007
1.280
1.005
1.049
2.108
2.126
1.000
5.309
1.108

0.297-1.050
0.968-1. 017
0.987-1.000
0.531-1.643
0.461-1.457
1.647-5.270
0.757-2.294
0.983-1.005
0.998-1.006
1.001-1.005
0.928-1.024
0.997-1.017
0.367-4.468
0.991-1.019
0.971-1.133
1.205-3.686
0.842-5.366
0.553-1.809
2.378-11.852
0.852-1.440

0.071
0.550
0.055
0.813
0.497
< 0.001
0.330
0.311
0.308
0.005
0.307
0.183
0.699
0.489
0.225
0.009
0.110
0.999
< 0.001
0.444

HR

95%CI

P value

3.043

1.363-6.791

0.007

1.002

0.999-1.005

0.274

1.849

0.812-4.213

0.143

4.610

1.916-11.091

0.001

HR: Hazard ratio; BCS: Budd-Chiari syndrome; INR: International normalized ratio; IVC: Inferior vena cava.

and this proportion was relatively high compared with
[5,6,10]
results from previous studies
. We explored the
possible reasons for this relatively higher occurrence of
liver or multiple organ failure by further calculating its
cumulative mortality and found that liver or multiple
organ failure occurred more frequently within 5 years
after primary treatments, which was longer than the
[5]
2-year time-frame reported in a previous study . One
possible explanation is that for Chinese BCS patients,
the chronic development course may allow formation of
HV collateral circulation or accessory HV compensation,
which might slow down the occurrence of liver failure
but simultaneously increases the number of patients
who are prone to liver failure.
Another major cause of death that we focused on
was HCC. It occurred in 10 of the 188 treated patients,
and the median time of survival was 122.5 (14-282)
mo, which indicated that it was a chronic complication
of BCS. This result agreed with previous studies and
demonstrated that HCC was a chronic complication
of BCS and mostly occurred over a relatively long
[30-32]
time
. A recent study demonstrated that the
cumulative incidence of HCC was 3.5% at 10 years,
and the risk factors related to HCC development
were liver cirrhosis, combined IVC and HV block,
and long-segment IVC block. The authors found that
association of these three events with occurrence of
HCC would indicate that degree and extent of outflow
obstruction, and presence of advanced degree of
fibrosis suggesting prolonged hepatic congestion with
resultant parenchymal loss were associated with HCC
[33]
development .
In our study, 10 patients experienced HCC and died
during 30-year follow-up, and this incidence was higher
than that in the above mentioned study (8 out of 413
patients during 20-year follow-up). In addition, we
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further calculated the cumulative mortality of HCC and
found that the cumulative 1-, 5-, 10-, 20-, and 30-year
mortality rates were 0%, 2.6%, 3.5%, 8%, and 17.4%,
respectively. This result also demonstrated that the
incidence and number of patients who died of HCC
progressively increased over time, which is consistent
with the results of the above mentioned study.
One major limitation of our study was its
retrospective nature. Some of the earlier original data
(especially before the year 2000) were not recorded
or lost. In addition, although a regular follow-up
schedule was established and we tried our best to
stay in contact with all BCS patients, approximately
17% (44/256) of the total patients were lost to followup, and this proportion was even higher (more than
50%) in patients treated by medicine or surgery. One
possible explanation is that most of the lost patients
were admitted in a relatively early period (before 2002)
when follow-up was very difficult, especially for patients
in poverty or remote regions. Another limitation was
that the baseline data of patients treated by different
modalities were inhomogeneous; thus, subgroup
analysis was inappropriate.
In conclusion, the long-term survival of Chinese BCS
patients was satisfactory for treated patients, especially
for patients treated by interventional procedures.
Restenosis and gastroesophageal variceal bleeding were
critical factors for predicting long-term survival. Longterm follow-up should not be less than 10 years to
monitor the chronic complications of HCC.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Budd-Chiari syndrome (BCS) is a rare disease. For Asian patients, especially
Chinese patients, the predominant obstructive lesions are membranous and
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segmental obstructions of the supra-hepatic or retro-hepatic portion of the
inferior vena cava. Till the year 2014, more than 20000 cases of BCS have
been published in China, and interventional radiological procedures (mainly
percutaneous re-canalization) have become the most common treatment
option. However, outcomes from more than 10-year follow-up are scarcely
reported for Chinese BCS patients.

Research perspectives

Research motivation

1

In future studies, prospective and multi-center research should be encouraged
to overcome the high rate of loss and to do the subgroup analysis.
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Abstract
AIM
To investigate post endoscopic submucosal dissection
electrocoagulation syndrome (PEECS) of the esophagus.

Institutional review board statement: The Institutional
Review Board of Gangnam Severance Hospital approved this
study (3-2017-0163).

METHODS
We analyzed 55 consecutive cases with esophageal
endoscopic submucosal dissection for superficial
esophageal squamous neoplasms at a tertiary referral
hospital in South Korea. Esophageal PEECS was defined
as “mild” meeting one of the following criteria without
any obvious perforation: fever (≥ 37.8 ℃), leukocytosis
(> 10800 cells/μl), or regional chest pain more than
5/10 points as rated on a numeric pain intensity scale.
The grade of PEECS was determined as “severe” when
meet two or more of above criteria.

Informed consent statement: Patients were not required
to give informed consent the study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by written consent.
Conflict-of-interest statement: All authors declare no conflictsof-interest related to this article.
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
We included 51 cases without obvious complications
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in the analysis. The incidence of mild and severe
esophageal PEECS was 47.1% and 17.6%, respectively.
Risk factor analysis revealed that resected area,
procedure time, and muscle layer exposure were
significantly associated with PEECS. In multivariate
2
analysis, a resected area larger than 6.0 cm (OR =
4.995, 95%CI: 1.110-22.489, P = 0.036) and muscle
layer exposure (OR = 5.661, 95%CI: 1.422-22.534, P
= 0.014) were independent predictors of esophageal
PEECS. All patients with PEECS had favorable outcomes
with conservative management approaches, such as
intravenous hydration or antibiotics.

technical resectability of the lesion is affected by various
applied techniques, the expertise of the endoscopist,
[1,6]
and the location and/or features of the lesion .
Well-known complications of esophageal ESD include
perforation (0%-6.9%), bleeding (0%-5.2%), and
[1,4,7-10]
post-procedural stricture (0%-17.2%)
. However,
post ESD electrocoagulation syndrome (PEECS) can
[11,12]
be also a common complication of ESD
. PEECS
is characterized by localized abdominal pain, rebound
tenderness, fever, and signs of peritoneal irritation
without frank perforation after gastric or colorectal
ESD. Several previous studies analyzed PEECS after
gastric or colonic ESD, but PEECS after esophageal ESD
[12,13]
has not been studied yet
. Actually, some patients
demonstrate clinical signs of PEECS after esophageal
ESD associated with fever, chest pain and leukocytosis,
despite the absence of perforation. However, the
possibility of PEECS in the esophagus has received little
attention. As far as we know, no studies have yet been
conducted on PEECS in the esophagus, and we tried
to investigate this new study. Therefore, we aimed to
evaluate the incidence and risk factors of PEECS in the
esophagus.

CONCLUSION
Clinicians should consider the possibility of esophageal
2
PEECS when the resected area exceeds 6.0 cm or
when the muscle layer exposure is noted.
Key words: Electrocoagulation; Endoscopic submucosal
dissection; Esophageal neoplasm; Syndrome
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A number of patients experience fever, chest
pain, and/or a systemic inflammatory response after
esophageal endoscopic submucosal dissection, even
in the absence of obvious perforation. Post endoscopic
submucosal dissection electrocoagulation syndrome
which is characterized by fever, leukocytosis, and
chest pain has been found to be a relatively common
condition after esophageal endoscopic submucosal
dissection. It more frequently occurs when the
resection area is wide (OR = 4.995) or when there is
muscle layer damage (OR = 5.661), but it is restored
without significant sequelae by conservative treatment.

MATERIALS AND METHODS
Patients and tumors

We retrospectively analyzed prospectively collected
database of patients who underwent esophageal
ESD for superficial esophageal squamous neoplasms
between March 2009 and December 2016 at Gangnam
Severance Hospital, Seoul, South Korea. The analyzed
demographic data and clinicopathologic features
included patient age, sex, comorbidities, smoking
and alcohol history, gross appearance of the tumor,
location of the tumor, histological type, invasion depth,
circumferential extension of the tumor, area of resection,
degree of exposure of the muscularis propria, procedure
time, systemic inflammatory response markers (e.g.,
leukocyte count and body temperature), administration
of antibiotics, and hospitalization period. The gross
appearance of the tumor was categorized according to
[14]
the Paris classification system . Tumor histology was
assigned according to the Japanese Classification of
[15]
Esophageal Carcinoma scheme . Tumor location was
classified according to the guidelines of the American
[16]
Joint Committee on Cancer . The resected specimen
was assumed to have an elliptical shape. Therefore,
the resected area was calculated using the major and
minor specimen axes, both of which were measured
by a pathologist. The procedure time for ESD was
defined as the time from circumferential marking to the
retrieval of the resected specimens by an endoscope.
Proper muscle layer exposure was defined as when the
fine texture of the muscle fibers of muscularis propria
was clearly exposed and visible endoscopically due to
deep submucosal dissection (Figure 1). Patients who
underwent multiple esophageal ESD were excluded in
this study.

Ma DW, Youn YH, Jung DH, Park JJ, Kim JH, Park H. Risk
factors of electrocoagulation syndrome after esophageal
endoscopic submucosal dissection. World J Gastroenterol 2018;
24(10): 1144-1151 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i10/1144.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i10.1144

INTRODUCTION
With the development of endoscopic imaging technology
and the increase in early endoscopic surveillance, the
incidence of superficial esophageal neoplasm (SEN)
[1,2]
has increased substantially . Endoscopic resection
has been considered to be a feasible procedure for SEN
because of its minimal invasiveness and the fact that
[3,4]
it does not compromise organ function . Endoscopic
submucosal dissection (ESD) is an endoscopic resection
method that enables high rates of en bloc resection
regardless of tumor size and consequently reduces local
[5,6]
recurrence . However, esophageal ESD is a more
difficult procedure to perform than gastric ESD. The

WJG|www.wjgnet.com
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A

B

Figure 1 Proper muscle layer exposure during endoscopic submucosal dissection in esophagus. A: Absent; B: Present.

A

B

C

D

E

F

Figure 2 Endoscopic submucosal dissection of a superficial esophageal neoplasm. A and B: A flat erythematous lesion that is unstained with Lugol’s solution;
C and D: Endoscopic submucosal dissection is made with a dual-knife after local submucosal injection; E and F: The lesion is completely resected.

PEECS was defined as meeting following criteria:
fever (≥ 37.8 ℃), leukocytosis (> 10800 counts/μl), or
regional chest pain greater than 5/10 points as assessed
on a numeric pain rating scale within 24 h after
[11,12]
ESD
. Patients indicated the intensity of current,
best, and worst pain levels on a scale of 0 (no pain)
[17]
to 10 (worst pain imaginable) . If one of the criteria
was met, it was defined as mild PEECS and defined as
severe PEECS if two or more criteria were met. Patients
who had ESD complications such as overt perforation
or bleeding were excluded from the analyses. Overt
perforation was defined as radiographic evidence of
free air, mediastinal emphysema, or subcutaneous
emphysema after the procedure. Massive bleeding was
defined as bleeding that led to the termination of the

WJG|www.wjgnet.com

procedure. Patients with other defined infections such
as pneumonia were also excluded. The Institutional
Review Board (IRB) of Gangnam Severance Hospital
approved this study (3-2017-0163). We received a
consent exemption from the IRB. Patients records and
information was anonymized

ESD procedures

All ESD procedures were performed by two expert
ESD endoscopists (Y.Y.H. and J.K.). Patients were
moderately sedated with midazolam and propofol while
ESD was performed. A video endoscope with a waterjet function (GIF-HQ290, GIF-Q260J; Olympus, Tokyo,
Japan) was used. A disposable distal transparent cap
(D-201-11804; Olympus) was mounted on the tip of
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Olympus) with a soft coagulation mode (60-W output)
were used to control bleeding during the procedure
(Figure 2).
After ESD, the patients were closely observed to
detect any adverse events. Intravenous proton pump
inhibitors and oral sucralfate were administered to
each patient to prevent procedure-related bleeding.
Chest and abdominal X-rays were taken immediately
at the end of the procedure and the following morning
to identify any leakage of luminal air or pneumonic
consolidation. On the day following the procedure,
complete blood cell count was performed to evaluate
the leukocytosis. If any aspiration or minute perforation
was suspected during ESD, prophylactic antibiotics were
administered to the patients. In the absence of evidence
of complications such as bleeding or perforation, a clear
liquid diet was served the following morning and the
patient was discharged in two or three days.

Table 1 Baseline patient and tumor characteristics n (%)
Characteristic
Number of patients
Sex
Male
Female
Age, mean ± SD, yr
Comorbidity
Hypertension
Diabetes mellitus
Chronic kidney disease
Smoker
Alcohol consumption
Gross appearance of tumor
Polypoid
Elevated
Flat
Depressed
Location of tumor
Upper third of esophagus
Middle third of esophagus
Lower third of esophagus
Esophagogastric junction
Circumferential extension, median (IQR), %
Pathology of tumor
Dysplasia
Squamous cell carcinoma
Invasion depth of tumor
Mucosa
Submucosa
Resected area, median (IQR), cm2
Procedure time, median (IQR), min
Muscle layer exposure
Absent
Present
En bloc resection
Antibiotics use
Post procedure BT, mean ± SD, ℃
Post procedure WBC, median (IQR), counts/μL
Post procedure pain scale score, median (IQR)
Duration of hospitalization, median (IQR), d
Post ESD electrocoagulation syndrome
Absent
Mild
Severe

Value (n = 51)
51
46 (90.2)
5 (9.8)
63.6 ± 9.4
21 (41.2)
7 (13.7)
1 (2.0)
42 (82.4)
40 (78.4)
1 (2.0)
8 (15.7)
40 (78.4)
2 (3.9)
3 (5.9)
20 (39.2)
24 (47.1)
4 (7.8)
40 (30-60)

Statistical analysis

Categorical data were analyzed using Fisher’s exact
2
test or the χ test. Student’s t-test or the MannWhitney U test was used for analysis of quantitative
data. Receiver operating characteristic (ROC) curve
analysis was performed to find the optimal cutoff
values of quantitative data such as resected area and
procedure time. In the univariate analysis to determine
independent risk factors for PEECS, variables with P
< 0.05 were considered statistically significant and
were added to the multivariate logistic regression.
All statistical analysis was performed using SPSS
software, version 18.0 for Windows (SPSS, Chicago,
IL, United States).

14 (27.5)
37 (72.5)
38 (74.5)
13 (25.5)
4.5 (2.9-8.2)
40 (27-69)
27 (52.9)
24 (47.1)
51 (100)
23 (45.1)
36.6 ± 0.5
10800 (9340-12600)
5 (3-6)
4 (3-6)

RESULTS
We obtained data from 55 consecutive patients with
SEN treated by ESD at Gangnam Severance Hospital.
Among them, 4 patients were excluded because of
procedure-related complication (3 cases of perforation,
1 case of bleeding). Thus, 51 patients were enrolled in
our study. Table 1 shows the patient and tumor baseline
characteristics. Most of the patients were male (46,
90.2%), and the mean age was 63.6 years. According
to the Paris classification scheme, the tumors of 40
patients (78.4%) had type 0-IIb gross appearance.
There were 14 patients (27.5%) who had dysplasia and
37 patients (72.5%) who had squamous cell carcinoma.
Regarding tumor invasion depth, 38 cases (74.5%)
had mucosal invasion and 13 cases (25.5%) had
submucosal invasion. More than half of the patients had
no muscle fiber exposure after the procedure (52.9%).
2
The median resected area was 4.5 cm (range 0.8-17.6)
and the median procedure time was 40 minutes (range
17-167). The median WBC after the procedure was
10800 cells/uL. There were 2 patients who had a fever
(≥ 37.8 ℃) without any obvious evidence of infection.
There were 8 patients (15.7%) who had severe
pain (≥ 6 points) after ESD. As a result, 24 patients

18 (35.3)
24 (47.1)
9 (17.6)

SD: Standard deviation; IQR: Interquartile range; BT: Body temperature;
WBC: White blood cell.

the endoscope in all cases. To identify the target lesion,
chromoendoscopy with Lugol’s stain or narrow band
imaging with magnification was used. The area around
the lesion was marked with electrical coagulation. A
mixture of 10% glycerol solution and 0.005 mg/ml
epinephrine was injected through a 25-gauge needle
into the submucosal layer under the lesion. In some
cases, hyaluronic acid (Endo-Mucoup; BMI Korea, Jeju,
South Korea) was added to the mixture. An endoscopic
carbon dioxide regulation unit (UCR, Olympus, Tokyo,
Japan) was used for the insufflation. A dual knife (KD650Q; Olympus) or an IT-knife 2 (KD-610L; Olympus)
was used to perform the submucosal dissection with the
Swift coagulation mode of an electrosurgical generator
(VIO 300D; Erbe Elektromedizin GmbH, Tübingen,
Germany). Hemostatic forceps (Coagrasper, FD-410LR;

WJG|www.wjgnet.com
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Table 2 Univariate analysis of risk factors for post endoscopic submucosal dissection electrocoagulation syndrome n (%)

Male sex,
Age, mean ± SD, yr
Comorbidity
Absent
Present
Gross appearance
Flat
Non-flat
Location
Upper and middle
Lower and EGJ
Circumferential extension, median (IQR), %
Pathology
Dysplasia
Squamous cell carcinoma
Invasion depth
Mucosa
Submucosa
Resected area
< 6.0 cm2
2
≥ 6.0 cm
Procedure time
< 25 min
≥ 25 min
Muscle layer exposure
Absent
Present
Hospitalization period, mean (IQR), d
Antibiotics use
No
Yes

No PEECS (n = 18)

PEECS (n = 33)

P value

17 (94.4)
63.6 ± 11.2

29 (87.9)
63.6 ± 8.5

0.451
0.977
0.769

9 (50.0)
9 (50.0)

19 (57.6)
14 (42.4)

14 (77.8)
4 (22.2)

26 (78.8)
7 (21.2)

10 (55.6)
8 (44.4)
35 (30-42.5)

13 (39.4)
20 (60.6)
40 (30-60)

6 (33.3)
12 (66.7)

8 (24.2)
25 (75.8)

16 (88.9)
2 (11.1)

22 (66.7)
11 (33.3)

15 (83.3)
3 (16.7)

17 (51.5)
16 (48.5)

7 (38.9)
11 (61.1)

4 (12.1)
29 (87.9)

14 (77.8)
4 (22.2)
3.5 (3-4)

13 (39.4)
20 (60.6)
5 (4-6)

14 (77.8)
4 (22.2)

14 (42.4)
19 (57.6)

0.933

0.378

0.164
0.487

0.082

0.035

0.026

0.018

0.007
0.020

PEECS: Post endoscopic submucosal dissection electrocoagulation syndrome; SD: Standard deviation; EGJ: Esophagogastric junction; IQR: Interquartile
range.

(47.1%) developed mild PEECS and 9 patients (17.6%)
developed severe PEECS during the post-ESD period.
There were several significant differences between
patients with vs patients without PEECS. Patients with
PEECS had a relatively larger resection area, a longer
mean procedure time, a more often incidence of proper
muscle layer exposure, a more prolonged hospitalization
period, and a more frequent administration of antibiotics.
However, patient-related factors (sex, age, comorbidity)
and tumor-related factors (gross appearance, tumor
location, tumor histology, tumor invasion depth) were
not significantly associated with the development of
PEECS (Table 2). Also, ESD learning curve did not show
statistically significant relationship with PEECS. The
difference in PEECS incidence among the operators was
not statistically significant (55.8% vs 50%, P = 0.529).
Multivariate analysis revealed that a resection area
2
larger than 6.0 cm (OR = 4.995, 95%CI: 1.110-22.489,
P = 0.036) and a present of muscle layer exposure
(OR = 5.661, 95%CI: 1.422-22.534, P = 0.014) were
independent risk factors for PEECS (Table 3). We did
not include hospitalization period and antibiotics use
in the multivariate analysis, because these factors are
considered as consequence of the PEECS rather than
cause. No patient diagnosed with PEECS required
additional surgery and all patients diagnosed with PEECS

WJG|www.wjgnet.com

spontaneously recovered with intravenous hydration and
antibiotics.

DISCUSSION
While ESD is a feasible and effective method for
the treatment of SEN, it is a technically difficult pro
[18]
cedure and its complications remain a problem .
Pain, bleeding, and perforation are common acute
[19]
complications after esophageal ESD . In addition to
major complications, various minor complications may
accompany this procedure. These complications, such as
chest discomfort, nausea, vomiting, and pyrexia, tend to
occur frequently in the postesophageal ESD period. We
define esophageal PEECS as a condition accompanied
by fever, systemic inflammatory response and chest
pain after ESD without such perforation. There have
been previous studies on PEECS for Gastric ESD and
[13,20]
Colonic ESD
. The present study is the first to focus
on PEECS in the esophagus, which was characterized by
fever, leukocytosis, or regional chest pain.
The incidence of esophageal PEECS in this study was
higher (60.8%) than the incidence of PEECS in the colon
[11,12]
in previous studies
. This relatively high incidence
may have several explanations. Firstly, the esophagus
lacks a serosal membrane, unlike other gastrointestinal
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PEECS in this study. In colon ESD, superficial damage of
the muscularis propria does not significantly influence
[11]
the spread of inflammation . However, the esophagus
does not have serosa membrane, and exposure of bare
muscle fibers may have an effect on the propagation of
inflammatory substances through muscularis propria.
For complete resection of the tumor, clinicians usually
attempt to dissect the submucosal layer as deeply
as possible to the extent that it does not damage
the muscular layers of the esophagus. Therefore,
muscle layer exposure can occur frequently during the
procedure, and it can be expected that it would have
a significant impact on the occurrence of PEECS. The
longer procedure time, the chance of fluid aspiration
to the respiratory tract may increase substantially.
Although longer procedure time was significantly
associated with PEECS in univariate analysis, the multivariate analysis showed that longer procedure time was
not an independent risk factor of esophageal PEECS.
[25]
Kawata et al . reported an incidence of bacteremia
after esophageal ESD of 1%. Due to the rare incidence
of bacteremia, they did not recommend prophylactic
antibiotics for patients who undergo esophageal ESD.
In our study, we used antibiotics only when patients
were suspected to have complications. All patients with
PEECS showed good outcomes without any severe
complications. As a result, we suggest that esophageal
PEECS is a systemic inflammatory response syndrome
caused by electrical burns and transmural penetration of
oro-esophageal secretion rather than true infection.
There are several limitations of our study. First, it
was a small number and retrospective study that was
performed at a single center. Thus, the cut off values we
have established need external validation. Furthermore,
there may be a recording bias because of retrospective
design. Second, assessment of pain felt by patients
after ESD may be subjective because pain tolerance
[17]
can vary according to sex or age . Third, we routinely
perform chest and abdomen X-ray examinations after
esophageal ESD. A computed tomography (CT) scan
might be needed to detect micro perforations accurately
after ESD. However, we performed a CT scan only when
perforation was suspected on x-ray scans. Even if micro
perforations were present, all patients in our study
showed improvement with conservative treatment.
This is the first study of PEECS for esophageal
lesions. PEECS is a common clinical syndrome cha
racterized by chest pain, leukocytosis, or fever after
esophageal ESD. It is another kind of clinical syndrome
that is different from systemic inflammatory response
syndrome. However, PEECS can be easily controlled by
conservative management without surgical intervention
when there is no obvious perforation. We found that
the incidence of PEECS was high when the resected
2
tumor area exceeded 6.0 cm or when the muscle
layer exposure was present. If these risk factors are
accompanied, careful attention should be paid to the

Table 3 Multivariate logistic regression analysis of risk factors
for post endoscopic submucosal dissection electrocoagulation
syndrome
Factor

OR (95%CI)

Procedure time
≤ 25 min
> 25 min
Resected area
2
≤ 6.0 cm
> 6.0 cm2
Muscle layer exposure
Absent
Present

P value
0.379

Reference
2.032 (0.419-9.868)
0.036
Reference
4.995 (1.110-22.489)
0.014
Reference
5.661 (1.422-22.534)

tract organs. Instead of a serosal membrane, the
esophagus has a unique structure called adventitia,
which is composed of loose connective tissue. Due to
the lack of a serosal layer in the esophageal wall, the
esophagus might be more susceptible to PEECS than
the colon. Moreover, many important organs surround
the esophagus, such as the aorta and the bronchus.
We propose that these anatomical differences may
affect the development of esophageal PEECS. Secondly,
although we proposed a definition of esophageal PEECS
for this study, a definitive definition of PEECS has
not yet been established. While the definition of post
polypectomy coagulation syndrome was first published
in the 1980s, the criteria were ambiguous and no
[21]
exact value has been proposed . Moreover, previous
studies on gastric or colorectal PEECS also used slightly
[11-13]
different definitions
. These discrepancies may affect
relatively high incidence of the PEECS.
In this study, 2 risk factors - resection area and
muscle layer exposure - were identified for PEECS
in esophageal ESD. These findings are slightly
different from previous studies. For instance, polyp
size and location were found to be risk factors of post
polypectomy electrocoagulation syndrome in the
[22,23]
colon
. For colorectal PEECS, female sex, tumor
location, piecemeal resection, tumor size, and procedure
[11,12]
time have been identified as risk factors
. In gastric
ESD, tumor size, location, and procedure time have
[13]
been identified as risk factors for PEECS . While sex
differences might influence pain perception, most of
[6,17,18,24]
the patients with SEN were male
. Therefore,
it is difficult to identify differences in the incidence of
PEECS due to sex based on the data in the present
study. In colon ESD, PEECS has been shown to be more
common in the right colon than the left colon because of
[12,23]
anatomical differences
. However, unlike the colon,
anatomical variation according to the location in the
esophagus did not significantly affect the occurrence of
PEECS.
PEECS occurred more often with wide resection
areas, most likely because the wide area meant that
[11,12]
more electric cauterization was required
. Also, the
muscle layer exposure affected the development of

WJG|www.wjgnet.com
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potential occurrence of PEECS after esophageal ESD.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

A number of patients experience fever, chest pain, and/or a systemic
inflammatory response after esophageal endoscopic submucosal dissection
(ESD), even in the absence of obvious perforation.

5

Research motivation

6

Post ESD electrocoagulation syndrome (PEECS) is known as a common
complication after colon ESD. However, there were no studies of PEECS after
esophageal ESD.

Research objectives

We aimed to investigate the incidence and risk factors of PEECS in the
esophagus.

7

Research methods

We retrospectively analyzed electronic medical database of patients who
underwent esophageal ESD for superficial esophageal squamous neoplasms
between March 2009 and December 2016 at single center in South Korea.
PEECS was defined as meeting one of following criteria: fever (≥ 37.8 ℃),
leukocytosis (> 10800 counts/μl), or regional chest pain greater than 5/10
points as assessed on a numeric pain rating scale within 24 h after ESD.

8

Research results

9

As a result, 24 patients (47.1%) developed mild PEECS and 9 patients (17.6%)
developed severe PEECS during the post-ESD period. We identified that that a
resection area larger than 6.0 cm2 (OR = 4.995, 95%CI: 1.110-22.489, P = 0.036)
and a present of muscle layer exposure (OR 5.661, 95%CI: 1.422-22.534, P =
0.014) were independent risk factors for PEECS. All patients diagnosed with
PEECS fully recovered with conservative management, such as intravenous
hydration and antibiotics.

10

11

Research conclusions

PEECS is not a rare clinical after esophageal ESD. However, PEECS can be
easily controlled by conservative management without surgical intervention
when there is no obvious perforation. We conclude that the incidence of PEECS
is expected to be high when the resected tumor area exceeds 6.0 cm2 or when
the muscle layer exposure is present.

12

Research perspective

If these risk factors are accompanied, careful attention should be paid to the
potential occurrence of PEECS after esophageal ESD. Further large-scale
study is needed to validate our research.

13
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Core tip: Neither estrogen receptor or progesterone
receptor are commonly expressed in hepatocellular
carcinoma (HCC), implying the existence of other
hormone-related events in the pathogenesis of HCC.
Most primary HCC cases expressed progesterone
receptor membrane component 1 (PGRMC1) (89.9%)
in our clinical cohort (n = 89). Down-regulation of
PGRMC1 was associated with poor tumor differentiation
and worse patient survival. The potential prognostic
significance was independently validated by The
Cancer Genome Atlas (TCGA) database (n = 373).
Knockdown of PGRMC1 promoted proliferation and a
poorly differentiated phenotype in vitro . Overexpression
of PGRMC1 resulted in suppressed proliferation in
response to progesterone treatment. PGRMC1 is a
prognostic marker and a potential auxiliary therapeutic
target for human HCC.

Abstract
AIM
To investigate the clinicopathological significance
of progesterone receptor membrane component 1
(PGRMC1) and PGRMC2 in hepatocellular carcinoma
(HCC).
METHODS
We performed immunohistochemical staining to
evaluate the estrogen receptor (ER), progesterone
receptor (PR), PGRMC1, and PGRMC2 in a clinical
cohort consisting of 89 paired HCC and non-tumor
liver samples. We also analyzed HCC data (n = 373)
from The Cancer Genome Atlas (TCGA). We correlated
the expression status of PGRMC1 and PGRMC2
with clinicopathological indicators and the clinical
outcomes of the HCC patients. We knocked down or
overexpressed PGRMC1 in HCC cell lines to evaluate
its biological significance in HCC cell proliferation,
differentiation, migration, and invasion.

Tsai HW, Ho CL, Cheng SW, Lin YJ, Chen CC, Cheng PN,
Yen CJ, Chang TT, Chiang PM, Chan SH, Ho CH, Chen
SH, Wang YW, Chow NH, Lin JC. Progesterone receptor
membrane component 1 as a potential prognostic biomarker
for hepatocellular carcinoma. World J Gastroenterol 2018;
24(10): 1152-1166 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i10/1152.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i10.1152

RESULTS
We found that few HCC cases expressed ER (5.6%)
and PR (4.5%). In contrast, most HCC cases expressed
PGRMC1 (89.9%) and PGRMC2 (100%). PGRMC1 and
PGRMC2 exhibited significantly lower expression in
tumor tissue than in non-tumor tissue (P < 0.001).
Lower PGRMC1 expression in HCC was significantly
associated with higher serum alpha-fetoprotein
expression (P = 0.004), poorer tumor differentiation
(P = 0.045) and liver capsule penetration (P = 0.038).
Low PGRMC1 expression was an independent predictor
for worse disease-free survival (P = 0.002, HR = 2.384,

WJG|www.wjgnet.com

INTRODUCTION
The major risk factors for hepatocellular carcinoma
(HCC) are chronic liver diseases induced by hepatitis B
(HBV) and hepatitis C (HCV), alcohol abuse, and nonalcoholic steatohepatitis. Regardless of etiology, the
incidence of HCC is higher in males than in females, with
[1]
a male to female ratio between 2:1 and 4:1 . However,
the biological role of sex hormones and their receptors
in HCC remains poorly understood. The androgen
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receptor appears to contribute to HCC development by
[2]
acting as a tumor promoter , whereas the estrogen
[3]
receptor (ER) appears to act as a tumor suppressor .
Oophorectomy performed during premenopausal years
[4]
has been found to be a risk factor for HCC . The human
liver is important in the metabolism of progesterone.
Progesterone is known to inhibit autophagy and to
augment epirubicin-induced apoptosis in hepatoma cells
by increasing oxidative stress and upregulating Fas/
[5,6]
FasL . In a clinical trial, HCC patients with variant ERs
had a significantly longer median survival if megestrol
[7]
acetate was given , suggesting that progesterone is
protective against HCC.
Progesterone receptor membrane component
1 (PGRMC1) and PGRMC2, which belong to the
membrane-associated progesterone receptor (MAPR)
family, have been suggested to be non-classical
[8,9]
progesterone receptors . These proteins contain a
cytochrome b5-like heme/steroid-binding domain. Both
PGRMC1 and PGRMC2 are derived from a single gene.
The structure of PGRMC1 contains two SH2 target
sequences, a SH3 target sequence, a tyrosine kinase
target site, two acidophilic kinase (CK2, casein kinase
2) target sites, and binding sites for ERK1 and PDK1.
PGRMC2 differs from PGRMC1 in the following aspects:
First, the transmembrane domain and N-terminals
are different, resulting in diverse interaction partners
in the lumen of sub-cellular organelles or on the cell
membrane surface. Second, the SH3 target sequence
of PGRMC1 with its consensus CK2 site is absent in
PGRMC2, suggesting that PGRMC2 may not interact
with SH3-containing proteins. Third, PGRMC2 has a
predicted PDGFR or EGFR target and an additional
[8]
potential CK2 site . Therefore, these two proteins
may have different interacting partners in terms of
connecting with the cellular membrane, organelles and
cell signaling molecules.
In the case of tumorigenesis, PGRMC1 expression
is associated with advanced-stage disease and poor
[10,11]
prognoses in both breast and ovarian cancer
.
However, several studies have shown that PGRMC1
mediates the anti-mitotic actions of progesterone in
[12,13]
endometrial and ovarian cancer cells
. With regard
to PGRMC2, copy number loss has been correlated with
nodal metastasis in uterine cervical adenocarcinoma,
suggesting that PGRMC2 can function as a metastasis
[14]
suppressor . PGRMC2 negatively affects SKOV-3
[15]
ovarian cell migration . Therefore, PGRMC1 and
PGRMC2 may have multiple biological functions related
to metabolism and carcinogenesis. A proteomic study
[16]
showed that PGRMC1 was expressed in HCC
but
there is no information regarding PGRMC1 or PGRMC2
expression patterns in HCC or their clinical significance
in this disease. To address this issue, we examined
PGRMC1 and PGRMC2 expression in a clinical cohort of
paired HCC and non-tumor tissue samples (n = 89). We
analyzed an independent HCC cohort (n = 373) from
The Cancer Genome Atlas (TCGA cohort) to validate
our findings. We also investigated the significance of
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PGRMC1 in cell proliferation, differentiation, migration,
and invasion in vitro.

MATERIALS AND METHODS
Patients and samples

Eighty-nine patients who underwent surgical resection
for HCC at National Cheng Kung University Hospital
(NCKUH) from January 1995 to September 2000 were
included in this study. Frozen tissue, serum samples
and archival paraffin blocks were retrieved from the
Human Biobank at NCKUH. HCC differentiation was
categorized according to the World Health Organization
[17]
(WHO) system . Six paraffin samples and four frozen
liver samples were retrieved from six normal nonhepatitis patients who underwent surgery for cavernous
hemangioma and acted as controls.

Bioinformatic TCGA dataset analysis

We analyzed the TCGA provisional dataset (TCGA
dataset, https://tcga-data.nci.nih.gov/tcga/), which
contained 373 HCC patients with mRNA expression
data (RNA Seq V2 RSEM), clinicopathological indicators,
and follow-up information. Of these patients, 50 had
expression data pertaining to HCC and matched
adjacent non-tumor tissue samples. Disease-free
survival (DFS) and overall survival (OS) were calculated
based on PGRMC1 and PGRMC2 expression. Expression
levels greater than the median were classified as high
expression; otherwise, they were classified as low
expression.

Western blotting

Protein lysates were prepared from either frozen tissue
samples or HCC cell lines. Equal amounts of protein (50
micrograms) were separated via 8% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
under reducing conditions. The proteins were then
transferred to nitrocellulose membranes and stained
with Ponceau S to assess transfer quality and ensure
equal sample loading. The primary antibodies used
were anti-PGRMC1 (Abnova Corporation, Walnut, CA,
United States. PAB20135, 1:3000), anti-PGRMC2
(Abnova Corporation. H00010424-M04, 1:1000),
anti-PR (Ventana Medical Systems, Inc. 790-2223,
1:100), anti-alpha-fetoprotein (Dako Cytomation, Inc.,
Carpinteria, CA, USA. A0008, 1:1000), anti-Glypican3
(BioMosaics, Burlington, VT, United States. 1G12,
1:1000) and anti-β-actin (GeneTex Inc. GTX109639,
1:10000). The indicated secondary antibodies
(anti-rabbit and anti-mouse, IgG-HRP; Santa Cruz
Biotechnology) were used to amplify the signals as
appropriate.

Immunohistochemical staining and interpretation

Immunohistochemical staining was performed with
primary antibodies against ER (Ventana Medical
Systems, Inc., Arizona, United States), PR (Ventana
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Medical Systems, Inc.), PGRMC1 (Abnova Corporation,
Walnut, CA, United States. PAB20135) or PGRMC2
(Abnova Corporation. H00010424-M04). ER, PR,
PGRMC1 and PGRMC2 expression was graded
independently by two pathologists (Tsai HW and Ho CL)
according to the percentages of stained hepatocytes
or HCC cells. Because PGRMC1 is found in the cytosol
[8]
and subcellular organelles , cytoplasmic staining was
considered to be positive. High PGRMC expression was
defined as more than two-thirds of the cells exhibited
positive staining. In the case of ER and PR, nuclear
staining was considered to be positive.

the Elecsys and Cobas e-immunoassay analyzer (Roche
Diagnostics, Mannheim, Germany).

Cell lines

The HepG2 and Huh7 cell lines were maintained in
Dulbecco’s modified Eagle’s medium (DMEM, Invitrogen
Corp., Carlsbad, CA, United States) supplemented
with 10% fetal bovine serum (FBS), penicillin (100
U/mL), and streptomycin (100 μg/mL) in a humidified
incubator at 37 ℃ with 5% CO2, whereas the PLC/PRF/5
and Hep3B cell lines were maintained in modified Eagle’
s medium (MEM, Invitrogen Corp.) supplemented with
10% FBS, penicillin (100 U/mL), and streptomycin (100
μg/mL) in a humidified incubator at 37 ℃ with 5% CO2.
Huh-7 cells were obtained from JCRB. Hep3B, HepG2
and PLC/PRF/5 cells were obtained from BCRC.

In-gel trypsin digestion and mass spectrometry

Fifty micrograms of tissue extracts were resolved using
12% SDS-PAGE and were stained using Coomassie
brilliant blue r-250. The protein spot located between
20-28 kDa was excised and then in-gel digested
using 20 ng/μL of trypsin (Promega, San Luis Obispo,
CA, United States, sequencing grade) in 10 mmol/L
NH4HCO3 with an enzyme-to-substrate ratio of 1:100
at 37 ℃ overnight. Peptides were extracted using 50%
acetonitrile in 1% formic acid followed by sonication.
A nanoflow high-performance liquid chromatography
system (LC Packings, Amsterdam, The Netherlands)
equipped with a C18 nano-precolumn cartridge (i.d. =
300 μm × 1 mm, 5 μm C18, P/N160458; LC Packings)
and a C18 column (i.d. = 75 μm, o.d. = 280 μm ×
15 cm, 3 μm C18, LC Packings) was coupled online to
a Q-TOF micro-instrument (Micromass, Manchester,
United Kingdom). Mobile phase A was 0.1% formic acid
in a 5% acetonitrile solution, and mobile phase B was
0.1% formic acid in 80% acetonitrile. A linear gradient
from 5% to 90% B over 60 min at a flow rate of 250
nL/min was applied. A survey MS spectrum with
a mass-to-charge ratio ranging from 400 to 1600 was
followed by a MS/MS scan at a mass-to-charge ratio
ranging from 50 to 2000. The threshold to switch from
MS to MS/MS was 10 counts. Raw data were processed
into peak lists, and then a Mascot search on a SwissProt (human) protein database was conducted.
The mass tolerance was set at 0.2 Da for both
the precursor and product ions. Dimethyl labeling of
both the N-terminal and lysine residues was chosen
for variable modifications; Carbamidomethyl (C) was
chosen for fixed modification, and one miss cleavage on
Arg-C was allowed. A cutoff value of 20 was set for the
ion score to eliminate proteins with low matches. The
default significance threshold for protein identification
was set at P < 0.05.

Knockdown and overexpression of PGRMC1

pLKO.1 plasmids expressing small hairpin RNA (shRNA)
were purchased from the National RNAi Core Facility
(Academia Sinica, Taipei, Taiwan). Lentivirus particles
were obtained from RNAi Core of the Research Center
of Clinical Medicine, NCKUH. The following shRNAs
were used to knock down PGRMC1 expression in
HepG2 and Hep3B cells: sh-1: TRCN0000311671,
target sequence: 5’-ACTGTGTACTCAGATGAGGAA-3’;
sh-2: TRCN0000363644, target sequence:
5 ’ - C G C C G A C C C A A G C G AT C T G G A - 3 ’ ; a n d
sh-3: TRCN0000349346, target sequence: 5’AGGATGAGTACGATGACCTTT -3’. A pLKO_TRC005
plasmid was used as a negative control. PGRMC1
[15]
knockdown was performed as described previously .
The pMSCVpuro (BD Clontech), pMSCV-PGRMC1,
and pSUPERretro vectors were co-transfected into GP2293T packaging cells along with VSV-G plasmids for
48 h using the calcium phosphate method. Either PLC/
6
PRF/5 or Huh7 cells (1 × 10 cells/well) were seeded
in a 6-cm dish and incubated overnight under 5% CO2
at 37 ℃. The retroviral supernatant was treated with 8
ng/mL polybrene (Sigma, St. Louis, MO, United States)
to infect the cells. Pooled PLC/PRF/5 or Huh7 cells
expressing either pMSCVpuro or pMSCV-PGRMC1 were
selected using 0.7 μg/mL puromycin (Sigma-Aldrich).

XTT proliferation assay

Stable pools were seeded in 24-well plates for 96 h.
Triplicate wells were plated at each time point and
examined at 24-h intervals over 4 d. The number of
viable cells for each time point was determined using
the XTT reagent, according to standard protocols (Roche
Diagnostics GmbH, Vienna, Austria). To evaluate the
impact of progesterone treatment, control cells and
PGRMC1-overexpressing cells were cultured to 50%
conﬂuence and treated with progesterone (0, 10, 100,
or 1000 nmol/L) for 48 h before the XTT assay.

Measurement of progesterone levels in sera and tissue

Tissue samples were minced and homogenized at a
1:10 (w:v) ratio with phosphate buffered saline at pH
7.4 using a homogenizer (PRO Scientific Inc., Oxford,
CT, United States). The homogenates were centrifuged
at 9000 × g at 4 ℃ for 30 min and the supernatants
were immediately analyzed. The progesterone levels in
the sera and tissue supernatants were analyzed using
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In vitro migration and invasion assay

Transwell migration and invasion assays were performed
using 24-well 8-micrometer pore Transwell plates,
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Table 1 Prognostic significance of clinicopathological indicators, PGRMC1 and PGRMC2 for disease-free survival in the clinical
cohort (n = 89)
Factor

DFS univariate

Age, yr
Sex
Viral infection

Child-Pugh score
Cirrhosis
Serum AFP
Differentiation
Multifocal tumor
Satellite nodule
Tumor size
Tumor capsular invasion
Vascular invasion
Liver capsule penetration
Bile duct invasion
Margin status, mm
AJCC stage
PGRMC1
PGRMC2
ER
PR

DFS multivariate

Group

HR

95%CI

P value

< 60/≥ 60
Male/female

0.997
1.014

0.609-1.632
0.599-1.715

0.989
0.960
0.825

B/C
B/B + C
5/≥ 6
-/+
< 100/≥ 100 ng/ml
W/M-P
-/+
-/+
< 5/≥ 5 cm
-/+
-/+
-/+
-/+
≥ 1 /< 1
I-II/ IIIA-C
H/L
H/L
-/+
-/+

1.177
1.068
2.407
0.743
1.357
1.682
0.985
2.173
2.446
0.985
2.551
2.235
3.200
3.793
2.907
1.918
1.377
0.528
0.777

0.703-1.971
0.448-2.547
1.346-4.302
0.664-1.776
0.823-2.238
0.943-2.999
0.514-1.888
1.303-3.624
1.486-4.028
0.545-1.780
1.553-4.190
1.010-4.945
0.986-10.385
2.079-6.920
1.738-4.861
1.145-3.213
0.798-2.379
0.128-2.173
0.243-2.484

0.003a
0.299
0.231
0.078
0.965
0.003a
< 0.001a
0.959
< 0.001a
0.047a
0.053
< 0.001a
< 0.001a
0.013a
0.251
0.376
0.670

HR

95%CI

P value

2.005

(1.097-3.665)

0.024a

NS
NS
NS
NS
4.720
3.262
2.384

(2.458-9.063)
(1.895-5.617)
(1.377-4.128)

< 0.001a
< 0.001a
0.002a

a

P < 0.05. DFS: Disease-free survival; AFP: Alpha-fetoprotein; AJCC: American Joint Committee on Cancer; H: High expression; L: Low expression.

univariate analysis were included in the model. P values
less than 0.05 were considered statistically significant.

according to the manufacturer’s instructions (Corning,
4
New York, NY, United States). A total of 5 × 10 cells in
serum-free DMEM medium were split onto the upper
Transwell chamber, the membrane of which was coated
with (for invasion) or without (for migration) Matrigel
(BD Biosciences, San Diego, CA, United States). The
lower chamber was filled with DMEM containing 10%
FBS as a chemoattractant. After incubation for 24
h at 37 ℃, non-invading cells on the upper side of
the chamber were removed from the surface of the
membrane by scrubbing, and the membrane was fixed
with 4% paraformaldehyde for 10 min. The cells on the
membrane were stained using crystal violet solution
and detected via microscopy. Mean cell numbers were
calculated from five random fields.

RESULTS
Identification and analysis of PGRMC1 and progesterone
expression in HCC

The HCC tissue extract was resolved using SDS-PAGE.
The protein spot located between 20 to 28 kDa was ingel trypsinized and subjected to mass spectrometry
(MS). PGRMC1 was detected using MS (Supplementary
Table 1). We subsequently examined the expression
of PGRMC1 in 10 paired tumor and non-tumor liver
samples (7 males and 3 females) using Western
blotting. Another membrane-associated progesterone
receptor family member, PGRMC2 was also examined
for comparison. The age of the patients ranged from
57 to 77 years. Expression of PGRMC1 and PGRMC2
was lower in all HCC samples compared with the
corresponding non-tumor liver samples (Figure 1A).
Furthermore, both PGRMC1 and PGRMC2 were highly
expressed in the normal liver as was the case in the
non-tumor liver samples (Supplementary Figure 1A).
Progesterone expression was also evaluated in
the HCC patients (n = 10). Serum progesterone
levels (mean: 0.276 ng/mL for male patients and
0.167 ng/mL for female patients) were within the
5th-95th physical range in men (0.2-1.4 ng/ml) and
postmenopausal women (0.1-0.8 ng/ml) (Figure 1D).
However, progesterone levels in the HCC tissue were
significantly lower than in the non-tumor liver tissue (P
= 0.007, Figure 1B and C).

Statistical analysis

The correlations between PGRMC1 expression, PGRMC2
expression, viral infection status, and clinicopathological
indicators were assessed using the Wilcoxon rank sum
2
test, the χ test, or Fisher’s exact test, as appropriate.
Paired data were analyzed using paired Student’s
t-tests or the Wilcoxon signed-rank test. For the in vitro
experiments, a Student’s t-test was used for simple
comparisons. Data are presented as the mean ± SEM.
DFS and OS were calculated using the Kaplan-Meier
method, and the log-rank test was used to assess
the differences between groups. A Cox proportional
hazards regression model was used to measure the
independence of different factors. A Cox regression was
performed via a forward stepwise analysis, and only
the prognostic variables that were significant in the
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Figure 1 Western blot analysis of PGRMC1 and PGRMC2 expression in 10 paired hepatocellular carcinoma tumor (T)/non-tumor liver (NT) samples (A). B:
Progesterone level in HCC tissue samples and non-tumor liver tissue; C: A comparison of progesterone levels in HCC (T) and non-tumor liver (NT) tissue samples; D:
Serum progesterone level in the corresponding HCC patients. bP < 0.01.

Patient profiles

of the 89 patients are summarized in Supplementary
Table 2. The patient population included 65 men and
24 women. The mean age was 55.2 years. The mean
follow-up duration was 44.5 mo (range, 0.9-133.1

Immunohistochemical (IHC) staining for PGRMC1 and
PGRMC2 was performed in the clinical cohort of 89
paired HCC and non-tumor liver samples. The profiles
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Table 2 Prognostic significance of clinicopathological indicators, progesterone receptor membrane component 1 and PGRMC2 for
disease-free survival in The Cancer Genome Atlas cohort (n = 373)
Factor

DFS univariate

Age, yr
Sex
HCC risk factors

Child-Pugh score
Cirrhosis
Serum AFP, ng/ml
Tumor grade
Vascular invasion
Residual tumor
AJCC stage
PGRMC1
PGRMC2

DFS multivariate

Group

HR

95%CI

P value

< 60/≥ 60
Male/female

1.019
1.157

0.756-1.373
0.845-1.585

B/NAFLD
B/Alcohol
B/C
A/B-C
-/+
< 100/≥ 100
2/4/2001
-/+
-/+
Ⅰ-Ⅱ/Ⅲ -Ⅳ
H/L
H/L

1.433
1.449
2.421
1.332
1.117
1.097
1.330
2.001
1.733
2.354
1.834
1.242

0.601-3.414
0.948-2.217
1.422-4.121
0.709-2.504
0.761-1.641
0.752-1.599
0.868-2.038
1.418-2.823
0.938-3.200
1.693-3.272
1.359-2.475
0.923-1.671

0.903
0.364
0.014a
0.417
0.087
0.001a
0.372
0.572
0.632
0.191
< 0.001a
0.079
< 0.001a
< 0.001a
0.152

95%CI

P value

2.903
1.002
3.368

(1.130-7.461)
(0.595-1.689)
(1.773-6.395)

< 0.001a
0.027a
0.993
< 0.001a

3.040

(1.889-4.891)

< 0.001a

1.899
2.857

(1.107-3.255)
(1.781-4.584)

0.020a
< 0.001a

HR

a

P < 0.05. DFS: Disease-free survival; NAFLD: Non-alcoholic fatty liver disease; AFP: Alpha-fetoprotein; AJCC: American Joint Committee on Cancer; H:
High expression; L: Low expression.
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Figure 2 PGRMC1 and PGRMC2 expression levels, expressed as positive immunohistochemical staining percentages in the clinical cohort (A and B) and
as normalized mRNA expression in the TCGA cohort (C-F). A: A comparison of PGRMC1 and PGRMC2 staining in HCC (T), non-tumor liver (NT) and normal liver
(N) tissue samples; B: A comparison of PGRMC1 staining in HCC samples with different degrees of tumor differentiation; C: A comparison of PGRMC1 and PGRMC2
mRNA expression levels in HCC (T) and non-tumor liver (NT) samples; D: A comparison of PGRMC1 mRNA expression levels in HCC samples with different tumor
grades; E: A comparison of PGRMC1 mRNA expression levels in HCC samples with different tumor stages; F: A comparison of PGRMC2 mRNA expression levels in
HCC samples with different tumor grades. aP < 0.05, bP < 0.01, eP < 0.001.
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Figure 3 Representative images of PGRMC1 immunohistochemical staining in hepatocellular carcinoma. A-C: Well-differentiated HCC; D-F: Moderately
differentiated HCC; G-I: Poorly differentiated HCC. Note that higher PGRMC1 expression was observed in non-tumor liver tissue samples (NT) as compared to HCC
tissue samples (T) (A, D and G) and a proportion of HCC cells showed loss of PGRMC1 staining in (E) (A, D and G: 40 ×; B, C, E, F, H, and I: 100 ×).

tumor cells than in non-tumor cells (Figure 2A, and
3, and Supplementary Figure 3). IHC expression of
PGRMC1 and PGRMC2 in the normal liver tissue was
not significantly different from that in the non-tumor
liver samples, a result consistent with the Western
blot experiment (Figure 2A and Supplementary Figure
1B and 1C). The PGRMC1 and PGRMC2 expression
levels were compared among the normal livers of
healthy persons, non-cirrhotic livers, and cirrhotic
livers of HCC patients (Supplementary Figure 4A and
B). There were no significant differences between the
liver samples of healthy persons and those of HCC
patients. In both non-cirrhotic patients and cirrhotic
patients, the PGRMC1 and PGRMC2 expression levels
were downregulated in the HCC tissue compared to
non-tumor liver tissue (Supplementary Figure 4C-F).
In the TCGA cohort, the HCC tissue samples exhibited
lower PGRMC1 mRNA expression levels than in the
non-tumor tissue samples (P < 0.001), while PGRMC2
levels between the HCC and non-tumor livers were not
significantly different (Figure 2C).
Lower PGRMC1 expression in HCC was associated
with poor HCC differentiation (P = 0.045) (Figure 2B

mo). Sixty-seven patients (75.3%) developed local
recurrence at a mean of 21.8 mo after surgery (range,
0.2-115.1 mo). A total of 45 patients (50.1%) died
of HCC after having survived for a mean of 35.4 mo
after surgery (range, 1.3-123.4 mo). The profiles of
the 373 patients in the TCGA cohort are summarized in
Supplementary Table 3.

The association of PGRMC1 and PGRMC2 expression
with clinicopathological indicators

Few HCC cases expressed ER or PR (5.6% and 4.5%,
respectively) (Supplementary Figure 2A-C). The mean
cell percentage of ER expression was lower in the HCC
tissue than in the non-tumor tissue (mean: 0.7%
vs 12.4%, P < 0.001) (Supplementary Figure 2D).
The mean cell percentage of PR expression was very
low in the HCC tissue and non-tumor tissue (mean:
0.12% vs 0.01%, P = 0.172) (Supplementary Figure
2E). Positive IHC staining for PGRMC1 and PGRMC2
was observed in 80 (89.9%) and 89 (100%) cases of
HCC, respectively. PGRMC1 (mean: 67.9% vs 86.9%,
P < 0.001) and PGRMC2 (mean: 77.3% vs 92.6%,
P < 0.001) were expressed at lower percentages in
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Figure 4 Kaplan-Meier analysis of the relationships of PGRMC1 and PGRMC2 expression with disease-free survival (DFS) in the clinical cohort (A-B) and
TCGA cohort (C-D). aP < 0.05, eP < 0.001.

and Figure 3), younger age (P = 0.016), higher serum
alpha-fetoprotein (AFP) levels (P=0.004), and liver
capsule penetration (P = 0.038) (Supplementary Table
4). Lower PGRMC2 expression in HCC was significantly
associated with tumor capsular invasion (P = 0.048),
liver capsule penetration (P = 0.035), and bile duct
invasion (P = 0.032) (Supplementary Table 4). In the
TCGA cohort, lower PGRMC1 expression in HCC was
associated with higher tumor grade (P < 0.001) (Figure
2D), younger age (P = 0.014), female gender (P =
0.015), higher serum AFP expression (P < 0.001),
vascular invasion (P = 0.007), and higher AJCC stage
(Figure 2E) (P = 0.002) (Supplementary Table 5).
Lower PGRMC2 expression in HCC was significantly
associated with higher tumor grade (P = 0.022) (Figure
2F) and younger age (P = 0.006) (Supplementary
Table 5). Female patients exhibited higher baseline
non-tumor liver tissue PGRMC1 expression in the TCGA
cohort (P < 0.001) (Supplementary Figure 5A-D).
Using corresponding non-tumor liver tissue samples
as a reference, it was determined that female HCC

WJG|www.wjgnet.com

patients in the TCGA cohort exhibited greater PGRMC1
down-regulation than male patients (Supplementary
Figure 5E-H).

Prognostic significance of PGRMC1 and PGRMC2 in
HCC

Low IHC PGRMC1 expression in HCC was significantly
associated with worse DFS (P = 0.012) (Figure 4A),
but was not significantly associated with OS (P =
0.395) (Supplementary Figure 6A). In contrast,
PGRMC2 expression was not correlated with survival
status (Figure 4B and Supplementary Figure 6B). The
univariate analysis showed that the Child-Pugh scores
(P = 0.003), satellite lesions (P = 0.003), tumor size (P
< 0.001), vascular invasion (P < 0.001), liver capsule
perforation (P = 0.047), insufficient surgical margins (P
< 0.001), AJCC stage (P < 0.001), and low PGRMC1
expression (P = 0.013) were significant predictors of
worse DFS (Table 1). The multivariate analysis showed
that the Child-Pugh scores (P = 0.024, HR = 2.005,
CI: 1.097-3.665), surgical margins (P < 0.001, HR =
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Figure 5 Alpha-fetoprotein and glypican-3 expression in PGRMC1-knockdown HepG2 and Hep3B cells and PGRMC1-overxpressing PLC/PRF/5 and Huh7
cells (A). B: The correlation of PGRMC1 with AFP and GPC3 in HCC tissue samples in the TCGA cohort; C: Cell proliferation assay (XTT) of PGRMC1-knockdown
HepG2 and Hep3B cells and PGRMC1-overxpressing PLC/PRF/5 and Huh7 cells. The experiment was performed in triplicate. aP < 0.05, bP < 0.01, eP < 0.001. AFP:
Alpha-fetoprotein; GPC3: Glypican-3.

0.020, HR = 1.556, CI: 1.072-2.260) (Table 2 and
Supplementary Table 6).

4.720, CI: 2.458-9.063), AJCC stage (P < 0.001, HR =
3.262, CI: 1.895-5.617), and low PGRMC1 expression
(P = 0.002, HR = 2.384, CI: 1.377-4.128) were
independently associated with DFS (Table 1).
To validate our findings, we analyzed the TCGA
cohort data. Patients with low PGRMC1 expression
consistently exhibited worse DFS (P < 0.001) and OS
than those with high PGRMC1 expression (P = 0.013),
as determined by the Kaplan-Meier and log-rank test
analyses (Figure 4C and Supplementary Figure 6C).
PGRMC2 expression was not correlated with survival
status (Figure 4D and Supplementary Figure 6D). The
univariate analysis showed that HCC risk factors (P =
0.014), vascular invasion (P < 0.001), AJCC stage (P
< 0.001), and low PGRMC1 expression (P < 0.001)
were significant predictors of worse DFS (Table 2),
and that AJCC stage (P < 0.001) and low PGRMC1
expression (P = 0.014) were significant predictors of
worse OS (Supplementary Table 6). The multivariate
analysis showed that low PGRMC1 expression was an
independent predictor of both worse DFS (P < 0.001,
HR = 2.857, CI: 1.781-4.584) and worse OS (P =
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Effects of PGRMC1 on proliferation, differentiation,
migration and invasion of HCC cells

As PGRMC1 was significantly associated with HCC
prognosis, we examined its biological significance
in vitro. HepG2 and Hep3B cells exhibited higher
PGRMC1 expression than PLC/PRF/5 and Huh7 cells.
Therefore, we knocked down PGRMC1 in HepG2 and
Hep3B cells and overexpressed PGRMC1 in PLC/PRF/5
and Huh7 cells (Figure 5A). Both AFP and glypican-3
(GPC3) are well-known oncofetal proteins in malignant
transformation and dedifferentiation of HCC. Higher
expression of these markers has been associated with
[18,19]
poor differentiation of HCC
. Knockdown of PGRMC1
resulted in increased expression of AFP and GPC3 in
HepG2 cells, while GPC3 expression was increased in
Hep3B cells (Figure 5A). In contrast, overexpression
of PGRMC1 suppressed expression of AFP in PLC/
PRF/5 cells and suppressed expression of AFP and
GPC3 in Huh7 cells (Figure 5A). In addition, PGRMC1
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expression was inversely correlated with AFP and GPC3
expression in the HCC tissue samples (Figure 5B) and
serum AFP levels (Supplementary Tables 4 and 5).
PGRMC1 knockdown resulted in significantly increased
proliferation of HepG2 and Hep3B cells (Figure 5C). In
contrast, PGRMC1 overexpression resulted in decreased
proliferation of PLC/PRF/5 and Huh7 cells (Figure
5C). PGRMC1 did not have significant effects on cell
migration and invasion (Supplementary Figure 7).
As PGRMC1 was downregulated in HCC and
it has been suggested that it mediates the anti[12,13]
proliferative effects of progesterone
, we assessed
if overexpression of PGRMC1 in HCC cells could
increase the anti-proliferative effect under progesterone
treatment. PGRMC1 overexpression resulted in a
significant decrease in the proliferation of PLC/PRF-5
cells and Huh7 cells in response to progesterone
-6
treatment (10 mol/L) (Supplementary Figure 8A
and B). Expression of PR was not increased in these
cells (Supplementary Figure 8C). On this basis, it is
suggested that a more plausible explanation for the
significant progesterone treatment effect on PGRMC1overexpressing PLC/PRF-5 and Huh7 cells may be
the overexpression of PGRMC1 per se rather than
upregulated PR in these cells.

Experiments in vitro demonstrated that PGRMC1
knockdown results in a poorly differentiated phenotype
of HCC cells and increased proliferation. PGRMC1
contains two SH2 target sequences, an SH3 target
sequence, a tyrosine kinase target site, two acidophilic
kinase target sites, and ERK1 and PDK1 consensus
[8]
binding sites . A prior report showed that PGRMC1
can interact with beta-tubulin and inhibit mitosis by
[13]
increasing mitotic spindle stability . PGRMC1 protein
has also been proposed as a sigma-2 receptor binding
[20]
site , and activation of the sigma-2 receptor can inhibit
[21,22]
tumor growth
. Thus, PGRMC1 is speculated to
inhibit HCC progression through activation of hormoneindependent signaling events.
PGRMC1 contains a motif common to heme-binding
[23]
proteins, suggesting a role in oxidative metabolism .
Free heme, i.e., heme not appropriately bound by
hemoproteins or heme-binding proteins, is a powerful
[24]
pro-oxidant agent and therefore potentially toxic .
Heme-binding proteins are required to maintain cellular
stasis and to detoxify cells. Excessive heme iron has
been reported to increase the risk of several types
[25]
[26]
of cancer, such as colon cancer , gastric cancer ,
[27]
[28]
esophageal cancer , and HCC . As a heme-binding
protein, PGRMC1 has been reported to interact with
[29-31]
P450 proteins and protect cells from DNA damage
.
Therefore, PGRMC1 may protect hepatocytes from
oxidative stress and suppress carcinogenesis by
appropriate heme delivery or heme containment.
Most prior PGRMC1 studies have been focused on
the female genital organs or female-related cancers.
PGRMCs are involved in regulating the menstrual
cycle and ovarian granulosa cell function by acting as
[9,32]
progesterone receptors
. Endometrial expression of
PGRMC1 in menstrual cycling is most abundant during
the proliferative phase, while expression of PGRMC2
is highest during the secretory phase. These results
highlight the differences between PGRMC1 and PGRMC2
[32]
in response to steroid hormones . Previous reports
showed that PGRMC1 mediates the anti-mitotic actions
of progesterone in endometrial and ovarian cancer
[12,13,33]
cells
. In immortalized granulosa cells, PGRMC1
suppresses cell cycle entry by binding to the GTPase
[33]
activating protein binding protein 2 . PGRMC1 also
suppresses the T-cell-specific transcription factor/
lymphoid enhancer factor (Tcf/Lef) and its downstream
[9]
c-myc activity in ovarian granulosa cells . In this
investigation, we provide evidence that overexpression
of PGRMC1 may also activate the non-classical PR
pathway in tumorigenesis. The potential of PGRMC1
being an alternative target for auxiliary anti-HCC
treatment deserves further investigation.
Previous studies have shown that high levels
of progesterone can be observed in patients with
[34]
cirrhosis . This is likely due to impairment of
progesterone metabolism in the liver. It is controversial
whether high levels of progesterone are associated with
premalignant cirrhosis. Previous studies have shown
that the occurrence of natural menopause at a younger

DISCUSSION
In this study, few HCC cases expressed ER and PR (5.6%
and 4.5%, respectively), implying that an alternative
hormone-related event may be involved in this sexually
dimorphic malignancy. Both PGRMC1 and PGRMC2
were expressed in normal liver and non-tumor liver,
but were down-regulated in HCC. In addition, the level
of progesterone was lower in the HCC as compared
to the non-tumor liver, suggesting that progesteronerelated signaling is down-regulated in the pathogenesis
of HCC. As down-regulated PGRMC1 and PGRMC2 were
correlated with poorer differentiation and higher tumor
grading, PGRMC down-regulation may play an important
role in the progression of hepatocarcinogenesis.
PGRMC1 differs from PGRMC2 in the transmembrane
domain, N-terminals and SH3 target sequence, resulting
in different interaction partners in terms of connecting
with the cellular membrane, organelles and cell signaling
[8]
molecules . PGRMC1 has been proposed as a sigma-2
[20-22]
receptor with capability to inhibit tumor growth
. In
our study, PGRMC1 was inversely associated with AFP
and AJCC stage compared with PGRMC2. In multivariate
analysis, PGRMC1 was an independent parameter
in predicting better patient survival in two different
cohorts. Therefore, only PGRMC1 was proved to be a
prognostic biomarker in HCC. All of our patients had
HBV and/or HCV infections, while more than half of the
patients in the TCGA cohort had alcoholic and/or nonalcoholic fatty liver disease, suggesting that the findings
of this investigation are universal. Together, PGRMCs,
especially PGRMC1, may play a protective role in liver
tumorigenesis.
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age or oophorectomy performed at age 50 or younger is
[4,35]
associated with increased risk of HCC
. PR expression
[36]
in HCC has been correlated with a better prognosis .
These findings suggest that progesterone may be
protective against HCC. Furthermore, progesterone can
serve as the precursor for the major steroid hormones
(androgens, estrogens, and corticosteroids). The
oncogenic effects of androgen and the protective effects
of estrogen and progesterone in liver may also depend
on the hormonal receptors expressed on hepatocytes or
[4]
cancer cells .
Sex hormones can exert different tumorigenic
properties depending on the tissue type. For example,
contrary to their hypothetical protective role in liver
cancer development, chronic exposure to estrogens
favors carcinogenesis in the breast and uterus.
Expression of PGRMC1 was shown to be upregulated in
breast cancer and ovarian cancer and was found to be
[10,11]
associated with advanced stage or poor prognosis
.
Its expression was more often detected in ER-negative
[10]
breast cancers , and it may act via cross-talk with
[37]
nuclear or extranuclear ER receptors . PGRMC1 has
[10]
been localized in hypoxic areas of breast cancer
and
demonstrated to activate the expression of vascular
[38]
endothelial growth factor in glial cells . A D120G
mutant of PGRMC1 increased the susceptibility of
breast cancer cells to doxorubicin and camptothecin
[39]
treatment . However, PGRMC1 has been reported
to be associated with EGFR in lung cancer cells and to
[40]
enhance susceptibility to the EGFR inhibitor, erlotinib .
Overexpression of PGRMC1 in the MCF-7 breast cancer
cell line sensitizes cancer cells to hydrogen peroxide
treatment with corresponding hyperphosphorylation
[29]
of Akt and IkB proteins . These findings suggest
that PGRMC1 plays a plethora of biological roles in
human cancers. In contrast to breast and ovarian
cancer, PGRMC1 is downregulated in HCC. PGRMC1 is
located on chromosome Xq22-q24. A prior genomic
study found a frequent loss of heterozygosity of
[41]
Xq (43%) in HCC
with a progressive increase in
fractional allelic imbalance from cirrhotic nodules at
progressive stages (11%-57%) to HCC, suggesting
its involvement in hepatocarcinogenesis. Furthermore,
[42,43]
let-7/miR-98 was reported to repress PGRMC1
, and
gradually elevated miR-98 has been associated with
[44]
the progression of liver cancer . Therefore, microRNA
could be an alternative regulatory mechanism in
suppression of PGRMC1 expression. Further study
is needed to clarify the mechanisms of PGRMC
downregulation in HCC.
Overall, men are two to four times more likely to
[1]
develop HCC than women . Estrogen has been shown
[45]
to inhibit IL-6 production . Foxa1/a2 may interact
with either the ER or AR to activate different hepatocyte
[46]
target genes . HBx can increase AR N-terminal
transactivation domain activation through c-Src kinase
and enhance AR dimerization by inhibiting GSK-3
[47]
activity . This information may explain, in part, the
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molecular mechanisms underlying gender differences
in HCC development. Female patients in the current
study exhibited higher baseline non-tumor liver tissue
PGRMC1 mRNA expression and greater HCC PGRMC1
down-regulation than male patients, suggesting that
greater PGRMC1 down-regulation is needed to induce
HCC transformation in female patients, thus causing the
gender disparities associated with HCC development.
In conclusion, expression of PGRMC1 and PGRMC2
was suppressed in HCC, and PGRMC1 down-regulation
promoted HCC progression. PGRMC1 may play a
protective role in hepatocarcinogenesis by inhibiting
cell proliferation and tumor dedifferentiation. Further
study is necessary to evaluate the potential of targeting
PGRMC1 in HCC treatment.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Hepatocellular carcinoma (HCC) is a sexually dimorphic disease with a
significantly higher incidence in males than females. The androgen receptor
appears to function as a tumor promoter, whereas the estrogen receptor
appears to act as a tumor suppressor for HCC. Whether additional hormonerelated events are implicated in the pathogenesis of HCC remain to be clarified.

Research motivation

The membrane-associated progesterone receptors, i.e. PGRMC1 and
PGRMC2, have been investigated in female cancers of the breast,
endometrium and ovary. PGRMC1 is thought to coordinate non-classical
progesterone signaling. PGRMC1 was demonstrated to mediate the anti-mitotic
actions of progesterone in endometrial and ovarian cancer cells. This study
was performed to examine the significance of PGRMC1 and/or PGRMC2 in the
progression of HCC.

Research objectives

The aim of this study was to clarify the potential significance of PGRMCs as
prognostic biomarkers in HCC and their biological effects in vitro.

Research methods

Immunohistochemical staining of the estrogen receptor (ER), progesterone
receptor (PR), PGRMC1 and PGRMC2 was performed in a clinical cohort
consisting of 89 cases of paired HCC and non-tumor liver. The clinical
implications of PGRMCs in HCC (n = 373) from The Cancer Genome Atlas
(TCGA) database were also analyzed. The expression of PGRMC1 and
PGRMC2 was correlated with clinicopathological indicators and the clinical
outcome of HCC patients. The impact of PGRMC1 on the biological effects of
HCC was investigated by knocking down its expression in HepG2 and Hep3B
cell lines, and overexpressing in PLC/PRF-5 and Huh7 cell lines. The analyzed
cellular functions included proliferation, differentiation, migration, and invasion.

Research results

Primary HCC demonstrated a high incidence of PGRMC1 (89.9%) and
PGRMC2 (100%) expression, respectively. Down-regulated PGRMC1 was
significantly associated with higher serum alpha-fetoprotein levels, poor tumor
differentiation, liver capsule penetration, and the risk of recurrence. Low
PGRMC1 expression was an independent indicator of worse disease-free
survival. Knock-down of PGRMC1 promoted a poorly differentiated phenotype
and proliferation of HCC in vitro, while over-expression of PGRMC1 suppressed
cell proliferation.

Research conclusions

PGRMC1 is a prognostic marker for HCC. PGRMC1 may play a protective
role in hepatocarcinogenesis by inhibiting cell proliferation and tumor
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dedifferentiation.

13

Research perspectives

PGRMC1 could be a novel therapeutic target for human HCC, especially as a
biotarget of chemoprevention.
14
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AIM
To perform a systematic review and meta-analysis for
the diagnostic accuracy of in vivo lesion characterization
in colonic inflammatory bowel disease (IBD), using
optical imaging techniques, including virtual chro
moendoscopy (VCE), dye-based chromoendoscopy
(DBC), magnification endoscopy and confocal laser
endomicroscopy (CLE).
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METHODS
We searched Medline, Embase and the Cochrane library.
We performed a bivariate meta-analysis to calculate the
pooled estimate sensitivities, specificities, positive and
negative likelihood ratios (+LHR, -LHR), diagnostic odds
ratios (DOR), and area under the SROC curve (AUSROC)
for each technology group. A subgroup analysis was
performed to investigate differences in real-time nonmagnified Kudo pit patterns (with VCE and DBC) and
real-time CLE.
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RESULTS
We included 22 studies [1491 patients; 4674 polyps,
of which 539 (11.5%) were neoplastic]. Real-time CLE
had a pooled sensitivity of 91% (95%CI: 66%-98%),
specificity of 97% (95%CI: 94%-98%), and an AUSROC
of 0.98 (95%CI: 0.97-0.99). Magnification endoscopy
had a pooled sensitivity of 90% (95%CI: 77%-96%)
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and specificity of 87% (95%CI: 81%-91%). VCE had
a pooled sensitivity of 86% (95%CI: 62%-95%) and
specificity of 87% (95%CI: 72%-95%). DBC had a
pooled sensitivity of 67% (95%CI: 44%-84%) and
specificity of 86% (95%CI: 72%-94%).

colonoscopy is recommended by most gastroenterology
societies worldwide. Yet, there is still disparity amongst
the societies with regards timing of surveillance
intervals.
Most CRC within IBD is thought to develop along
the inflammation-dysplasia-cancer pathway; however
in rare cases it may not always evolve in this stepwise
fashion, and its rate of transition could potentially be
[5]
accelerated in some lesions .
With advancements in endoscopic technology and
recommendations for surveillance during inactive
[6]
disease, most dysplasia is now believed to be visible .
Gastroenterological societies currently advocate targeted
biopsies for detection of dysplasia, owing to the low
yield from random biopsies, with evidence supporting
dye-based chromoendoscopy (DBC) for enhancing
[6-8]
lesion detection . An international consensus group
in 2015 recommended that dysplastic polypoid or nonpolypoid lesions within a colitic segment should be
treated as significant and that well circumscribed lesions
with no endoscopic features of submucosal invasion
[6]
can now be resected . The risk for developing CRC
following complete endoscopic resection is now thought
[9]
to be lower than previous studies suggested .
Novel technologies, including narrow band imaging
(NBI), fujinon intelligence chromoendoscopy (FICE),
i-scan, magnification endoscopy and confocal laser
endomicroscopy (CLE), have been studied to obtain an
in-vivo optical diagnosis of colorectal lesions. DBC using
contrast agents, such as indigo-carmine, or absorptive
agents, like methylene blue, are customarily applied
via a spray catheter to provide mucosal enhancement.
Virtual chromoendoscopy (NBI, FICE, i-scan) are dyeless enhancement technologies that are built into
the colonoscope or processor. NBI uses optical filter
enhancement at the distal end of the endoscope,
narrowing the light bandwidth, thereby improving
visualization of the mucosa. FICE and i-scan use digital
post-processing technology with spectral estimation to
achieve mucosal enhancement. Magnification endoscopy
possesses a variable lens, providing magnification up
to 150-fold, permitting detailed examination of the
mucosal pit patterns. Whilst CLE technology involves
focusing laser light onto the mucosa and the reflected
light is returned via a pinhole. This filters out nonfocused light, giving a highly magnified, real-time
histological diagnosis. CLE can either be integrated (iCLE)
within the endoscope or via a probe (pCLE), which can
be passed through the biopsy channel.
In patients without colitis, multiple studies have
looked at in-vivo optical diagnosis of colorectal lesions
using these technologies, allowing differentiation
between neoplastic and non-neoplastic lesions. The
hope that this would be cost-effective, reduce risk
associated with polypectomy and provide instant
determination of polyp surveillance intervals for the
patient. A recent meta-analysis by the ASGE group
looked at novel technologies to allow a “diagnose and
[10]
leave” and “resect and discard” strategy . To achieve
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Core tip: In vivo lesion characterization in colonic
inflammatory bowel disease presents many challenges.
Lesions tend to be morphologically different and
potentially associated with surrounding/overlying
inflammation, obscuring the pit pattern. The ability to
accurately characterize lesions in vivo could reduce
costs and complications by decreasing the need for
polypectomies. Virtual chromoendoscopy (VCE) and
dye-based chromoendoscopy currently cannot be
recommended for lesion characterization. Confocal
laser endomicroscopy is an accurate technology at
differentiating neoplastic from non-neoplastic lesions
but studies within this meta-analysis involved single
expert center with single advanced endoscopic
operators, reducing its generalizability. Larger
studies are required specifically looking at lesion
characterization, especially with rapid technological
advancements in VCE (Narrow band imaging, i-scan,
Fujinon intelligence chromoendoscopy).
Lord R, Burr NE, Mohammed N, Subramanian V. Colonic lesion
characterization in inflammatory bowel disease: A systematic
review and meta-analysis. World J Gastroenterol 2018;
24(10): 1167-1180 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i10/1167.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i10.1167

INTRODUCTION
The association between colonic inflammatory bowel
disease (IBD) and colorectal cancer (CRC) has been
[1]
acknowledged for almost 100 years . Several metaanalyses have attempted to estimate this increased
risk with varying results, reflecting the heterogeneity of
[2-4]
studies included . Nevertheless all agree that disease
duration, disease activity and extent of IBD increase
the risk for developing CRC. In response, surveillance

WJG|www.wjgnet.com

1168

March 14, 2018|Volume 24|Issue 10|

Lord R et al . Colonic lesion characterization meta-analysis in IBD
a “diagnose and leave” strategy, (a decision to leave insitu diminutive rectosigmoid polyps), the technology
had to achieve > 90% NPV for adenomatous histology.
To achieve a “resect and discard” strategy, (remove
diminutive adenomatous polyps without histological
assessment), the technology should provide > 90%
agreement in post-polypectomy surveillance intervals.
The meta-analysis showed that this could only be
achieved with NBI technology, in endoscopists that were
experienced and that the assessment of the polyp was
made with high confidence. Recently a large multicenter
prospective study evaluated the use of NBI assisted
optical diagnosis in non-expert endoscopists for small
colonic polyps and was found to not achieve the above
[11]
criteria .
The accuracy of these technologies during
surveillance colonoscopy in colonic IBD is unclear
with the majority of studies being small and assessed
as secondary outcomes. With additional hurdles
to overcome in patients with colitis, such as active
inflammation and the fact that lesions tend to be
morphologically different (flatter rather than polypoid),
how precise are we at characterizing lesions in IBD
with the current technologies available. Our objective
was to perform the first systematic review and metaanalysis for the diagnostic accuracy of optical imaging
techniques for in-vivo lesion characterization in colonic
IBD. We aimed to calculate the pooled estimated
sensitivities, specificities, positive and negative
likelihood ratios (+LHR, -LHR), diagnostic odd ratios
(DOR), and area under summary receiver-operator
characteristic (AUSROC) curve for each technology
type, with histopathology as the reference standard. We
also planned to perform a subgroup analysis looking at
the accuracy of studies using real-time non-magnified
[12]
Kudo pit pattern (Kudo PP) and real-time CLE .

AND ((lesion*).ti,ab OR (polyp*).ti,ab OR (dysplas*).
ti,ab OR (neoplas*).ti,ab)”. A Cochrane Library search
for any systematic reviews relevant to this area was
also performed. No language restrictions were used.
The results for each database were combined and any
duplicates removed.

Inclusion and exclusion criteria

Study inclusion and exclusion was determined by
predefined criteria.
Inclusion criteria: (1) Studies using novel technologies
to provide in-vivo optical characterization of lesions
in patients with colonic IBD during colonoscopy; (2)
characterized lesions into neoplastic and non-neoplastic
using histology as the reference standard; (3) able
to extract data to obtain a 2 × 2 contingency table to
calculate the true positive (TP), false positive (FP), false
negative (FN) and true negative (TN); and (4) Realtime characterization or retrospective image-review.
Exclusion criteria: (1) Case studies or case series;
(2) studies not involving patients with colonic ibd; (3)
inability to construct a 2 × 2 contingency table from the
data given; (4) inability to differentiate detection from
characterization studies; and (5) not used histology as
reference standard (6) children (age < 16).

Study selection and data extraction

RL and NB identified study eligibility using the above
inclusion and exclusion criteria. We searched the
combined list of results for relevant studies, looking at
the abstract or if supplementary information required,
the full article. Reference lists of selected papers were
also checked for potential missed articles. Abstract or
articles for clinical trials or observational studies were
eligible for inclusion if characterization of lesions by NBI,
FICE, i-scan, DBC, magnification endoscopy or CLE,
differentiated neoplastic from non-neoplastic lesions in
colonic IBD, using histopathology as the gold standard.
From this, data was extracted using a 2 × 2 contingency
table. If exact figures for the true positive (TP), false
positive (FP), false negative (FN) and true negative (TN)
were not represented in the articles, it was calculated
from the documented sensitivity, specificity, accuracy,
positive predictive value (PPV) or negative predictive
value (NPV). RL and VS performed data ascertainment
and calculations. If TP, FP, FN and TN couldn’t be
calculated from the article data, attempts were made
to contact relevant authors by email for clarification of
figures.

MATERIALS AND METHODS
Information sources and search strategy

We performed a meta-analysis in concordance with the
preferred reporting items for systematic reviews and
[13]
meta-analyses (PRISMA) guidelines . RL searched
Medline (from 1946 to May 2017) and Embase (from
1974 to May 2017), using the healthcare databases
advanced search (HDAS) system. The search terms
used included: ((((“high definition”).ti,ab OR (HD).
ti,ab OR (“white light”).ti,ab OR (WL).ti,ab OR
(chromoendoscop*).ti,ab OR (CE).ti,ab OR (NBI).ti,ab
OR (“narrow band”).ti,ab OR (FICE).ti,ab OR (“fujinon
intelligent chromoendoscopy”).ti,ab OR (“I-scan”).
ti,ab OR (AFI).ti,ab OR (autofluorescence).ti,ab OR
(CLE).ti,ab OR (“confocal laser”).ti,ab OR (“real time
histology”).ti,ab) AND ((“colon imag*”).ti,ab OR
(“intestinal imag*”).ti,ab OR (colonoscop*).ti,ab)) AND
((“inflammatory bowel disease”).ti,ab OR (IBD).ti,ab OR
(coliti*).ti,ab OR (uc).ti,ab OR (“ulcerative coliti*”).ti,ab
OR (“crohns coliti*”).ti,ab OR (“crohn’s coliti*”).ti,ab))
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Risk of study bias

As studies included were diagnostic, RL and NM used
the QUADAS-2 (quality assessment of diagnostic
accuracy studies) tool to independently assess the
[14]
degree of study validity . This looks at the risk of
bias and applicability regarding four domains: patient
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quantifies the impact of heterogeneity on the metaanalysis rather than just the extent of heterogeneity.
Results range from 0-100%: 0% indicates there is no
heterogeneity between the studies, whereas scores >
50% equate to moderate heterogeneity and > 75%
high heterogeneity.
To help determine factors that may account for
heterogeneity, we performed a subgroup analysis
concentrating on real-time mucosal characterization,
dividing into two groups: non-magnified Kudo PP (using
VCE and DBC) and CLE. We also pooled results for all
studies (real-time and retrospective image-capture)
looking at non-magnified Kudo PP.
[16]
The Deeks et al
funnel plot assessed for
publication bias. This uses regression of diagnostic
log odds ratio against1/sqrt (effective sample size),
weighting by sample size with a P < 0.10 for the slope
coefficient as an indicator of substantial asymmetry.
All data analysis was done using Stata version
13 (Stata Corp, Texas, United States) using the user
[17]
written command Midas (Dwamena, 2009) .

172 abstracts or articles

21 excluded after reading titles

151 included following
reading titles
63 excluded after reviewing
abstract

88 included following
reading abstract
66 articles excluded because:
35 were detection studies
25 were review articles
4 could not construct 2 × 2
contingency table from the data
2 non-colonic IBD
22 studies included in
final analysis

Figure 1 Study flow chart for studies eventually included into the metaanalysis. IBD: Inflammatory bowel disease.

RESULTS
Study selection

selection, index test, reference standard, flow and
timing. Risk of bias (involved all four domains) and
applicability (involved three domains) is scored using
low risk, high risk or unclear. Any indifference on
determining risk between RL and NM was discussed and
clarified with VS, who made the final decision.

One hundred and seventy-two abstracts and articles
were obtained following the initial keyword search,
following removal of duplicates (Figure 1). 21 studies
were excluded following screening of the title, leaving
151 citations. A further 63 studies were excluded
following review of the abstract, leaving 88 citations. 66
more studies were excluded following review of papers
as a result of: 35 being detection studies, 25 were
review articles, 2 involved patients without colonic IBD
and 4 we were unable to construct a 2 × 2 contingency
table.

Statistical analysis

In performing a systematic review for diagnostic studies,
a bivariate meta-analysis using a random effects
model was performed, allowing for the assumption of
[15]
heterogeneity between the studies . A random effects
model was used in order to provide a more conservative
result due to differences between study methods such
as endoscopic expertise, classification model, study
type and the population studied. We obtained summary
estimates for sensitivity, specificity, +LHR, -LHR and
DOR, with their 95% confidence intervals. A hierarchical
summary receiver-operator characteristic (ROC) curve
was plotted, with its summary point estimate, and a
dashed line around representing its 95% confidence
interval. The area under the SROC curve (AUROC)
served as a marker of test accuracy. Forest plots were
also calculated to demonstrate study sensitivity and
specificity.
Heterogeneity between studies was assessed using
2
the Cochrane Q and I tests. Cochrane Q is established
upon the chi-squared test, providing a weighted sum
of the squared differences of each study estimate
2
from the overall pooled estimate. P valves are given. I
describes the percentage of variation between studies
that is due to heterogeneity rather than chance and is
2
not dependent on the number of studies included. I
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Study characteristics

The characteristics of the 22 studies included are
[18-39]
presented in Table 1
. Twenty-one studies included
1491 patients, with one study not reporting the number
of patients included, and 4674 lesions, of which 539
(11.5%) were neoplastic.
The VCE group consisted of five studies, with one
study looking at i-scan technology, two studies involved
NBI and a further two used FICE. Three of the papers
were abstracts and two being articles. All of these
studies used endoscopic real-time diagnosis of lesions.
The DBC group entailed six studies, using either
indigo-carmine (0.2%-0.4%) or methylene blue (0.1%)
as the contrast agent. One of these studies performed
endoscopic lesion diagnosis using a retrospective imagecaptured questionnaire, whilst the others used real-time
diagnosis. Two were abstracts with the others being
articles.
The CLE group comprised of nine studies; four
studies used iCLE and five studies used pCLE. Three
studies were retrospective image based, with the
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2016
2016
2016

2015

Buchner et al[27]
Wanders et al[20]
Munoz et al [28]

Wanders et al[29]

1

1171

2016
2014
2012
2011
2011
2011

5 reviewed images
4
3
1
1

>1
1 endoscopist (2
reviewed images)
/
1
1
3 reviewed images
2
4 endoscopists (2
reviewing images)
/

Dye-based 10 reviewed images
chromo/NBI

NBI
NBI
NBI
NBI
MB 0.1%

Article
Article
Article
Article
Article

Abstract

iCLE

pCLE
iCLE
pCLE
pCLE
iCLE
pCLE

iCLE
pCLE

Article

Abstract
Article
Article
Abstract
Article
Article

Article
Article

2

17

/
>1
>1

15

2
4
1
1

/

Number of
endoscopists

Multi-centre/retrospective cohort

Single centre/retrospective cohort
Single centre/prospective cohort
Single centre/randomized trial
Single centre/prospective cohort
Single centre/randomized trial

Single centre/randomized trial

Prospective cohort
Single centre/randomized trial
Single centre/prospective cohort
Single centre/retrospective cohort
Single centre/prospective cohort
Single centre/retrospective cohort

Multi-centre/prospective cohort
Single centre/retrospective cohort

Multi-centre/retrospective
questionnaire
Single centre/prospective cohort

Prospective cohort
Multi-centre/prospective cohort
Multi-centre/retrospective cohort

Multi-centre/prospective cohort

Single centre/prospective cohort
Prospective cohort
Single centre/prospective cohort
Single centre/randomized cross-over
Single centre/randomized parallel
Single centre/prospective cohort

Study design

Image review

Image review
Real time
Real time
Real time
Real time

Real time

Real time
Real time
Real time
Image review
Real time
Image review

Real time
Image review

Real time

Image review

Real time
Real time
Real time

Real time

Real time
Real time
Real time
Real time

Real time

Real time vs Image
review

27

27
22
50
46
84

80

22
72
51
25
30
22

61
69

30

/

22
61
243

350

44
48
41
59

40

No. of
Patients

50

33
48
98
296
118

134

20
104
15
61
68
48

60
644

100

30

21
66
953

595

121
153
261
205

287

No. of
Polyps

Kudo PP

Surface + vessel patterns
Kudo PP + vascular patterns
Kudo PP
Surface structure
Kudo PP

Mainz classification

Miami classification
Mainz criteria
De Palma classification
/
Mainz classification
Crypt + vessel architecture

Mainz criteria
Crypt + vessel architecture

Kudo PP

/

/
Kudo PP
Kudo PP

Kudo PP + 10 other items

Kudo PP + low level magnification
Kudo PP
Kudo PP
Kudo PP

Kudo PP + other endoscopic features

Mucosal classification method

List of studies included in meta-analysis and displayed according to technology type. PP: Pit pattern; /: Data missing. 1Two different technologies from same abstract; 2Two different technologies from same article; 3Two different
technologies from same article; 4Two different technologies from the same article.

Keisslich et al[34]
2007
Magnification endoscopy
Nishiyama et al[35]
2016
4
Van den broek et al[19]
2011
Van den broek et al[36]
2008
Matsumoto et al[37]
2007
Keisslich et al[38]
2003
Studies using combined technologies
Bisschops et al[39]
2013

Buchner et al[27]
Freire et al[31]
Rispo et al[32]
Shahid et al[33]
3
Hlavaty et al[18]
4
Van den broek et al[19]

1

Hlavaty et al [18]
2011
Confocal Laser Endomicroscopy
2
Wanders et al[20]
2016
Dlugosz et al[30]
2016

3

2

NBI HD
NBI HD
FICE HD
FICE HD

i-scan HD

IC 0.4%
SD/HD
Abstract MB 0.1% HD
Article MB 0.1% SD
Abstract IC 0.2%-0.4%
HD
Article
MB 0.1% or
IC 0.3%
Article
IC 0.4% SD

Article
Article
Abstract
Abstract

Efthymiou et al[21]
2013
Van den broek et al[23]
2011
Cassinotti et al[24]
2015
Cassinotti et al[25]
2015
Dye-based Chromoendoscopy
Carballal et al[26]
2016

Article

Abstract

2016

Virtual Chromoendoscopy
Cassinotti et al[22]

Abstract/ Technology
article

Year

Authors

Table 1 Study characteristics
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Low

Low
High

Flow and timing

High

Reference standard

Unclear

Unclear

Reference standard
Index test
Index test
Patient selection

Patient selection
0%

20%

40%

60%

80%

0%

100%

20%

40%

60%

80%

100%

Figure 2 Stacked bar charts showing proportion of studies with low,
high or unclear risks of bias. Vertical axis represents the four domains of the
quality assessment of diagnostic accuracy studies 2.

Figure 3 Stacked bar charts showing proportion of studies with low, high
or unclear applicability. Vertical axis represents the three domains of the
quality assessment of diagnostic accuracy studies 2.

remaining being real-time studies. Two were abstracts
and the others being articles.
The magnification endoscopy group consisted of
five studies, four of which being used in conjunction
with NBI and one used with DBC. One study was
retrospective image-based, with the others being realtime diagnosis. All were articles.
For the subgroup analysis, real-time non-magnified
Kudo PP involved ten studies and real-time CLE involved
six studies. The “all study” Kudo PP included twelve
studies of which two were retrospective image-based
abstracts.

72%-95%), and the area under the SROC curve was
0.93 (95%CI: 0.90-0.95).
Pooled results of the six studies for DBC revealed the
least accurate results for lesion characterization, with
a sensitivity of 67% (95%CI: 44%-84%), specificity
of 86% (95%CI: 72%-94%) and an area under the
SROC curve was 0.84 (95%CI: 0.81-0.87). Most of the
studies within this group were multi-centre with more
than one endoscopist.
Results of the five studies for magnification
endoscopy showed a pooled sensitivity of 90% (95%CI:
77%-96%), specificity of 87% (95%CI: 81%-91%),
and an area under the SROC curve was 0.93 (95%CI:
0.91-0.95). The results are similar to those of VCE;
however these were mainly single centre, single expert
endoscopist studies.
Meta-analysis of nine studies for CLE showed a
sensitivity of 87% (95%CI: 71%-95%), specificity of
94% (95%CI: 87%-97%), with an area under the
SROC curve of 0.96 (95%CI: 0.94-0.97). Again these
mere all single centre, single expert endoscopist studies.
A subgroup analysis was performed involving studies
using real-time endoscopic mucosal characterisation of
lesions, divided into real-time non-magnified Kudo PP
(with VCE and DBC) and real-time CLE. Both the forest
plots and SROC curves for real-time non-magnified
Kudo PP and real-time CLE are given in Figures 4 and
5. The subgroup for real-time Kudo PP included ten
studies, with a pooled estimate sensitivity of 78%
(95%CI: 57%-91%), specificity of 89% (95%CI:
80%-94%), with an area under the SROC of 0.91
(95%CI: 0.89-0.94). The subgroup analysis looking at
real-time CLE included 6 studies. The pooled estimated
sensitivity was 91% (95%CI: 66%-98%), specificity
was 97% (95%CI: 94%-98%), and the area under the
AUSROC was 0.98 (0.97-0.99).
A further subgroup analysis was performed looking
at all (real-time and image review) non-magnified Kudo
PP. This included twelve studies. The pooled estimate
sensitivity was 78% (95%CI: 61%-88%), specificity
of 86% (95%CI: 76%-92%), and an area under the

Quality of assessment

The results for the study quality assessment using the
QUADAS 2 tool are presented using stacked bar charts
(Figure 2 and 3), displaying risk of bias and applicability.
Individual study quality assessment can be seen in the
supplementary table (Table 2). Results varied across
the twenty-two studies. Abstracts predominantly
scored “unclear” for domains associated with “risk of
bias”, due to lack of in-depth information within the
abstract. However studies also scored “unclear” for “risk
of bias” with regards “reference standard” if it did not
clearly state if the histopathologist was blinded to the
endoscopic diagnosis. Papers scoring “high” for “patient
selection”, “index test” and “flow and timing” for “risk
of bias”, were generally associated with retrospective
image-captured studies which selected and reviewed
only clear images of lesions, thereby introducing
attrition bias. All studies scored “low” for all three
domains with regards “applicability”.

Pooled diagnostic accuracy results

A summary for the pooled diagnostic accuracy
estimates for the different technologies and for the
subgroup analysis is outlined in Table 3.
The meta-analysis for the five studies involving VCE
showed it was fairly accurate at differentiating neoplastic
from non-neoplastic lesions with a pooled sensitivity of
86% (95%CI: 62%-95%), specificity of 87% (95%CI:
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DOMAIN 1
Patient
selection
Risk of bias
Could
selection
of patients
introduced
bias?
Concerns
regarding
applicability
Concern
included
patients don’t
match review
question?
DOMAIN 2
Index test
Risk of bias
Conduct or
interpretation
of index test
introduced
bias?
Concerns
regarding
applicability
Concern
index test, its
conduct or
interpretation
differs from
review
question?
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L

L

L

L

L

L

L

L

L

L

L

L

2011

al [23]

al [19]

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

U

L

L

L

L

L

U

L

L

L

H

L

H

L

H

L

U

L

H

L

L

L

L

L

L

L

L

L

L

L

H

L

H

L

H

L

H

2011

al [36]

L

L

L

L

L

H

L

H

L

L

L

L

2008

L

L

L

L

L

L

L

L

L

H

L

H

Cassinotti Efthymiou Van Cassinotti Cassinotti Carballel Buchner Wanders Munoz Wanders Hlavaty Dlugosz Freire Rispo Shahid Van Keisslich Nishiyama Van Matsumoto Keisslich Bisschops
et al [22]
et al [21]
den
et al [24] et al [25] et al [26] et al [27] et al [20] et al [28] et al [29] et al [18] et al [30] et
et et al [33] den et al [34] et al [35]
den
et al [37] et al [38] et al [39]
[31]
2016
2013
broek
2015
2015
2016
2016
2016
2016
2015
2011
2016 al
al [32] 2011 broek 2007
2016
Broek
2007
2003
2013
et
2014 2012
et
et

Table 2 quality assessment of diagnostic accuracy studies 2 for each study
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L

L

L

U

U

U

H

L

L

U

L

U

U

L

U

L

L

U

U

L

U

L

L

L

U

L

U

H

L

U

H

L

L

U

L

L

L

L

L

2

L

L

L

H

L

U

H

L

L

L

L

L

H

L

U

L

L

L

L

L

L

L

L

L

H

L

U

I and Cochrane Q were used to test for heterogeneity. Heterogeneity for VCE was moderate to high with an I = 63% (95%CI: 16%-100%) and Q = 5.347 (P = 0.034).
2
2
DBC showed extremely high levels of heterogeneity between studies with an I = 89% (95%CI: 78%-100%) and Q = 18.573 (P = 0.00). Magnification [I = 0 (95%CI:
2
0%-100%) and Q = 0.607 (P = 0.369)] and CLE [I = 40% (95%CI: 0%-100%) and Q = 3.335 (P = 0.094)] represented low levels of heterogeneity between studies,
however had very broad 95% confidence intervals.
2
Real-time non-magnified Kudo PP had an I = 96% (95%CI: 92-99) and Q = 45.575 (P < 0.001) showing exceptionally high levels of heterogeneity. Real-time CLE
2
studies had low levels of heterogeneity, with an I = 0 (95%CI: 0-100%) and Q = 1.697 (P = 0.214).

2

Test for heterogeneity

SROC of 0.89 (95%CI: 0.86-0.92).

L: Low risk; H: High risk; U: Unclear.
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Table 3 Accuracy of the different technologies
Analysis groups

No. of studies

All
VCE
DBC
Magnification
CLE
Real-time
Kudo PP
CLE
All Kudo PP

5
6
5
9
10
6
12

Pooled estimates (95%CI)

Likelihood ratios (95%CI)

Sensitivity

Specificity

LHR+

LHR-

Diagnostic odds ratio
(95%CI)
DOR

Area under SROC curve
(95%CI)

0.86 (0.62-0.95)
0.67 (0.44-0.84)
0.90 (0.77-0.96)
0.87 (0.71-0.95)

0.87 (0.72-0.95)
0.86 (0.72-0.94)
0.87 (0.81-0.91)
0.94 (0.87-0.97)

6.7 (2.6-17.8)
4.9 (2.1-11.3)
7.0 (4.6-10.7)
14.0 (6.1-32.4)

0.17 (0.05-0.53)
0.38 (0.20-0.73)
0.11 (0.05-0.28)
0.14 (0.06-0.33)

41 (6-297)
13 (3-48)
62 (18-209)
101 (23-442)

0.93 (0.90-0.95)
0.84 (0.81-0.87)
0.93 (0.91-0.95)
0.96 (0.94-0.97)

0.78 (0.57-0.91) 0.89 (0.80-0.94) 6.9 (3.5-13.5) 0.24 (0.11-0.55)
0.91 (0.66-0.98) 0.97 (0.94-0.98) 28.4 (13.6-59.1) 0.09 (0.02-0.43)
0.78 (0.61-0.88) 0.86 (0.76-0.92) 5.5 (2.9-10.1) 0.26 (0.14-0.50)

28 (7-110)
322 (41-2529)
21 (7-66)

0.91 (0.89-0.94)
0.98 (0.97-0.99)
0.89 (0.86-0.92)

All using both real-time and image based studies for the different technologies. Real-time, sub-group analysis with studies using only real time Kudo
pit pattern (both VCE and DBC) and real-time CLE. All Kudo PP includes all studies using Kudo pit pattern (real-time and image-based). VCE: Virtual
chromoendoscopy; DBC: Dye-based chromoendoscopy; CLE: Confocal laser endomicroscopy; Kudo PP: Kudo pit pattern; LHR+: Positive likelihood ratios;
LHR-: Negative likelihood ratios; DOR: Diagnostic odd ratios.

Studyld

Sensitivity (95%CI)

Studyld

Sensitivity (95%CI)

Hlavaty et al 2011
Munoz et al 2016
Wanders et al 2016
Buchner et al 2016
Carballal et al 2016
Cassinotti et al 2015
Cassinotti et al 2015
Van den broek et al 2015
Efthymiou et al 2013
Cassinotti et al 2015

1.00 [0.54-1.00]
0.40 [0.31-0.49]
0.29 [0.04-0.71]
0.86 [0.42-1.00]
0.70 [0.60-0.79]
0.91 [0.72-0.99]
0.95 [0.75-1.00]
0.76 [0.53-0.92]
0.42 [0.20-0.67]
0.94 [0.73-1.00]

Hlavaty et al 2011
Munoz et al 2016
Wanders et al 2016
Buchner et al 2016
Carballal et al 2016
Cassinotti et al 2015
Cassinotti et al 2015
Van den broek et al 2015
Efthymiou et al 2013
Cassinotti et al 2015

0.98 [0.93-1.00]
0.89 [0.87-0.91]
0.86 [0.75-0.94]
0.64 [0.35-0.87]
0.90 [0.88-0.93]
0.93 [0.88-0.96]
0.98 [0.95-0.99]
0.66 [0.57-0.74]
0.79 [0.70-0.87]
0.80 [0.74-0.84]

Combined

0.78 [0.57-0.91]
Combined
Q = 71.38, df = 9.00, P = 0.00
I 2 = 87.39 [480.85-93.93]
0.0

1.0

Sensitivity

Studyld

0.89 [0.80-0.94]
Q = 160.69, df = 9.00, P = 0.00
I 2 = 94.40 [92.11-96.69]
0.4

Sensitivity

Sensitivity (95%CI)

Studyld

Kiesslich et al 2007
Hlavaty et al 2011
Rispo et al 2012
Freire et al 2014
Buchner et al 2016
Wanders et al 2010

0.95
1.00
1.00
0.86
1.00
0.49

Kiesslich et al 2007
Hlavaty et al 2011
Rispo et al 2012
Freire et al 2014
Buchner et al 2016
Wanders et al 2010

Combined

0.91 [0.66-0.98]
Combined
Q = 16.22, df = 5.00, P = 0.01
I2 = 69.17 [42.80-95.55]

[0.74-1.00]
[0.16-1.00]
[0.48-1.00]
[0.42-1.00]
[0.59-1.00]
[0.10-0.82]

Sensitivity (95%CI)
0.98
0.98
0.90
0.98
0.86
0.92

[0.94-1.00]
[0.92-1.00]
[0.55-1.00]
[0.93-1.00]
[0.57-0.98]
[0.82-0.98]

0.97 [0.94-0.98]
Q = 12.05, df = 5.00, P = 0.03
I 2 = 58.51 [21.04-95.98]
0.6

0.1
1.0
Sensitivity

1.0

1.0

Sensitivity

Figure 4 Forest plot for real-time Kudo pit pattern (A), and forest plot for real-time confocal laser endomicroscopy (B).

Publication bias

performing in-vivo lesion characterization in patients
with colonic IBD, with an impressive AUSROC of 0.98
(95%CI: 0.97-0.99). It demonstrates an extremely high
specificity, 97% (95%CI: 94%-98%), and sensitivity,
91% (95%CI: 66%-98%), in differentiating neoplastic
from non-neoplastic lesions. Using all study types (realtime and image capture) CLE again out-performs the
other technologies, with an area under SROC cure
of 0.96 (95%CI: 0.94-0.97). Magnification and VCE
technologies also show a good accuracy with a SROC of
0.93 (95%CI: 0.91-0.95) and 0.93 (95%CI: 0.90-0.95),

[15]

Deeks et al
funnel plot, seen in Figure 6, was used
to assess publication bias. The funnel plot has slope
coefficient of 9.84 (P = 0.194). The non-significant P
valve would suggest a low likelihood of publication bias
in this meta-analysis.

DISCUSSION
Our meta-analysis illustrates that real-time CLE
currently appears to be the best technology in
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Observed data
Summary operating point
SENS = 0.78 [0.57-0.91]
SPEC = 0.89 [0.80-0.94]
SROC Curve
AUC = 0.91 [0.89-0.94]
95% Confidence contour
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B

Observed data
Summary operating point
SENS = 0.78 [0.57-0.91]
SPEC = 0.89 [0.80-0.94]
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Figure 5 Area under SROC curve for real-time Kudo pit pattern (A) and area under SROC curve for real-time confocal laser endomicroscopy (B).

respectively.
Despite CLE being a highly accurate technology
in lesion characterization, there are several concerns
with regards applicability. Most of the studies in our
meta-analysis for CLE involved a single endoscopy
operator within a single-centre. They were vastly
experienced in IBD surveillance endoscopy and in
using CLE technology. Studies in which inexperienced
operators used this technology, they themselves did
not make real-time lesion diagnosis. Instead, people
trained in the interpretation of the histology reviewed
the images retrospectively. This is because CLE is
not a routinely used modality. It requires expertise in
handling, positioning of the colonoscope/probe onto the
lesion and in analysing/interpreting in-vivo histology.
Bowel preparation has to be meticulous, as any faecal
material can interfere with image capture and lesion
interrogation. This is unlikely to be achieved consistently
during “real-life” surveillance lists. In one study, 32%
of lesions were not accessible to CLE evaluation and
a second study, 1.5% of lesions the histology was not
visualised by CLE. These unclassified lesions aren’t
accounted for in the final results, contributing to attrition
bias in the observed results. In addition, IV fluorescein
injection is required before lesion analysis, further
adding to procedure time. One study showed the mean
additional time per procedure being 20 min. Adoption of
this technology in throughout less experienced centres
is doubtful. It would demand vast resources for training,
education and require new guidance for endoscopic
competence.
A further concern with CLE was equipment failure.
In one multi-centre study, four of the five centres had
to send the equipment back to the manufactures as

WJG|www.wjgnet.com

the lens on the endomicroscope broke. Repair took
the teams months to address, significantly affecting
recruitment, resulting in the study being underpowered.
With concerns over equipment failure, costs of
purchasing the technology and repairs, CLE could in fact
be a financial burden, negating any benefit obtained
from the reduction in polypectomies and histological
analysis. Therefore, questions still remain unanswered
with regards practicalities and applicability for this
technology.
VCE showed relatively good accuracy although fell
short of reaching the 90% mark for sensitivity and
specificity. One major limitation for this technology was
the small number of studies for VCE technology. We
therefore combined the NBI, FICE and i-scan to obtain
pooled results. Although the technologies have been
grouped as one, there are obvious differences in the
way they achieve the modified image and the modes
used with that technology. NBI endoscopes contain a
rotating filter in front of the light source at the end of
the endoscope, allowing a narrow wavelength of light
to strike the mucosa resulting in image enhancement,
whereas both FICE and i-scan use a post-processing
technology built within the processer to provide a
coloured-enhanced image. There were several other
drawbacks with the VCE group analysis. One study
in our meta-analysis used the first generation NBI
technology, resulting in images being less bright,
undoubtedly having an impact on lesion characterization
when compared with newer generation technology.
Three of the five studies for VCE were abstracts
making critical analysis for the quality of these studies
difficult to determine. From our results we cannot
currently recommend using VCE solely as an accurate
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0.5

9

6

Study
Regression line

1.0
Sensitivity

the Kudo PP (Kudo PP plus additional features) and
therefore we pooled the results for both real-time
VCE and DBC. Real-time Kudo PP had an area under
the SROC curve of 0.91 (95%CI: 0.89-0.94), with a
reasonable specificity of 89% (95%CI: 80%-94%) but
a sensitivity of 78% (95%CI: 57%-91%). The poor
sensitivity likely reflects inclusion of the DBC group
with the majority involving standard-definition scopes.
The use of Kudo PP and Kudo PP plus did not seem
to influence the accuracy of lesion characterisation,
independent of the technology. Caution however,
has to be noted for combining DBC and VCE using
Kudo PP as a mucosal classification system. Studies
have shown a lack of pit pattern agreement between
[40]
chromoendoscopy and NBI . This has leading to the
adoption of new classification systems, such as NICE
[41]
for NBI . Further mucosal classification systems may
need to be studied, especially for i-scan and FICE.
However, determining the ideal post-processing mode
for these software systems could be challenging as
these technologies have multiple combination options of
modes.
Another important issue that wasn’t clearly stated for
studies in this meta-analysis was the degree of mucosal
inflammation in which the lesions resided. Varying
degrees of mucosal inflammation unquestionably
contribute to difficulties in pit pattern and vasculature
interpretation and therefore diagnostic accuracy. Future
studies looking at in-vivo lesion diagnostic accuracy
could stratify patients depending on the degree of
inflammation surrounding the lesions.
As with any meta-analysis there are limitations. The
number of studies for each technology group was fairly
limited, except for the CLE group. Seven of the twentytwo studies were abstracts introducing concerns with
regards data extraction and interrogation for study
validity.
Despite an extensive literature review, no papers
had direct head-to-head studies, comparing the
different technologies against each other. However, this
would require a very large cohort looking specifically at
lesion characterisation and all endoscopists participating
being familiar with the different technologies.
Endoscopic familiarity with certain technologies in such
a study could potentially confound the accuracy of lesion
interpretation.
In the majority of studies, lesion characterization
was a secondary outcome, therefore in some studies
the number of lesions being characterised was small.
Some studies didn’t clearly state the TP, FP, FN and TN,
therefore calculations had to be performed in order to
achieve this.
There was also a large degree of heterogeneity
within the VCE and DBC groups that was further
increased when we performed real-time Kudo PP
assessment. Further areas of subgroup classification
that were not explored within this meta-analysis were
the number of endoscopists performing the procedures
in each study and also whether it was a single centre

Deeks funnel plot asymmetry test
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Figure 6 Funnel plot with superimposed regression line looking for
publication bias.

technology for lesion characterization in IBD. However,
with newer generation endoscopes, further evaluation
is clearly warranted as these technologies continue to
improve. In comparison with CLE, VCE is potentially less
complicated to use, more robust, economical as they
are almost universal in newer endoscope processors,
and training is more likely to be attainable.
Magnification endoscopy achieves similar accuracy
to VCE technology. However in the majority of these
studies magnification was used in combination with
NBI, predominantly using older NBI technology.
This makes it challenging to differentiate the two
technologies. With new colonoscopes delivering
digital magnification, like “near focus” technology,
it is questionable the additional information optical
magnification will provide. A threshold may be reached
at which further magnification provides no additional
benefit for differentiating neoplastic from non-neoplastic
pit patterns. However, this meta-analysis cannot
necessarily address that question.
DBC pooled results were suboptimal for lesion
characterization. However, more than half of the studies
used standard-definition colonoscopies, reducing
image resolution, and therefore impacting on lesion
interpretation. With most centres now using highdefinition colonoscopies accuracy is likely to improve.
Another confounding factor was that the majority
of the studies were multi-centred, with multiple
operators, undoubtedly accounting for a diverse range
of endoscopic experience and therefore skill at lesion
classification.
A subgroup analysis was performed in order to look
for potential sources of heterogeneity and to determine
whether it was the type of mucosal classification used
that influenced the accuracy rather than the technology.
Real-time studies were used as this provided the most
clinically authentic evaluation of lesions and minimises
bias as a result of photographic selection and time for
analysis. Most studies used Kudo PP or a variation on
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odds ratio, and area under summary receiver-operator characteristic curve,
were calculated for each technology type.

or multi-centre study. This undoubtedly will have an
impact on the accuracy of the technology being used.
Single-centre, single endoscopist studies are more likely
to achieve better results.
Suggested avenues to explore in future studies
looking at in-vivo lesion characterization in colonic IBD
include: accuracy according to varying endoscopic
experience, accuracy dependent on the degree
of surrounding mucosal inflammation, whether
the endoscopist confidence (high or low) in lesion
characterization impacts accuracy and exploring new
mucosal lesion classification for different technologies.

Research results

Confocal laser endomicroscopy (CLE) had the greatest accuracy for
differentiating neoplastic from non-neoplastic lesions in-vivo. Magnification
and virtual chromoendoscopy (VCE) performed well, whilst dye-based
chromoendoscopy (DBC) had suboptimal accuracy.

Research conclusions

CLE is highly accurate at in-vivo lesion characterization but studies are within
experienced centres with mainly single expert users limiting its generalizability.

Research perspectives

Future studies should look at newer generation virtual chromoendoscopic
technology [narrow band imaging (NBI), i-scan, fujinon intelligence
chromoendoscopy (FICE)] for lesion characterization. A standardised mucosal
lesion classification system specific for lesions in IBD colitis accounting for the
technology being used should be explored.

CONCLUSION
Real-time CLE appears to be currently the best
commercially available technology at differentiating
neoplastic from non-neoplastic lesions in patients with
colonic IBD, with an area under the SROC of 0.98
(95%CI: 97%-99%). However, most CLE studies were
single centered with single expert users, which could
significantly confound the results, and some studies
not reporting non-interpretable images, contributing to
attrition bias. Clinical applicability for this technology
is likely to be a challenge. VCE technology performed
well but currently cannot be recommended for invivo lesion characterization in such a high-risk group.
However, with improved endoscopes and newer
generation technologies further studies are required to
assess their real-time performance in clinical settings
with trained colonoscopists.
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Macrophages (MΦ) differentiate from blood monocytes
and participate in innate and adaptive immunity.
Because of their abilities to recognize pathogens
and activate bactericidal activities, MΦ are always
discovered at the site of immune defense. MΦ in the
intestine are unique, such that in the healthy intestine,
they possess complex mechanisms to protect the gut
from inflammation. In these complex mechanisms,
they produce anti-inflammatory cytokines, such as
interleukin-10 and transforming growth factor-β, and
inhibit the inflammatory pathways mediated by Toll-like
receptors. It has been demonstrated that resident MΦ
play a crucial role in maintaining intestinal homeostasis,
and they can be recognized by their unique markers.
Nonetheless, in the inflamed intestine, the function of
MΦ will change because of environmental variation,
which may be one of the mechanisms of inflammatory
bowel disease (IBD). We provide further explanation
about these mechanisms in our review. In addition,
we review recent discoveries that MΦ may be involved
in the development of gastrointestinal tumors. We
will highlight the possible therapeutic targets for the
management of IBD and gastrointestinal tumors, and
we also discuss why more details are needed to fully
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understand all other effects of intestinal MΦ.

double-protective barrier to maintain homeostasis at the
entrance where pathogens invade. With the background
described above, it seems that MΦ are insignificant
in the intestinal immune system. In fact, they play
a unique supporting role in maintaining the balance
of intestinal immunity, and they are by no means as
simple as we thought.
MΦ are one of the nonhematopoietic cells in all
mammalian species that are distributed throughout
the tissues of individuals. Their origin is relatively clear,
and their biologic features have long been explored.
In terms of immune defense, their name reveals their
function: phagocytosis. They participate in innate
immune responses and adaptive immune responses,
especially in the intestine, which is the largest pool of
MΦ and commensal bacteria. They can be considered
as regulators instead of inflammation propellants (see
below).
Emerging evidence suggests that intestinal resident
MΦ contribute to maintaining intestinal homeostasis by
several mechanisms (see below), and the production
of immunosuppressive cytokines and their inhibitory
biologic behavior suppress cascaded inflammatory
responses. This is beneficial to the host because they
protect the intestine from over-responding to commensal
bacteria, resulting in severe tissue damage. Thus,
they have attracted increasing attention in research on
intestinal homeostasis and the correlative mechanisms
of intestinal autoimmune diseases, represented by
inflammatory bowel disease (IBD).
IBD includes two types of diseases: ulcerative colitis
(UC) and Crohn’s disease (CD). IBD has long been consi
dered a typical autoimmune disease. Several reports
have confirmed that multiple factors, for example, epith
elial defects, disturbance of commensal or pathogenic
bacteria and destruction of the mucus layer, lead to the
development of IBD. In addition, intestinal MΦ highlight
the defects of their protective function in IBD.
In addition, we propose some promising targets for
the studies and treatments of IBD and gastrointestinal
tumors. These comprehensive descriptions and findings
of MΦ above have been summarized in figures of our
manuscript to make the unique function of intestinal MΦ
more understandable.

Key words: Macrophages; Homeostasis; Inflammatory
bowel disease; Gastrointestinal tumors; Therapeutic
targets
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The manuscript involves three components.
First, after briefly describing the origin of macrophages
(MΦ), it summarizes their general biologic features and
common functions. The second component reveals
the differences between resident MΦ in the intestine
and those in other tissues. Notably, we depicted
how resident MΦ participate in maintaining intestinal
homeostasis and why they can maintain intestinal
health by comparison between each of these distinct
features. The third part discusses how the deficiency
of this anti-inflammatory system leads to autoimmune
diseases. However, we also discuss the many details
of why intestinal MΦ and the underlying mechanism
of inflammatory bowel disease and gut tumors remain
obscure.
Liu YH, Ding Y, Gao CC, Li LS, Wang YX, Xu JD. Functional
macrophages and gastrointestinal disorders. World J Gastroenterol
2018; 24(11): 1181-1195 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i11/1181.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i11.1181

INTRODUCTION
The intestine is organized into distinct specialized and
functional tissues, such as the epithelium and lamina
propria (LP). As the major site of bacterial coloniza
2
2
tion (10 cfu/mL in the duodenum, 10 cfu/ml in the
3
7
8
jejunum, 10 cfu/ml in the proximal ileum, 10 -10
11
12
cfu/ml in the distal ileum, and 10 -10 cfu/mL in the
[1]
colon ), it is crucial to maintain intestinal homeostasis
in which the intestinal immune system contributes
to such maintenance under physiological conditions.
Meanwhile, both commensal bacteria and their products
[2]
play important roles .
The mammalian intestine is considered the largest
immune organ in the body. It is estimated that
65%-80% of the immune cells, such as macrophages
[3]
(MΦ), dendritic cells (DCs), T cells and B cells , exist
in the intestine. There are many lymphocytes and
natural killer (NK) cells in the region of the epithelial
[4,5]
base . Most of the intraepithelial lymphocytes are T
[6]
[5]
[7]
cells, and they express CD3, CD8 , TCRαβ or TCRγδ
(mainly in mice). Goblet cells of the intestinal epithelium
secrete net-like MUC2 mucins that compose the surface
[8,9]
mucus layer, which can filter out microbes . Both the
intestinal epithelium and mucus layer constitute the

WJG|www.wjgnet.com

MACROPHAGES: DIFFERENTIATION AND
BIOLOGY
Macrophages differentiate from blood monocytes

In 1884, Ilya Ilyich Mechnikov, an immunologist
and pathologist in Russia, identified MΦ. Hereafter,
the exploration of this cell type has never waned.
Regarding the origin of MΦ, the mononuclear phagocyte
system arises from hematopoietic stem cells in the
bone marrow and from progenitors in the embryonic
[10]
yolk sac , as well as from fetal liver during early
development. As early as 1980, it was verified by using

1182

March 21, 2018|Volume 24|Issue 11|

Liu YH et al . Macrophages and gastrointestinal disorders
the Chediak-Higashi marker that both interstitial and
intraalveolar MΦ of the lung are derived from bone
[11]
marrow precursor cells . The family of mononuclear
phagocytes consists of monocytes (Mo), MΦ, osteoclasts
and DCs.
Granulocyte-macrophage colony stimulating factor
(GM-CSF) is a major factor that can promote hema
topoietic stem cell differentiation into granulocyte[12,13]
monocyte cells, promonocytes and Mo
. Thereafter,
Mo circulate in the blood stream in different types of
tissues (the environment with different types of tissues
controls the differentiation and maturation of resident
[14-19]
MΦ by several molecular mechanisms
), a part of
the blood MΦ undergo maturation, adapt to their local
microenvironment and turn into various resident MΦ.
Resident MΦ may remain as relatively long-life span
[20]
cells, although they usually cease to proliferate .
The remaining blood Mo differentiate into free MΦ,
migrating between diverse tissues like amoebae.
To be more rigorous, some researchers further
showed that Mo in the bone marrow can be classified as
hi
lo
Ly6C Mo and Ly6C Mo by their expression of Ly6C/Gr1,
hi
CCR2 and CX3CR1. Ly6C Mo express high levels of
Ly6C/Gr-1, CCR2 and CD62L, but low levels of CX3CR1.
CCR2 is a chemokine receptor, which is essential for
+
+
lo
Ly6C Gr1 CX3CL1 Mo to enter the circulation. Ly6C
Mo express low levels of Ly6C/Gr1, CCR2 and CD62L
[21]
lo
but high levels of CX3CR1 . Ly6C Mo are proposed
[4,22]
to be the precursors of resident MΦ
, but there are
some conflicts about this hypothesis if the Mo entering
the blood stream rely on expressing CCR2, and there
is no abundant evidence to support this conclusion.
Moreover, MΦ differentiate from blood Mo, a finding
that has been challenged recently. Some researchers
have suggested that blood Mo contribute little to MΦ
in the steady state, and emerging evidence indicates
[23]
that resident MΦ can undergo self-renewal . However,
hi
other researchers demonstrated that blood Ly6C Mo
are responsible for turning into resident MΦ because
lo
they convert into Ly6C Mo and can return to the
lo
[21]
bone marrow, differentiating into Ly6C Mo . This
explanation may be helpful to understand the origin of
resident MΦ.

markers in most of the tissues to define the distribution
of MΦ, while several antigens such as sialoadhesin, a
lectin-like receptor for sialylated glycoconjugates, are
particularly strongly present in populations of MΦ in
lymphoid organs that do not express F4/80 or CD68.
In humans, the CD68 antigen (the human homolog of
macrosialin) is widely found in MΦ expressing EMR2 (the
[20]
human homolog of F4/80) .
Presently, many promising markers are awaiting
identification, and some detected materials have
already generated new hypotheses. For example,
matrix metalloproteinase-9, produced by MΦ in the
early phase of mouse peritonitis, may be used as
[25]
an inflammatory marker . In addition, the protein
dehydrogenase/reductase-9 was identified as a specific
[26]
and stable marker of human regulatory MΦ (Mregs) ,
which contributed greatly to the existing body of
knowledge on immunosuppressive therapy.
MΦ can be classified as M1 and M2, functionally
within the Mregs. M1 MΦ produce high interleukin
(IL)-12 and low IL-10, while M2 MΦ show the opposite
trend. Additionally, M2 MΦ express IL-13α1, but M1
[27]
MΦ do not . A recent study has shown that a novel
marker, MS4A4A (a member of the membranespanning 4A gene family), is only expressed in M2 MΦ
- that is, MS4A4A might be a surface marker of M2
[28]
MΦ . M2 MΦ were largely mysterious in the past,
while the importance of M1 MΦ in mucosal biology has
been appreciated for decades; the immune regulatory
function of M2 MΦ has only begun to be understood in
the last few years. Additionally, their differentiation, as
well as their differences from M1 MΦ in cell biology, will
become clearer in the future. Thus, regarding Mregs,
it is also important that they are activated by different
pathways and play diverse roles in the immune
system, which will be described below.
MΦ, “big eaters”, are named after their major fun
ction: phagocytosis, involving the uptake of particulate
materials (> 5.0 μm) by opsonic (Fc receptors and C3b
receptors) or non-opsonic receptors such as mannose
receptors, scavenger receptors, formyl-methionineleucyl-phenylalanine, and pattern recognition receptors
(PRRs), especially the Toll-like receptors (TLRs). With
the existence of these receptors, MΦ can participate in
innate immunity and adaptive immunity (Figure 1).
11
MΦ dispose of approximately 2 × 10 erythrocytes
[20]
a day and clear damaged or dying cells . Activated
MΦ can recognize microorganisms that break into
the epithelial or mucosal barriers with their special/
nonspecial receptors and stretch the pseudopodia to
swallow these microbes, followed by their digestion
by oxygen-dependent/-independent pathways in
phagolysosomes. Beyond that, MΦ can be activated by
IL-8 and release chemotactic factors and mediators of
inflammation (IL-1, IL-6, IL-12 and tumor necrosis factor
(TNF)-α, which recruit neutrophils to the inflammatory
site.
The neutrophils produce bactericidal compounds,

Biologic features and common functions of
macrophages

The volume of MΦ is 5-10 times that of Mo, and they
have more organelles (especially lysosomes), folds
and pseudopodia. Resident MΦ are widely distributed
throughout the body with distinctive phenotypes - for
example, dust cells in lung, Langerhans cells in skin,
histiocytes in connective tissue, Kupffer cells in the
liver, mesangial cells in the kidney and microglial cells
in the central nervous system.
A considerable amount of MΦ exists in the intestine,
and specific markers expressed by MΦ can be used
[24]
to study the heterogeneity. For instance, the F4/80
antigen and macrosialin in mice are proven to be useful

WJG|www.wjgnet.com

1183

March 21, 2018|Volume 24|Issue 11|

Liu YH et al . Macrophages and gastrointestinal disorders

Resident MΦ

Inflammatory MΦ
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IFN-γ IL-1 etc .
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CD40
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C3bR

FcR

CKR

CD80/86
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MHCⅡ

TLR
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Figure 1 Receptors or molecules of resident and inflammatory macrophages. MΦ express opsonic (FcR and C3bR) or nonopsonic receptors, such as CKRs,
MRs, SRs, fMLP and TLRs, as well as express high levels of MHC Ⅱ. However, there are some differences between resident MΦ and inflammatory MΦ. Resident MΦ
(left side) do not express high levels of costimulatory molecules such as CD40, CD80 and CD86, and present hyporesponsiveness to TLRs to suppress inflammation.
However, inflammatory MΦ (right side) show the opposite trend. The PAMPs lead to inflammation by connecting with hyperresponsive TLRs. CKR: Cytokine receptor;
fMLP: Formyl-methionine-leucyl-phenylalanine; MR: Mannose receptor; MΦ: Macrophages; PAMP: Pathogen-associated molecular pattern; SR: Scavenger receptor;
TLR: Toll-like receptor.

causing the liquefaction of tissue and formation of
pus to eliminate the invading as well as missing
pathogens. To complement MΦ, neutrophils secrete
several preformed proteins stored in the granules, such
as lactoferrin, lipocalin, lysozyme, IL-37, defensins
and myeloperoxidase (converts H2O2 to hypochlorous
[20]
acid) . However, MΦ are not so bellicose. To maintain
homeostasis of innate immunity, several self-regulative
mechanisms restrain inflammation. NK cells inhibit the
activation of MΦ by releasing IFN-γ or reducing the
number of overactive MΦ by cytotoxicity. IL-1β, IL-10
and transforming growth factor (TGF)-β, produced by
MΦ, are responsible for down-regulating the innate
immune response. Moreover, the dead neutrophils
are phagocytosed by mononuclear phagocytes, and
lipoxins, protectins and resolvins contribute to the
[20]
restoration of normal function .
In adaptive immunity, MΦ are an antigen-presenting
cell type, like DCs. In the marginal sinus of a lymphoid
organ, after digestion, MΦ present fragments at the
cell surface on MHCII molecules. Indeed, MΦ are
less effective than DCs in antigen presentation to
naïve T cells because they only express appropriate
costimulatory molecules (e.g., CD40, CD80 and CD86)
following infection or contact with microbial productions.
However, DCs express high levels of MHCII molecules
as well as costimulatory molecules. In fact, several
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microbial productions promote the expression of MHCII
molecules and costimulatory molecules in MΦ, which
[29]
probably enhance the autoimmune response .
Gut-associated lymphoid tissues, including dispersed
and aggregative tissues, are the primary part of the
[30-32]
intestinal immune system
. The latter type is
represented by Peyer’s patches (PPs), settled in the LP
of the appendix and small intestine, and the solitary
lymphoid follicles, widely distributed in the intestinal
[33,34]
LP
. The PPs look like an arch, and they are covered
by follicle-associated epithelium, which involves special
[34,35]
cells named microfold/membranous cells (M cells)
.
[36]
T cells, B cells , DCs and MΦ exist in a pocket-like
structure outside the base of M cells. M cells efficiently
uptake antigens. However, instead of processing and
presenting antigens, they are only responsible for
transporting antigens and communicating with the
resident B cells in the center of PPs.
Most PP cells are B cells, and only a few are T cells,
which has been explored in mature mice. The B cells
located in the germinal centers of PPs can produce
[37-40]
IgA
(ingredient of sIgA) to participate in pathogen
defense. In addition, M cells transport antigens to
epithelial cells or antigen presenting cells (DCs and MΦ)
to induce the adaptive immune response. It has been
certified that the cell-bound antigen transportation
can affect mucosal tolerance with the participation of
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regional lymph nodes .
M1 MΦ or classically activated MΦ develop in cellmediated immune responses, which are mainly driven
by interferon (IFN)-γ and TNF. IFN-γ can be produced
in innate immunity and adaptive immunity. In the
former, NK cells are important, but the production of
IFN-γ in NK cells is too transient for the persistence of
this population of MΦ. Consequently, it is necessary to
depend on the adaptive immune response; T helper
(Th)1 cells release sustainable IFN-γ and induce classical
[42]
activated MΦ to kill the microbes indiscriminately .
Endogenously produced IFN-β is another factor
that can replace IFN-γ to activate classically activated
[43]
MΦ . M1 MΦ are the major component of host
defense. They produce pro-inflammatory cytokines
(e.g., IL-1, IL-6 and IL-23) and associate with Th cells,
but it has been reported that their connection with
Th17 cells, which produce IL-17, results in serious
tissue damage. Thus, their over-activation may be the
[42]
cause of autoimmune diseases .
M2 MΦ or alternatively-activated MΦ are produced
during the innate or adaptive immune response.
Basophils and mast cells produce innate IL-4, one of
the first innate signals released during tissue injury,
and IL-4 turns the resident MΦ into this population
of cells to promote wound healing. IL-4 can also be
released in adaptive immune responses that can
be thought as particularly important pathways to
[42]
develop and persist the alternatively-activated MΦ .
In addition, the Th2-type immune responses have
been documented to work at the intestinal mucosal
surface to respond to the disturbances by cytokines,
[44]
such as IL-4 and IL-13 . However, compared with
M1 MΦ, there is no sufficient evidence to show that M2
MΦ directly participate in the bactericidal activities,
[45]
but they do have indirect regulatory effects , which
may explain why it is hotly debated in the field of
[46-56]
[57-60]
neoplasms
, fibrosis
, metabolic syndrome
[61-65]
(might relate to insulin resistance)
and intestinal
autoimmune diseases.
Mregs are a type of immunosuppressive cells,
which have been illustrated comprehensively by Mosser
[42]
et al . Those authors summarized the mechanisms
of producing Mregs in innate and adaptive immune
responses and the stimuli of these processes. In
addition, they mentioned that Mregs produce IL-10
and decrease the production of IL-12 to dampen
inflammation. However, their helpful antiinflammatory
function might be exploited by parasites to safely
survive in the host’s defense, which is an interesting
point and powerful evidence to confirm the role of
Mregs in the immune system.
To summarize, MΦ are extraordinarily complicated in
their structure and functions. On the one hand, they are
pioneers of pathogen defense in vivo, and one of the
regulators that control the immune responses. On the
other hand, they can be considered a bridge between
innate immunity and adaptive immunity. It has been
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proven that they are very important in diseases such
[66-70]
[71-76]
[77-80]
as asthma
, atherosclerosis
, retinopathy
,
neoplasm and autoimmune diseases.

MΦ play a functional role in
intestinal homeostasis
General characteristics of intestinal MΦ

The differentiation of intestinal MΦ rely on intestinal
epithelial cells, which have been proven by an
[81]
extracorporeal three-dimensional coculture model .
MΦ are found in the intestinal tract of all mammals,
[82]
both in the mucosa and deeper layers . They are
found mostly frequently in the LP and produce PGF2
[23]
to replenish deficient epithelial cells . Several studies
have summarized a rule about the quantity of intestinal
MΦ, as follows: in different parts of the intestine, the
numbers of MΦ correlate with the quantity of bacteria.
An experiment provided the supporting evidence by
recording the weight of each mouse organ or tissue
and calculating their F4/80 antigen levels. The total
7
F4/80 antigen levels in the small bowel were 1.3 × 10 ,
7
and 1.4 × 10 in the large bowel. In the intestine of
[24]
germ-free mice, the numbers of MΦ are decreased ,
likely indicating that the pathogen defense should also
be the basic function of intestinal MΦ.
The general markers of MΦ have been mentioned
above. Regarding intestinal MΦ, they can be recognized
by their unique markers. Resident MΦ in the healthy
hi
hi
mouse colon are F4/80 , class Ⅱ MHC (also found
[83]
hi
+
in humans ), CX3CR1 , CD11c , CD103 and
-[82]
Siglec F . Unlike resident MΦ in other tissues, the
highly expressed CX3CR1 is unique. Furthermore,
[84]
the intestinal MΦ express CD13 , CD14 and CD70,
[85]
and they can be subdivided according to their size .
Previously, it was difficult to distinguish between
intestinal DCs and MΦ; however, a small population of
mucosal MΦ has recently been found to express CD11c,
+
+
which is a specific marker of DCs. The F4/80 , CD11b ,
+
and CD68 cells are more likely to be MΦ rather than
DCs. They do not present antigens to naïve T cells, and
+
[82,86-90]
only the CD103 CX3CR1 cells are classical DCs
.
These findings resolved a few puzzles concerning
intestinal DCs and MΦ-like cells with the emergence of
a possible hypothesis about the relationship between
intestinal MΦ and DCs.
Differences between macrophages in the intestine
and other tissues are illustrated in Figure 1. Unlike MΦ
[91]
in other tissues, resident MΦ in the healthy intestine
do not express high levels of costimulatory molecules,
[83]
such as CD40, CD80 and CD86 , and they do not upregulate costimulatory molecules or induce a respiratory
[92-94]
burst to exterminate microbes
. Additionally, their
[83,95]
responses to TLR ligands are unexpected
. TLRs are
membrane glycoproteins located at the cell surface or
within endosomes. They have an extracellular region to
bind ligand and an ectoplasmic domain to trigger the
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intracellular signaling cascade. They can form heteroor homodimers with each other, or complex with other
receptors to recognize a wide range of microbes.
In general, with the TLRs, MΦ can be activated
through many pathways mediated by MyD88, TRIF
[20]
and NF-κB . It is widely accepted that TLRs are
the most characteristic PRRs. However, the intestinal
resident MΦ do not respond to TLR ligands and produ
ce proinflammatory cytokines or chemokines, such
[82,91]
as IL-1, IL-6, IL-12, IL-23, TNF-α and CXCL10
,
which can be considered the inertia of mucosal MΦ.
It has been conjectured that such is likely due to the
absence of TLRs and other receptors (NOD-1/NOD-2)
or malfunction of signaling pathways (via inhibitors or
[96] [82,97,98]
other mechanisms )
. However, this does not
mean that the intestinal resident MΦ do not express
TLRs or that TLRs are not necessary. In fact, they are
essential to protect the intestinal epithelium under
[97,99,100]
pathological circumstances
.
These differences between intestinal mucosal MΦ
and their homogeneity in other tissues reveal that they
are more likely to control inflammation and maintain
homeostasis in healthy individuals. However, what will
occur if the balance has become broken?

Intestinal MΦ change dramatically under different
situations
[101]

It is less rigorous to use the word “change ” in the
subtitle because there is little detail to describe that
the intestinal resident MΦ change into inflammatory
MΦ (classical MΦ) under pathological circumstances
with the changes in the environment, or that these
two types of MΦ coexist in healthy intestine, working
respectively. Nonetheless, there is another possibility.
[21]
A credible concept has been explained
involving
hi
CD14 CD16 Mo, which can be considered to enter
[102]
the intestinal LP only in a CCR2-dependent
manner
lo
hi
hi
+
and turn into the resident CD14 MHCII CD163 CD64
hi
hi
lo
+
MΦ or inflammatory CD14 MHCII CD163 CD64
MΦ in different circumstances. However, confusion
hi
concerning the relationship between CD14 CD16 Mo
hi
lo
and Ly6C / Ly6C Mo has emerged and remains to be
directly described.
It is clear that intestinal resident MΦ produce
antiinflammatory cytokines, especially IL-10 and
[4,84,103-111]
TGF-β
, whereas inflammatory MΦ work at
the inflammatory site and have strong bactericidal
activity, as explained above. In healthy intestine,
IL-10 is produced by mucosal MΦ themselves and
[112]
is a component of T cells
. Vasoactive intestinal
peptide (VIP) and pituitary adenylate cyclase-activating
polypeptide increase the production of IL-10 by mucosal
[113]
MΦ in vitro and in vivo
. IL-10 prevents the NFκB pathway, and inhibiting the autocrine/paracrine
production of IL-10 reverses TLR unresponsiveness in
[82]
MΦ . Maintaining Foxp3 expression of regulatory T
cells (Tregs) has been reported as one of the important
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+

+

functions of IL-10 produced by MΦ
. CD4 Foxp3
Tregs greatly contribute to the immune regulatory
networks with the complement of other T cells and B
[115]
cells, maintaining intestinal homeostasis . Recently,
[107]
research
on Citrobacter rodentium-infected mice
with cell type-specific deletion of Il-10 demonstrated
that IL-10 prevents excessive inflammation in acute
[116,117]
bacterial infection by controlling IL-23
production
to limit innate immunity. Another study indicated that
the deficiency of IL-10 results in stable chromatin
[118]
alterations in intestinal MΦ
. These results showed
that IL-10 indeed plays a critical role in limiting
inflammation.
Another factor for antiinflammation is TGF-β.
Intestinal resident MΦ express high levels of TGF-β
receptors and show constitutively-active TGF-β signa
[82]
ling . TGF-β also connects with Foxp3, expressed
+
+
by Tregs, and CD4 Foxp3 Tregs decrease the ability
[115]
of mucosal MΦ to activate and translocate NF-κB
.
Intestinal resident MΦ do not respond to TLR ligands
[82]
with the existence of TGF-β . In contrast to IL-10,
[111]
their production in murine MΦ is inhibited by VIP
.
Moreover, the expression of Smad7 (a member of
the Smad family that mediates a pathway for TGF-β
and BMP-2 signal transduction) interrupts TGF-β
signaling and activates inflammatory MΦ, a finding
that was demonstrated in an experiment of necrotizing
[110]
enterocolitis MΦ .
Currently, the study of CD200 for antiinflammation
has received less attention. CD200L is a member of the
protective system, with the ability to restrain the activity
of MΦ. Inhibitory signaling of CD200L is triggered by
the interaction with CD200 in nonhematopoietic cells as
[20]
well as MΦ . This process protects tissues from severe
damage. A study reported that knock-out of CD200 or
CD200R1 produces MΦ hyperactivity and autoimmune
[119]
diseases
. Enlightened by this, it is possible to
assume CD200 maintains intestinal homeostasis. There
[120]
are some relevant studies in the respiratory system ,
but the existing evidence in the intestine remains
insufficient.
The enteric nervous system (ENS) plays a crucial
role in controlling gastrointestinal physiology and in
teracting with microbes and immune cells, functions that
have been explored for decades. Accumulating evidence
indicates they closely contact MΦ. The development of
hi
hi
+
lo
CX3CR1 MHCII CD11b CD11c CD103 muscularis MΦ
(MMs) requires CSF1, and enteric neurons selectively
express bone morphogenetic protein (BMP; expressed
by MMs) receptor 2, which produces CSF1. By contrast,
the expression of BMP2 activates enteric neurons.
The correlation of MMs and ENS contributes to gut
[121]
motility
. Additionally, MMs have been found to
express tissue-protective and wound-healing genes
[122]
resembling M2 MΦ, reacting in intestinal infection .
More importantly, neurotransmitters are essential
for neuronal immune control. VIP is known to exhibit
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antiinflammatory effects, depending on promoting the
production of IL-10. Nitric oxide is well known for its
antimicrobe ability in the respiratory burst. However,
[121]
it suppresses excitability in neurons
and influences
[91]
ENS during intestinal inflammation . Interestingly,
serotonin (5-HT), which was considered a trigger of
inflammation, has been demonstrated to act, indi
rectly, on MMs by 5-HT4 receptors in neurons and
to stimulate an antiinflammatory cascade in MΦ. It
has been indicated that 5-HT2 and 5-HT7 are related
[91]
to the development of M1 and M2 MΦ . In addition,
γ-amino butyric acid has been suggested to have
an immunosuppressive effect on resident MΦ of the
[91]
central nervous system . However, in the intestine, it
remains unclear. It is worth investigating the functions
of ENS and how they act on MΦ to understand the gut
immune system and associated disease treatments in
the future.

meaning of the difference between M2 MΦ and Mregs
(Figure 2).
[126]
Finally, a novel finding
concerning GPBAR1 (a
G protein-coupled receptor for secondary bile acids)
suggests that GPBAR1 is essential to maintain intestinal
immune homeostasis by regulating M1/M2 MΦ. BAR501
(a small-molecule stimulus of GPBAR1) contributes
to this regulatory process, depending on the produc
tion control of IL-10. Absence of the GPBAR1 gene
causes the recruitment of M1 macrophages and severe
inflammation in the colon. Exposure to BAR501 leads to
the increased expression of IL-10 and TGF-β mRNA, and
+
+
percentage of CD4 /Foxp3 cells. Based on this study,
GPBAR1 deserves attention for its potential to protect
intestinal health (Figure 2).

MΦ and gastrointestinal
disorders

Current views about intestinal MΦ

MΦ and IBD

[123]

First, Kennichi et al
provided an exhaustive ex
+
perimental result concerning LP-resident CD169 MΦ
that mainly persist in secondary lymphoid organs. They
+
indicate that CD169 MΦ reside at the bottom-end of
the LP microenvironment, far away from the epithelium+
LP border. Most importantly, the CD169 MΦ recruit
inflammatory monocytes by producing CCL8, selective
+
depletion of CD169 MΦ and anti-CCL8 antibody
promotion of dextran sulfate sodium-induced colitis in
+
mice. The comparison of CD109 and CD109 MΦ led to
+
an interesting hypothesis. Unlike CD109 MΦ, CD109
MΦ are located in a region distant from the perimeter
where they can be interrupted by commensal bacteria
and dead epithelial cells, and they can directly release
CCL8 into the systemic circulation in the vascular+
rich environment. CD109 MΦ probably respond to
the collapse of the frontline defense - i.e. they can be
considered as a “conservation corps” in the intestine
(Figure 2).
Second, M2 MΦ struggle for attention. As another
regulative population, M2 MΦ produce IL-10 and express
CD163 and CD206 lectin receptors. They do not produce
proinflammatory mediators with signals of stimulation.
Certainly, they produce tissue-repairing factors, such
as vascular endothelial growth factor (VEGF), actin
and metalloproteinases, due to their function in wound
+
healing. M2 MΦ are MHCII , which may be helpful in
[82,83,124,125]
exploring their potential in bactericidal activities
.
Unlike M2 MΦ, Mregs express high levels of costimulatory
molecules, such as CD40, CD80 and CD86, to submit
[42]
antigens to T cells more effectively , highlighting the
hypothesis that the regulation of M2 MΦ in the intestine
might be different from that of Mregs. However, the
antiinflammatory function of Mregs mentioned above
has not been directly verified in the intestine. Therefore,
we are unsure about the role of Mregs in intestinal
homeostasis, and some questions remain concerning the
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According to the mechanisms of intestinal MΦ in
maintaining homeostasis, any defect of the antiin
flammation system may bring the reduction of immune
tolerance, resulting in IBD. In 1998, it was found that
intestinal MΦ displayed low expression of class Ⅱ MHC
[127]
molecules in mouse colitis
. A hypothesis arose
from this study that there could be dysfunction of MΦ
participating in adaptive immune responses when
inflammation occurs.
From the origin of MΦ, emerging evidence suggests
that GM-CSF plays a central role and has a protective
effect in human CD and acute colitis by activating
[128,129]
hi
specific Mo
. Classical CD14 CD16 Mo differentiate
into large numbers of inflammatory MΦ in the inflamed
[21]
+
mucosa of patients with CD . CD14 Mo in the
mucosa from IBD patients increase the production of
[130,131]
TNF-α
, IL-1β and IL-6, and enhance respiratory
[21]
burst activity . Moreover, IL-10 knock-out mice
[82]
develop spontaneous IBD . An intrinsic resistance to
TGF-β receptor signaling has been shown in the mucosa
[132]
+
+
from patients with CD
. CD4 Foxp3 T cells fail to
protect the intestine from chronic inflammation without
[115]
IL-10- and TGF-β-dependent mechanisms
. M2 MΦ
have been certified to be activated by the Wnt signaling
[133]
pathway, which is associated with UC . These studies
showed that intestinal MΦ are of great value for IBD.
Following this result, promising treatments for IBD, such
+
as CD109 MΦ Tregs and GPBAR1, can be considered
new therapeutic targets.
MΦ are clearly associated with IBD, but there remain
[134]
a few puzzles regarding some details. The first study
+
observed that RoRy innate lymphoid cells (ILCs;
the primary source of GM-CSF in the gut) promote
MΦ to respond to the microbial signals and produce
IL-1β, which enhances inflammation. By contrast,
[135]
another study
discovered that with the regulation
+
of RoRy ILCs, MΦ promote a negative feedback
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Figure 2 Current views about intestinal macrophages. 1. LP-resident CD169+ MΦ reside at the bottom-end of the LP microenvironment, far away from the
epithelium-LP border. CD169+ MΦ recruit inflammatory monocytes by producing CCL8. CD109+ MΦ can be considered as a "conservation corps" in the intestine
because they likely respond to the collapse of frontline defense. 2. M2 MΦ are MHCⅡ+, producing IL-10 and expressing CD163, CD206 and lectin receptors. They
do not produce proinflammatory mediators with signals of stimulation. In addition, they produce tissue-repairing factors, such as VEGF, actin and metalloproteinases.
3. GPBAR1 is essential to maintain intestinal immune homeostasis by regulating M1/M2 MΦ. BAR501 is a small-molecule stimulus for GPBAR1. It contributes to this
regulative process, depending on the production control of IL-10. Exposure to BAR501 leads to increased expression of IL-10, TGF-β mRNA and the percentage of
CD4+/Foxp3+ cells. IL: Interleukin; LP: Lamina propria; MΦ: Macrophages; TGF: Tumor growth factor; VEGF: Vascular endothelial growth factor.

pathway through the activation of IL-22 production,
which might be protective. Indeed, the quantity of
+
RoRy ILCs could increase in human CD. This finding
inspires the question of whether the possibility exists
that a portion of MΦ still tries to restore intestinal
homeostasis when the intestine is trapped in a vicious
cycle for inflammatory macrophages. The second item
concerns CD200/CD200R1 mentioned above. Knockout of CD200 results in MΦ hyperactivity in vitro, but
CD200R1 knock-out mice have normal intestinal MΦ
populations, and they neither develop spontaneous
IBD nor become more susceptible to colitis induced
[82]
by the dextran sulfate sodium model . This indicates
that CD200R1 may not be as important as we had
previously considered, but the reasons remain unclear.

However, different populations of TAM have different
functions. M1 MΦ have been confirmed to recognize
and clear tumor cells, a function that is beneficial to
health. By contrast, the development and movement
of tumors benefit from M2 MΦ. TAMs are one of the
promising targets of tumor therapy, especially M2 MΦ.
Gut tumors are also included. We provide more details
about TAMs and references in Box 4 to further illustrate
the relationship between TAMs and tumors.
Similar to other MΦ, TAMs arise from hemato
poietic stem cells in the bone marrow and from
progenitors in the embryonic yolk sac. With different
environmental signals, Mo differentiate into distinctive
[137,138]
macrophages
. Tumor signals contribute to the
[139]
development of TAMs. Mantovani et al
summarized
the signals associated with TAMs. For example, lactic
acid, CCL2, CSF1, VEGF and TGF-1 from tumor cells,
IL-1β from tumor-associated fibroblasts, and IL-10
from Tregs, all can drive TAMs into tumor-promoting
MΦ. Moreover, they also list the products of TAMs
which have different functions. For instance, IL-6,
MFG-E8 and osteopontin from TAMs can active tumor
stem cells; TAMs produce epidermal growth factor
to promote tumor growth, invasion and metastasis.
Nitric oxide and reactive oxygen species can be
released to destroy tumor cells. However, they might

MΦ and gastrointestinal tumors

Since the end of the last century, many studies have
certified the connection between MΦ and tumors in
various systems. There are considerable numbers of
investigations concerning tumor-associated macrophages
(TAMs). They promote immunosuppression, tumor
[136]
immune evasion , tumorigenesis, tumor metastasis
and angiogenesis as well as invasion by releasing various
cytokines and inflammatory mediators, such as IL-6,
[137]
IL-10, TFG-β, CCL2, CCL17, VEGF and cathepsins .

WJG|www.wjgnet.com

1188

March 21, 2018|Volume 24|Issue 11|

Liu YH et al . Macrophages and gastrointestinal disorders
Inflamed intestine

Healthy intestine
s

cu

Mu

er
lay

Apoptotic
epithelial cells

Goblet cell

Commensal microbes

RoRy(+) ILCs
CD200/200R
etc .?
F4/80(+)
MHCⅡ(+)
CX3CR1(+)
CD11c(+)
CD11b(+)
CD103(-)
Siglec F(-)

Resident MΦ

VEGF etc .

TLR

tc .
2e
H2O
O
N
CD40/80/86

CCR2 pathway
?

TNF-a
IL-1
IL-6
IL-12
IL-23

Inflammatory
MΦ

Effect T cell

MHCⅡ
CD4(+)/Foxp3(+)
T cell

GPBAR1
IL-10
TGF-b

Epithelial cells

Common Mo

?

CD14(hi)CD16(-)
Ly6C(lo) Mo

?

Ly6C(hi) Mo
Vessel

Figure 3 Functional role of macrophages in healthy or inflamed intestine. MΦ differentiate from blood Mo. Ly6clo Mo are proposed to be the precursors of
resident MΦ. CD14hiCD16- Mo turn into resident or inflammatory MΦ according to different circumstances via the CCR2 pathway. In healthy intestine (left side),
resident MΦ are F4/80hi, class Ⅱ MHChi CX3CR1hi, CD11c+, CD103- and Siglec F-. They do not express high levels of costimulatory molecules such as CD40, CD80
and CD86. Their connections with CD4+/Foxp3+ T cells, IL-10 and TGF-β are helpful to maintain intestinal homeostasis (green arrows). GPBAR1 is essential to
maintain intestinal immune homeostasis by regulating M1/M2 MΦ. In inflamed intestine (right side), Mo change into inflammatory MΦ, which produce TNF-β, IL-1, IL-6,
IL-12, and IL-23, and activate effective T cells with several specific receptors, such as TLR, as well as induce respiratory burst (e.g., NO and H2O2 production), leading
to inflammation (orange arrows). In addition, M2 MΦ produce tissue-repairing factors such as VEGF, which shows a positive effect in individuals during inflammation
(green arrow). Regarding MΦ and intestinal immunity, many details remain unclear - for instance, the functions of RoRy+ ILCs and CD200/200R (in blue rectangle)
as well as that of Ly6Chi/lo Mo. IL: Interleukin; ILC: Innate lymphoid cell; Mo: Monocytes; MΦ: Macrophages; NO: Nitric oxide; TGF: Tumor growth factor; TLR: Toll-like
receptor; TNF: Tumor necrosis factor; VEGF: Vascular endothelial growth factor.

result in genetic instability, causing tumor formation.
Nevertheless, further studies have indicated that not
all the macrophages that have emerged into the tumor
microenvironment are tumor promoting.
M1 MΦ (having antitumor function) can recognize
tumors and kill tumor cells by the cytotoxic effect,
representing a double-edged sword. They have been
verified as an independent predictor of survival time
[140]
in patients with non-small cell lung cancer
. M2
MΦ have a protumor function. They promote the
metastasis of K7M2 wild-type osteosarcoma cells in
mice. Additionally, all-trans retinoic acid dampens the
profunction of M2 MΦ by suppressing the production
of IL-13 or IL-14 (from M2 m MΦ) to inhibit the meta
[141]
stasis of osteosarcoma . CHI3L1, a protein secreted
by M2 MΦ, promotes the metastasis of gastric and
[55]
breast cancer cells . In addition, it was confirmed
that patients with peritoneal dissemination in gastric
cancer have more M2 MΦ and low expression of
[142]
M1-related messengers
. MFG-E8, a powerful
angiogenic factor, is induced by bone marrow-derived
mesenchymal stromal cells in mice. Attenuated tumor
growth and the decreasing function of M2 MΦ can be
[143]
found in MFG-E8-deficient mice
, which represent
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M2 MΦ that contribute to tumor angiogenesis; whether
the correlation of M2 MΦ and MFG-E8 is parallel or
antiparallel should be further clarified.
Above all, TAMs have advantages and disadvantages
to both human physiology and tumors. They are
members of our defensive line, but they are also tumor
helpers. Compared with the favorable contributions
of TAMs, such as M1 MΦ in tumor resistance, the
promising therapeutic targets they provide might
be more useful. In the 1990s, some scientists syste
matically revealed that TAMs were worth exploring for
[144]
antitumor therapy
, and more and more findings
were uncovered during the last 50 years. On the one
hand, TAMs are hopeful antitumor targets; on the
[139]
other hand, as Mantovani and Allavena
illustrated,
the mechanisms of TAMs in tumor development and
antitumor processes are intricate, which limits re
searchers’ ability to find the antitumor target precisely.
This phenomenon is the yin-yang of antitumor therapy
[145]
and the challenge
of future antitumor studies.
Several studies have presented recent research
progress in gastrointestinal tumors. First, tumor angio
genesis and survival in intestinal-type gastric cancer
is closely associated with the infiltration of thymidine
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[146]

phosphorylase-positive MΦ
. Therefore, thymidine
phosphorylase could be a useful marker for tumor
angiogenesis, and the prognosis of intestinal-type gastric
cancer. Second, there is a hotspot induced by M2 MΦ.
A portion of M2 MΦ, cooperating with TNF, were shown
[56,147]
to be recruited to tumors
. The macromolecular
contrast agent PG-Gd-NIR813 shows a dual magneto[50]
optical imaging probe of tumor-associated M2 MΦ , and
a few new factors have been evaluated as mediators
of the development of gastrointestinal tumors, such
[55]
as M2 MΦ-secreted CHI3L1 protein
and monocyte
[148]
chemoattractant protein-1 . All are likely to become
novel approaches for antitumor therapy.
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Conclusion
In summary (Figure 3), MΦ with their various receptors
act as sentinels in innate immunity and adaptive immu
nity. In healthy intestinal mucosa, they are indispensable
to suppress inflammation and play an essential role in
maintaining homeostasis by producing many inhibitors,
such as IL-10 and TGF-β. However, they show strong
bactericidal activities. Intestinal resident MΦ create
a harmonious environment for commensal bacteria
and their host. Any defect in keeping this balance can
reduce immune tolerance, causing acute tissue damage
or chronic autoimmune diseases, explaining their close
association with IBD. New findings concerning intestinal
MΦ and IBD, as well as tumors, can be very helpful
for studies and disease treatments. Meanwhile, there
are many details awaiting clarification as well as many
unresolved issues.
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Abstract
AIM
To investigate disease-specific gene expression profiles
of peripheral blood mononuclear cells (PBMCs) from
Crohn’s disease (CD) patients in clinical remission.
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METHODS
Patients with CD in clinical remission or with very low
disease activity according to the Crohn’s disease
activity index were genotyped regarding nucleotidebinding oligomerization domain 2 (NOD2 ), and PBMCs
from wild-type (WT)-NOD2 patients, patients with
homozygous or heterozygous NOD2 mutations and
healthy donors were isolated for further analysis. The
cells were cultured with vitamin D, peptidoglycan (PGN)
and lipopolysaccharide (LPS) for defined periods of time
before RNA was isolated and subjected to microarray
analysis using Clariom S assays and quantitative realtime PCR. NOD2 - and disease-specific gene expression
profiles were evaluated with repeated measure ANOVA
by a general linear model.

CLEC5A may act with NOD2 in a regulatory network

RESULTS
Employing microarray assays, a total of 267 genes
were identified that were significantly up- or downregul
ated in PBMCs of WT-NOD2 patients, compared to
healthy donors after challenge with vitamin D and/or
a combination of LPS and PGN (P < 0.05; threshold:
≥ 2-fold change). For further analysis by real-time
PCR, genes with known impact on inflammation
and immunity were selected that fulfilled predefined
expression criteria. In a larger cohort of patients and
controls, a disease-associated expression pattern,
with higher transcript levels in vitamin D-treated
PBMCs from patients, was observed for three of
these genes, CLEC5A (P < 0.030), lysozyme (LYZ ;
P < 0.047) and TREM1 (P < 0.023). Six genes were
found to be expressed in a NOD2 -dependent manner
(CD101 , P < 0.002; CLEC5A , P < 0.020; CXCL5 , P <
0.009; IL-24 , P < 0.044; ITGB2 , P < 0.041; LYZ , P
< 0.042). Interestingly, the highest transcript levels
were observed in patients with heterozygous NOD2
mutations.

Inflammatory bowel diseases (IBD) are chronic intestinal
disorders and mainly consist of the two entities Crohn’s
[1,2]
disease (CD) and ulcerative colitis (UC) . The clinical
course of IBD is characterized by intermittent periods
of relapses and remission, which are unpredictable
in clinical practice. The pathogenesis of IBD is multifa
ctorial, including genetic and environmental factors,
and involves an inappropriate activation of the mucosal
immune system, which is triggered by the intestinal
[1-5]
microbiota in genetically predisposed individuals . In
Caucasian populations, nucleotide-binding oligomerization
domain 2 (NOD2) has emerged as one of the main
[6-8]
susceptibility genes for CD . NOD2 is an intracellular
pattern recognition receptor sensing muramyl dipeptide
[9,10]
(MDP)
, a fragment of peptidoglycan (PGN), but also
[11,12]
PGN by itself
and, upon ligand binding, induces
[13]
activation of the transcription factor NF-κB . However,
NOD2 activation via PGN is dependent on a TLR2 co[14]
stimulatory signal .
In addition, the environment, e.g., vitamin D de
ficiency, also affects the development and clinical course
[15-17]
of IBD
. Vitamin D deficiency has a high prevalence
[17,18]
in IBD patients
. We have recently shown that
clinical factors, e.g., the use of tumor necrosis factor
(TNF)-α inhibitor, are associated with significant changes
[19]
in vitamin D levels . Vitamin D was originally mainly
implicated in bone health, regulating calcium and pho
[20,21]
sphate metabolism
, but recent evidence has shown
that vitamin D also profoundly impacts the innate
[22-24]
and adaptive immune system
. Underscoring its
role in the pathogenesis of CD, vitamin D was shown
[25]
to be an inductor of NOD2 gene expression . Using
peripheral blood mononuclear cells (PBMCs) and
[26]
dendritic cells, Dionne et al showed that 1, 25-vitamin
D acts as a modulator of the innate immune system.
However, little is known about the effects of vitamin
D and the presence of NOD2 mutations on different
gene expression levels in CD. The aim of our study
was therefore to further characterize different gene
expression profiles in CD patients and healthy controls
correlating to NOD2 mutation status and vitamin D
pretreatment. We identified different genes associated
with the presence of CD and mutations in the NOD2

with a pathophysiological role in CD.
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org/10.3748/wjg.v24.i11.1196

INTRODUCTION

CONCLUSION
Our data identify CLEC5A and LYZ as CD- and NOD2 associated genes of PBMCs and encourage further
studies on their pathomechanistic roles.
Key words: Peripheral blood mononuclear cells; Gene
expression; NOD2 ; Lysozyme ; Crohn’s disease; CLEC5A
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Core tip: Peripheral blood mononuclear cells (PBMCs)
are a useful tool to study peculiarities of the immune
response in the context of Crohn’s disease (CD). Here,
we investigated whether PBMCs from patients with
CD, even at the stage of clinical remission, exhibit
altered gene expression profiles after challenge with
pathogen-associated molecular patterns and vitamin D.
For TREM1 , lysozyme and CLEC5A , disease-associated
expression patterns, with higher transcript levels in
patient-derived PBMCs, were observed. The two latter
genes, along with four other transcripts, also showed
NOD2 -dependent expression profiles. TREM1 and
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PBMC isolation

Vitamin D3

LPS, PGN
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0h

16 h
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Figure 1 Protocol of peripheral blood mononuclear cells treatment.

gene. Follow-up studies on these genes may provide
novel insights into the pathogenesis of CD and could
contribute to the establishment of biomarkers to better
predict the clinical course of the disease.

cells were lysed in RTL Plus buffer, which was included
in the RNeasy Plus Kit (Qiagen, Hilden, Germany), and
subjected to RNA isolation (see below).

NOD2 genotyping

DNA was isolated from whole blood using a QIAamp
DNA Blood Mini Kit (Qiagen) according to the man
ufacturer’s protocol. All patients and controls were
genotyped with respect to the three major mutations
in the NOD2 gene (SNP 8; R702W, NCBI reference SNP
ID: rs2066844, SNP 12; G908R, NCBI reference SNP
ID: rs2066845 and SNP 13; 1007fs, NCBI reference
SNP ID: rs2066847). The corresponding regions of
the NOD2 gene were amplified by PCR using a Taq
PCR Master Mix Kit (Qiagen) and primers as specified
in Table 1. The following PCR conditions were used:
5 min, 94 ℃; 1 min, 94/60/72 ℃ (45 cycles); 7
min, 72 ℃; 4 ℃. After Sanger sequencing (Seqlab,
Göttingen, Germany), the data were analyzed using the
software Chromas, version 2.6. Individuals with no SNP
mutations were considered wild-type (WT) for NOD2.

MATERIALS AND METHODS
Patients and controls

Sixteen patients with CD were recruited from the
Rostock University Medical Center. The disease activity
was determined via the Crohn’s disease activity index
[27]
(CDAI) . Furthermore, all patients were classified
[28]
according to the Montreal classification , and age,
gender and disease-specific medication were recorded.
Six healthy volunteers without immune-mediated
gastrointestinal or other autoimmune disorders served
as controls. EDTA blood samples were drawn from
all participants for genotyping studies and isolation
of PBMCs. Plasma levels of vitamin D and C-reactive
protein (CRP) were determined using routine laboratory
methods.
The study was approved by the ethics board of the
University of Rostock (A-2015-0042). Written informed
consent was obtained from each participant prior to
enrollment.

Microarray analysis of RNA expression profiles

RNA was extracted employing an RNeasy Plus Kit
according to the manufacturer’s protocol. Total RNA
samples were quantified with a spectrophotometer
(NanoDrop 1000, Thermo Fisher Scientific, Waltham,
MA, United States), and their integrity was confirmed
using the Agilent Bioanalyzer 2100 with an RNA Nano
chip kit (both from Agilent Technologies, Waldbronn,
Germany).
Expression profiling was performed using 200 ng
RNA and the Affymetrix Human Clariom S Assay
(Affymetrix/Thermo Fisher Scientific), which interrogates
over 20000 well-annotated genes. Therefore, the socalled Whole Transcriptome protocol was employed. T7
promoter tags were introduced into all RNA molecules
by using N6 3′-ends for DNA strand synthesis, before
[29]
RNA strand replacement according to Eberwine
was
conducted. Non-labeled aRNA was produced by in
vitro transcription. All RNA molecules were amplified
in a linear manner, avoiding a 3′ bias. Using purified
aRNA as a template, a new strand-identical singlestrand DNA was produced by adding random primers
and dNTPs (including dUTP, which replaced a limited

Isolation, culture and treatment of PBMCs

PBMCs were isolated from EDTA venous blood using
density-gradient centrifugation over Pancoll (PAN-Biotech,
Aidenbach, Germany). Immediately after isolation,
PBMCs were resuspended in cryopreservation medium
[fetal calf serum (FCS) supplemented with 10%
dimethyl sulfoxide (DMSO)] and stored at -150 ℃
until required. After thawing, the cells were cultured
in RPMI-1640 medium supplemented with 10% FCS
and 1% penicillin/streptomycin (all reagents from
Biochrom/Merck, Berlin, Germany), and exposed to
1α,25-dihydroxyvitamin D3 (Santa Cruz Biotechnology,
Dallas, TX, United States) at 40 nmol/L as indicated.
After an incubation period of 20 h at 37 ℃ in a 5%
CO2 humidified atmosphere, lipopolysaccharide (LPS;
1 µg/mL; Sigma-Aldrich, Deisenhofen, Germany)
and peptidoglycan (PGN; 10 µg/ml; Sigma-Aldrich)
were added to the cells as indicated, and incubation
continued for another 6 h (Figure 1). Subsequently, the
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-(∆Ct)

in PBMCs were expressed as 2

Table 1 Primer for NOD2 -genotyping
SNP
8
12
13

Statistical analysis

Primer

Real-time PCR data were analyzed with repeatedmeasures ANOVA. Mean group differences were
compared for “disease” (patients with CD vs controls)
and “NOD2-status” (WT, heterozygote, homozygote),
as well as for (within-subject factors) “vitamin D
application” (yes vs no) and “stimulation” (LPS, PGN,
LPS + PGN, controls), employing a general linear model
for repeated measurements. Age was considered
a covariate in the disease model because disease
groups were not balanced by age, and NOD2 groups
were tested post hoc by LSD. Normal distribution of
measurements was assessed using the KolmogorovSmirnov test. P < 0.05 was considered statistically
significant. All data were processed using IBM® SPSS®
Advanced Statistics 22.0.

Forward: 5’CCTCTTCAATTGTGGCAGGC-3’
Reverse: 5’-CTCCTGCATCTCGTACAGGC-3’
Forward: 5’-ATGGAGGCAGGTCCACTTTG-3’
Reverse: 5’-TTACCTGAGCCACCTCAAGC-3’
Forward: 5’-GATGGTACTGAGCCTTTGTTGA-3’
Reverse: 5’-CAGACTTCCAGGATGGTGTCAT -3’

amount of dTTP). After digestion with RNase H,
endpoint fragmentation was performed with uracil-DNAglycosylase in combination with apurinic/apyrimidinic
endonuclease 1, and biotinylated dNTPs were added
to the 3′-ends of the single-stranded DNA fragments
with deoxynucleotidyl transferase. Subsequently,
hybridization of the microarrays was performed at 45 ℃
in a GeneChip® Hybridization Oven 645 (Affymetrix/
Thermo Fisher Scientific). After overnight incubation,
the microarrays were scanned using the GeneChip
Scanner 3000 (Affymetrix/Thermo Fisher Scientific) at
0.7 µm resolution.
Primary data analysis was performed with the
Affymetrix Transcriptome Analysis Console software
version 3.1.0.5 including the Robust Multiarray Average
module for normalization. Gene expression data were
log-transformed. A change was considered significant
when the ANOVA P-value met the criterion P < 0.05
at fold changes >|2|, i.e., expression increments or
declines larger than two. Along with the publication of
the manuscript, our complete microarray data will be
available in the Gene Expression Omnibus database
(GEO accession number: GSE110186).

RESULTS
PBMCs provide an easily accessible tool to investigate
disease-associated peculiarities of the antipathogenic
immune response of patients with CD. To study tran
scripts in an unbiased manner, we initially chose a
microarray approach. Therefore, PBMCs from healthy
individuals and patients with CD in remission (n = 3
each; all of them NOD2-WT) were pretreated with
vitamin D3 for 20 h before they were challenged
simultaneously with LPS and PGN for 6 h. Subsequen
tly, global gene expression was analyzed employing
Clariom S assays, and data were compared with those
of untreated controls. Table 2 gives an overview of the
significant differences between patients with CD and
controls under identical conditions of PBMC treatment.
Under basal conditions and any treatment regimen,
genes upregulated in patients with CD exceeded
downregulated genes both in number and maximum
change. Complete lists of the 267 genes are presented
as Supplementary Table 1.
Many of the differentially expressed genes are wellknown modulators of immune cell functions in the context
of innate and adaptive immunity, and unsurprisingly,
some of them have previously been implicated in the
pathogenesis of CD, including several immune cell
receptors, cytokines/chemokines and their cognate
[30-36]
receptors and the antimicrobial peptide lysozyme
.
The latter transcript was found to be upregulated in
PBMCs of patients with CD in response to LPS/PGN
treatment, independent of the presence or absence of
vitamin D3. Intriguingly, expression of various genes
was synchronously up- or downregulated under different
conditions, suggesting a robustness of the expression
profile against external perturbations.
For in-depth analysis, we selected a panel of 11
genes from the list of candidates shown in Table 2
that fulfilled the following criteria: (1) differential ex
pression in PBMCs from patients with CD and controls
under basal conditions and/or under at least two

Quantitative reverse transcriptase-PCR using real-time
TaqManTM technology

Unless indicated otherwise, reagents from Thermo
Fisher Scientific were used in all subsequent steps.
Cellular RNA prepared as described above was treated
with a DNA-free kit to remove traces of genomic DNA,
and 250 ng of RNA per sample was reverse transcri
TM
bed into cDNA using TaqMan Reverse Transcription
Reagents and random priming. Using a ViiA 7 se
quence detection system (Thermo Fisher Scientific),
target cDNA levels were quantified by real-time PCR.
Therefore, qPCR MasterMix (Eurogentec, Seraing, Liège,
TM
Belgium) and the following human-specific TaqMan
gene expression assays with fluorescently labeled
MGB probes were used: Hs00355476_m1 (CCL20),
Hs00188627_m1 (CD101), Hs00370621_m1 (CLEC12A),
Hs04398399_m1 (CLEC5A), Hs01902549_s1 (CLEC7A),
Hs01099660_g1 (CXCL5), Hs01114274_m1 (IL24),
Hs00167304_m1 (ITGAM), Hs00164957_m1 (ITGB2),
Hs00426232_m1 (LYZ), Hs00234007_m1 (MSR1),
Hs01065279_m1 (PECAM1), Hs00218624_m1 (TREM1),
and Hs99999905_m1 (GAPDH). PCR conditions were as
follows: 95 ℃ for 10 min, followed by 40 cycles of 15 s at
95 ℃/ 1 min at 60 ℃. Relative amounts of target mRNA
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Table 2 Numbers and maximum changes of up- and downregulated genes in peripheral blood mononuclear cells from Crohn’s
disease patient vs identically treated controls
Treatment of PBMCs

Upregulated genes

Downregulated genes

85 (59-fold)
25 (21-fold)
54 (6-fold)
29 (15-fold)

39 (39-fold)
12 (9-fold)
15 (5-fold)
8 (5-fold)

Untreated
Vitamin D3
LPS/PGN
Vitamin D3 + LPS/PGN

P < 0.05; Threshold: ≥ 2-fold change. PBMCs: Peripheral blood mononuclear cells; LPS: Lipopolysaccharide; PGN: Peptidoglycan.

Table 3 Genes selected for real-time PCR studies
Fold changes: patients vs controls

Transcript

-D, +L/P

Details on function/ reasons to study

Basal

+D, -L/P

+D, +L/P

MSR1
CD101
CLEC5A

9.56
2.66

13.19

14.72

2.82

3.11

CLEC7A

4.53

CLEC12A

6.04

ITGAM

2.18

3.94
4.52

LYZ

3.51

PECAM1

3.15

CCL20

-2.33

-5.08

CXCL5

-38.89

-5.32

IL-24

-3.49

TREM1

2.03

-4.82

macrophage scavenger receptor[49]; differentially expressed in 3 of 4 groups
expressed on various immune cells; inhibits expansion of colitogenic T cells[30]
C-type lectin member 5A, pattern recognition receptor; involved in antibacterial/
antiviral defense[43]
C-type lectin member 7A, pattern recognition receptor; control of fungal
infections[50]
C-type lectin member 12A, pattern recognition receptor, inhibits cell deathinduced inflammation[51]
CD11b; integrin αM; expressed by many immune cells; polymorphisms linked to
autoimmunity[52]
antimicrobial enzyme; essential role in innate immunity; increased production
linked to CD[31]
CD31; implicated in transendothelial leukocyte migration in experimental
colitis[32]
chemokine expressed by neutrophils, enterocytes, B‑cells and dendritic cell; IBD
predilection gene[33]
regulates neutrophil homeostasis and chemotaxis; increased serum levels in IBD
patients reported[34]
Involved in host defence against bacteria and fungi; increased expression in
patients with active IBD[35]
amplifier of antimicrobial immune responses and inflammation in experimental
colitis and IBD[36]

P < 0.05; Threshold: ≥ 2-fold change. Positive values refer to genes upregulated and negative values to genes downregulated in CD patients. LPS:
Lipopolysaccharide; PGN: Peptidoglycan; PBMCs: Peripheral blood mononuclear cells. CD: Crohn’s disease; IBD: Inflammatory bowel diseases.

treatment regimens (vitamin D3, LPS+PGN and their
combination, respectively) and (2) an established or
potential role in inflammation and/or regulation of the
immune response. Table 3 shows details regarding all
selected genes as well as a twelfth gene, TREM1, that
was included as a control as an established vitamin
[37]
D-responsive gene with immunomodulatory function .
Interestingly, three pro-inflammatory mediators, CCL20,
CXCL5 and IL-24, displayed lower expression levels
in patients with CD, which might be a consequence of
their disease-specific medication (see below).
The expression profiles of the selected genes were
subsequently studied by real-time PCR. In addition
to WT-NOD2 patients and healthy controls (n = 6
each, including the samples previously analyzed by
microarray technology), we also included patients with
heterozygous and homozygous mutations of NOD2 (n =
5 each). Furthermore, we refined the protocol of PBMC
treatment using LPS and PGN both in combination and
as individual factors (Supplementary Table 2).
The clinical characteristics, laboratory findings and
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the medication of all 16 patients are shown in Table 4.
Except for one person with a slightly increased CDAI
of 166, all patients presented with a CDAI of < 150,
[27]
indicating disease remission . The CRP-values of 13
patients were in the normal range (below 5 mg/L). In
the remaining three patients, modestly elevated CRPvalues (all below 14 mg/L) were detected. Disease
activity in all patients could still be considered low.
All but two patients presented with vitamin D levels
below 75 nmol/L, suggesting an insufficiency or even
deficiency (levels below 50 nmol/L). This finding was
not unexpected, as all of the samples were collected
during the European winter season. As a consequence,
a vitamin D substitution therapy was initiated, if app
ropriate. Three of the patients were on steroids (> 10 mg
prednisolone/d) at the time of the study, 7 received
azathioprine, and 12 were treated with anti-TFN-α
antibodies. Healthy controls consisted of 3 males and 3
females with an age range from 25 to 53 years.
For statistical data analysis, a general linear model
repeated measure was chosen to assess mean differ
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Table 4 Characteristics of the patients –nucleotide-binding oligomerization domain 2 status, classification and activity of the
disease, C-reactive protein and vitamin D levels, and medication at the time of the study
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Sex

Age

NOD2

Montreal
classification

CDAI

CRP (mg/L)

Vitamin D
(nmol/L)

M
M
M
F
F
M
M
M
F
M
M
M
M
F
M
M

24
28
64
60
62
46
38
64
48
54
26
27
37
48
57
47

WT1
WT1
WT1
WT
WT
WT
HO
HO
HO2
HO
HO
HT
HT
HT
HT
HT

A2 L3 L4 B1
A2 L3 B3p
A3 L3 B2p
A2 L3 B2
A3 L3 B3p
A2 L3 L4 B2p
A2 L3 B3p
A3 L3 B1
A2 L3 B2
A2 L3 B2p
A1 L3 B2p
A2 L3 B1
A2 L3 B2p
A2 L1 B3p
A1 L3 B2p
A2 L3 B3

121
46
111
100
82
110
92
34
54
103
120
106
166
115
132
60

2.58
< 1.0
4.58
2.27
< 1.0
4.97
13.30
< 1.0
< 1.0
1.63
7.86
1.41
4.56
1.01
12.30
2.62

104.0
62.9
27.0
72.5
58.2
32.9
40.2
53.0
67.6
51.9
31.0
47.2
37.9
55.2
52.3
92.0

Prednisolon Azathio-prine
(> 10 mg/d)
Yes
No
Yes
No
Yes
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
Yes
No
Yes
No
No
Yes
Yes
No
Yes
Yes
No
Yes

Anti-TNF-α
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
No
Yes
Yes
No
Yes
Yes
No

1

Patients who were also included into microarray analysis; 2SNP8 mutation. All other HO/HT mutations refer to SNP13. NOD2: Nucleotide-binding
oligomerization domain 2; CDAI: Crohn’s disease activity index; CRP: C-reactive protein; TNF : Tumor necrosis factor; WT: Wild-type; HO: Homozygous
mutation; HT: Heterozygous mutation.

Table 5 differentially expressed transcripts in vitamin D-pretreated peripheral blood mononuclear cells from Crohn’s disease
patients and controls (with and without additional stimulation with lipopolysaccharide and peptidoglycan, respectively, age adjusted)
Gene

P value

Upregulated in

0.030
0.047
0.023

CD patients
CD patients
CD patients

CLEC5A
LYZ
TREM1
CD: Crohn’s disease.

ences between groups. Comparing controls to CD
patients, no significant differences were detected when
samples with and without vitamin D incubation were
considered conjointly, due to the strong overlaying effect
of vitamin D. However, focusing on the subgroup of
vitamin D treated samples, disease-related differences
were observed (no. 5-8 in Supplementary Table 2). Here,
with age adjustment, three genes displayed a diseasedependent expression pattern (Table 5): consistent
with the microarray data, significantly higher CLEC5A
and LYZ transcript levels were observed in PBMCs
of patients with CD. The same finding was observed
for TREM1, which was included due to its vitamin
D-dependent expression pattern but not because of
the microarray results. Together, these findings suggest
that CD-associated changes in gene expression could be
attributed to treatment protocols that include vitamin D,
as analyses in the remaining subgroup (w/o vitamin D)
did not show any differences (all P > 0.20).
We also analyzed the influence of NOD2 mutations
on the expression of the gene panel described above.
Considering all treated and untreated samples (Supple
mentary Table 2), a significant effect of the NOD2 status
was observed for 5 of these genes, including CLEC5A
and LYZ, and one additional gene from Table 2, integrin
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subunit beta 2 (ITGB2) (Table 6). With a P-value of 0.053,
TREM1 just missed statistical significance.
Unexpectedly, heterozygous CD patients displayed
the highest expression levels for all of the genes,
whereas no statistically significant differences between
persons with WT-NOD2 (patients and controls) and
homozygous NOD2 mutations were detected. The
phenomenon is apparently unrelated to medication,
which was very similar in the groups of patients with
heterozygous and homozygous NOD2 mutations (Table
4). This conclusion is also supported by statistical evalu
ations, which did not show any significant association
between treatment with prednisolone, azathioprine or
anti-TNF-α and expression of CLEC5A, LYZ and TREM1
in PBMCs of patients with CD.

DISCUSSION
Many studies have shown that numerous risk genes of
CD code for molecules involved in host defense against
pathogens, such as nucleotide-binding oligomerization
domain 2 (NOD2), ATG16L1, and those implicated
[38-43]
in the T helper type 17 (Th17) pathway
. Here,
we tested the hypothesis that PBMCs of patients with
CD, even at the stage of clinical remission, exhibit an
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by neutrophil trap formation and secretion of different
proinflammatory cytokines after stimulation with Listeria
[43]
monocytogenes . This finding is especially interesting,
as defective bacterial clearance was shown to play a
[46,47]
crucial role in the pathogenesis of CD
. Of note,
both CLEC5A and TREM1 proteins can be linked to the
product of the best-established CD risk gene, NOD2, by
[48]
the STRING database (Figure 2).
In conclusion, we found that PBMCs of patients with
CD display alterations in their response to vitamin D and
PAMPs. Disease-associated and NOD2-dependent gene
expression profiles are preserved even at the stage
of clinical remission. Our data identify CLEC5A, LYZ
and TREM1 as genes of particular interest for followup studies. We hypothesize that these genes may act
in a common network relevant to CD pathogenesis.
Establishment of biomarkers to better predict the clinical
course of the disease remains a long-term goal of our
studies.

Table 6 Transcripts with a NOD2 -dependent expression
pattern
Gene

P value

Highest levels

0.002
0.020
0.009
0.044
0.041
0.042

Heterozygotes
Heterozygotes
Heterozygotes
Heterozygotes
Heterozygotes
Heterozygotes

CD101
CLEC5A
CXCL5
IL-24
ITGB2
LYZ

TREML1
TREML2

TREM2
KIR2DL1

TYROBP

CLEC5A

TREM1

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

FPR1

In Crohn’s disease (CD), the interplay of genetic and environmental factors
converges at the level of an altered antipathogenic immune response, which is
incompletely understood. Peripheral blood mononuclear cells (PBMCs) provide
a useful tool to study elements of the immunopathogenesis of the disease in
vitro.

TLR4
TLR2

Research motivation

NOD2

Currently, there is a lack of biomarkers to predict the clinical course of CD.
Furthermore, the development of specific therapies would benefit from an
improved mechanistic understanding of the pathogenesis of the disease.

Figure 2 Network analysis using the STRING database[48]. The network was
derived employing human TREM1 as the search term (https://string-db.org/cgi/
network.pl?taskId=PmXpOD7RMwaM).

Research objectives

The aim of this study was to identify disease-specific gene expression profiles
of PBMCs from patients with CD in clinical remission. Specifically, we were
interested in alterations of the gene expression profile after challenging
PBMCs with pathogen-associated molecular patterns (PAMPs) and the
immunomodulatory hormone vitamin D.

altered gene expression profile upon challenge with
pathogen-associated molecular patterns (PAMPs) and/
or the immunomodulatory hormone vitamin D, which
has previously been shown to exert differential effects
on the expression of NOD2- and TLR-induced cytokines
[26]
in the context of CD .
Initial microarray experiments identified more than
200 genes with different expression patterns among
patients with CD and controls. Based on predefined
expression criteria, genes with roles in inflammation and
immunity were selected for in-depth analysis by realtime PCR. A disease-associated expression pattern was
identified for CLEC5A, lysozyme and TREM1. Six genes,
including CLEC5A and lysozyme, displayed a NOD2dependent expression pattern. With respect to lysozyme
and TREM1, our findings are consistent with previous
reports, which found that increased levels of both
proteins in serum were implicated in the pathophysiology
[44,45]
of IBD
. To the best of our knowledge, however, this
is the first report of an association between CLEC5A
expression and CD. CLEC5A has most recently been
identified as an important receptor in innate immunity
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Research methods

PBMCs from patients with CD and healthy donors were cultured with vitamin D,
peptidoglycan (PGN) and lipopolysaccharide (LPS), before RNA was isolated
and subjected to microarray analysis and quantitative real-time PCR. Diseasespecific gene expression profiles were evaluated by general linear model
repeated measure analysis, paying particular attention to the well-established
CD risk gene NOD2.

Research results

Microarray experiments yielded a total of 267 genes that were significantly
up- or downregulated in PBMCs of patients with CD, compared to healthy
donors, after challenge with vitamin D and/or a combination of LPS and PGN.
For further analysis by real-time PCR, genes with roles in inflammation and
immunity were selected. For three of these genes, CLEC5A, lysozyme and
TREM1, a disease-associated expression pattern was validated. Six genes,
including CLEC5A and lysozyme, were found to be expressed in a NOD2dependent manner.

Research conclusions

PBMCs of patients with CD display alterations of their response to vitamin D
and PAMPs that are preserved even at the stage of clinical remission. CLEC5A,
TREM1 and NOD2 may act in a common network relevant to CD pathogenesis.
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Research perspectives

Follow-up studies on alterations of the antipathogenic immune response
may provide novel insights into the pathogenesis of CD and may also help to
establish biomarkers to better predict the clinical course of the disease.
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Abstract
AIM
To identify multiple microRNAs (miRNAs) for predicting
the prognosis of gastric cancer (GC) patients by bioin
formatics analysis.
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METHODS
The original microarray dataset GSE93415, which
included 20 GC and 20 tumor adjacent normal gastric
mucosal tissues, was downloaded from the Gene
Expression Omnibus database and used for screening
differentially expressed miRNAs (DEMs). The cutoff criteria were P < 0.05 and fold change > 2.0. In
addition, we acquired the miRNA expression profiles
and clinical information of 361 GC patients from The
Cancer Genome Atlas database to assess the prognostic
role of the DEMs. The target genes of miRNAs were
predicted using TargetScan, miRDB, miRWalk, and
DIANA, and then the common target genes were
selected for functional enrichment analysis.
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RESULTS
A total of 110 DEMs including 19 up-regulated and 91
down-regulated miRNAs were identified between 20
pairs of GC and tumor adjacent normal tissues, and
the Kaplan-Meier survival analysis found that a threemiRNA signature (miR-145-3p, miR-125b-5p, and miR99a-5p) had an obvious correlation with the survival of
GC patients. Furthermore, univariate and multivariate
Cox regression analyses indicated that the three-
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miRNA signature could be a significant prognostic
marker in GC patients. The common target genes
of the three miRNAs are added up to 108 and used
for Gene Functional Enrichment analysis. Biological
Process and Molecular Function analyses showed that
the target genes are involved in cell recognition, gene
silencing and nucleic acid binding, transcription factor
activity, and transmembrane receptor activity. Cellular
Component analysis revealed that the genes are portion
of nucleus, chromatin silencing complex, and TORC1/2
complex. Biological Pathway analysis indicated that the
genes participate in several cancer-related pathways,
such as the focal adhesion, PI3K, and mTOR signaling
pathways.

noncoding RNAs (20-22 nt), have been identified as
the key regulators of genes at the post-transcriptional
[3]
level . Increasing studies have found that miRNAs are
associated with the development and progression of GC,
[4,5]
and can act as important biomarkers in diagnosis ,
[6]
[7,8]
therapy , and prognosis . Thus, the identification of
differentially expressed miRNAs (DEMs) may contribute
to the early diagnosis and the prediction of survival
prognosis in GC.
Several studies have found that a number of
miRNAs are differentially expressed in GC and are
associated with survival prognosis. However, these
studies lack a large sample size or an appropriate
proportion of samples. A reliable survival prediction
requires large-scale samples that include detailed clinical
characteristics. The Gene Expression Omnibus (GEO)
database is a public functional genomics data repository
that includes array- and sequence-based data and
allows users to query and download experiments or
[9]
curated gene expression profiles . The Cancer Genome
Atlas (TCGA, http://cancergenome.nih.gov) project
is one of the most useful cancer genomics programs
and has generated, analyzed, and made available
genomic sequence, expression, methylation, and copy
number variation data on over 11,000 individuals who
[10]
represent over 30 different types of cancer . In the
present study, we identified DEMs between GC and
adjacent normal tissues by analyzing the miRNA data
of GSE93415 from GEO. In addition, the associations
between DEMs and survival prognosis were analyzed
using the expression profiles and clinical features
downloaded from TCGA.

CONCLUSION
This study justified that a three-miRNA signature could
play a role in predicting the survival of GC patients.
Key words: Gene functional enrichment; Prognosis;
Bioinformatic analysis; Differentially expressed miRNAs;
Gastric cancer
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We identified 110 differentially expressed
miRNAs through mining the datasets of Gene Ex
pression Omnibus database and acquired the miRNA
expression profiles and clinical information of 361
gastric cancer (GC) patients from The Cancer Genome
Atlas database. Multiple miRNAs together acting as
biomarkers may have a stronger reliability in survival
prediction. Our study found that a novel three-miRNA
signature could be used for predicting the prognosis of
GC patients.

MATERIALS AND METHODS
Microarray data processing and DEMs identification

Zhang C, Zhang CD, Ma MH, Dai DQ. Three-microRNA
signature identified by bioinformatics analysis predicts
prognosis of gastric cancer patients. World J Gastroenterol 2018;
24(11): 1206-1215 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i11/1206.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i11.1206

The microarray data of GSE93415 were downloaded
from the GEO database (https://www.ncbi.nlm.nih.
gov/geo/) and the miRNA expression data were
processed with the limma package in R. Statistically
significant DEMs between GC and adjacent normal
samples were identified with the cut-off criterion P <
0.05 and fold change > 2.0.

Association analysis between DEMs and GC patients’
survival

INTRODUCTION

TCGA (https://cancergenome.nih.gov/) stomach ad
enocarcinoma and adjacent normal tissue miRNA
sequencing data and clinical information were down
loaded for analysis. The inclusion criteria included: (1)
samples with completed data for analysis; (2) patients
had not received preoperative chemoradiation; and (3)
overall survival time less than 80 mo. Consequently,
361 GC samples were included in the present study. The
Kaplan-Meier method and log-rank test were conducted
to test the prognostic value of DEMs. When P < 0.05,
miRNAs were considered significantly associated with

Gastric cancer (GC) is the fourth most common cancer
in incidence and the second in mortality among all
[1]
cancers worldwide . In 2008, a total of 989600 indi
viduals were newly diagnosed with GC and 738,000
deaths occurred, therefore, this disease is a serious
[2]
public health issue worldwide . Research studies that
explore the cellular and molecular mechanisms of GC
development and the validation of novel biomarkers
are urgently needed to achieve early diagnosis and
treatment.
MicroRNAs (miRNAs), which are endogenous small
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clinical characteristics was analyzed by the chi-square
and t-tests. Kaplan-Meier survival analysis and the
univariate/multivariate Cox regression analysis were
used to assess the expression levels of DEMs and
prognostic features. All the statistical analyses were
performed with IBM SPSS version 19.0 and P < 0.05
was considered statistically significant.

15

-log10 (P value)

12

9

6

RESULTS

3

0

Identification of DEMs in GC
-3

-2

-1

0

1

2

The microarray data of GSE93415, including 20 pairs
of GC and adjacent normal tissue samples, were
obtained from the NCBI-GEO database. After applying
cut-off criteria of P < 0.05 and fold change > 2.0, a
total of 110 DEMs were identified between GC and
adjacent normal tissues (Table 1). The results of 19
downregulated miRNAs and 91 upregulated miRNAs
are displayed in the volcano plot (Figure 1). A heat
map of hierarchic cluster analysis showed that DEMs
could be discriminated between GC and normal tissues
(Figure 2).

3

log2 (Fold change)

Figure 1 The volcano plot of the differentially expressed miRNAs. A total
of 110 DEMs were identified between 20 pairs of GC patients and adjacent
normal tissues (cut-off criteria are P < 0.05 and fold change > 2.0). The green
and red spots represent downregulated and upregulated miRNAs, respectively.
DEMs: Differentially expressed miRNAs; GC: Gastric cancer.

the prognosis of patients. Then, we ranked prognosisrelated miRNAs according to the median expression
level. Subsequently, we scored each GC patient in
accordance with a high or low level of expression, and
a risk grade was defined by the total scores. Finally,
GC patients were sorted into high and low risk groups
by the risk-score rank. The prognosis-related miRNA
signature was used to analyze overall survival between
high and low risk group patients using a Kaplan-Meier
curve.

Identification of DEMs related with overall survival in GC
To identify the DEMs which could be used to predict the
overall survival of GC patients, we collected 361 samples
from TCGA to assess the relationship between DEMs
and the overall survival of GC patients. The patients’
clinical characteristics including age at diagnosis, gender,
race, TNM stage, and histologic grade are shown in
Table 2. By using a log-rank test and Kaplan-Meier
curve, we found that three DEMs (miR-145-3p, miR125b-5p, and miR-99a-5p) were negatively associated
with overall survival (Figure 3). The association analysis
between the three DEMs and clinical characteristics
indicated that miR-145-3p, miR-125b-5p, and miR-99a5p were all significantly associated with histologic grade
(P < 0.05). The detailed results are shown in Table 3.

Target genes prediction of prognostic DEMs

We used four online tools to predict the potential
target genes of the prognostic related DEMs, including
TargetScan (http://www.targetscan.org/vert_71/),
miRDB (http://www.mirdb.org/), miRWalk (http://zmf.
umm.uni-heidelberg.de/apps/zmf/mirwalk2/index.
html), and DIANA (http://www.microrna.gr/microTCDS). In order to obtain the more reliable target
genes, the Venn plot was performed to acquire the
consensus genes of the four online tools.

Prognostic role of a three-DEM signature in GC patients

We ranked the three DEMs by the median of expression
and then scored each GC patient in accordance with
high or low-level expression. A risk grade was defined
by the total scores. As a result, all the 361 GC patients
were sorted into a high or low risk group. A survival
analysis with the Kaplan-Meier method and logrank test was conducted. The results indicated that
the overall survival between the high risk and low
risk groups was significantly different (P = 0.045).
Interestingly, compared to patients in the high risk
group, the low risk patients tended to have a better
prognosis (Figure 4). Furthermore, we performed
univariate and multivariate Cox regression analyses to
verify the prognostic role of the three-DEM signature
according to clinical features. The univariate analysis
showed that pathologic stage (HR = 1.825, P < 0.001),
T stage (HR = 1.864, P = 0.006), N stage (HR = 2.005,
P = 0.001), and the three-DEM signature (HR = 1.422,

Function analysis of target genes

FunRich [Functional Enrichment analysis tool (http://
www.funrich.org/)] is a stand-alone software used for
functional enrichment and interaction network analysis
[11]
of genes and proteins . Enrichment analysis was
conducted on the consensus genes using the FunRich
tool in the following categories: Biological Process,
Cellular Component, Molecular Function, and Biological
Pathways. P < 0.05 was considered statistically sig
nificant.

Statistical analysis

The data of miRNA expression in GC and adjacent
normal samples were performed by unpaired t-test.
The association between DEMs expression and
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Table 1 The differentially expressed miRNAs identified between gastric cancer and adjacent normal tissues
Upregulated DEMs

1

hsa-miR-199a-3p/hsa-miR-199b-3p
hsa-miR-125b-5p
hsa-miR-199a-5p
hsa-miR-223-3p
hsa-miR-196a-5p
hsa-miR-27a-3p
hsa-miR-23b-3p
hsa-miR-21-5p
hsa-miR-100-5p
hsa-miR-20a-5p
hsa-miR-23a-3p
hsa-miR-1
hsa-miR-214-3p
hsa-miR-10a-5p
hsa-miR-135b-5p
hsa-miR-99a-5p
hsa-miR-20b-5p
hsa-miR-199b-5p
hsa-miR-10b-5p
hsa-miR-27b-3p
hsa-miR-126-3p
hsa-miR-130a-3p
hsa-miR-142-3p
hsa-miR-4291
hsa-miR-24-3p
hsa-let-7a-5p
hsa-miR-145-5p
hsa-miR-17-5p
hsa-miR-143-5p
hsa-let-7f-5p
hsa-miR-4328
hsa-miR-4324
hsa-miR-145-3p
hsa-miR-143-3p
hsa-miR-95

P value

Downregulated DEMs

P value

7.10E-05
2.99E-05
7.65E-07
7.49E-06
3.22E-07
0.000112
4.71E-05
1.36E-05
0.000197
0.000102
5.15E-10
0.002694
1.23E-08
2.33E-05
1.04E-05
0.001109
0.000365
0.000291
1.83E-05
1.95E-05
0.004079
0.000442
0.002661
1.12E-09
6.14E-06
0.0059
0.00066
3.84E-05
6.07E-05
0.001364
0.001281
3.91E-05
0.000389
0.006402
0.000106

hsa-miR-652-5p
hsa-miR-1269b
hsa-miR-665
hsa-miR-375
hsa-miR-4501
hsa-miR-4279
hsa-miR-943
hsa-miR-148a-3p
hsa-miR-1275
hsa-miR-4290
hsa-miR-4268
hsa-miR-891a
hsa-miR-4795-3p
hsa-miR-1298
hsa-miR-660-3p
hsa-miR-4661-5p
hsa-miR-4539
hsa-let-7d-3p
hsa-miR-4636

0.000135
1.13E-09
2.86E-06
0.003304
1.64E-06
1.94E-10
2.46E-05
1.53E-05
0.000349
8.91E-11
9.16E-11
7.29E-10
3.07E-05
3.00E-06
1.75E-08
9.22E-08
2.37E-09
1.10E-08
1.94E-06

1

Upregulated DEMs are listed according to the rank of fold changes. DEMs: Differentially expressed miRNAs.

P = 0.039) were significantly associated with the
prognostic outcome of GC patients. The multivariate
analysis revealed that T stage (HR = 1.623, P = 0.044)
and the three-DEM signature (HR = 1.451, P = 0.032)
were all independent factors in predicting the prognosis
of GC patients (Table 4).

chromatin silencing complex, and phosphoinositide
3-kinase complex. Molecular Function analysis showed
that genes were enriched in transmembrane receptor,
transcription regulator, and transcription factor activity.
Biological Pathways were mainly enriched in the VEGFR,
PI3K/Akt, and mTOR signaling pathways.

Target prediction of three DEMs and gene function
analysis

DISCUSSION
Due to the reduction in chronic Helicobacter pylori
infection and improvement of sanitation, the incidence
and mortality rates of GC have declined in recent
[12]
years . However, there are still almost 460,000
new GC cases and 350000 GC deaths each year in
[13]
China . The prognosis of GC patients is poor and the
five-year survival rate is 5%-20% despite advances in
[14]
GC therapy . Thus, to improve the clinical treatment
and management of GC patients, it is urgent to
identify reliable prognostic biomarkers. In this study,
we identified a total of 110 DEMs by analyzing the
GSE93415 data and discovered that three miRNAs
(miR-145-3p, miR-125b-5p, and miR-99a-5p) were

The online target prediction tools TargetScan, miRDB,
miRWalk, and DIANA were used to predict the targets
genes of miR-145-3p, miR-125b-5p, and miR-99a5p. We then obtained the consensus genes of each
DEM from the four online predictions (Figure 5). As a
result, we identified a 108 consensus target genes.
Furthermore, we conducted gene enrichment analysis to
identify the biological function of common target genes
(Figure 6). The Biological Process analysis indicated
that the genes were mostly enriched in cell recognition,
regulation of nucleic acid, and gene silencing. Cellular
Component analysis indicated that genes were enri
ched in the nucleus, RNA-induced silencing complex,
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Figure 2 Hierarchical clustering analysis of the differentially expressed miRNAs between 20 pairs of gastric cancer and adjacent normal sample. Each row
represents the expression of an miRNA and each column represents a sample: orange color for gastric cancer, blue for normal.
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Figure 3 Three differentially expressed miRNAs are negatively associated with overall survival in gastric cancer. A: Patients with a high level of miR-145-3p (n
= 180) had a poorer prognosis than those with a low level of miR-145-3p (n = 181) (P = 0.0049). B: Patients with a high level of miR-125b-5p (n = 180) had a poorer
prognosis than those with a low level of miR-125b-5p (n = 181) (P = 0.0063). C: Patients with a high level of miR-99a-5p (n = 180) had a poorer prognosis than those
with a low level of miR-99a-5p (n = 181) (P = 0.047).

Percent survival (%)

100

negatively associated with overall survival. Additionally,
we constructed a three-miRNA signature to predict the
prognosis of GC patients.
For decades, a large number of studies have
reported that miRNAs can play oncogenic or tumorsuppressing roles in regulating cell biological behavior
[15-18]
of cells
. At present, several miRNAs are known to
be useful in the early diagnosis of cancers, including
[19]
[20]
[21]
[22]
miR-21 , miR-486 , miR-24 , and miR-125a-5p .
[23]
[24]
[25]
In addition, miR-191 , miR-1908 , miR-200c ,
[26]
and miR-217
were found to be potential prognostic
indictors in cancer. However, these studies only used
a single indictor or a limited number of patients for
survival analysis. In this study, we identified DEMs by
analyzing the array data from the GEO database and
found that three highly expressed miRNAs (miR-1453p, miR-125b-5p, and miR-99a-5p) may be potential
prognostic indictors in GC. Kaplan-Meier and Log-rank
test survival analysis indicated that the three-miRNA

Low risk group (n = 175)
High risk group (n = 186)

80
60
40

P = 0.045

20
0

0

20

40

60

80

Survival time (mo)

Figure 4 The Kaplan-Meier curve for the three-miRNA signature in gastric
cancer. The three differentially expressed miRNAs were ranked by the median
of expression and then scored for each gastric cancer patient in accordance
with high or low-level expression. The low risk group (n = 175) and high risk
group (n = 186) were defined by the total scores. Compared to the low risk
group, patients in the high risk group had a poorer prognosis (P = 0.045).
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Figure 5 The consensus target genes of each differentially expressed miRNA. The target genes of the three miRNAs were predicted with four online tools
(TargetScan, miRDB, miRWalk, and DIANA).

prognoses and clinical outcomes in patients with HER2[28]
positive GC that receive trastuzumab treatment . Wu
[29]
et al found that miR-125b-5p promotes cell migration
and invasion by targeting PPP1CA-Rb signal pathways
and acts as an independent prognostic factor in GC.
[30]
Furthermore, Zhang et al
demonstrated that miR99a-5p might function as a novel molecule to regulate
cisplatin resistance by directly targeting the calpain
small subunit 1 (CAPNS1)-associated pathway in GC.
Interestingly, there are no studies describing relations
between miR-145-3p and GC. However, in non-small
cell lung cancer, miR-145-3p was found to inhibit cancer
cell migration and invasion by targeting PDK1 via the
[31]
mTOR signaling pathway . Moreover, miR-145-3p
was also identified to be down-regulated in metastatic
castration-resistant prostate cancer and target four
molecules which can significantly predict survival in
[32]
prostate cancer . These results may suggest that miR145-3p has a complicated effect in different cancers
and, in future research, we will investigate the role of
miR-145-3p in GC.
Dysregulated genes may participate in tumorigene
sis and progression by aberrant signaling pathways. In
this study, we predicted the target genes of the three
miRNAs and performed gene functional enrichment
analysis. The results showed that these target genes
were associated with the process of gene silencing
and cell recognition, as well as focal adhesion, EGFR,
[33]
PI3K/Akt, and mTOR signaling pathways. Xu et al
suggested that the EGFR-Akt signaling pathway regu
lates drug resistance in GC patients. The PI3K/Akt
pathway was demonstrated to be associated with
poor prognosis, tumor progression, and resistance to
[34,35]
systematic therapy in many cancers including GC
.
In addition, the PI3K/Akt/mTOR pathway is a key
signaling pathway that is reported to be involved in
[36]
GC . Thus, the results of our functional enrichment
analysis are in accordance with present studies.
Above all, we identified a three-miRNA signature
for predicting the prognosis of patients with GC and

Table 2 Clinical features of gastric cancer patients
Case, n (%)

Variables
Age at diagnosis (yr)
< 60
≥ 60
Gender
Male
Female
T stage
T1 + T2
T3 + T4
Histologic grade
G1 + G2
G3 + G4
Race
White
Asian
Black or African American
NA
Pathologic stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ
NA
Node status
N0
N1-3
NA
Metastasis
M0
M1
Mx

113 (31.3)
248 (68.7)
241 (66.8)
120 (33.2)
88 (24.4)
273 (75.6)
134 (37.1)
227 (62.9)
234 (64.8)
83 (23.0)
12 (3.3)
32 (8.9)
44 (12.2)
117 (32.4)
162 (44.9)
30 (8.3)
8 (2.2)
111 (30.7)
249 (69.0)
1 (0.3)
325 (90.0)
22 (6.1)
14 (3.9)

NA: Not available.

signature can be used to predict the prognosis of GC
patients.
We then searched present publications online to
[27]
compare and test our findings. Chang et al
showed
that miR-125b-5p was overexpressed in GC patients and
promoted invasion and metastasis of GC by targeting
STARD13 and NEU1. It was also indicated that miR125b-5p could be a potential biomarker for predicting
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Table 3 Association between the three differentially expressed miRNAs and clinical features
Variables

P value

miR-145-3p expression
Low

High

51
129

62
119

40
140

Age at diagnosis (yr)
< 60
≥ 60
T stage
T1 + T2
T3 + T4
N stage
N0
N1-3
M stage
M0
M1
Histologic grade
G1 + G2
G3 + G4
Pathologic stage
Ⅰ+Ⅱ
Ⅲ+Ⅳ

miR-125b-5p expression
Low

High

0.225

42
138

71
110

48
133

0.342

51
129

58
119

53
124

0.567

163
10

162
12

77
103
81
95

P value

P value

miR-99a-5p expression
Low

High

0.001a

49
131

64
117

0.096

37
144

0.081

46
134

42
139

0.603

57
120

54
123

0.731

57
120

54
123

0.731

0.670

165
8

160
14

0.191

164
9

161
13

0.386

57
124

0.026a

87
93

47
134

< 0.001a

80
100

54
127

0.004a

80
97

0.876

86
90

75
102

0.221

80
96

81
96

0.954

a

P < 0.05, statistically significant.
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22.4%
P = 0.021
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P = 0.017

0.9%

Mitochondrion organization and biogenesis

P = 0.011

0.9%

Lymphocyte proliferation

P = 0.006
0.9%

Lymphocyte activation
0

10

15

20

0.5

1.5

2.0

P = 0.017

0.9%

RNA-induced silencing complex

P = 0.017

0.9%

TORC2 complex

P = 0.011

0.9%

Phosphoinositide 3-kinase complex

P = 0.011

43.9%
P = 0.002

Nucleus

25

3.0

P = 0.017

0.9%

TORC1 complex

2.5

P = 0.028

0.9%

0

10

Percentage of genes

20

30

40

50

Percentage of genes

C

D
Percentage of gene
0

0.5

1.0

1.5

0.9%

Nucleic acid binding

2.0

2.5

Transcription regulator activity

8.4%
8.4%

P = 0.042
1.9%

P = 0.035

0.9%

Neurotransmitter receptor activity

0

2

4

1.0

  1.5

8

EGFR-dependent endothelin signaling
events
Class I PI3K signaling events mediated
by Akt

13.1%
P = 0.012

Signaling events mediated by focal
adhesion kinase

13.1%
P = 0.012

13.1%
P = 0.012

2.8%

0

10

2.0
13.1%
P = 0.013

mTOR signaling pathway

P = 0.003
6

0.5

Class I PI3K signaling events

P = 0.011
2.8%

Transmembrane receptor activity

0

VEGF and VEGFR signaling network

P = 0.045

Sulfotransferase activity

3.0

P = 0.049

Transcription factor activity

-Log10 (P value)

P = 0.05 reference
P value

-Log10 (P value)

Biological pathway

Percentage of gene
P = 0.05 reference
P value

Molecular function

1.0

0.9%

Interleukin-6 receptor complex

P = 0.006

5

-Log10 (P value)
0

Chromatin silencing complex

P = 0.022
Cellular component

Biological process

Percentage of gene

-Log10 (P value)

2

4

6

13.1%
P = 0.012
13.1%
P = 0.012

8 10 12 14

Percentage of genes

Percentage of genes

Figure 6 Genetic functional enrichment analysis. A total of 108 consensus genes were used for functional enrichment analysis with the tool of FunRich. A:
Biological process analysis showed that the genes are involved in cell recognition and gene silencing; B: Cellular component analysis indicated that the genes are
portion of nucleus, chromatin silencing complex, and TORC1/2 complex; C: Molecular function results showed that the genes are involved in nucleic acid binding,
transcription factor activity, and transmembrane receptor activity; D: Biological pathway analysis indicated that the genes participate in focal adhesion, PI3K, and
mTOR cancer-related signaling pathways. TORC1/2: Target of rapamycin 1/2; PI3K: Phosphatidylinositide 3-kinase; mTOR: Mammalian target of rapamycin.
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Table 4 Univariate and multivariate Cox regression analyses of the association between the three differentially expressed miRNAs
and clinical features
Variables

Univariate analysis

Age at diagnosis (≥ 60 vs < 60)
Pathologic stage (Ⅲ + Ⅳ vs Ⅰ + Ⅱ)
T stage (T3 + T4 vs T1 + T2)
N stage (N1-2 vs N0)
M stage (M1 vs M0)
Three-DEM signature (high vs low risk)

Multivariate analysis

HR (95%CI)

P value

HR (95%CI)

P value

1.373 (0.948-1.988)
1.825 (1.332-2.499)
1.864 (1.197-2.902)
2.005 (1.328-3.026)
1.368 (0.964-1.941)
1.442 (1.018-1.988)

0.094
< 0.001a
0.006a
0.001a
0.080
0.039a

1.642 (1.122-2.401)
1.252 (0.812-1.929)
1.623 (1.012-2.603)
1.602 (0.935-2.744)
1.313 (0.919-1.875)
1.451 (1.033-2.040)

0.011a
0.309
0.044a
0.086
0.134
0.032a

a

P < 0.05, statistically significant. DEMs: Differentially expressed miRNAs.

be solved in our future study.

analyzed potential signaling pathways in the deve
lopment and progression of GC. However, to determine
the genesis and development mechanism of GC, more
large-scale and systematic investigations are required.

Research conclusions

Our study identified that the three miRNAs (miR-145-3p, miR-125b-5p, and
miR-99a-5p) were up-regulated in gastric cancer patients by analyzing a
microarray dataset. Besides, the novel three-miRNA signature could be used
for predicting the prognosis of patients with gastric cancer. Multiple miRNAs
together acting as prognosis-related biomarkers may have a stronger reliability,
so that our finding could be useful in clinical treatment according to gastric
cancer patients with different prognoses.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Increasing studies have reported that microRNAs (miRNAs) play an important
role in the development and progression of cancers, including gastric cancer
(GC). Furthermore, miRNAs can also act as accurate biomarkers in diagnosis
and prognosis prediction. In this study, we found that a three-miRNA signature
could be used for predicting the prognosis of GC patients and multiple miRNAs
together acting as biomarkers may have a stronger reliability in survival
prediction.

Research perspectives

This study provides us with a new insight that multiple miRNAs can be together
used for predicting the prognosis of patients with gastric cancer. In order to
further confirm the prognostic value of the three-miRNA signature, our future
research may focus on exploring the relation between miR-145-3p and gastric
cancer.

Research motivation

The worldwide incidence and mortality rates of GC are fairly high. Most of GC
patients have been in the advanced stage when diagnosed and endure a poor
prognosis. Identifying accurate biomarkers in predicting prognosis of patients
is an urgent issue to be solved, so that patients could have an individualized
treatment and an improvement in prognosis.
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prognoses. However, the role of miR-145-3p in the tumorigenesis and
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Core tip: Substance use, major mental illness and
hepatitis C virus or human immunodeficiency virus
co-infection were more common among individuals
with acute HBV compared with those diagnosed with
chronic hepatitis B virus (HBV). Acute HBV was mainly
diagnosed in the White population, while chronic HBV
was mostly diagnosed among people with East Asian
ethnicity. The risk of acute HBV was highest among the
younger population who injected drugs, while the risk
of chronic HBV infection was highest among East Asian
people with lower socioeconomic status. Differences in
the profiles of people diagnosed with acute and chronic
HBV suggest the need for different interventions for
both population groups.

Abstract
AIM
To describe the characteristics of people diagnosed with
acute and chronic hepatitis B virus (HBV) infection in
British Columbia (BC).
METHODS
We used data from the BC Hepatitis Testers Cohort (BCHTC), which includes all individuals tested for hepatitis
C virus (HCV) or human immunodeficiency virus (HIV)
or those diagnosed with HBV or active tuberculosis
in BC since 1990. These data were integrated with
prescription drug, medical visit, hospitalization and
mortality data. HBV cases were classified as acute or
chronic according to provincial guidelines. We compared
characteristics of individuals by HBV infection group
(acute, chronic and negative). Factors associated with
acute or chronic HBV infection were assessed with
multinomial logistic regression models in comparison to
the HBV negative group.

Binka M, Butt ZA, Wong S, Chong M, Buxton JA, Chapinal N,
Yu A, Alvarez M, Darvishian M, Wong J, McGowan G, Torban M,
Gilbert M, Tyndall M, Krajden M, Janjua NZ. Differing profiles
of people diagnosed with acute and chronic hepatitis B virus
infection in British Columbia, Canada. World J Gastroenterol
2018; 24(11): 1216-1227 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i11/1216.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i11.1216

RESULTS
46498 of the 1058056 eligible BC-HTC participants were
diagnosed with HBV infection. 4.3% of HBV positive
individuals were diagnosed with acute HBV infections
while 95.7% had chronic infections. Problematic alcohol
use, injection drug use, and HIV or HCV co-infection
were more common among individuals diagnosed
with acute HBV compared to those with chronic
infections and HBV negative individuals. In multivariable
multinomial logistic regression models, we observed
significant associations between acute or chronic HBV
diagnosis and being male, age at HBV diagnosis or
birth cohort, South and East Asian ethnicity, HCV or HIV
infection, and injection drug use. The odds of acute
HBV decreased with increasing age among people who
inject drugs, while the opposite was true for chronic
HBV. Persons with acute HBV were predominantly White
(78%) while those with chronic HBV were mostly East
Asian (60%). Relative to Whites, East Asians had 12
times greater odds of being diagnosed with chronic
HBV infection. These odds increased with increasing
socioeconomic deprivation.

INTRODUCTION
Hepatitis B virus (HBV) affects 257 million people world
[1-4]
wide, including approximately 200000 Canadians .
Chronic HBV infection is associated with 66% of the
1.34 million viral hepatitis-related deaths reported
worldwide and is responsible for a substantial disease
[2]
burden from liver cancer and end-stage liver disease .
HBV vaccination is highly effective in preventing
[1,3,5]
infection
. Mother to child transmission during
childbirth is the most common mode of infection in
HBV-endemic countries, while infection typically occurs
through sexual transmission and injection drug use in
[1,3,5]
Canada and other developed countries
. Over 90%
of children and 50% of adults display no symptoms
[1,3,5]
with acute infection
. The asymptomatic nature
of this disease makes diagnosis difficult, leading to
chronic illness in 5% of infected adults, 30% to 50% of
[1,3,5]
children, and 90% of infected neonates
. Childhood
vaccination programs have led to a dramatic reduction
in the occurrence of acute infections in developed
[1,3,6]
countries, including Canada and the United States
.
The record low number of reported acute HBV infections
in British Columbia (BC) in 2015 have been attributed
[7]
to successful vaccination programs . However, certain
high risk groups, including men who have sex with
men (MSM) and people who inject drugs (PWID),

CONCLUSION
Differences in the profiles of people diagnosed with acute
and chronic HBV infection necessitate differentiated
screening, prevention, care and treatment programs.
Key words: Hepatitis B virus; Ethnicity; Drug use; Acute
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[8,9]

continue to acquire and transmit HBV infection . As
HBV infection is mostly asymptomatic, identifying the
factors associated with acute and chronic infection
could determine avenues for closing gaps in screening,
vaccination and other prevention programs.
In many developed countries, a relatively larger
number of people are diagnosed with chronic HBV,
[5,10-13]
compared with acute HBV, each year
. Data
from Canada, the United States and other developed
countries indicate that most chronic HBV infections are
diagnosed among immigrants from HBV-endemic Asia[10,12-14]
Pacific countries
. Our previous work suggests that
49% of persons with chronic HBV and decompensated
cirrhosis and 46% of those with HCC in BC were
[15]
diagnosed late in the course of their infections . The
rate of late diagnosis has declined but is still substantially
[15]
higher for HBV compared to hepatitis C virus (HCV) .
Therefore, establishing the characteristics of individuals
who are more likely to be infected with HBV could
enhance the planning of screening programs to further
reduce late diagnoses within the province.
Individuals diagnosed with acute and chronic HBV
infections may differ with regards to demographics and
[1,5]
risk behavior . These distinctions may have implica
tions for interventions targeted at either population.
Analyses based on these differences could also identify
areas for the optimal integration of such HBV programs
with currently available health services. We are unaware
of any study comparing large population level data
for both acute and chronic HBV. Previous studies have
mainly focused on chronic HBV epidemiology, with
[10,11,16-18]
limited data on acute HBV, or acute HBV only
. In
this study, we describe the characteristics of individuals
with acute and chronic HBV infections and identify the
factors associated with HBV infection within the BC
Hepatitis Testers Cohort (BC-HTC).

were recorded as having received treatment for HBV
were considered as cases of HBV. HBV cases recorded
in the BC provincial registry with an acute diagnosis
were classified as acute HBV infections, while the
remainder were designated as having chronic HBV
(Supplementary Table 2). Individuals who were not
diagnosed with HBV but were tested for HBsAg or anti
HBV core total were denoted as being HBV negative.

Definitions and covariates

We assessed potential risk factors at HBV diagnosis or
at the last negative test, including age, birth cohort,
sex, infection with HIV, HCV or TB, problematic alcohol
use, illicit drug use, major mental illness, and material
and social deprivation. HIV, HCV or TB diagnoses were
based on laboratory confirmation or being reported
as a confirmed case in the public health reportable
disease database. Assessment of problematic alcohol
and illicit drug use, and major mental illness was
based on associated diagnostic codes in administrative
health datasets evaluated across the entire dataset
prior to the first positive or the last negative test
(Supplementary Table 2).
Ethnicity classification was based on the validated
[20,21]
name recognition software Onomap
. Onomap
sensitivity and specificity relative to self-identified
ethnicity, determined on a subset of the BC-HTC (n
= 5962), was 93% and 98.6% for South Asians, and
67% and 99.5% for East Asians. Race/ethnicity was
grouped as White, South Asian (Pakistani, Indians,
Bangladeshis, Nepalese and Sri Lankans), East Asian
(Chinese, Filipinos, Japanese, Korean and SouthEast Asians), and Others (Black, Central Asian, Latin
American, Pacific Islander and West Asian individuals).
Socioeconomic status was assessed using the Quebec
[22]
Material and Social deprivation Index .

Statistical analysis

MATERIALS AND METHODS

We compared characteristics of individuals by HBV
infection group (acute, chronic and negative) with
Pearson’s chi-square tests for categorical variables and
Kruskal Wallis tests for median age. Factors associated
with acute or chronic HBV infection were assessed with
multivariable multinomial logistic regression models in
comparison with the HBV negative group.

The cohort

The BC-HTC includes over 1.7 million individuals tested
for hepatitis C virus (HCV) or human immunodeficiency
virus (HIV) at the BC Centre for Disease Control Public
Health Laboratory, or reported to BC public health as
a confirmed case of HCV, HBV, HIV/AIDS or active
[19]
tuberculosis (TB) since 1990 . Cohort data are
integrated with data on medical visits, hospitalizations,
[19]
prescription drugs, cancers and deaths . Details of
cohort creation and epidemiological characteristics
have been reported previously and are summarized
[19]
in Supplementary Table 1 . This analysis is based on
data collected between April 1, 1990 and December
31, 2015.

RESULTS
1058056 individuals were eligible for inclusion in this
analysis. Of these, 46498 individuals were diagnosed
with HBV infection while 1011558 were HBV negative.
4.3% of HBV positive individuals were diagnosed
with acute HBV infections while 95.7% had chronic
infections (Table 1).

Study population

Characteristics of acute, chronic and hepatitis B
negative individuals

BC-HTC participants who were included in the
provincial registry of reported HBV cases, those who
tested positive for HBV DNA or HBeAg, and those who
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Table 1 Characteristics of hepatitis B testers in the British Columbia Hepatitis Testers Cohort by hepatitis B diagnosis, 1990-2015 n (%)
HBV positive

Sex
Female
Male
Unknown
Birth Cohort
< 1945
1945-1964
1965-1974
> 1974
Age group at HBV diagnosis (yr)
< 25
25-34
35-44
45-54
55-64
> 64
Median [IQR]
Year of HBV diagnosis
1990-1999
2000-2004
2005-2009
2010-2015
Ethnicity
East Asian
Other
South Asian
White
HCV
Negative
Positive
HIV
Negative
Positive
HCV and HIV
Positive
Active tuberculosis
Negative
Positive
Problematic alcohol use
No
Yes
Illicit drug use
No
Yes
Injection drug use
No
Yes
Major mental illness
No
Yes
Material deprivation quintile
Q1 (most privileged)
Q2
Q3
Q4
Q5 (most deprived)
Unknown
Social deprivation quintile
Q1 (most privileged)
Q2
Q3
Q4
Q5 (most deprived)
Unknown

HBV negative

P value

Acute

Chronic

All positive

n = 2015

n = 44483

n = 46498

n = 1011558

590 (29.3)
1425 (70.7)
0 (0.0)

20094 (45.2)
24387 (54.8)
2 (0.0)

20684 (44.5)
25812 (55.5)
2 (0.0)

563440 (55.7)
448072 (44.3)
44 (0.0)

0.000

204 (10.1)
1001 (49.7)
577 (28.6)
233 (11.6)

5385 (12.1)
20316 (45.7)
9852 (22.1)
8930 (20.1)

5589 (12.0)
21317 (45.8)
10429 (22.4)
9163 (19.7)

103498 (10.2)
297768 (29.4)
199121 (19.7)
411171 (40.6)

0.000

306 (15.2)
653 (32.4)
552 (27.4)
317 (15.7)
115 (5.7)
72 (3.6)
35 [28-45]

5163 (11.6)
9963 (22.4)
11835 (26.6)
9202 (20.7)
4954 (11.1)
3366 (7.6)
41 [31-51]

5469 (11.8)
10616 (22.8)
12387 (26.6)
9519 (20.5)
5069 (10.9)
3438 (7.4)
40 [31-50]

137379 (13.6)
264809 (26.2)
220745 (21.8)
165884 (16.4)
117550 (11.6)
105191 (10.4)
39 [29-53]

0.000

1388 (68.9)
362 (18.0)
196 (9.7)
69 (3.4)

14068 (31.6)
11246 (25.3)
8968 (20.2)
10201 (22.9)

15456 (33.2)
11608 (25.0)
9164 (19.7)
10270 (22.1)

47343 (4.7)
126715 (12.5)
219195 (21.7)
618305 (61.1)

0.000

278 (13.8)
35 (1.7)
125 (6.2)
1577 (78.3)

26578 (59.7)
1651 (3.7)
1420 (3.2)
14834 (33.3)

26856 (57.8)
1686 (3.6)
1545 (3.3)
16411 (35.3)

139306 (13.8)
41452 (4.1)
83200 (8.2)
747600 (73.9)

0.000

1296 (64.3)
719 (35.7)

39575 (89.0)
4908 (11.0)

40871 (87.9)
5627 (12.1)

964780 (95.4)
46778 (4.6)

0.000

1888 (93.7)
127 (6.3)

43370 (97.5)
1113 (2.5)

45258 (97.3)
1240 (2.7)

1006511 (99.5)
5047 (0.5)

0.000

82 (4.1)

712 (1.6)

794 (1.7)

1768 (0.2)

0.000

2004 (99.5)
11 (0.5)

44101 (99.1)
382 (0.9)

46105 (99.2)
393 (0.8)

1008555 (99.7)
3003 (0.3)

0.000

1807 (89.7)
208 (10.3)

42544 (95.6)
1939 (4.4)

44531 (95.8)
2147 (4.6)

959326 (94.8)
52232 (5.2)

0.000

1617 (80.2)
398 (19.8)

41558 (93.4)
2925 (6.6)

43175 (92.9)
3323 (7.1)

944910 (93.4)
66648 (6.6)

0.000

1718 (85.3)
297 (14.7)

42040 (94.5)
2443 (5.5)

43758 (94.1)
2740 (5.9)

960849 (95.0)
50709 (5.0)

0.000

1788 (88.7)
227 (11.3)

41410 (93.1)
3073 (6.9)

43198 (92.9)
3300 (7.1)

874387 (86.4)
137171 (13.6)

0.000

320 (15.9)
303 (15.0)
320 (15.9)
425 (21.1)
585 (29.0)
62 (3.1)

7076 (15.9)
6753 (15.2)
7797 (17.5)
9564 (21.5)
12226 (27.5)
1067 (2.4)

7396 (15.9)
7056 (15.2)
8117 (17.5)
9989 (21.5)
12811 (27.6)
1129 (2.4)

228694 (22.6)
189225 (18.7)
189823 (18.8)
198263 (19.6)
185193 (18.3)
20360 (2.0)

0.000

247 (12.3)
267 (13.3)
314 (15.6)
383 (19.0)
742 (36.8)
62 (3.1)

9952 (22.4)
9032 (20.3)
7574 (17.0)
7336 (16.5)
9522 (21.4)
1067 (2.4)

10199 (21.9)
9299 (20.0)
7888 (17.0)
7719 (16.6)
10264 (22.1)
1129 (2.4)

184233 (18.2)
180059 (17.8)
173461 (17.1)
199229 (19.7)
254216 (25.1)
20360 (2.0)

0.000

0.000

Data collected at baseline (date of diagnosis for HBV positive or last negative test for HBV negative) unless otherwise indicated. HIV: Human
immunodeficiency virus; HCV: Hepatitis C virus; HBV: Hepatitis B virus; IDU: Injection drug use; OST: Opioid substitution therapy; Q: Quintile.
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Figure 1 Comorbidities and co-infections in the British Columbia Hepatitis Testers Cohort, 1990-2015. A: Distribution of problematic alcohol use, injection drug
use, and major mental illness by hepatitis B diagnosis; B: Distribution of co-infections by HBV diagnosis. HBV: Hepatitis B virus; HCV: Hepatitis C virus; HIV: Human
immunodeficiency virus.

of chronic HBV infections (54.8%) were diagnosed
among males. In contrast, HBV negative individuals
were predominantly female (55.7%). The 1945-1964
birth cohort formed the majority of persons with
either acute or chronic HBV infections (acute: 49.7%;
chronic: 45.7%) but represented a smaller proportion
of the HBV negative group (29.4%). Age at HBV
testing or diagnosis was significantly lower among
persons with acute HBV compared to those with
chronic infections and HBV negative individuals (median
age: 35 vs 41 and 39 years; P < 0.001). Additionally,
females were more likely to be tested or diagnosed at
a younger age compared to males (median age: 37 vs
41 years, P < 0.001).
The majority of HBV negative individuals (73.9%)
and those with acute HBV (78.3%) were White.
Chronic HBV infections, however, were more frequently
diagnosed among East Asians (59.7%). Material
deprivation was more common among HBV positive
individuals than among HBV negative persons [Q5
(most deprived): acute HBV: 29.0%; chronic HBV:
27.5%; HBV negative: 18.3%]. In contrast, social
deprivation was predominant within each HBV group,
though highest among individuals with acute HBV [Q5
(most deprived): acute HBV: 36.8%; chronic HBV:
21.4%; HBV negative: 25.1%] (Table 1).
A larger proportion of persons with acute HBV
experienced problematic alcohol use, illicit drug use,
and injection drug use relative to those with chronic
infections and HBV negative individuals (problematic
alcohol use: 10.3%, 4.4%, 5.2%, P < 0.001; illicit
drug use: 19.8%, 6.6%, 6.6%, P < 0.001; injection
drug use: 14.7%, 5.5%, 5.0%, P < 0.001) (Figure
1A, Table 1). Conversely, major mental illness was
most prevalent among HBV negative individuals (HBV
negative: 13.6%; acute HBV: 11.3%, chronic HBV:
6.9%; P < 0.001).
HCV and HIV co-infections were more common
among people diagnosed with acute HBV than among
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persons with chronic HBV and HBV negative individuals
(HCV: 35.7%, 11.0%, 4.6%, P < 0.001; HIV: 6.3%,
2.5%, 0.5%, P < 0.001) (Figure 1B, Table 1). Active
TB was less prevalent in the cohort, but more common
among those with chronic HBV relative to HBV negative
individuals and those with acute HBV (0.9%, 0.3%,
0.5%; P < 0.001). The cohort also consisted of 749
persons with HBV/HCV/HIV triple infection, who mostly
had acute HBV infections (acute HBV: 4.1%, chronic
HBV: 1.6%; HBV negative: 0.2%, P < 0.001) (Table 1).

Factors associated with acute and chronic HBV infection

In multivariable multinomial logistic regression models,
we observed significant associations between acute
or chronic HBV diagnosis and being male, age at
HBV diagnosis or birth cohort, South and East Asian
ethnicity, HCV or HIV infection, and injection drug use
(Table 2 and Supplementary Table 3). However, the
magnitude and direction of association for various
variables differed for acute and chronic HBV.
South and East Asians had higher odds of acute
or chronic HBV compared to Whites, with East Asians
having 12 times greater odds of chronic HBV (ORacute:
East Asian: 1.76, 95%CI: 1.53-2.02; South Asian:
1.66, 95%CI: 1.37-2.02; ORchronic: East Asian:
12.45, 95%CI: 12.15-12.77; South Asian: 1.26,
95%CI: 1.19-1.33) (Table 2).
Individuals with HCV or HIV infection had 5 times the
odds acute HBV infection compared to their HBV negative
counterparts (OR: HIV: 5.29, 95%CI: 4.30-6.51;
HCV: 5.23, 95%CI: 4.65-5.87). For chronic infections,
however, the odds of infection were slightly elevated
among people with HIV co-infection (OR: 5.73, 95%CI:
5.29-6.20), but much lower among those infected with
HCV (OR: 2.89, 95%CI: 2.77-3.01) (Table 2).
Injection drug use was associated with increased
odds of both acute and chronic HBV (ORacute:
1.84, 95%CI: 1.57-2.17; ORchronic: 1.67, 95%CI:
1.58-1.77). In contrast, individuals with major mental
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Table 2 Multivariable multinomial regression model for factors associated with acute or chronic hepatitis B virus in the British
Columbia Hepatitis Testers Cohort, 1990-2015
Adjusted OR (95%CI)
Sex
Male
Female
Age at HBV diagnosis (yr)
< 25
25-34
35-44
45-54
55 +
Ethnicity
East Asian
Other
South Asian
White
HCV
Positive
Negative
HIV
Positive
Negative
Active tuberculosis
Yes
No
Problematic alcohol use
Yes
No
Injection drug use
Yes
No
Major mental illness
Yes
No
Material deprivation quintile
Q1 (most privileged)
Q2-4
Q5 (most deprived)
Social deprivation quintile
Q1 (most privileged)
Q2-4
Q5 (most deprived)
Year of HBV diagnosis
1990-1999
2000-2004
2005-2009
2010-2015

Acute HBV

Chronic HBV

2.28 (2.06-2.52)
1.00

1.43 (1.40-1.46)
1.00

2.38 (1.97-2.87)
2.62 (2.21-3.09)
1.82 (1.53-2.16)
1.49 (1.23-1.79)
1.00

0.89 (0.85-0.92)
1.09 (1.05-1.13)
1.19 (1.15-1.23)
1.22 (1.18-1.27)
1.00

1.76 (1.53-2.02)
0.88 (0.63-1.24)
1.66 (1.37-2.02)
1.00

12.45 (12.15-12.77)
3.06 (2.90-3.23)
1.26 (1.19-1.33)
1.00

5.23 (4.65-5.87)
1.00

2.89 (2.77-3.01)
1.00

5.29 (4.30-6.51)
1.00

5.73 (5.29-6.20)
1.00

0.59 (0.32-1.09)
1.00

0.97 (0.85-1.10)
1.00

0.87 (0.74-1.04)
1.00

1.02 (0.96-1.08)
1.00

1.84 (1.57-2.17)
1.00

1.67 (1.58-1.77)
1.00

0.73 (0.62-0.85)
1.00

0.74 (0.71-0.78)
1.00

1.00
1.06 (0.94 -1.21)
1.35 (1.17 -1.55)

1.00
1.10 (1.06-1.13)
1.35 (1.30-1.39)

1.00
1.20 (1.04-1.39)
1.56 (1.34-1.82)

1.00
0.97 (0.95-1.00)
1.00 (0.97-1.03)

1.00
0.10 (0.09-0.12)
0.03 (0.03-0.04)
0.00 (0.00-0.01)

1.00
0.27 (0.26-0.28)
0.14 (0.13-0.14)
0.05 (0.05-0.06)

HIV: Human immunodeficiency virus; HCV: Hepatitis C virus; HBV: Hepatitis B virus; Q: Quintile.

illness had lower odds of either infection (ORacute:
0.73, 95%CI: 0.62-0.85; ORchronic: 0.74, 95%CI:
0.71-0.78). Material deprivation was also associated
with increased odds of acute and chronic HBV infection
(Q5: ORacute: 1.35, 95%CI: 1.17-1.55; ORchronic:
1.35, 95%CI: 1.30-1.39) (Table 2). Although social
deprivation was associated with higher odds of acute
HBV infection (ORacute: 1.56, 95%CI: 1.34-1.82), it
was not significantly associated with a chronic infection
(ORchronic: 1.00, 95%CI: 0.97-1.03).
In an additional model, composite variables (age at
HBV diagnosis and injection drug use, and race/ethnicity
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and material deprivation) were used to determine
joint effects on HBV infection (Figure 2, Table 3). In
this model, there was a graded decrease in the odds
of acute HBV with increasing age at diagnosis among
PWID (OR: < 25 years: 7.55, 95%CI: 5.13-11.10;
25-34 years: 5.32, 95%CI: 4.08-6.94; 35-44 years:
2.98, 95%CI: 2.26-3.9; 45-54 years: 1.77, 95%CI:
1.19-2.62; 55 + years: 1.56, 95%CI: 0.78-3.10) (Figure
2A, Table 3). The opposite pattern was observed for
chronic HBV infections, as the odds of chronic HBV
increased with age at diagnosis (OR: < 25 years:
1.43, 95%CI: 1.18-1.73; 25-34 years: 1.72, 95%CI:
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Table 3 Multivariable multinomial regression model (with interaction terms) for factors associated with acute or chronic hepatitis B
virus in the British Columbia Hepatitis Testers Cohort, 1990-2015
Adjusted OR (95% CI)
Sex
Male
Female
HCV
Positive
Negative
HIV
Positive
Negative
Active tuberculosis
Yes
No
Problematic alcohol use
Yes
No
Major mental illness
Yes
No
Social deprivation quintile
Q2-Q4
Q5 (most deprived)
Q1 (most privileged)
IDU*Age at HBV diagnosis (yr)
IDU* < 25
IDU*25-34
IDU*35-44
IDU*45-54
IDU*55+
No IDU* < 25
No IDU*25-34
No IDU*35-44
No IDU*45-54
No IDU*55+
Ethnicity*Material Deprivation quintile
East Asian*Material deprivation Q2-Q4
East Asian*Material deprivation Q5
East Asian*Material deprivation Q1
Other*Material deprivation Q2-Q4
Other*Material deprivation Q5
Other*Material deprivation Q1
South Asian*Material deprivation Q2-Q4
South Asian*Material deprivation Q5
South Asian*Material deprivation Q1
White*Material deprivation Q2-Q4
White*Material deprivation Q5
White*Material deprivation Q1
Year of HBV diagnosis
1990-1999
2000-2004
2005-2009
2010-2015

Acute HBV

Chronic HBV

2.30 (2.08-2.54)
1.00

1.43 (1.4-1.46)
1.00

5.22 (4.65-5.86)
1.00

2.88 (2.77-3.00)
1.00

5.25 (4.26-6.47)
1.00

5.75 (5.31-6.22)
1.00

0.58 (0.31-1.08)
1.00

0.97 (0.86-1.10)
1.00

0.90 (0.75-1.07)
1.00

1.01 (0.95-1.07)
1.00

0.72 (0.61-0.84)
1.00

0.75 (0.71-0.78)
1.00

1.21 (1.05-1.40)
1.58 (1.36-1.84)
1.00

0.97 (0.94-1.00)
0.99 (0.96-1.03)
1.00

7.55 (5.13-11.10)
5.32 (4.08-6.94)
2.98 (2.26-3.93)
1.77 (1.19-2.62)
1.56 (0.78-3.10)
2.23 (1.84-2.71)
2.53 (2.13-3.01)
1.84 (1.54-2.19)
1.57 (1.30-1.90)
1.00

1.43 (1.18-1.73)
1.72 (1.55-1.91)
1.87 (1.71-2.05)
2.06 (1.87-2.28)
2.34 (2.05-2.65)
0.90 (0.86-0.93)
1.11 (1.07-1.15)
1.21 (1.17-1.25)
1.24 (1.20-1.28)
1.00

1.71 (1.37-2.12)
2.61 (2.06-3.32)
2.05 (1.49-2.81)
0.97 (0.60-1.57)
1.15 (0.59-2.26)
0.89 (0.44-1.81)
1.81 (1.35-2.42)
2.44 (1.81-3.30)
1.02 (0.48-2.19)
1.08 (0.94-1.25)
1.33 (1.13-1.56)
1.00

13.39 (12.82-13.98)
15.98 (15.23-16.77)
11.69 (11.07-12.33)
3.32 (3.07-3.60)
4.23 (3.78-4.74)
2.62 (2.32-2.95)
1.42 (1.30-1.54)
1.41 (1.28-1.56)
1.55 (1.32-1.82)
1.03 (0.98-1.08)
1.36 (1.29-1.43)
1.00

1.00
0.10 (0.09-0.12)
0.03 (0.03-0.04)
0.00 (0.00-0.01)

1.00
0.27 (0.26-0.28)
0.14 (0.13-0.14)
0.05 (0.05-0.06)

IDU: Injection drug use; HIV: Human immunodeficiency virus; HCV: Hepatitis C virus; HBV: Hepatitis B virus; Q: Quintile.

1.55-1.91; 35-44 years: 1.87, 95%CI: 1.71-2.05;
45-54 years: 2.06, 95%CI: 1.87-2.28; 55 + years:
2.34, 95%CI: 2.05-2.65) (Figure 2B, Table 3). This
model also demonstrated that the relatively high odds
of chronic HBV among East Asians increased further
with worsening material deprivation [OR: Material
deprivation, Q1 (most privileged): 11.69, 95%CI:
11.07-12.33; Q2-Q4: 13.39, 95%CI: 12.82-13.98; Q5
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(most deprived): 15.98, 95%CI: 15.23-16.77) (Figure
2B, Table 3).

DISCUSSION
In this large population based cohort study, we assessed
over 1 million individuals for risk factors associated with
acute and chronic HBV infection in British Columbia. This

1222

March 21, 2018|Volume 24|Issue 11|

Binka M et al . Hepatitis B infection in British Columbia

A
Odds ratio (95%CI)
IDU, < 25
IDU, 25-34
IDU, 35-44
IDU, 45-54
IDU, 55+
NO IDU, < 25
NO IDU, 25-34
NO IDU, 35-44
NO IDU, 45-54

7.55 (5.13-11.10)
5.32 (4.08-6.94)
2.98 (2.26-3.93)
1.77 (1.19-2.62)
1.56 (0.78-3.10)
2.23 (1.84-2.71)
2.53 (2.13-3.01)
1.84 (1.54-2.19)
1.57 (1.30-1.90)

yr
yr
yr
yr
yr
yr
yr
yr
yr

East Asian, Material deprivation Q1
East Asian, Material deprivation Q2-Q4
East Asian, Material deprivation Q5
Other, Material deprivation Q1
Other, Material deprivation Q2-Q4
Other, Material deprivation Q5
South Asian, Material deprivation Q1
South Asian, Material deprivation Q2-Q4
South Asian, Material deprivation Q5
White, Material deprivation Q2-Q4
White, Material deprivation Q5

1.71 (1.37-2.12)
2.61 (2.06-3.32)
2.05 (1.49-2.81)
0.97 (0.60-1.57)
1.15 (0.59-2.26)
0.89 (0.44-1.81)
1.81 (1.35-2.42)
2.44 (1.81-3.30)
1.02 (0.48-2.19)
1.08 (0.94-1.25)
1.33 (1.13-1.56)
0.1

1
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Odds ratio for acute HBV

B

Odds ratio (95%CI)
IDU, < 25
IDU, 25-34
IDU, 35-44
IDU, 45-54
IDU, 55+
NO IDU, < 25
NO IDU, 25-34
NO IDU, 35-44
NO IDU, 45-54

yr
yr
yr
yr
yr
yr
yr
yr
yr

1.43 (1.18-1.73)
1.72 (1.55-1.91)
1.87 (1.71-2.05)
2.06 (1.87-2.28)
2.34 (2.05-2.65)
0.90 (0.86-0.93)
1.11 (1.07-1.15)
1.21 (1.17-1.25)
1.24 (1.20-1.28)
13.39 (12.82-13.98)
15.98 (15.23-16.77)
11.69 (11.07-12.33)
3.32 (3.07-3.60)
4.23 (3.78-4.74)
2.62 (2.32-2.95)
1.42 (1.30-1.54)
1.41 (1.28-1.56)
1.55 (1.32-1.82)
1.03 (0.98-1.08)
1.36 (1.29-1.43)

East Asian, Material deprivation Q1
East Asian, Material deprivation Q2-Q4
East Asian, Material deprivation Q5
Other, Material deprivation Q1
Other, Material deprivation Q2-Q4
Other, Material deprivation Q5
South Asian, Material deprivation Q1
South Asian, Material deprivation Q2-Q4
South Asian, Material deprivation Q5
White, Material deprivation Q2-Q4
White, Material deprivation Q5
0.1

1

10

100

Odds ratio for chronic HBV

Figure 2 Odds ratios for interactions of factors associated with hepatitis B infection in the British Columbia Hepatitis Testers Cohort, 1990-2015. A: Acute
hepatitis B infection; B: Chronic hepatitis B infection.

study shows two distinct patterns of risk factors among
people diagnosed with acute and chronic infections.
Acute HBV infections, indicative of new transmission
events, occurred predominantly among males, persons
aged between 25 and 34 years, White individuals,
and socioeconomically disadvantaged persons.
Problematic alcohol use, injection drug use, HIV and
HCV co-infection were also common within this group.
Individuals diagnosed with chronic HBV infection had
similar characteristics, but were predominantly older,
that is, aged between 35 to 44 years, and East Asian.
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Additionally, substance use and HIV or HCV co-infection
were relatively low within this group. These findings
highlight distinct risk patterns for individuals with acute
and chronic HBV infections within the province and
underscore the need for different strategies to prevent,
diagnose and treat HBV within these groups.
Persons with acute and chronic infections had
distinct co-infections and concurrent social condition
profiles. Problematic alcohol use, illicit drug use and
major mental illness were more common among
individuals diagnosed with acute HBV than among
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[1]

those with chronic HBV. Similarly, HBV/HCV, HBV/HIV
and HBV/HCV/HIV co-infection occurred 3 times more
frequently among individuals diagnosed with acute
infections. These findings are consistent with those
of studies in the United States and with observations
made among seroconverters and chronically infected
[17,18,23]
HCV positive individuals in the BC-HTC
. The
HBV vaccination rate in BC is high and the incidence
of acute HBV infections gradually declined to just 6
[7,24]
reported cases in 2015
. However, the current
opioid epidemic may lead to localized HBV transmission
among unvaccinated PWID, as was seen in suburban
[18,25]
United States
. In our study, the odds of acute HBV
were highest among younger persons and these agedependent odds were greatly elevated by injection drug
use among younger age groups. Younger PWID had
8-fold greater odds of being diagnosed with acute HBV
than older non-PWID and up to 3 times the odds of their
non-PWID of identical age. These findings demonstrate
the interconnected nature of HBV, HCV and HIV
infection, mental illness and alcohol/drug addiction and,
therefore, highlight the need for a syndemic approach
to significantly reducing new HBV infections. As the
incidence of vaccine preventable HBV infection typically
occurs among populations that are already affected by
many social conditions and infections, such an approach
should involve the integration of HBV prevention,
screening and treatment programs with those of HIV,
HCV, mental health and addiction programs.
Ethnicity was the most distinguishing factor between
individuals diagnosed with acute and chronic HBV in BC.
While over 75% of persons with acute HBV in the BCHTC were White, 60% of chronically infected persons
were East Asian. East Asian individuals had 12-fold
greater odds of being diagnosed with chronic HBV
than White persons, which worsened with declining
socioeconomic status. Recent studies from the US on
acute HBV infection also indicated that 57%-89% of
acute infections were among the White population, while
the majority of prevalent HBV infections were among
[12,13,17,18]
people from the Asia-Pacific region
. Similarly,
most individuals with chronic HBV in Australia in 2011
[10]
(38%) were born in the Asia-Pacific region . These
results mirror those observed in Canada (2007-2011),
where rates of chronic HBV among foreign-born
and non-White Canadians were estimated to be 4
[4]
and 5 times the national rates, respectively . Low
socioeconomic status within the East Asian community
may act as a double-edged sword; increasing their risk
of chronic HBV, while acting as a barrier to accessing
health care. East Asian immigrants may also face
additional barriers to health care, including language
and cultural barriers, and insufficient information to
[26-28]
make full use of the health care system
. Lack
of awareness about HBV and its effects on health, a
large proportion of unvaccinated individuals and low
awareness of vaccination status may also affect HBV
[28,29]
screening and treatment within this population
. In
general, the asymptomatic nature of HBV infection leads
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to late diagnosis after complications have developed .
Studies have shown that immigrants in Canada are
disproportionately affected by HCC and decompensated
cirrhosis and have up to 5 times greater risk of
death from these causes than their Canadian-born
[14,30,31]
counterparts
. Therefore, screening for HBV within
the East Asian population is vital for early diagnosis.
As the East Asian population in BC faces the additional
challenge of a high burden of TB, the integration of HBV
screening with TB screening and treatment programs
should create additional avenues for the identification
of undiagnosed HBV carriers within the East Asian
[32]
population in BC . The ethnicity-related differences in
acute and chronic HBV and related comorbidities and
social conditions emphasize the need for differentiated
programing for prevention, diagnosis and treatment by
ethnicity.
The differences in HBV risk factor patterns among
individuals diagnosed with acute and chronic HBV
infection in BC are also mirrored by the distinct patterns
[33]
of circulating HBV genotypes in both populations .
Between 2006 and 2012, genotype C viruses were
predominantly isolated from individuals with chronic
HBV, while genotype D viruses were prevalent among
[33]
persons diagnosed with acute HBV in Canada . As
a high rate of chronic HBV diagnoses in Canada occur
among immigrants form HBV endemic countries, these
distinctions in circulating HBV genotypes may be related
to the primary circulating strains in their home countries
[4,33]
as well as to differing modes of acquisition
. In
contrast to developed countries, major risk factors for
HBV acquisition in HBV endemic developing countries
include unsafe medical practices, for example, during
[34,35]
circumcision and dental procedures
. These
variations in circulating genotypes may have serious
implications for disease progression and treatment
outcomes among individuals diagnosed with either
[33,36]
acute or chronic HBV in Canada
. Indeed, the
elevated risk of HCC among African, Asian and
Alaskan populations may be linked to circulating HBV
[36]
genotypes . This reinforces the need for ethnicitybased screening programs that go beyond the ongoing
prenatal screening, and neonatal/preadolescent
vaccination programs for immigrants originating from
[37]
HBV endemic countries in certain parts of Canada .
The findings of this study should be interpreted in
the light of following methodological considerations. As
inclusion in the BC-HTC is dependent on either testing
for HCV or HIV at the public health laboratory or being
reported as confirmed cases of HIV, HCV, HBV or TB,
individuals who test negative for HBV and do not meet
any of the aforementioned criteria were excluded from
our dataset. However, given the large number of HBV
negative individuals in the study, we do not expect
any major impact on our findings. Data on vaccination
status, household contacts, sexual transmission and
orientation were not available, which could have further
enhanced our understanding of HBV epidemiology
within the province. Additionally, ethnicity classifications

1224

March 21, 2018|Volume 24|Issue 11|

Binka M et al . Hepatitis B infection in British Columbia
White individuals. Persons diagnosed with acute and chronic HBV infections
may differ with respect to demographics and risk behavior. These distinctions
may have implications for interventions targeted at either population.
Additionally, 49% of persons with chronic HBV and decompensated cirrhosis
and 46% of those with HCC in British Columbia (BC) were diagnosed late in
the course of their infections. Therefore, establishing the characteristics of
individuals who are more likely to be infected with HBV could enhance the
planning of prevention and screening programs to further reduce late diagnoses
within the province.

in our analysis may be affected by the variable
[20]
sensitivity of Onomap in assigning Asian ethnicities .
Onomap was validated on a subset of the BC-HTC and
showed low sensitivity for Filipinos. This may have
resulted in the misclassification of East Asians from the
Philippines as Whites and in the underestimation of the
HBV in East Asian population. Previous studies have
shown that foreign-born and Indigenous Canadians
have a higher prevalence of chronic HBV relative to
Canadian-born and non-Indigenous Canadians, respe
[5,30,38]
ctively
. Similar findings have been reported in
[10,39]
Australia and the United States
. Therefore, future
analyses incorporating Indigenous and immigration
status would provide additional insights for more
tailored prevention and screening programs.
In summary, our findings show distinct charac
teristics of people diagnosed with acute and chronic
infection in BC. Persons diagnosed with acute infection
had a high level of substance use, co-infection with HIV
or HCV, and were predominantly young White males.
As acute HBV infection co-occurs with other infections
and social conditions, a syndemic approach, where HBV
prevention, screening, and treatment programs are
integrated with those of other sexually transmitted and
blood-borne infections as well as with mental health and
addiction care would be an optimal approach for further
reducing the incidence of acute HBV in the province and
providing care to those diagnosed with acute HBV.
In contrast, the majority of chronic HBV infections
in BC were diagnosed among East and South Asian
individuals, who had very low levels of illicit drug and
problem alcohol use, major mental illness and coinfection with HIV or HCV. Since traditional risk behavior
and viral co-infection are less common among persons
with chronic HBV infections, risk-based screening and
prevention programs may impact only a fraction of
such individuals. Given the asymptomatic nature of the
disease and the grave health-related consequences of
untreated HBV infection, organized screening programs
are urgently needed to facilitate early diagnosis within
the immigrant population in BC. Therefore, HBV
screening and treatment programs focusing specifically
on foreign-born East and South Asian population within
BC would be necessary to have a significant impact on
HBV-related disease burden within the province.

Research objectives

In this study, we describe the characteristics of individuals diagnosed with
acute and chronic HBV infections and identify the factors associated with HBV
infection within the BC Hepatitis Testers Cohort (BC-HTC). We are unaware
of any study comparing large population level data for both acute and chronic
HBV. Study findings should inform prevention and screening programs within
BC.

Research methods

We used data from the BC Hepatitis Testers Cohort (BC-HTC), which includes
all individuals tested for HCV or HIV and those diagnosed with HBV or TB in
BC since 1990. These data were integrated with prescription drug, medical
visit, hospitalization and mortality data. HBV cases were classified as acute or
chronic in accordance with provincial guidelines. We compared characteristics
of individuals by HBV infection group (acute, chronic and negative). Factors
associated with acute or chronic HBV infection were assessed with multivariable
multinomial logistic regression models in comparison with the HBV negative
group.

Research results

46498 of the 1058056 eligible BC-HTC participants were diagnosed with HBV
infection; 95.7% with chronic infections at HBV diagnosis. Acute HBV infections,
indicative of new transmission events, were diagnosed predominantly among
males, persons aged between 25 and 34 years, White individuals, and
socioeconomically disadvantaged persons. Problematic alcohol use, injection
drug use, HIV and HCV co-infection were also common within this group.
Individuals diagnosed with chronic HBV infection were predominantly older
and East Asian. Additionally, substance use and HIV or HCV co-infection were
relatively low within this group. Relative to Whites, East Asians had 12 times
greater odds of being diagnosed with chronic HBV infection. These odds
increased with increasing socioeconomic deprivation.

Research conclusions

These findings highlight distinct risk patterns for individuals with acute and
chronic HBV infections and underscore the need for different strategies to
prevent, diagnose and treat HBV within these groups. Optimal care for acute
HBV would require the integration of HBV prevention, screening, and treatment
programs with programs for mental health, addiction and other blood-borne
infections. Managing chronic HBV, on the other hand, may require screening
programs focusing on at-risk ethnic groups, including foreign-born East and
South Asians with low prevalence of traditional risk factors, for early diagnosis
and treatment initiation.

Research perspectives

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Hepatitis B virus (HBV) affects approximately 200000 Canadians and 257
million people worldwide. In many developed countries, a relatively larger
number of people are diagnosed with chronic HBV compared to acute HBV,
each year. Chronic HBV infection is associated with 66% of the 1.34 million viral
hepatitis-related deaths reported worldwide. It is responsible for a substantial
disease burden from liver cancer and end-stage liver disease.

We found clear differences in the characteristics of individuals diagnosed
with acute and chronic HBV in BC. Consequently, we propose two distinct
interventions for the management of acute and chronic HBV in the province:
the integration of HBV-related public health programs with those of blood borne
infection programs and mental health services to provide optimal care for
populations at risk for acquiring acute HBV, and the implementation of targeted
screening programs for early diagnosis among ethnic groups at risk for chronic
HBV.
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Core tip: We assessed the levels of different immune
modulatory cytokines and innate immune cells as natural
killer (NK) cells and dendritic cells (DCs) in patients
with disease progression of hepatocarcinogenesis. Our
results showed significant down-regulation in active
mDCs and pDCs expressing CD40 as well as NK cells
expressing NKG2D. The expression of NKG2D on NKs
was not expressed in 63% of hepatocellular carcinoma
(HCC) patients. Also, there was significant decrease of
interleukin (IL)-2, interferon-α and interferon-γ, and
a significant increase in IL-10, IL-1β, and TNF-αR2 in
HCC patients. These factors could be implicated in the
pathogenesis of HCC, and represent attractive targets
for therapy in chronic hepatitis C virus hepatitis and
HCC.

Abstract
AIM
to assess the levels of different immune modulators
in patients with hepatocellular carcinoma (HCC), in
relation to other hepatic diseases.
METHODS
Eighty-eight patients were included in the current
study and represented patients with HCC (20), liver
cirrhosis (28) and chronic hepatitis (CH; 25), and
normal controls (NC; 15). Peripheral blood was isolated
for immunophenotyping of active myeloid dendritic
cells (mDCs; CD1c and CD40), mature inactive myeloid
cells (CD1c and HLA), active plasmacytoid cells (pDCs;
CD303 and CD40), mature inactive pDCs (CD30 and
HLA), active natural killer (NK) cells (CD56 and CD161),
active NK cells (CD56 and CD314) and inactive NK
cells (CD56 and CD158) was done by flow cytometry.
Serum levels of interleukin (IL)-2, IL-10, IL-12, IL-1β,
interferon (IFN)-α, IFN-γ and tumor necrosis factor
(TNF)-αR2 were assessed by ELISA.

Zekri AN, El Deeb S, Bahnassy AA, Badr AM, Abdellateif MS,
Esmat G, Salama H, Mohanad M, El-dien AE, Rabah S, Abd
Elkader A. Role of relevant immune-modulators and cytokines in
hepatocellular carcinoma and premalignant hepatic lesions. World
J Gastroenterol 2018; 24(11): 1228-1238 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i11/1228.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i11.1228

RESULTS
Active mDCs (CD1C+/CD40+) and inactive mDCs
(CD1c+/HLA+) were significantly decreased in HCC
patients in relation to NC (P < 0.001). CD40+ expression
on active pDCs was decreased in HCC patients (P <
0.001), and its level was not significantly changed
among other groups. Inactive pDCs (CD303+/HLA+),
inactive NKs (CD56+/CD158+) and active NKs (CD56+/
CD161+) were not statistically changed among the
four groups studied; however, the latter was increased
in CH (P < 0.05). NKG2D was statistically decreased
in HCC, CH and cirrhosis (P < 0.001), and it was not
expressed in 63% (12/20) of HCC patients. There was
significant decrease of IL-2, IFN-α and IFN-γ (P < 0.001),
and a significant increase in IL-10, IL-1β, and TNF-αR2
(P <0.01, P < 0.001 and P < 0.001; respectively) in
HCC patients. There was inverted correlation between
IL-12 and IL-1β in HCC (r = -0.565, P < 0.01), with a
strong correlation between pDCs (CD303+/CD40+)
and NKs (CD56+/CD161+; r = 0.512, P < 0.05) as well
as inactive mDCs (CD1c+/HLA+) and inactive NK cells
(CD56+/CD158+; r = 0.945, P < 0.001).

INTRODUCTION
Hepatocellular carcinoma (HCC) is a major health
problem worldwide. It is the sixth most common cancer
and the second leading cause of cancer-related death
[1]
in the world . In Egypt, HCC ranks the first among
nd
cancers in males (33.6%), and the 2 in females
[2]
after breast cancer (13.5%) . This high incidence is
attributed to the high prevalence of hepatitis C virus
[3]
(HCV) infection, especially of genotype IV, in Egypt .
Despite advances in treatment modalities, sorafenib
is still the only treatment approved by the Food and
Drug Administration (FDA) for HCC; however, it extends
the overall survival by 3 mo only. Hence, it is crucial
to understand the underlying biological and immunolo
gical changes in HCC and to develop new treatment
[4,5]
modalities based on these data .
The body’s immune defense mechanism(s) plays an
important role in the inhibition or progression of cancer.
However, tumors can escape immune surveillance by
producing a local and/or systemic immune-suppressive
[6]
environment . Although the underlying molecular
mechanisms are not yet fully clear, recent studies show
that the immune response in cancer patients is usually
down-regulated by immunosuppressive cells, mainly T
regulatory cells (Tregs) and myeloid-derived suppressor
cells (MDSCs), which suppress the immune system
[7]
and promote immunologic tolerance . These inhibitory
cells accumulate during advanced cancer stages.
They are involved in chronic inflammation and tumor
progression and they can inhibit many immune cells

CONCLUSION
NKG2D, CD40, IL-2 and IL-10 are important modulators
in the development and progression of HCC.
Key words: Hepatocellular carcinoma; Hepatitis C virus;
NKG2D; CD40; interleukin-2; interleukin-10; myeloid
dendritic cells; plasmacytoid cells; natural killer cell;
Cytokines
© The Author(s) 2018. Published by Baishideng Publishing
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[8]

(e.g., CD4+, CD8+, natural killer (NK) cells) . They
also secrete many immune-suppressive cytokines, such
as interleukin (IL)-6, IL-10, and transforming growth
factor (TGF)-β, creating a tolerogenic and suppressive
[9]
environment .
The NK cells represent 25%-30% of the human
liver lymphocytes, compared to 10%-20% of the
[10]
total peripheral blood lymphocytes . They are the
main effector cells of innate immunity, which play
an important role in tumor surveillance. The NK cells
achieve their functions through the release of cytolytic
mediators, such as perforin and granzymes, or the
induction of apoptosis via the expression of tumor
[11]
necrosis factor (TNF) ligands and interferon (IFN)-γ .
Activation of NK cells is strictly regulated by a balance
between activating and inhibitory signals, whereas
the inhibitory signals are mainly induced by receptors
for MHC class I molecules (KIRs, CD94/NKG2A). The
activating signals are mainly achieved through NKG2D,
a C-type lectin-like receptor which is expressed on
[12,13]
NK cells, γδ T cells and CD8+ T cells
. NKG2D is
responsible for detection and elimination of transformed
cells via binding to MICA (MHC class I–related chain),
[14]
MICB and the UL16-binding proteins . Activation
of NKG2D provides unique costimulation to antigenspecific CD8 T cells that is non-redundant to CD28
[15]
costimulation .
Dendritic cells (DCs) are the most professional
antigen-presenting cells which respond rapidly to
microenvironment signals. Upon maturation by tumor
antigen, cross-priming to T and B lymphocytes occurs
[16]
to produce antitumor adaptive immune responses .
There are two subsets of DCs: the myeloid dendritic
cells (mDCs), which are characterized by their ability
to produce IL-12; and, the plasmacytoid cells (pDCs),
which are responsible for the production of over 95%
[17]
of type-I IFNs in response to viral infection . On
activation, the CD8+ cytotoxic T cells (CTLs) eliminate
tumor cells by the production of IFN-γ, whereas CD4+
T helper cells stimulate B cells to support the cytotoxic
[18]
and humoral immune response .
IL-1β is a regulatory cytokine produced by tumor and
immune cells, such as MDSCs. It also induces COX-2
expression, which prevents maturation and activation of
[19]
antigen presenting cells at the tumor site .
In the current study, we assessed the role(s) of
different immune regulatory cells and cytokines in the
development and progression of chronic liver disease
(chronic active hepatitis, cirrhosis and HCC) compared
to the normal healthy volunteers. We believe that this
could allow for better understanding of different path
ways implicated in the development and progression of
hepatocarcinogenesis, and could also help in designing
new immune-therapeutic drugs.

the medical oncology clinics of the National Cancer
Institute (NCI), Cairo University during the period from
2014 to 2016. Patients were divided into four groups:
HCC (20 patients - G1), liver cirrhosis (28 patients
- G2), chronic hepatitis (CH; 25 patients - G3) and
normal healthy volunteers as a control group (NC; 15
persons, matched for age and sex - G4). The Ethical
Committee of the NCI, Egypt approved the study
protocol and an informed consent was obtained from
all participants before enrollment in the study.

Characterization of immune cells by flow cytometry

Peripheral blood samples were isolated from patients
and healthy subjects for immunophenotyping of active
mDCs (CD1c and CD40), mature inactive myeloid cells
(CD1c and HLA), active pDCs (CD303 and CD40),
mature inactive pDCs (CD303 and HLA), active NK cells
(CD56 and CD161), active NK cells (CD56F CD314) and
inactive NK cells (CD56 and CD158) using the specific
monoclonal antibodies according to manufacturer’s
protocols (all monoclonal antibodies were purchased
from Invitrogen, eBioscience, San Diego, CA, United
States). Samples were then analyzed by flow cytometry
(FACSCaliber; Becton and Dickenson, Franklin Lakes,
NJ, United States).

Detection of cytokine levels by ELISA

Serum levels of IL-2, IL-10, IL-12, IL-1β, IFN-α, IFN-γ
and TNF-αR2 were measured by the ELISA technique,
according to manufacturer’s instructions (Invitrogen,
eBioscience), using ELISA reader (Sunrise; Tecan,
Mannedorf, Switzerland).

Statistical analysis

Data were expressed as mean ± SE of mean for
continuous variables. Comparison between cytokine
levels and immune cells were performed using oneway analysis of variance followed by Tukeys’ post hoc
test. Pearson’s correlation was used to assess the
strength of correlation between different variables and
a two-tailed P-value was determined. The P-value was
considered significant at < 0.05. All statistical analyses
were performed using SPSS, version 22 (IBM SPSS,
Armonk, NY, United States).

RESULTS
Patients’ characteristics

The mean age of the patients included in the current
study was 57.1 ± 4.76 for HCC, patients, 51.29 ± 9.03
for liver cirrhosis patients, 49.64 ± 7.2 for CH patients
and 42.9 ± 10.2 for NC (Table 1).

Flow cytometry data

There was a significant decrease in active mDCs
(CD1C+/CD40+) and inactive mDCs (CD1c+/HLA+) in
HCC patients compared to the NC group (P < 0.001),
as well as in active mDCs (CD1C+/CD40+) in cirrhotic
patients compared to CH patients (P = 0.003; Table

MATERIALS AND METHODS
Patients

The current study included 88 patients who attended
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Table 1 Patient characteristics

Sex
Male
Female
Age, mean ± SD
HCV
Total

Normal

Chronic hepatitis

Cirrhosis

HCC

11 (73.3 )
4 (26.7)
42.9 ± 10.2
+ve
15

9 (36.0)
16 (64.0)
49.64 ± 7.2
+ve
25

19 (67.9)
9 (32.1)
51.29 ± 9.03
+ve
28

19 (95.0)
1 (5.0)
57.1 ± 4.76
+ve
20

Data are presented as n (%), unless otherwise specified. HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus.
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Figure 1 Heatmap of the differential levels of (A) active myeloid dendritic cells, (B) inactive myeloid dendritic cells, (C) active plasmacytoid cells, and (D)
inactive plasmacytoid cells in the four groups studied. HCC: Hepatocellular carcinoma.

decreased in HCC, CH and cirrhotic patients compared
to the NC group (P < 0.001), indicating an important
role of these cells in the pathogenesis of HCC (Table
2). The expression of all cell types in each patient
showed that active NK cells (CD56+/CD314+) were not
expressed in 63% (12/20) of HCC patients. However, 2
patients showed unexplainable high variability (Figure 2).
We also found a significant decrease in the active
NK cells (CD56+/CD314+; P < 0.05) and active
pDCs (CD303+, CD40+; P < 0.05) compared to the
inactive NK cells (CD56+/CD158+) and inactive pDCs
(CD303+/HLA+) respectively in HCC. To the contrary,

2). Also, the expression level of CD40+ on active pDCs
(CD303+) was significantly decreased in HCC compared
to the NC group (P < 0.001). However, there was no
significant difference from the other groups (cirrhosis
and CH). Meanwhile, the level of inactive pDCs (CD303+/
HLA+) did not differ significantly between the four
groups studied (Table 2, Figure 1).
The level of the nonactive NK cells (CD56+/CD158+)
did not differ significantly among groups. However, the
active NK cells (CD56+/CD161+) showed a significant
increase in the CH group (P < 0.05), whereas the level
of active NK cells (CD56+/CD314+) was statistically
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Table 2 Differential counts of nature killer cells and dendritic cells among the studied groups

Active mDCs (CD1C+/CD40+)
Inactive mature mDCs (CD1c+/HLA+)
Active pDCs (CD303+/CD40+)
Inactive mature pDCs (CD303+/HLA+)
Active NK cells (CD56+/CD161+)
Inactive NK cells (CD56+/CD158+)
Active NK cells (CD56+/CD314+)

Normal

Chronic hepatitis

Cirrhosis

HCC

P value

652.4 ± 15.9A1
627.1 ± 14.8A
782.2 ± 89.6A
727.5 ± 18.7A
535 ± 83.4AB
710.3 ± 127.9A
585.5 ± 35.9A

154.1 ± 40.9B
134.4 ± 37.1B
237.8 ± 56.2B
318.5 ± 61.4A
1166.3 ± 426.3B
656.3 ± 235.7A
188.5 ± 69.4B

25.5 ± 4.3C
54.7 ± 12.3B
164.1 ± 45.9B
385.7 ± 233.3A
399.8 ± 139.8AB
462.6 ± 105.3A
123.5 ± 47.6B

82.8 ± 28.7BC
121.8 ± 44.8B
251 ± 55.9B
339.2 ± 67.5A
145.5 ± 30.2A
456.7 ± 218.1A
196 ± 110.8B

< 0.001
< 0.001
< 0.001
0.339
< 0.05
0.708
< 0.001

Data are presented as mean ± SEM. 1Groups having the same letters in the same variable are statistically insignificant. HCC: Hepatocellular carcinoma;
mDCs: Myeloid dendritic cells; NK: Natural killer; pDCs: Plasmacytoid cells.
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Figure 2 Heatmap of the differential levels of (A) active natural killer cells (CD56+/CD314+), (B) inactive natural killer cells (CD56+/CD158+), and (C) natural
killer cells (CD56+/CD161+) in the four groups studied. HCC: Hepatocellular carcinoma.

compared to the NC group (P < 0.01, P < 0.001
and P < 0.001 respectively). However, there was no
statistically significant change in the serum level of
IL-12 (P = 0.393) among the four groups studied (Table
3, Figure 4).
Significant correlation was also reported in HCC
patients between (1) serum level of IL-12 and IL-1β
(r = -0.565, P < 0.01), (2) expression of CD40 on

the NK cells (CD56+/CD161+) and the mDCs did not
differ significantly between groups (Figure 3).

Serum levels of cytokines

There was a significant decrease in serum levels of
IL-2, IFN-α and IFN-γ in HCC patients compared to
the NC group (P < 0.001), and a significant increase
in serum levels of IL-10, IL-1β and TNF-αR2 in HCC
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Table 3 Levels of the studied cytokines among different studied groups

IL-2
IL-10
IL-12
IL-1β
IFN-α
IFN-γ
TNF-αR2

Normal

Chronic hepatitis

Cirrhosis

HCC

P value

22.13 ± 2.21A1
74.8 1 ± 1.34A
0.06 ± 0.01A
3.46 ± 0.15A
31.20 ± 0.67A
20.47 ± 0.49A
6.03 ± 0.07A

16.28 ± 2.12B
98.46 ± 4.01AB
0.09 ± 0.01A
6.48 ± 0.58A
32.28 ± 1.44A
29.75 ± 0.68B
13.25 ± 1.73A

11.36 ± 0.95C
104.11 ± 9.35B
0.15 ± 0.06A
6.71 ± 2.39A
21.31 ± 1.01B
17.51 ± 1.18C
10.09 ± 0.97A

10.24 ± 0.64C
132.1 ± 14.26C
0.08 ± 0.01A
21.38 ± 4.88B
18.49 ± 1.37B
10.46 ± 0.56D
47.42 ± 6.74B

< 0.001
< 0.01
0.393
< 0.001
< 0.001
< 0.001
< 0.001

Data are presented as mean ± SEM. 1Groups having the same letters in the same variable are statistically insignificant. HCC: Hepatocellular carcinoma; IFN:
Interferon; IL: Interleukin; TNF: Tumor necrosis factor.
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Figure 3 Balance between active and inactive natural killer cells, plasmacytoid cells, and myeloid dendritic cells in hepatocellular carcinoma patients in
relation to the normal group. aP < 0.05. HCC: Hepatocellular carcinoma; mDCs: Myeloid dendritic cells; NK: Natural killer; pDCs: Plasmacytoid cells.

pDCs (CD303+, CD40+) and active NK cells (CD56+/
CD161+; r = 0.512, P < 0.05), and (3) inactive
mDCs (CD1c+/HLA+) and inactive NK cells (CD56+/
CD158+; r = 0.945, P < 0.001) (Figure 5A-C).
Patients with chronic active hepatitis showed strong
significant correlation between active NK cells (CD56+/
CD161+) and both IL-2 and IL-12 (r = 0.549, P =
0.004 and r = 0.660, P < 0.001 respectively). Strong
correlations were also reported between the expression
of CD314 on NK cells and IL-2 (r = 0.548, P < 0.01)
and active mDCs CD1c+/CD40+ (r = 0.577, P = 0.003).
The level of IL-10 was strongly correlated with (1)
increased inactive NK cells (CD56+/CD158+; r = 0.604,
P = 0.001) and (2) inactive mDCs CD1c+/HLA+ (r =
0.588, P = 0.002; Table 4).

or prevent the progression of cancer depends on the
tumor microenvironment. Thus, this study was designed
to assess the levels of different immune modulators and
cytokines in patients with HCC, nonmalignant hepatic
diseases (e.g., CH and liver cirrhosis) compared to a
normal group. This would enable us to study different
pathways that help in identifying immune cells or
biomarkers that may be implicated in hepatocellular
carcinogenesis. This may also explain why liver disease
progresses more rapidly in some patients than in others
and provides additional therapeutic modalities for viral
infections and HCC (immunotherapy).
One of the most powerful antigen presenting cells
is the DC, which plays an important role in antitumor
immune response. Our data revealed that active and
inactive mDCs were significantly decreased in HCC
patients compared to the NC group (P < 0.001);
however, the level of active mDCs (CD1C+/CD40+)
was significantly decreased in cirrhosis compared to CH

DISCUSSION
Identification of inflammatory mediators which promote
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Table 4 Correlation between dendritic cell and nature killer cell count and the levels of studied cytokines in chronic active hepatitis
IL-2
Active NK cells (CD56+/CD161+)
Active NK cells (CD56+/CD314+)

IL-12
b

r = 0.549
P = 0.004
r = 0.548a
P = 0.005

IL-10

Active mDCs (CD1c+/CD40+)

b

r = 0.660
P < 0.001

r = 0.604b
P = 0.001
r = 0.588b
P = 0.002

Inactive NK cells (CD56+/CD158+)
Inactive mDCs (CD1c+/HLA+)

r = 0.577b
P = 0.003

a

P < 0.05 (2-tailed); bP < 0.01 (2-tailed). IL: Interleukin; mDCs: Myeloid dendritic cells; NK: Natural killer.

patients (P = 0.003). These data are consistent with
[20]
Obermajer et al , who reported that the inhibition of
DC maturation in HCC may prove to be a critical feature
of tumor escape, as well as with another two recent
studies which reported numerical and functional defects
in the peripheral DCs in hepatitis B- and C-associated
[21,22]
HCC patients
.
The pDC (CD303+, CD40+) represents the major
cell responsible for antiviral immunity, and the main
source of IFN-α in the body. Our data revealed that
the expression level of CD40+ on active pDCs was
significantly decreased in HCC patients compared to NC
(P < 0.001). Meanwhile, inactive pDCs (CD303+/HLA+)
did not change significantly among the four groups
studied. This was also confirmed by the significant
decrease of serum IFN-α, and the increase of IL-10 in
HCC patients compared to the NC group (P < 0.001
and P < 0.01 respectively). This is in concordance
with previous reports showing that IL-10 inhibits IFN-α
[23,24]
production and promotes apoptosis of human pDCs
.
[25]
Moreover, Gonzalez-Carmona et al demonstrated that
cancer patients had low CD40 expression on DCs or
CD40L on T cells, which is associated with an impaired
[26]
immune response, and Shurin et al reported that the
tumor-derived IL-10 inhibits CD40 expression on DCs
and DC precursors and suppresses their maturation and
function.
NK cells play an important role in controlling viral
hepatitis, liver fibrosis and carcinogenesis. Their fun
ctions are modulated by different classes of receptors
[27]
present on its surface . Thus, it is essential to identify
the roles of these cells in different stages of HCC
development. Among these, we investigated the role
of the killer cell immunoglobulin-like receptors (KIR;
CD158), NKR-P1A (CD161) and NKG2D (CD314) in HCV
CH patients, and in liver cirrhosis and its progression to
HCC.
Our results revealed that the expression of the
inhibitory KIR (CD158+) receptors and the activating
NKR-P1A (CD161) on NK cells was not statistically
changed between HCC and NC (P = 0.827 and P =
0.788 respectively). Thus, these two pathways may
not be involved in the pathogenesis of HCC. However,
the latter were statistically increased in CH (P < 0.05).
This result was supported by our finding of a strong
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statistical correlation between the expression of CD161
on NK cells and IL-12 (r = 0.77, P < 0.001) in patients
with HCV chronic active hepatitis. This illustrates the
role of NK cells (CD56+/CD161+) in viral hepatitis.
On the other hand, the level of active NK cells
expressing NKG2D were statistically decreased in HCC,
CH and cirrhosis in relation to the NC group (P < 0.001),
which could indicate the implication of these cells in the
progression of HCC. This was clarified by representing
its expression in each patient, it was not expressed
in 63% (12/20) of HCC patients, emphasizing its
important role in HCC development. These data were
[28]
[29]
consistent with Lanier et al . Yoon et al
reported
that direct interaction between human NK cells and
HCV-infected hepatoma cells down-regulates NK
cell NKG2D expression and effector function with
diminished IFN-γ production. Another study carried out
[30]
by Kamiya et al
demonstrated that NKG2D was an
important mediator of antiHCC activity. On the contrary,
[31]
Oliviero et al
found a decreased percentage of NK
cells expressing the inhibitory receptor KIR3DL1 and a
+
concomitant increase in the proportion of NKG2D NK
cells in Italian patients with chronic HCV. This could be
explained by racial and environmental differences with
different viral genotypes, and also according to the
clinical stage.
Our results regarding DCs and NK cells were
supported by assessment of the cytokine serum levels
in the four groups studied. We found that there was a
significant increase in IL-1β (P < 0.001) in HCC patients
compared to the NC group. However, there was no
statistically significant change in the serum level of
IL-12 (P = 0.393) among the four groups studied.
Furthermore, we had a significant increase in the serum
level of IL-10 in the cirrhosis and HCC groups compared
to the NC group. This is consistent with Accapezzato
[32]
et al . IL-10 is important for allowing liver NK cells
[33]
to maintain immune-tolerant states . Its significant
increase in HCC patients is responsible for the abnormal
tolerant NK cells that cannot eliminate infected or
transformed cells, which leads to immune evasion.
In the current study, there was a significant de
crease of the serum levels of IFN-γ in chronic HCV
hepatitis, cirrhosis and HCC patients in comparison to
[34]
NC (P < 0.001). This is in agreement with Li et al ,
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who found that NK cells cultured with cancer-associated
fibroblasts from HCC (H-CAFs) down-regulate NKG2D
and NKp46 and decrease expression of granzyme B,
perforin and INF-γ. Later, another study showed that
TGF-β and IL-10 in hepatic carcinoma patients induce
the expression of microRNA (miR)-146a, which causes
reduced IFN-γ production and cytotoxicity, resulting in
[35]
[36]
a poorer prognosis . Meanwhile, Zhang et al found
that MDSCs selectively suppressed the IFN-γ production
deriving from NKT cells through membrane-bound
TGF-β.
IL-2 plays a critical role in activation of the immune
system, which could be used to eradicate cancer. It
has been demonstrated as a monotherapy, and was
approved for metastatic renal cell carcinoma and
[37]
metastatic melanoma by the FDA . Our results
showed a significant increase in TNF-αR2 (P < 0.001)
and significant decrease in IL-2 (P < 0.001) in HCC
patients in relation to other groups, consistent with
[38,39]
our previous results
that concluded the possible
use of serum TNFR-II, IL-2Ra and IL-8 as combined
biomarkers in HCV-infected patients at high risk of
developing HCC.
Another important finding in the current study
was that HCC patients had a significant decrease of
active NK cells (CD56+/CD314+; P < 0.05) and active
pDCs (CD303+, CD40+; P < 0.05) in comparison to
inactive NK cells (CD56+/CD158+) and inactive pDCs
(CD303+/HLA+) respectively. NK cells expressing
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CD56+/CD161+ and mDCs were not statistically
affected. This revealed the importance of these two
subsets of cells [active NK cells (CD56+/CD314+), and
active pDCs (CD303+, CD40+)] in the pathogenesis of
HCC, and allows for further research around the state
of this imbalance that emerges in HCC patients.
We conclude that there are immunological changes
occurring in HCC patients which could be possible candi
date(s) for future immunotherapy for these patients.
Among these are the NK cells expressing NKG2D and
pDCs expressing CD40, IL-2 and IL-10. These factors
could be implicated in the pathogenesis of HCC, and
provide an attractive target for therapeutics in chronic
HCV hepatitis and liver cancer.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Hepatocellular carcinoma (HCC) is a major health problem worldwide and
mainly in Egypt due to the high prevalence of hepatitis C virus (HCV) infection,
especially of genotype IV. It ranks the first among cancers in males (33.6%),
and the 2nd in females after breast cancer. Sorafenib is still the only treatment
approved by the Food and Drug Administration for HCC; however, it extends the
overall survival by 3 mo only. Hence, it is crucial to understand the underlying
biological and immunological changes in HCC Egyptian patients, and to
develop new treatment modalities based on these data.

Research motivation

The immune system plays an important role in suppression of cancer. However,
tumors can escape immune surveillance by producing an immune-suppressive
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environment, for which the underlying mechanisms are not fully clear. Recent
studies show that the immune response in HCC patients is usually downregulated by immunosuppressive cells (myeloid-derived suppressor cells
and T regulatory cells) that are involved in chronic inflammation and tumor
progression. Also, these inhibitory cells secrete many immune-suppressive
cytokines, such as interleukin (IL)-6, IL-10 and transforming growth factor-β,
creating a tolerogenic and suppressive environment[9].

2

3

Research objectives

The objective of this study was to assess the levels of different immune
modulators and cytokines that may play a role in the pathogenesis of HCC and
other hepatic diseases (e.g., chronic hepatitis and liver cirrhosis) compared to a
normal group. This would help in identifying additional therapeutic modalities for
viral infections and HCC in the context of immunotherapy.

4

Research methods

This retrospective cohort study included 88 patients who attended the medical
oncology clinics of the National Cancer Institute, Cairo University during the
period from 2014 to 2016. Patients were divided into the HCC group (20
patients-G1), liver cirrhosis group (28 patients-G2), chronic hepatitis group
(CH; 25 patients-G3) and normal healthy volunteers as a control group (NC;
15 persons). The immune system of the patients was assessed through
immunophenotyping of CD1c and CD40, CD1c and HLA, CD303 and CD40,
CD303 and HLA, CD56 and CD161, CD56 and CD314, and CD56 and CD158
by flow cytometry. On the other hand, serum levels of IL-2, IL-10, IL-12, IL-1β,
interferon (IFN)-α, IFN-γ and tumor necrosis factor (TNF)-αR2 were measured
by the ELISA technique, according to the manufacturer’s instructions. Data
were expressed as mean ± SE of mean, and statistical comparison between
cytokine levels and immune cells were performed.

5

6
7
8
9

Research results

There was a significant decrease in active and inactive mDCs in HCC patients
compared to the NC group, as well as active mDCs (CD1C+/CD40+) in cirrhotic
patients compared to CH patients. The expression level of CD40+ on active
pDCs (CD303+) was significantly decreased in HCC compared to the NC.
However, there was no significant difference with the other groups (cirrhosis
and CH). Meanwhile, the level of inactive pDCs (CD303+/HLA+) and inactive
NK cells (CD56+/CD158+) did not differ significantly between the four groups
studied.
The active NK cells (CD56+/CD161+) showed a significant increase in
the CH group, whereas the level of active NK cells (CD56+/CD314+) was
statistically decreased in HCC, CH and cirrhotic patients compared to the NC
group, indicating an important role of these cells in the pathogenesis of HCC.
The individual expression of each cell type in patients showed that active NK
cells (CD56+/CD314+) were not expressed in 63% (12/20) of HCC patients.
There was a significant decrease in serum levels of IL-2, IFN-α and
IFN-γ in HCC patients compared to the NC group, and a significant increase in
serum levels of IL-10, IL-1β and TNF-αR2 in HCC compared to the NC group.
However, there was no statistically significant change in the serum level of
IL-12 among the four groups studied.

10

11

12
13

14

Research conclusions

We conclude that there are immunological changes occurring in HCC patients
in relation to other liver diseases. The related immunological factors are
NKG2D expressed on NK cells, and pDCs expressing CD40, IL-2 and IL-10.
These factors could be implicated in the pathogenesis of HCC, and represent
attractive targets for therapeutics in chronic HCV hepatitis and liver cancer.

15

16

Research perspectives

NKG2D, CD40, IL-2 and IL-10 could be a possible candidate for future
immunotherapy for HCC patients. However, further studies are recommended
regarding correlation of these factors and clincopathological features as well as
the overall survival of the patients.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Committee for Medical Ethics of Shinshu
University School of Medicine Institutional Review Board.

AIM
To examine the relationship between serum autotaxin
(ATX) concentrations and clinicopathological findings in
non-alcoholic fatty liver disease (NAFLD) patients.

Informed consent statement: Written informed consent was
obtained from all patients.
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[1,2]

METHODS
One hundred eighty-six NAFLD patients who had
undergone liver biopsy between 2008 and 2017 were
retrospectively enrolled. Serum samples were collected
at the time of biopsy and ATX was measured by enzyme
immunoassays. Sera obtained from 160 healthy, nonobese individuals were used as controls. Histological
findings were graded according to an NAFLD scoring
system and correlations with serum ATX were calculated
by Spearman’s test. Diagnostic accuracy was evaluated
using the area under the receiver operating characteristic
curve (AUC). Cut-off values were identified by the
Youden index, and the nearest clinically applicable value
to the cutoff was considered the optimal threshold for
clinical convenience.

(NAFLD) is increasing worldwide . NAFLD exhibits a
wide spectrum, ranging from non-alcoholic fatty liver
to non-alcoholic steatohepatitis (NASH) and ensuing
[1-3]
cirrhosis and hepatocellular carcinoma . Since the
concept of NASH was developed using pathological cha
racteristics, i.e., the presence of hepatocyte ballooning
and lobular inflammation in addition to macrovesicular
steatosis, liver biopsy is currently considered the gold
standard for evaluating NAFLD/NASH activity. However,
general limitations of liver biopsy are the costs and
invasiveness, but also sampling error and inter- and
[4]
intra-observer variability . So, simple, accurate, noninvasive, quantitative alternatives are needed. Several
studies have attempted to estimate histological severity
[5-8]
in NAFLD using various serum biomarkers , but the
accuracy of these techniques remains unsatisfactory.
Autotaxin (ATX) was originally discovered in condition
[9]
ed medium from human melanoma cell cultures . The
protein is encoded by ectonucleotide pyrophosphatase/
phosphodiesterase family member 2 gene (ENPP2)
and catalyzes the hydrolysis of lysophosphatidylcholine
(LPC) to lysophosphatidic acid (LPA), which functions
[10,11]
as a phospholipase
. Signaling via a family of six
G-protein-coupled receptors (LPA1-6) regulates the
diverse cellular processes of ATX, including proliferation,
migration, neurogenesis, angiogenesis, fibrogenesis,
glucose homeostasis, insulin action, and cancer progre
[12-18]
ssion
. Disrupted LPC metabolism has been reported
[19,20]
in murine NASH models
.
ATX is synthesized by a variety of normal cells and
tissues, secreted into the circulation as a glycoprotein,
and later degraded by liver sinusoidal endothelial
[21]
cells . Serum ATX levels are reportedly increased
[22]
during the progression of pregnancy
and in patients
with idiopathic pulmonary fibrosis or some kinds of
[23-25]
cancers
. Recently, elevated serum ATX has also
been implicated in fibrosis progression in chronic
[26,27]
hepatitis C
, for which the retarded degradation of
circulating ATX due to liver sinusoidal endothelial cell
dysfunction from liver fibrosis was considered a main
[28]
mechanism . Perisinusoidal fibrosis is more frequently
detected in alcoholic and non-alcoholic steatohepatitis
than in viral hepatitis, with sinusoidal endothelial
[29]
dysfunction also being reported in NAFLD .
Based on the above reports, we have hypothesized
that serum ATX is increased in advanced stage NASH
patients, but evidence is scarce on the relationship
between circulating ATX concentration and histological
severity in NAFLD. Accordingly, we measured serum
ATX levels in 186 NAFLD patients who had undergone
liver biopsy and examined for associations with
clinicopathological findings.

RESULTS
Serum ATX levels were significantly higher in NAFLD
patients than in controls (0.86 mg/L vs 0.76 mg/L, P
< 0.001) and correlated significantly with ballooning
score and fibrosis stage (r = 0.36, P < 0.001 and r =
0.45, P < 0.001, respectively). Such tendencies were
stronger in female patients. There were no remarkable
relationships between ATX and serum alanine amino
transferase, lipid profiles, or steatosis scores. The AUC
values of ATX for predicting the presence of fibrosis (≥
F1), significant fibrosis (≥ F2), severe fibrosis (≥ F3),
and cirrhosis (F4), were all more than 0.70 in respective
analyses.
CONCLUSION
Serum ATX levels may at least partially reflect histo
logical severity in NAFLD.
Key words: Autotaxin; Non-alcoholic fatty liver disease;
Fibrosis; Ballooning
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Patients with non-alcoholic fatty liver disease
(NAFLD) exhibited significantly higher serum levels of
autotaxin (ATX) than did healthy subjects. Serum ATX
levels correlated significantly with ballooning score and
fibrosis stage in NAFLD patients and may therefore
reflect histological severity in NAFLD.
Fujimori N, Umemura T, Kimura T, Tanaka N, Sugiura A,
Yamazaki T, Joshita S, Komatsu M, Usami Y, Sano K, Igarashi
K, Matsumoto A, Tanaka E. Serum autotaxin levels are
correlated with hepatic fibrosis and ballooning in patients with
non-alcoholic fatty liver disease. World J Gastroenterol 2018;
24(11): 1239-1249 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i11/1239.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i11.1239

MATERIALS AND METHODS
Patients and clinical examinations

This retrospective, cross-sectional study was approved
by the Committee for Medical Ethics of Shinshu University
School of Medicine (ID number: 3244) and performed

INTRODUCTION
The prevalence of non-alcoholic fatty liver disease
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in accordance with the Helsinki declaration of 1975,
1983 revision. Informed consent was obtained from
all patients. We enrolled 186 biopsy-proven Japan
ese NAFLD patients who were admitted to Shinshu
University Hospital (Matsumoto, Japan) between
November 2008 and May 2017. NAFLD was suspected
based on the following criteria: (1) the presence of
hepatorenal contrast and increased hepatic echogenicity
on abdominal ultrasonography; (2) An average daily
consumption of < 20 g/d of ethanol; And (3) the
absence of other causes of liver dysfunction, such as
viral hepatitis, drug-induced liver injury, autoimmune
liver disease, primary sclerosing cholangitis, Wilson’
s disease, hereditary hemochromatosis, and citrin
[30,31]
deficiency
. The diagnosis of NAFLD/NASH was
confirmed with the histological findings of biopsied
specimens. Body weight and height were measured
before liver biopsy in a fasting state. All laboratory
data were obtained in a fasting state on the day of
liver biopsy. Homeostasis model assessment for insulin
resistance (HOMA-IR), fibrosis-4 index (FIB-4), and
aspartate aminotransferase (AST) to platelet ratio
index (APRI) were calculated according to the following
formulae: HOMA-IR = [fasting blood glucose (mg/dL)
[32,33]
× fasting insulin (μU/mL)]/405
, FIB-4 = [age
9
(years) × AST (IU/L)]/[platelet count (10 /L) × alanine
1/2 [34]
aminotransferase (ALT) (IU/L) ] , and APRI = [AST/
upper limit of normal; 28 (IU/L)] × [100/platelet count
9
[35]
(10 /L)] . One hundred sixty subjects (80 male and
80 female) whose liver function tests and body mass
index (BMI) were within normal levels and having no
past medical history of NAFLD were selected as healthy
controls, with equal age distribution among the male
and female individuals (twenties: 20 subjects, thirties:
20 subjects, forties: 20 subjects, fifties: 20 subjects).
These healthy controls were same as our previous
[26]
report . Sera were obtained after overnight fasting
on the day of the liver biopsy and stored at -80 ℃ until
testing.

The ATX assay reagent thus prepared can be used with
AIA-system.

Histological findings

Liver specimens of at least 1.5 cm in length were
obtained from segment 5 or 8 using 14-gauge needles,
as described previously, and immediately fixed in 10%
neutral formalin. Sections of 4 μm in thickness were
cut 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 according to the
[37]
NAFLD scoring system proposed by Kleiner et al .
Steatosis was graded as 0 to 3 based on the rate of
steatotic hepatocytes (< 5%, 5%-33%, > 33-66%,
and > 66%, respectively). Lobular inflammation
was graded as 0 to 3 based on the overall assess
ment of all inﬂammatory foci (no foci, < 2 foci/200
× field, 2-4 foci/200× field, and > 4 foci/200× field,
respectively). Ballooning grade was scored as 0-2 by
the frequency of ballooned hepatocytes (none, few, and
many, respectively). NAFLD activity score (NAS) was
calculated as the sum of steatosis, lobular inflammation,
and ballooning scores, and NASH was defined as
the presence of macrovesicular steatosis (> 5% of
hepatocytes affected) and hepatocyte ballooning with or
without lobular inflammation and fibrosis. Fibrosis stage
was scored as follows: F0, none; F1, perisinusoidal or
periportal; F2, perisinusoidal and portal/periportal; F3,
bridging ﬁbrosis; and F4, cirrhosis.

Statistical analysis

Clinical data are expressed as the number (percentage)
or median (interquartile range). Statistical analyses
were performed using StatFlex Ver. 6.0 (Artech Co.,
Ltd., Osaka, Japan) and SPSS 24.0 (IBM, Chicago, IL,
United States) software. The Mann-Whitney U test was
used for comparisons between two groups. Bonferroni’s
correction test was performed for multiple comparisons.
Correlation analysis was conducted by Spearman’s test.
Diagnostic accuracy was evaluated using the area under
the receiver operating characteristic (ROC) curve (AUC).
Cut-off values were identified by the Youden index,
with the nearest clinically applicable value to the cutoff
being considered as the optimal threshold for clinical
convenience. All statistical tests were two-sided and
evaluated at the 0.05 level of significance.

Measurement of ATX

Serum ATX concentrations were determined with a
specific two-site enzyme immunoassay using the
automated immunoassay analyzer AIA-2000 system
[36]
(Tosoh Co., Tokyo, Japan), as described previously . To
prepare the 2-site immunoassay, R10.23 was digested
with pepsin and the purified F(ab)2 form using phenyl5PW (Tosoh Co.) hydrophobic column chromatography
in order to avoid the nonspecific binding of human
antibodies against various animal IgG in human spe
cimens, like human anti-mouse antibodies. Magnetic
beads were coated with R10.23 F(ab)2 and placed in the
reaction cup, and 35 ng of alkaline phosphatase-labeled
R10.21 in assay buffer (5% BSA, 5% sucrose, 10
mmol/L Tris-HCl, 10 mmol/L MgCl2, pH 7.4) was added
to the reaction cup. ATX assay reagent was prepared
by immediate freeze-dry procedure of the reaction cup.
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RESULTS
Serum ATX levels were higher in NAFLD patients

The clinicopathological features of the 186 NAFLD
patients enrolled in this study are summarized in Table
1. Eighty (43%) were male, and median age was 56
years. The number of patients according to fibrosis
stage F0, F1, F2, F3, and F4 was 35, 89, 19, 34, and 9,
respectively. Comparisons between genders revealed
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Table 1 Clinicopathological features of 186 patients with non-alcoholic fatty liver disease

Age (yr)
BMI (kg/m2)
Laboratory data
Albumin (g/dL)
T-bil (mg/dL)
AST (IU/L)
ALT (IU/L)
γ-GT (IU/L)
TG (mg/dL)
LDL-C (mg/dL)
HDL-C (mg/dL)
Plt (× 104/μL)
HbA1c (%)
FBG (mg/dL)
IRI (mU/L)
HOMA-IR
Fe (µg/dL)
Ferritin (ng/mL)
AFP (ng/mL)
Fibrosis markers
HA (ng/mL)
4C7S (ng/mL)
FIB-4
APRI
Histological findings
Steatosis (1/2/3)
Lobular inflammation (0/1/2/3)
Ballooning (0/1/2)
Fibrosis (0/1/2/3/4)

All (n = 186)

Male (n = 80)

Female (n = 106)

Median (IQR)/n

Median (IQR)/n

Median (IQR)/n

P value1

56 (46-65)
26.2 (23.8-29.6)

50 (38-59)
26.1 (24.3-29.4)

61 (54-66)
26.5 (23.6-29.7)

< 0.001
NS

4.5 (4.3-4.7)
0.87 (0.69-1.17)
41 (30-65)
63 (38-97)
54 (35-92)
122 (92-159)
130 (107-151)
51 (44-60)
23.1 (18.5-26.8)
5.9 (5.7-6.6)
108 (98-121)
11.2 (7.2-16.7)
3.0 (1.9-4.6)
111 (90-137)
146 (79-274)
3.2 (2.2-4.8)

4.6 (4.4-4.8)
0.94 (0.74-1.26)
39 (30-62)
68 (43-103)
64 (43-99)
122 (91-159)
132 (105-154)
48 (44-56)
23.0 (19.6-26.7)
5.9 (5.6-6.5)
108 (98-121)
10.5 (6.8-16.3)
2.9 (1.8-4.5)
120 (92-146)
172 (126-293)
2.8 (2.1-4.0)

4.4 (4.2-4.7)
0.81 (0.67-1.07)
42 (30-69)
53 (33-89)
50 (32-81)
121 (95-159)
130 (109-149)
55 (47-63)
23.3 (17.6-26.9)
5.9 (5.7-6.6)
108 (97-121)
11.5 (7.4-17.2)
3.2 (2.0-4.7)
104 (88-129)
113 (58-236)
3.4 (2.6-5.2)

< 0.001
< 0.05
NS
NS
< 0.05
NS
NS

51 (28-91)
4.6 (3.8-5.7)
1.35 (0.94-2.18)
0.69 (0.46-1.13)

41 (25-62)
4.5 (3.8-5.5)
1.12 (0.77-1.88)
0.66 (0.44-1.03)

63 (34-118)
4.7 (3.8-6.6)
1.53 (1.13-2.51)
0.71 (0.46-1.25)

< 0.001
NS
< 0.001
NS

57/90/39
9/101/69/7
43/98/45
35/89/19/34/9

24/41/15
6/48/23/3
22/44/14
16/43/8/13/0

33/49/24
3/53/46/4
21/54/31
19/46/11/21/9

NS
< 0.05
NS
NS

NS
NS
NS
NS
NS
< 0.05
< 0.001
< 0.01

1

Comparison between male and female subjects. IQR: Interquartile range; BMI: Body mass index; T-bil: Total bilirubin; AST: Aspartate aminotransferase;
ALT: Alanine aminotransferase; γ-GT: Gamma-glutamyltransferase; TG: Triglyceride; LDL-C: Low density lipoprotein cholesterol; HDL-C: High density
lipoprotein cholesterol; Plt: Platelet; FBG: Fasting blood glucose; IRI: Immunoreactive insulin; HOMA-IR: Homeostasis model assessment of insulin
resistance; AFP: Alpha-fetoprotein; HA: Hyaluronic acid; 4C7S: Type 4 collagen•7S; FIB-4: Fibrosis-4 index; APRI: AST to platelet ratio; NS: Not significant.

significant differences in fibrosis-related parameters,
such as age, albumin, hyaluronic acid (HA), and FIB-4,
but fibrosis stage distribution was comparable.
Median serum ATX levels were significantly higher
in NAFLD patients than in healthy controls (0.86 vs
0.76 mg/L, P < 0.001) (Figure 1A). In agreement with
a previous report demonstrating a gender difference
[26]
in serum ATX levels , serum ATX levels were higher
in female patients and controls than in their male
counterparts (Figure 1B). The degree of a serum ATX
concentration increase was significant in female NAFLD
patients (Figure 1B).

0.36, P < 0.001) and fibrosis stage (r = 0.45, P <
0.001) overall, with no significant relationships for
steatosis grades (Table 2, Figure 2). These correlations
were stronger for women than for men, as were the
correlation coefficients for ballooning score and fibrosis
stage (Table 2, Figure 3).

Performance of ATX for diagnosing fibrosis status

To assess the significance of ATX as a predictor of
fibrosis stage, ROC analysis was performed. Cut off
values, sensitivities, specificities, positive predictive
values, negative predictive values, and accuracies for
predicting the presence of fibrosis (≥ F1), significant
fibrosis (≥ F2), severe fibrosis (≥ F3), and cirrhosis
(F4) in overall, male, and female NAFLD patients are
shown in Table 3, and these ROC curves are shown
in Figure 4. The AUC values of ATX for predicting the
presence of fibrosis (≥ F1), significant fibrosis (≥ F2),
severe fibrosis (≥ F3), and cirrhosis (F4), were all
more than 0.70 in respective analyses.
For comparison, ROC analysis of serum ATX and
conventional fibrosis indicators (HA, 4C7S, APRI, and
FIB-4) for determination of severe fibrosis (≥ F3)
were performed (Table 4). Although sensitivity of ATX

Relationship between serum ATX levels and
clinicopathological features in NAFLD patients

We observed significant but weak correlations between
ATX and glucose metabolism, BMI, and iron status,
but none with lipid profiles. ATX was significantly and
positively correlated to the factors of age, AST, HA,
type 4 collagen 7S (4C7S), FIB-4, and APRI and was
significantly and negatively correlated to platelet count
(Table 2), which supported an association with fibrosis
[38]
stage in NAFLD . Indeed, ATX was significantly
and positively correlated with ballooning grade (r =

WJG|www.wjgnet.com
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Table 2 Correlation between autotaxin and clinicopathological findings
All (n = 186)
Age (yr)
BMI (kg/m2)
Platelet (× 104/μL)
Albumin (g/dL)
AST (IU/L)
ALT (IU/L)
TG (mg/dL)
LDL-C (mg/dL)
HDL-C (mg/dL)
FBG (mg/dL)
IRI (mU/L)
HOMA-IR
Fe (µg/dL)
Ferritin (ng/mL)
HA (ng/mL)
4C7S (ng/mL)
FIB-4
APRI
Histological findings
Steatosis score
Lobular inflammation score
Ballooning score
NAS
Fibrosis stage

Male (n = 80)

Female (n = 106)

r

P value

r

P value

r

P value

0.48
0.18
-0.32
-0.32
0.31
0.06
-0.09
-0.04
0.13
0.22
0.20
0.22
0.09
0.04
0.49
0.40
0.58
0.43

< 0.001
< 0.05
< 0.001
< 0.001
< 0.001
NS
NS
NS
NS
< 0.01
< 0.01
< 0.01
NS
NS
< 0.001
< 0.001
< 0.001
< 0.001

0.45
0.06
-0.28
-0.10
0.34
0.14
-0.14
-0.01
-0.04
0.36
0.15
0.22
0.12
0.22
0.47
0.30
0.51
0.45

< 0.001
NS
< 0.05
NS
< 0.01
NS
NS
NS
NS
0.001
NS
< 0.05
NS
NS
< 0.001
< 0.01
< 0.001
< 0.001

0.28
0.31
-0.43
-0.31
0.40
0.24
-0.08
-0.06
-0.04
0.21
0.31
0.31
0.35
0.31
0.46
0.50
0.60
0.55

< 0.01
< 0.01
< 0.001
< 0.01
< 0.001
< 0.05
NS
NS
< 0.001
< 0.05
0.002
0.001
< 0.001
0.002
< 0.001
< 0.001
< 0.001
< 0.001

0.02
0.22
0.36
0.27
0.45

NS
< 0.01
< 0.001
< 0.001
< 0.001

0.12
0.06
0.34
0.27
0.44

NS
NS
< 0.01
< 0.05
< 0.001

-0.03
0.25
0.38
0.26
0.53

NS
< 0.01
< 0.001
< 0.01
< 0.001

Correlations were calculated using Spearman’s test. ATX: Autotaxin; BMI: Body mass index; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; TG: Triglyceride; LDL-C: Low density lipoprotein cholesterol; HDL-C: High density lipoprotein cholesterol; FBG: Fasting blood glucose;
IRI: Immunoreactive insulin; HOMA-IR: Homeostasis model assessment of insulin resistance; HA: Hyaluronic acid; 4C7S: Type 4 collagen•7S; FIB-4:
Fibrosis-4 index; APRI: AST to platelet ratio; NAS: NAFLD activity score; NS: Not significant.

A

B

e

2.5
2.5

e

e
2.0

e

ATX (mg/L)

ATX (mg/L)

2.0

1.5

1.5

1.0

1.0
0.5
0.5
(n = 160)
Controls

(n = 80)

(n = 186)

(n = 80)

Male
Female
Controls

NAFLD

(n = 80) (n = 106)
Male
Female
NAFLD

Figure 1 Comparison of autotaxin levels between controls and all patients with non-alcoholic fatty liver disease (A) and according to gender (B). The box
plot shows the interquartile range, 95% confidence interval, and median. The difference between each group was tested with the Mann Whitney U test. eP < 0.001.
ATX: Autotaxin; NAFLD: Non-alcoholic fatty liver disease.

is lower than those of HA, 4C7S, APRI, and FIB-4,
specificity of ATX was highest (91%) compared to
others.

with NAFLD compared with those without NAFLD and
positively correlated with insulin resistance. However,
they did not assess liver pathology in their cohort of
female subjects only. In this study, we compared serum
ATX levels with clinicopathological background factors
in biopsy-proven NAFLD patients and found that serum
ATX levels were significantly related to hepatic fibrosis
stage and ballooning score, implicating at least a partial
reflection of histological severity in NAFLD.

DISCUSSION
[39]

Rachakonda et al
recently reported increased serum
ATX levels in NAFLD patients. In severely obese and
non-diabetic women, serum ATX was higher in those
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Table 3 Diagnostic performance of autotaxin for predicting liver fibrosis stage in patients with non-alcoholic fatty liver disease

All patients
≥ F1
≥ F2
≥ F3
F4
Male
≥ F1
≥ F2
F3
Female
≥ F1
≥ F2
≥ F3
F4

Cut off

AUC

Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

Accuracy (%)

0.73
1.19
1.19
1.20

0.71
0.75
0.75
0.87

77
45
51
78

57
94
91
85

89
80
63
21

36
77
86
99

73
78
82
84

0.70
0.71
0.82

0.73
0.75
0.74

58
81
62

94
68
82

97
47
40

36
91
92

65
71
79

1.03
1.19
1.19
1.20

0.76
0.80
0.78
0.78

53
66
73
78

95
91
86
74

98
82
67
22

31
81
89
97

60
81
82
75

ATX: Autotaxin; AUC: Area under the receiver operating characteristic curve; PPV: Positive predictive value; NPV: Negative predictive value.
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2.5
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2.0
ATX (mg/L)
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1.5

1.0

0.5

0.5

S1

S2

LI0

S3

C

LI1

LI2

LI3

D
2.5

2.5

P < 0.001

2.0

P < 0.001

2.0
ATX (mg/L)

ATX (mg/L)

P < 0.05

1.5

1.0

0.5

1.5

1.0

0.5

B0

B1

B2

F0

F1

F2
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Figure 2 Relationship between autotaxin and histological grade in non-alcoholic fatty liver disease patients for steatosis (A), lobular inflammation (B),
ballooning (C), and fibrosis (D). Table 1 presents the number of subjects for each histological stage. The Kruskal-Wallis test was used for multi-group simultaneous
comparisons. P values are displayed in the upper left of each graph. ATX: Autotaxin; NAFLD: Non-alcoholic fatty liver disease; NS: Not significant.

The correlation between serum ATX levels and the
severity of hepatic fibrosis has been explained by a
mechanism of impaired circulating ATX degradation in
[28]
damaged or impaired sinusoidal endothelial cells .
However, a recent study documented that ATX expre
ssion in hepatocytes activated hepatic stellate cells

WJG|www.wjgnet.com

and amplified the fibrotic process, suggesting direct
[40]
fibrosis-promoting properties of ATX . Since ATX is a
novel biomarker for hepatic fibrosis in chronic hepatitis
[26,27]
C patients
, we presumed similar results in NAFLD
patients, but the correlation between ATX and fibrosis
stage was comparatively weaker.
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Table 4 Diagnostic performance of autotaxin and conventional fibrosis indicators for predicting severe fibrosis (≥ F3) in patients
with non-alcoholic fatty liver disease

All patients
ATX
HA
4C7S
APRI
FIB-4
Male
ATX
HA
4C7S
APRI
FIB-4
Female
ATX
HA
4C7S
APRI
FIB-4

AUC

Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

Accuracy (%)

0.75
0.82
0.87
0.82
0.85

51
93
75
60
79

91
63
88
89
74

63
44
64
62
48

86
96
92
88
92

82
70
85
82
75

0.74
0.76
0.81
0.74
0.81

62
85
69
77
92

82
72
89
64
75

40
41
56
29
41

92
95
94
93
98

79
75
86
66
78

0.78
0.86
0.89
0.86
0.85

73
78
78
63
80

86
86
90
95
75

67
68
75
83
56

89
91
92
87
90

82
83
87
86
76

AUC: Area under the receiver operating characteristic curve; PPV: Positive predictive value; NPV: Negative predictive value; ATX: Autotaxin; HA:
Hyaluronic acid; 4C7S: Type 4 collagen•7S; APRI: AST to platelet ratio; FIB-4: Fibrosis-4 index.
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Figure 3 Relationship between autotaxin and histological grade in non-alcoholic fatty liver disease patients by gender for steatosis (A), lobular
inflammation (B), ballooning (C), and fibrosis (D). Table 1 presents the number of subjects for each histological stage. The Kruskal-Wallis test was used for multigroup simultaneous comparisons. P values are displayed in the upper left of each graph. ATX: Autotaxin; NAFLD: Non-alcoholic fatty liver disease; NS: Not significant.
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≥ F1

≥ F2

≥ F3

F4

Sensitivity

A

AUC = 0.71

AUC = 0.75

AUC = 0.75

AUC = 0.87

1-specificity

≥ F1

≥ F2

F3

Sensitivity

B

AUC = 0.73

AUC = 0.75

AUC = 0.74

1-specificity

≥ F1

≥ F2

≥ F3

F4

Sensitivity

C

AUC = 0.76

AUC = 0.80

AUC = 0.78

AUC = 0.78

1-specificity

Figure 4 Receiver operating characteristic analysis of autotaxin for the estimation of the presence of fibrosis (≥ F1), significant fibrosis (≥ F2), severe
fibrosis (≥ F3), and cirrhosis (F4) in all (A), male (B), and female (C) patients. The areas under the receiver operating characteristic curve are displayed in the
lower right of each graph. AUC: Receiver operating characteristic curve; F: Fibrosis.

Thus, other mechanisms determining circulating ATX
concentrations may exist as ATX is present in various
tissues, such as white adipose tissue and the nervous
[41-43]
system
. The importance of visceral fat has also
[44]
been discussed , but in this study, we have not been
able to examine waist circumference or waist-to-hip
ratio, so this point is the limitation of this study.
In this study, we also conducted AUC analysis of ATX
for determination of severe fibrosis (≥ F3) compared
to conventional fibrosis indicators (HA, 4C7S, APRI, and
FIB-4). AUC values and sensitivity of ATX was inferior
[41]
to those other indicators , but specificity of ATX was
highest among those other indicators. So ATX might be
useful as a biomarker to exclude severe hepatic fibrosis.

WJG|www.wjgnet.com

Serum ATX levels were significantly associated with
hepatocyte ballooning in our cohort, and a correlation
was detected between fibrosis stage and ballooning
grade (r = 0.56, P < 0.001). Ballooning degeneration
is caused by an impaired intracellular cytoskeleton and
resultant protein transport and appears after exposure
to oxidative and endoplasmic reticulum stresses and
[45]
during lipoapoptotic processes . ATX expression was
[46]
up-regulated by oxidative stress in microglia and by
[47]
LPC (18:1), an inducer of lipoapoptosis , in isolated
[42]
hepatocytes . Additionally, intravenous injection of
LPC (18:1) into mice increased hepatic Enpp2 mRNA
[40]
expression and hepatocyte apoptosis . These findings
may explain how circulating ATX concentrations are
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can simultaneously evaluate activity and fibrosis is necessary.

positively correlated with the prevalence of hepatocytes
with ballooning degeneration.
In this study, we examined the relationship between
NAFLD activity score as the severity of NAFLD/NASH
and ATX, the correlation coefficient was significant
but not high (r = 0.27, P < 0.001, Table 2). It seems
difficult to predict the histological severity of NAFLD with
ATX alone.
In conclusion, serum ATX levels were significantly
higher in NAFLD patients over controls and correlated
with ballooning score and fibrosis stage, especially in
female patients. Further prospective research in larger
cohorts is necessary for understanding the metabolism
of circulating ATX in NAFLD.
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Abstract
AIM
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and to explore the factors that affect the outcome of
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METHODS
A retrospective and cross-sectional study was conducted.
The participants, mostly plasma donors, were selected
from three administrative villages in the Jiangsu province
in Eastern China. A questionnaire was administered
among the villagers who had a history of blood donation
from the late 1980s to the early 1990s. All participants
underwent physical examination, liver B-ultrasonography,
and liver stiffness measurement. In addition, 10 mL of
blood was collected from each participant to measure
simple liver function parameters (albumin, alanine
aminotransferase, aspirate aminotransferase), blood
factors (platelet), and for hepatitis B surface antigen,
antiHCV, and antihuman immunodeficiency virus de
tection. HCV RNA detection, HCV genotyping, and other
tests were carried out in antiHCV-positive patients.

Multiple logistic (binary) regression analysis results
showed that platelet and IgG levels were associated
with cirrhosis.
Tan YW, Tao Y, Liu LG, Ye Y, Zhou XB, Chen L, He C.
Epidemiological features of chronic hepatitis C infection caused
by remunerated blood donors: A nearly 27-year period survey.
World J Gastroenterol 2018; 24(11): 1250-1258 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i11/1250.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i11.1250

INTRODUCTION
Hepatitis C infection is a major global public health
problem. The World Health Organization estimated that
the global hepatitis C virus (HCV) infection rate is about
2.8% and that about 170 million people are infected
with chronic HCV. Approximately 350000 people die
[1,2]
each year from hepatitis C-related liver diseases .
However, because of the occult nature of HCV, most
people who are infected have no knowledge of their HCV
infection; thus, the global incidence of chronic hepatitis
C (CHC) is not clear. A Serum Hepatitis C Epidemiology
Survey carried out in 2006 in China showed that the
general population aged 1-59 years has an antiHCVcarrying rate of 0.43% and in the global range, HCV
[3]
infection has low prevalence in some areas .
HCV is mainly transmitted through contact with the
blood of an infected person; thereby, blood donors,
especially plasma donors, are high-risk groups for
[4]
HCV infection . A study in remunerated blood donors
[5]
reported an increased HCV infection rate of 15.53%
due to the use of nonsterile medical devices and other
reasons.
The phenomenon of remunerated blood donation
has been reported to occur in underdeveloped rural
areas with low economic status, from the late 1980s
to the early 1990s. Moreover, most of these hepatitis
C-infected individuals had no history of seeking any
medical assistance and had no knowledge about
their HCV status; although, a considerable proportion
of infections among those who have progressed to
cirrhosis or even to hepatocellular carcinoma (HCC)
were found.
The natural history of HCV has not been as fully
[6]
delineated as that of hepatitis B virus . Some epide
miological studies suggest that an estimated nearly
55%-85% of the individuals infected with acute
hepatitis C will develop CHC, and nearly 5%-15%
of patients with CHC will progress to cirrhosis after
[7]
20 years . However, the conclusions of these
epidemiological studies differ widely and lack longer
epidemiological surveys. The main reason is the lack
of a relatively fixed CHC epidemiological population.

RESULTS
After a median of 27 years (25-31 years) from the
last blood donation to the time of survey, a total of
1694 participants were investigated, and the antiHCVpositive individuals were categorized into three groups:
blood donors (n = 12, 3.3%), plasma donors (n = 534,
68.5%), and mixed donors (n = 324, 58.8%). A total
of 592 (68.05%) patients had detectable HCV RNA,
and 91.9% had genotype 1b. A total of 161 (27.2%,
161/592) patients with chronic HCV were considered to
have cirrhosis with a liver stiffness measurement level
higher than 12 kPa. Multiple logistic (binary) regression
analysis results showed that platelet and IgG levels
were associated with cirrhosis.
CONCLUSION
The nearly 27-year interval investigation revealed that
chronic hepatitis C infection is a very serious public
health problem in Eastern China. Plasma donation and
subsequent return of blood cells to the donor are the
main causes of hepatitis C infection. The main HCV
genotype is 1b. Nearly 28% of cases progressed to
cirrhosis. Age, especially over 60 years, and regular
drinking habits were risk factors associated with cirrhosis.
Key words: Blood donor; Hepatitis C; Cross-sectional
study; Epidemiologic; China
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A retrospective and cross-sectional study
was conducted. A total of 1694 participants were
investigated and categorized into three groups: 2
(3.3%), 534 (68.5%), and 324 (58.8%) patients
positive for anti-hepatitis C virus (HCV) in blood
donor, single plasma donor, and mixed donor groups,
respectively. A total of 592 (68.05%) cases had
detectable HCV RNA, and genotype 1b accounted for
91.9%. A total of 161 (27.2%, 161/592) patients with
chronic HCV were considered to have cirrhosis with a
liver stiffness measurement level of more than 12 kPa.

WJG|www.wjgnet.com

1251

March 21, 2018|Volume 24|Issue 11|

Tan YW et al . Epidemiological features of chronic hepatitis C
A CHC population infected through plasma apheresis
donation has a relatively consistent infection time and
place. Most of these patients with hepatitis C infection
did not seek medical assistance. These characteristics
have created a unique advantage for the study of the
natural history of hepatitis C.
We, therefore, chose to study the natural admini
strative villages in Jiangsu, a province in Eastern China
where most villagers are plasma donors, in order to
further understand the prevalence and the prognosis of
HCV infection over nearly 30 years and to explore the
factors that affect the outcome of this infection.

blood transfusion methods. All participants underwent
physical examination, liver B-ultrasound and liver
stiffness measurement (LSM). In addition, 10 mL of
blood were collected for simple liver function parameter
analysis [albumin (ALB), alanine aminotransferase
(ALT); aspartate aminotransferase (AST)], blood routine
[platelet (PLT)], and hepatitis B surface antigen (HBsAg),
antiHCV, and antihuman immunodeficiency virus (HIV)
detection.
Detection for HCV RNA, HCV genotyping, and other
tests were carried out in antiHCV-positive patients.
HCV RNA from subjects’ sera was quantified in fresh
or well-preserved stored samples by commercial
quantitative assays, such as real-time PCR (COBAS
AmpliPrep/COBAS TaqMan HCV Test; Roche, DaAn
Gene Co., Nanjing, China). The HCV genotype was
assessed in all patients with detectable HCV RNA. We
used a PCR assay based on reverse transcription of
the HCV core region with genotype-specific primers,
in accordance with the international classification (i.e.
Ⅰa, Ⅰb, Ⅱa, Ⅱb, Ⅲ, Ⅳ, Ⅴ and Ⅵ) (DaAn Gene Co,).
Antinuclear antibody (ANA) and smooth muscle actin
(SMA) determination was carried out using indirect
immunofluorescence.

MATERIALS AND METHODS
Ethics statement

The study was approved by the Medical Ethics Com
mittee of the Third Hospital of Zhenjiang Affiliated
Jiangsu University, and written informed consent was
obtained from each patient prior to participation. The
study was conducted in compliance with the Declaration
of Helsinki.

Participation and methods

A retrospective and cross-sectional study was conducted.
The research team was composed of a staff of more
than 20 trained individuals, including specialist doctors,
technicians, community doctors, nurses, epidemiological
researchers, medical graduate students, etc. Before the
survey, a formal survey plan was drafted in advance
and a standard questionnaire formulated. Two weeks
prior to the survey, a research representative informed
participants about the questionnaire and their physical
and ultrasound examinations, and provided information
about any matter requiring attention. Signed informed
consent was obtained before the study started in the
community hospital at the appointed time.

LSM

LSM using transient elastography (TE) (FibroScan502®;
Echosens, Paris, France) was performed with the 3.5
MHz standard probe operated by a skillful operator
(experience: > 10000 measurements) in a blinded
manner. As previously described, the examination was
carried out with the patient lying down in a supine
position with the right arm placed behind the head.
The tip of the probe transducer was placed on the skin
between the ribs at the level of the right lobe of the
liver, exerting an adequate pressure on it. The results
were expressed in kPa, and each LSM value corresponds
[8]
to the median of 10 validated measurements . An
examination was considered successful and reliable
if the interquartile range (IQR)/median for LSM was
≤ 30% or the LSM was < 7.1 kPa when the IQR/
[9]
median for LSM was > 30% . For the diagnosis of liver
cirrhosis, a cut-off value of 12 kPa was used.

Research participation: The participants were
selected from three administrative villages in the
Jiangsu province in Eastern China, where most people
are plasma donors, and the questionnaires were carried
out among the villagers who had a history of plasma
extraction. The participants had signed written informed
consent. The inclusion criteria were the following: (1)
a history of remunerated blood donation from the late
1980s to the early 1990s; (2) age above 40 years;
(3) voluntary provision of contact information; and
(4) no HCV treatment performed. Qualified subjects
participated in the health examination and questionnaire
from March to May 2017.

Statistical analysis

Continuous variables are given as median (range) or
mean ± SD and categorical variables as frequencies or
percentages (%) of patients. All data of demographic
and clinical features were analyzed using the Statistical
Package for the Social Sciences (SPSS) Version
21.0 (IBM Corp., Armonk, NY, United States). Chisquared and Fisher’s exact tests were performed for
categorical variables, while Student’s t-test or one-way
analysis of variance was used for group comparisons
of parametric quantitative data. Multinomial (binary)
logistic regression was performed to evaluate factors
predicting CHC and cirrhosis. All P values were two-

Investigation methods: The researchers conducted
a unified training. The questionnaire submitted to the
patients included: social demographic characteristics;
history of common diseases, viral hepatitis, family
diseases, and remunerated blood donations; and
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Table 1 Demographic and clinical characteristics of remunerated blood donors
Blood donors, n = 363

Single plasma donors, n = 780

Blood and plasma donors, n = 551

P value

56.8 ± 13.2
56 (15.4)
203 (55.9)
104 (28.7)

57.2 ± 11.3
83 (10.6)
501 (64.2)
196 (25.1)

57.1 ± 9.4
68 (12.3)
336 (61.0)
147 (26.7)

0.8821
0.07

123 (33.92)
240 (66.1)
25.52 ± 4.32
178 (49)
130 (35.8)
55 (15.2)
207.3 ± 64.8
42.3 ± 3.5
27.4 ± 6.5
23.5 ± 7.4

315 (36.5)
465 (63.5)
25.36 ± 4.11
395 (50.6)
284 (36.4)
101 (12.9)
161.8 ± 55.4
41.4 ± 4.7
63.2 ± 18.7
55.4 ± 12.9

211 (38.3)
340 (61.5)
25.45 ± 3.22
294 (53.4)
169 (30.7)
88 (16)
176.3 ± 63.1
43.3 ± 4.5
52.6 ± 15.4
44.5 ± 22.6

0.1092

12 (3.3)
351 (96.7)

534 (68.5)
246 (31.5)

324 (58.8)
227 (41.29)

< 0.0012

2 (0.6)
361 (99.4)
5.56 ± 2.64
2 (0.6)
20 (5.5)
341 (93.9)

3 (0.4)
777 (99.6)
7.37 ± 3.62
224 (28.7)
313 (40.1)
243 (31.2)

1 (0.2)
550 (99.8)
6.54 ± 3.54
122 (22.1)
287 (52.1)
142 (25.8)

0.6433

212 (58.4)
120 (33.1)
31 (8.5)
27.56 ± 2.11

245 (31.4)
352 (45.1)
183 (23.5)
27.65 ± 3.02

187 (33.9)
202 (36.7)
162 (29.4)
27.84 ± 2.54

< 0.0012

37 (10.2)
326 (89.8)

317 (40.6)
463 (59.4)

195 (35.4)
356 (64.6)

< 0.0012

Age in yr
≥ 40, < 50
≥ 50, < 60
≥ 60
Sex
Male
Female
BMI
< 25
≥ 25, < 28
≥ 28
PLT as × 109/L
ALB in g/L
ALT in U/L
AST in U/L
Anti-HCV
Positive
Negative
HBsAg
Positive
Negative
LSM in kPa
≥9
< 9, ≥ 6
<6
Blood donated frequency times
≥ 10
< 10, ≥ 5
<5
Interval time from last donated
blood to survey in yr
Refused donated by elevated ALT
Yes
No

0.3531
0.1672

< 0.0011
0.5131
< 0.0011
< 0.0011

< 0.0011
< 0.0012

0.4531

Data are presented as n (%). The normal range of ALT and AST are 5-40 U/L, PLT is 100-300 × 109/L, ALB is 35-55 g/L. 1One-way analysis; 2Pearson ChiSquared; 3Fisher’s exact test. ALB: Albumin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index; LSM: Liver stiffness
measurement; PLT: Platelet.

sided.

significant (P < 0.05) among different blood donation
mode groups. In particular, we observed 12 (3.3%),
534 (68.5%) and 324 (58.8%) antiHCV-positive
patients in the blood donor, plasma donor and mixed
donor groups, respectively.

RESULTS
Demographic and clinical characteristics of remunerated
blood donors

Demographic and clinical characteristics of CHC

In this survey, we investigated a total of 1694
participants after a median of 27 years (25-31 years)
from the last blood donation to the moment of survey,
including 363 blood donors, 780 plasma donors and
551 mixed blood donors. We detected 870 antiHCVpositive cases, 6 HBsAg-positive cases and no cases of
HIV infection. As shown in Table 1, we analyzed age,
sex, body mass index (BMI; < 25; ≥ 25, < 28; ≥
28), PLT, ALB, ALT, AST, antiHCV (positive, negative),
HBsAg (positive, negative), LSM (< 6; ≥ 6, < 9; ≥
9), frequency of blood donation (< 5 ; ≥ 5 < 10; ≥
10), and rejection of blood donation owing to elevated
ALT (yes, no). The differences in PLT, ALT, AST, LSM,
frequency of blood donation, and rejection of blood
donation owing to elevated ALT were statistically

WJG|www.wjgnet.com

A total of 870 participants were antiHCV-positive;
among them, 592 (68.05%) had detectable HCV
RNA, were diagnosed with CHC and categorized to the
CHC group, whereas 278 (31.95%) had undetectable
HCV RNA and were categorized to the no CHC group.
Table 2 shows an analysis of age, sex, BMI, (< 25; ≥
25, < 28; ≥ 28), PLT, ALB, ALT, AST, SMA (positive,
negative), ANA (positive, negative), immunoglobulin
(IgG; normal, elevated), LSM (< 6; ≥ 6, < 9; ≥ 9),
frequency of blood donation (< 5; ≥ 5 < 10; ≥ 10),
and rejection of blood donation due to elevated ALT
(yes, no). Differences in age, BMI, homeostatic model
assessment of insulin resistance (HOMA-IR), ALT, AST,
PLT and LSM were statistically significant (P < 0.05)
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Table 2 Demographic and clinical characteristics of hepatitis C virus in remunerated blood donors and multiple logistic regression
analysis of factors associated with hepatitis C virus
CHC, n = 592
Age in yr
≥ 40, < 50
≥ 50, < 60
≥ 60
Sex
Male
Female
Alcohol consumption
Never
Occasional
Often
BMI
< 25
≥ 25, < 28
≥ 28
HOMA-IR
PLT as × 109/L
ALB in g/L
ALT in U/L
AST in U/L
SMA
Negative
Positive
ANA
Negative
Positive
IgG
Normal
Elevated
LSM in kPa
<6
< 9, ≥ 6
≥9
Blood donated
frequency times
<5
< 10, ≥ 5
≥ 10
Refused donated
by elevated ALT
No
Yes

No CHC, n = 278

P value

55.4 ± 13.2
121 (20.4)
356 (60.1)
115 (19.4)

58.5 ± 9.4
35 (12.6)
168 (60.4)
75 (27.0)

< 0.0011
0.0032

277 (46.8)
315 (53.2)

111 (39.9)
167 (60.1)

0.0582

441 (74.5)
95 (16.0)
56 (9.5)
24.12 ± 2.32
278 (47.0)
230 (38.9)
84 (14.2)
1.53 ± 0.48
164.3 ± 64.8
42.3 ± 3.5
67.4 ± 26.5
53.5 ± 17.4

175 (62.9)
68 (24.5)
35 (12.6)
25.45 ± 3.22
194 (69.8)
69 (24.8)
15 (5.4)
1.31 ± 0.52
196.3 ± 73.1
43.3 ± 4.5
22.6 ± 15.4
24.5 ± 10.6

0.0022

517 (87.3)
75 (12.7)

262 (94.2)
16 (5.8)

0.0022

477 (80.6)
115 (19.4)

244 (87.8)
34 (12.2)

0.0092

271 (45.8)
321(54.2)
7.67 ± 4.43
155 (26.2)
211 (35.6)
226 (38.2)
8.67 ± 6.43

261 (93.9)
17 (6.1)
4.12 ± 2.25
241 (86.7)
31 (11.2)
6 (2.2)
8.42 ± 6.25

< 0.0012

139 (23.5)
252 (42.6)
201 (34.0)

62 (22.3)
102 (36.7)
114 (41.0)

0.1012

377 (63.7)
215 (36.3)

148 (53.2)
130 (46.8)

0.0033

< 0.0011
< 0.0012

< 0.0011
< 0.0011
0.5131
< 0.0011
< 0.0011

< 0.0011
< 0.0012

0.1071

Multivariate

4

OR

95%CI

Wald

P value

1.642

0.426-11.164

3.012

0.013

1.534
5.322

0.435
0.004

1.004
0.853
1.075
1.446
0.667
0.896
0.034
1.534
1.543
0.984
16.886
0.543
25.034
26.332

0.364
0.547
0.443
0.374
0.432
0.547
0.646
0.343
0.113
0.657
< 0.001
0.674
< 0.001
< 0.001

0.543

0.653

0.123

0.886

6.075
1.004

< 0.001
0.364

0.853
7.075
1.032

0.547
< 0.001
0.832

1.032
1.054

0.883
0.664

4.804

0.027

1
3.542
11.226

0.521-13.254
0.065-137.53

0.233
0.532
0.436
0.876
1.231
0.889
1.216
7.233
4.365
1.002
3.112
0.576
3.216
2.578

0.054-6.634
0.147-1.647
0.124-1.006
0.857-1.354
0.843-1.556
0.674-1.327
0.536-1.625
0.054-66.63
0.643-22.534
0.864-1.007
1.475-121.153
0.645-1.2147
1.036-121.625
0.937-76.354

1.146

0.545-1.654

1.423

0.587-1.001

6.001
0.233

0.957-12.353
0.054-6.634

0.532
2.436
1.233

0.147-1.647
0.124-11.776
0.874-1.134

0.932
0.247

0.927-1.433
0.257-1.754

1.668

1.061-3.143

1

1

1

1

1

1

1

Data are presented as n (%). Alcohol consumption: Often, the ethanol intake per week was more than 140 g in men (70 g in women) in the past 12 mo;
Occasional, the ethanol intake per week was less than 140 g in men (70 g in women) in the past 12 mo. 1One-way analysis; 2Pearson’s chi-square; 3Fisher’s
exact test; 4Binary logistic regression. ALB: Albumin; ALT: Alanine aminotransferase; ANA: Antinuclear antibody; AST: Aspartate aminotransferase; BMI:
Body mass index; CI: Confidence interval; LSM: Liver stiffness measurement; OR: Odds ratio; SMA: Smooth muscle actin; PLT: Platelet.

between the HCV and no HCV groups. However, ALB,
frequency of blood donation and refusal of donation by
elevated ALT were not significantly different.

AST, HCV RNA (LgIU/mL, ≥ 3,< 5; ≥ 5), genotype (Ⅰ,
Ⅱ, Ⅲ), frequency of blood donation (< 5 ; ≥ 5 < 10;
≥ 10), and rejection of blood donation due to elevated
ALT (yes, no). Differences in age, alcohol consumption,
PLT and IgG were statistically significant (P < 0.05)
between the cirrhosis and CHC groups. However, sex,
BMI, ALB, ALT, AST, SMA, ANA, HCV RNA, genotype,
frequency of blood donation and rejection of blood
donation due to elevated ALT were not significantly
different. When the LSM level higher than 12 kPa
was considered a binary dependent variable, multiple
logistic (binary) regression analysis was used to assess
factors associated with cirrhosis and CHC (Table 3).

Demographic and clinical characteristics of cirrhosis
caused by HCV infection and multiple logistic regression
analysis associated with cirrhosis

A total of 161 (27.2%, 161/592) patients with CHC
were diagnosed with cirrhosis, having an LSM value
higher than 12 kPa. Among them, 431 patients were
diagnosed with CHC. Table 3 shows an analysis of
the age, sex, alcohol consumption (never, occasional,
often), BMI (< 25; ≥ 25, < 28; ≥ 28), PLT, ALB, ALT,
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Table 3 Demographic and clinical characteristics of cirrhosis by hepatitis C virus infection in remunerated blood donors and multiple
logistic regression analysis of factors associated with cirrhosis
Cirrhosis by HCV, n = 161
Age in yr
≥ 40, < 50
≥ 50, < 60
≥ 60
Sex
Male
Female
Alcohol consumption
Never
Occasional
Often
BMI
< 25
≥ 25, < 28
≥ 28
HOMA-IR
PLT as × 109/L
ALB in g/L
ALT in U/L
AST in U/L
SMA
Negative
Positive
ANA
Negative
Positive
IgG
Normal
Elevated
HCV RNA in LgIU/mL
≥ 3, < 5
≥5
Genotype
Ⅰ
Ⅱ
Ⅲ
Blood donated
frequency times
<5
< 10, ≥ 5
≥ 10
Refused donated by
elevated ALT
No
Yes

CHC, n = 431

P value

58.4 ± 13.2
41 (25.43)
82 (50.9)
38 (23.6)

56.5 ± 9.4
80 (18.6)
270 (62.6)
81 (18.8)

< 0.0011
0.0342

75 (46.6)
86 (53.4)

202 (46.9)
229 (53.1)

0.9512

97 (60.2)
40 (24.8)
24 (14.9)
24.12 ± 2.32
78 (48.4)
68 (42.2)
15 (9.3)
1.53 ± 0.48
147.3 ± 55.7
42.3 ± 3.5
67.4 ± 26.5
53.5 ± 27.4

344 (79.8)
55 (12.8)
32 (7.4)
25.45 ± 3.22
200 (46.4)
162 (37.6)
69 (16)
1.51 ± 0.52
176.3 ± 84.2
43.3 ± 4.5
62.6 ± 25.4
54.5 ± 22.6

< 0.0012

144 (89.4)
17 (10.6)

373 (86.5)
58 (13.5)

0.3462

130 (80.7)
31 (19.3)

347 (80.5)
84 (19.5)

0.9451

60 (37.3)
101 (62.7)
7.12 ± 2.43
22 (13.7)
139 (86.3)

205 (47.6)
226 (52.4)
6.73 ± 2.533
51 (11.8)
380 (88.2)

0.0252

152 (94.4)
8 (5.0)
1 (0.6)
8.67 ± 5.43

390 (90.5)
37 (8.6)
4 (0.9)
8.42 ± 6.25

0.3102

36 (22.4)
66 (41.0)
59 (36.6)

103 (23.9)
186 (43.2)
142 (32.9)

0.6982

94 (58.4)
67 (41.6)

243 (56.4)
188 (43.6)

0.6612

0.3531
0.1082

0.556
< 0.0011
0.5131
0.1131
0.2011

0.0671
0.5462

0.1071

Multivariate

4

OR

95%CI

Wald

P value

2.143

0.553-6.453

4.543

0.002

1.423
3.153

0.065
0.021

0.653

0.445

2.753
3.057
4.135

0.152
0.005
0.432

0.536
0.476
0.365
3.647
1.557
0.634
0.546

0.438
0.537
0.221
0.013
0.675
0.247
0.664

1.034

0.536

0.843

0.246

3.537
0.863

0.012
0.536

0.143

0.782

0.623
0.845
0.923

0.242
0.118
0.101

0.991
0.332

0.783
0.224

0.682

0.563

1
2.443
3.223

0.242-7.345
0.124-14.344

1.223

0.112-6.765

0.879
1.004
0.647

0.647-2.654
0.875-1.744
0.465-1.632

1.242
0.665
0.023
1.314
0.864
1.643
1.425

0.574-1.735
0.426-1.645
0.772-1.423
0.022-1.463
0.707-1.364
0.463-1.755
0.428-1.254

0.526

0.537-1.843

2.123

0.132-5.563

1.352
0.657

0.663-12.267
0.536-1.523

1.325

0.972-1.445

0.753
1.862
1.536

1.003-1.664
1.182-1.635
0.874-2.154

0.354
1.024

0.274-1.203
0.154-2.163

0.012

0.037-1.002

1

1

1

1

1

1

1

1

1

1

Data are presented as n (%). Alcohol consumption: Often, the ethanol intake per week was more than 140 g in men (70 g in women) in the past 12 mo;
Occasional, the ethanol intake per week was less than 140 g in men (70 g in women) in the past 12 mo. 1One-way analysis; 2Pearson’s chi-square; 3Fisher’s
exact test; 4Binary logistic regression. ALB: Albumin; ALT: Alanine aminotransferase; ANA: Antinuclear antibody; AST: Aspirate aminotransferase; BMI:
Body mass index; LSM: Liver stiffness measurement; SMA: Smooth muscle actin.

Using the “enter” method, the results suggested that
age, alcohol consumption and PLT levels were associated
with cirrhosis.

rural areas with a low economic status in Eastern China.
Many blood donors were infected with HCV because
of the use of contaminated medical devices. A total of
1694 participants were investigated, and 870 cases
were positive for anti-HCV. In particular, we found
12 (3.3%), 534 (68.5%) and 324 (58.8%) patients
positive against antiHCV in the blood donor, plasma
donor and mixed donor groups, respectively.
The results showed that the blood donation method
is the main cause of transmission of hepatitis C, and
plasma donation in particular is the main causes of

DISCUSSION
Hepatitis C is a blood-borne disease mainly transmitted
by percutaneous exposure to contaminated blood and
[10,11]
by unprotected sexual intercourse
. In the last
century, from the late 1980s to the early 1990s, a large
number of paid blood donors emerged in underdeveloped
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hepatitis C infection. The rate of HCV infection in blood
donors is 3.3%, quite similar to the average antiHCVpositivity rate of 3.2% in the general Chinese population
according to the national epidemiological survey of
[12,13]
HCV conducted from 1992 to 1995
. Some studies
reported the transmission of hepatitis C in blood donors
[14-18]
in the last decade in China
. However, this survey
revealed that the blood donation method, in particular
plasma apheresis, is the main cause of transmission of
hepatitis C.
We also found that the frequency of blood donation
in the plasma donor group was lower compared to the
blood donor group, due to the more frequent rejection
of blood donation in the plasma group because of
elevated ALT. In other words, more plasma donors are
likely to have been infected with HCV. The response
of serum markers (ALT, AST and PLT) to liver damage
in the plasma and mixed donor groups is higher than
in the whole blood donor group. The HBsAg-positivity
rate decreased because of the beginning of hepatitis B
screening for blood donation.
HCV RNA was first detected in peripheral blood
[19]
1-3 wk after exposure to HCV . Hepatitis C viremia
not yet cleared 6 mo after exposure will progress to
chronic infection. The hepatitis C chronicity rate is
[20-22]
approximately 55%-85%
. Our survey interval of
nearly 30 years shows that there are still 68% cases
of detectable HCV RNA. Some studies have suggested
that chronic predictive factors of HCV infection include
male sex, age > 25 years, lack of symptoms after
infection, race (African American), HIV infection, and
[21]
immunosuppression . The genetic background of
the host may affect chronicity. IL-28B gene, human
leukocyte antigen class 1 molecule HLA B57, and class
Ⅱ molecules HLA DRB1 and DQBI allele polymorphism
[23-25]
can affect HCV clearance
. For example, CC
genotype at the rs12979860 site of the IL-28B gene
leads to virus clearance, whereas TT is associated with
[26,27]
a very low virus clearance
.
In our study, age was a factor in the spontaneous
clearance of the virus, but no sex-related differences
in terms of HCV clearance were found. The increased
levels of indicators of liver damage such as PLT, ALT, AST
and LSM are considered the result of a chronic hepatitis
C. Interestingly, blood donation due to elevated ALT
reflects the activity of hepatitis C and indicates whether
its current activity is beneficial to its spontaneous
clearance.
HCV infection progresses slowly, up to 20 years after
infection. The incidence of cirrhosis in children and young
[28]
women is 2%-4% , in middle aged people infected
[29]
due to blood transfusion 18%-30% , in plasma
[7,30]
donors 1.4%-10.0%
, and in the general population
[26]
5%-15% . The factors that can promote disease
progression include infection with HCV at age over 40
years, male sex, alcohol use (50 g/d or more in men,
70 g in women), HCV with HIV infection which leads to
[31,32]
immune dysfunction
, obesity, insulin resistance,
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hepatitis B virus infection, nonalcoholic fatty liver, high
iron load in the liver, accompaniment of schistosomiasis
infection, hepatotoxic drugs, and environmental pollution
caused by toxic substances. Genetic factors can also
[33,34]
promote disease progression
.
Baseline liver tissue inflammation, necrosis and
fibrosis stage are the best predictors of progression to
cirrhosis. The incidence rate of cirrhosis of patients with
CHC after a nearly 30-year interval is 27.2%, which
[7,30]
was higher than in related studies
. Studying the
incidence rate involved a long observation period, age,
especially higher than 60 years, and regular drinking
were risk factors for cirrhosis. Significantly increased
levels of PLT and immunoglobulin are seen in cirrhosis.
HCV lb and 2a genotypes were the most common
in China, with genotype 1b (56.8%) being the highest,
followed by genotypes 2 (24.1%) and 3 (9.1%).
Genotypes 4 and 5 were not found, whereas genotype
[3]
6 (6.3%) was found to be low. However, our study
found that genotype 1b accounted for 91.9%, which
shows heterogeneity in the distribution of hepatitis C
genotypes in China.
In conclusion, this research over 27 years revealed
that CHC infection remains a serious public health
problem in Eastern China. Plasma donation is the main
causes of hepatitis C infection. The main HCV genotype
is 1b. After nearly 30 years of CHC, nearly 28% of
cases progressed to cirrhosis. Age, especially greater
than 60 years, and regular drinking habits were risk
factors associated with cirrhosis.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

The natural history of hepatitis C virus (HCV) is still unclear. One of the main
reasons why natural history is not clear is that the time of establishment of the
infection is unclear. In this report, the authors followed many patients with HCV
who can estimate the time of infection.

Research motivation

In the last century, from the late 1980s to the early 1990s, a large number of
paid blood donors emerged in underdeveloped rural areas with a low economic
status in Eastern China. Many blood donors were infected with HCV because of
the use of contaminated medical devices.

Research objectives

The study aimed to understand the prevalence of HCV infection in blood donors
over a nearly 27-year interval and to explore the factors that affect the outcome
of HCV infection.

Research methods

A retrospective and cross-sectional study was conducted. The participants,
mostly plasma donors, were selected from three administrative villages in
the Jiangsu province in Eastern China. A questionnaire was administered
among the villagers who had a history of blood donation from the late 1980s
to the early 1990s. All participants underwent physical examination, liver
B-ultrasonography, and liver stiffness measurement (LSM). In addition, 10 mL
of blood was collected from each participant to measure simple liver function
parameters [albumin (ALB), alanine aminotransferase (ALT), aspartate
aminotransferase (AST)], blood factors [platelet (PLT)], and for hepatitis B
surface antigen (HBsAg), antiHCV, and antihuman immunodeficiency virus
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detection. HCV RNA detection, HCV genotyping, and other tests were carried
out in antiHCV-positive patients.

9

Research results

After a median of 27 years (25-31 years) from the last blood donation to the
time of survey, a total of 1694 participants were investigated, and the antiHCVpositive individuals were categorized into three groups: blood donors (n = 12,
3.3%), plasma donors (n = 534, 68.5%), and mixed donors (n = 324, 58.8%).
A total of 592 (68.05%) patients had detectable HCV RNA, and 91.9% had
genotype 1b. A total of 161 (27.2%, 161/592) patients with chronic hepatitis
C (CHC) were considered to have cirrhosis, with an LSM level higher than 12
kPa. Multiple logistic (binary) regression analysis results showed that PLT and
IgG levels were associated with cirrhosis.

10
11

12

Research conclusions

The nearly 27-year interval investigation revealed that CHC infection is a
very serious public health problem in Eastern China. Plasma donation and
subsequent return of blood cells to the donor are the main causes of hepatitis
C infection. The main HCV genotype is 1b. Nearly 28% of cases progressed to
cirrhosis. Age, especially over 60 years, and regular drinking habits were risk
factors associated with cirrhosis.

13
14

Research perspectives

This research over 27 years revealed that CHC infection remains a serious
public health problem in Eastern China. The epidemiological data in the present
investigation may play an important role in focusing on the significance of public
health in chronic HCV infection.
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Abstract

exacerbated by any pathophysiological reason that
leads to increased colonic pressure. The study also
suggests that SmartPill might not be an optimal device
to evaluate gastrointestinal circumstances during meal
studies lasting less than 24 h, due to device’s inability
to measure effects of a singular food bolus in a timely
manner.

AIM
To compare the effects of regular vs low-FODMAP rye
bread on irritable bowel syndrome (IBS) symptoms and
®
to study gastrointestinal conditions with SmartPill .
METHODS
Our aim was to evaluate if rye bread low in FODMAPs
would cause reduced hydrogen excretion, lower
intraluminal pressure, higher colonic pH, different
transit times, and fewer IBS symptoms than regular
rye bread. The study was a randomized, double-blind,
controlled cross-over meal study. Female IBS patients
(n = 7) ate study breads at three consecutive meals
during one day. The diet was similar for both study
periods except for the FODMAP content of the bread
consumed during the study day. Intraluminal pH, transit
time, and pressure were measured by SmartPill, an
indigestible motility capsule.

Pirkola L, Laatikainen R, Loponen J, Hongisto SM, Hillilä M,
Nuora A, Yang B, Linderborg KM, Freese R. Low-FODMAP
vs regular rye bread in irritable bowel syndrome: Randomized
SmartPill® study. World J Gastroenterol 2018; 24(11): 1259-1268
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i11/1259.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i11.1259

INTRODUCTION

RESULTS
Hydrogen excretion (a marker of colonic fermentation)
expressed as area under the curve (AUC)(0-630 min) was
[median (range)] 6300 (1785-10800) ppm∙min for
low-FODMAP rye bread and 10 635 (4215-13080)
ppm∙min for regular bread (P = 0.028). Mean scores
of gastrointestinal symptoms showed no statistically
significant differences but suggested less flatulence
after low-FODMAP bread consumption (P = 0.063).
Intraluminal pressure correlated significantly with
total symptom score after regular rye bread (ρ =
0.786, P = 0.036) and nearly significantly after lowFODMAP bread consumption (ρ = 0.75, P = 0.052). We
found no differences in pH, pressure, or transit times
between the breads. Gastric residence of SmartPill was
slower than expected. SmartPill left the stomach in
less than 5 h only during one measurement (out of 14
measurements in total) and therefore did not follow on
par with the rye bread bolus.

Irritable bowel syndrome (IBS) is a common functional
[1]
gastrointestinal disorder . Symptoms include bloating,
abdominal pain, flatulence, constipation, and diarrhea.
[2]
[3]
Visceral sensitivity , low-grade inflammation , and
[4]
impaired gas handling contribute to the etiology of
IBS.
Many patients consider food as a trigger of their
[5,6]
symptoms
and half of IBS patients report postprandial
[7]
exacerbation of symptoms . FODMAPs (Fermentable
Oligo-, Di-, Monosaccharides and Polyols) are poorly
absorbable carbohydrates that are rapidly fermented
[8]
in the proximal colon . A low-FODMAP diet decreases
colonic fermentation, which in turn parallels a reduction
[9]
of IBS symptoms . One of the major food groups
excluded during a low-FODMAP diet is fiber-rich gluten[8]
containing grain products . Elimination of whole-grain
products from the diet may, however, lead to decreased
fiber intake and increase the risk of chronic diseases in
[10]
the long term .
Rye, a widely-consumed grain in the Nordic coun
tries, is very high in fiber that is mainly composed of
[11]
arabinoxylan, lignin, cellulose, β-glucan, and fructans .
[8]
Fructans are classified as FODMAPs . Typical rye
bread contains more than 10% fiber and is the most
important source of fiber (28%-35% of total intake)
[12]
of Finnish adults . Rye bread induces gastrointestinal
symptoms in some individuals, possibly due to the high
[13]
fructan content . Therefore, IBS patients may avoid
rye products.
Efforts are being made to develop grain products
[14]
that are low in FODMAPs but high in other fibers .
In a recent study, an innovative low-FODMAP highfiber (fiber > 10% of weight) rye bread caused less
colonic fermentation and led to fewer IBS symptoms
[15]
than regular rye bread . The low-FODMAP rye bread
was lower both in fructans and mannitol. Mannitol is
a FODMAP compound that is formed during the rye
sourdough breadmaking process.

CONCLUSION
Low-FODMAP rye bread reduced colonic fermenta
tion vs regular rye bread. No difference was found in
median values of intraluminal conditions of the gastroin
testinal tract.
Key words: Colonic pressure; FODMAP; Irritable bowel
syndrome; Rye; Wireless motility capsule; Symptom
severity
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our study confirmed that low-FODMAP
rye bread reduces colonic fermentation in irritable
bowel syndrome (IBS) patients compared with
regular rye bread. The observed correlation between
increased intracolonic pressure and symptom severity
underlines the central role of visceral sensitivity in
IBS and suggests that some IBS symptoms might be
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A major challenge in the research of functional
gastrointestinal disorders is the lack of objective markers
of disease activity. Excretion of hydrogen and methane
and colonic fermentation markers are among the rare
easily available and objective markers of gastrointestinal
circumstances during the consumption of FODMAPs or
[16]
other poorly absorbable carbohydrates . However,
a recent study utilized a wireless motility capsule
®
(SmartPill ) and demonstrated that pH in the colon of
[17]
IBS patients is lower than in healthy subjects . This
may indicate more intensive fermentation in the colon
of IBS patients. SmartPill measures intraluminal pH,
temperature, motility, and pressure and might thus offer
the means to gather objective data on gastrointestinal
conditions in IBS patients. A combination of SmartPill
data and measurements of perceived symptoms may
improve our understanding on the etiology of IBS
symptoms.
The aim of this pilot study was to compare a lowFODMAP rye bread and a regular rye bread with
regards to postprandial abdominal symptoms, breath
hydrogen concentration, and gastrointestinal transit
times, pH, and pressure as measured by SmartPill.
Our hypothesis was that a low-FODMAP rye bread
would induce less hydrogen excretion, lower pressure,
and increase pH in colon compared with regular
rye bread, which would subsequently parallel with
fewer IBS symptoms. The secondary objective was
to evaluate the feasibility of the SmartPill capsule in
associating IBS symptoms with physiologic responses
in the gastrointestinal tract in a meal study.

an informed consent form. The study protocol was
approved by the Ethics Committee of the Helsinki
and Uusimaa Hospital District, Finland. The study was
registered at ISRCTN registry (ISRCTN11005234).

Study design

This study was a randomized, double-blind, postprandial
cross-over meal study. All participants attended on two
occasions with a washout period of ≥ 2 wk between
the study periods. Each study period consisted of a runin period of 12 h (standardized dinner and overnight
fast), a test day with study meals (breakfast, lunch,
and dinner with low-FODMAP or regular rye bread) and
a follow-up of 1 to 3 d depending on the transit time
of the SmartPill capsule. The order of the interventions
(low-FODMAP or regular rye bread) was randomized
for each patient with a random number table. Both
investigators and participants were blinded to the
identity of the bread. The study events during the study
period are detailed in Supplemental Table 1.

Study diets

The diet was standardized from the evening (-12
h) before the test breakfast (0 h) until the following
morning (+24 h). The standardized diet consisted
of regular grocery products and had a low FODMAP
content (Supplemental Table 1). The diet was similar
for both study periods except for the FODMAP content
of the bread eaten during the study day. Participants
kept a food diary from the day before the test day until
the end of the study period.
On the morning of the test day, the volunteers
ingested the SmartPill capsule with water and ate four
slices (approximately 120 g) of bread with spread,
cheese, vegetables, and coffee or tea. Lunch with two
slices of the test bread was consumed six hours later
and dinner with an additional two slices of bread 10-12 h
after the breakfast. Thus, participants consumed a total
of eight slices (approximately 240 g) of bread during
each study period. Breads were developed and supplied
by Fazer Bakeries (Vantaa, Finland). The low-FODMAP
rye bread was prepared using a specific sourdough that
contains unique lactobacilli that efficiently consume
fructans and also results in low mannitol content. The
control rye bread was prepared using a traditional rye
sourdough. The breads were similar in appearance and
taste.
The nutrient composition of the breads (Table 1)
was analyzed by Eurofins scientific Finland, Raisio (Food
and Agro), Finland. The dietary fiber content of the
breads was determined by using the AOAC method
2011.25 that discriminates soluble and insoluble, low,
and high molecular weight dietary fibers. The mannitol
content was analyzed by the HPLC method used by
Eurofins Food and Agro, Lidköping, Sweden. Fructan
content was measured by using the AOAC 999.03
method (Megazyme assay kit K-FRUC, Megazyme

MATERIALS AND METHODS
Study subjects

Patients with IBS were recruited from the Helsinki metro
politan area via the Internet. The eligibility inclusion
criteria were the following: (1) female, (2) aged 18 to
2
65 years, (3) BMI 18.5-30 kg/m , and (4) IBS defined
[18]
by the Rome III criteria . The exclusion criteria were
celiac disease, Crohn’s disease, diverticulitis, severe
dyspepsia, stomach bezoar, bowel obstruction, severe
constipation, medication used in the management of
intestinal motility, major abdominal surgery, dysphagia,
pregnancy or breastfeeding, regular smoking, implanted
medical device, and hormonal, renal, hepatic, or
hematologic disease or participation in another clinical
trial during the past two months.
The study candidates were pre-screened with
questionnaires on health and diet and IBS diagnostic
criteria. Candidates meeting the preliminary inclusion
criteria received laboratory tests (blood count, sedimen
tation rate, thyroid function tests, transglutaminase
antibodies and immunoglobulins for celiac disease,
calprotectin, and gene test for lactose intolerance) and
a clinical evaluation by a gastroenterologist. Weight
and height were also measured. All participants signed
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Table 1 Nutritional composition of the study breads
Low-FODMAP rye bread
Energy (kJ/kcal)
Fat (g)
Protein (g)
Carbohydrates (g)
Dietary fiber (g)
Soluble fiber (g)
Insoluble fiber (g)
Fructans (g)
Mannitol (g)

Regular rye bread

Per 100 g

Per slice (30 g)

Per 100 g

Per slice (30 g)

1031/245
2.6
7.5
42.4
10.8
2.6
6.7
0.4
0.09

309/74
0.8
2.3
12.7
3.2
0.8
2.0
0.12
0.03

1037/246
1.1
7.5
45.1
12.8
2.9
7.7
1.2
0.26

311/74
0.3
2.3
13.5
3.8
0.9
2.3
0.36
0.08

international Ireland Ltd, Bray, Ireland).

all symptoms and hydrogen concentration, and thus
values were included only until 630 min for all subjects
when calculating the outcome variables. The baseline
(0 min) of symptoms was not included in outcome
variables as this was measured before eating the test
breakfast.
The outcome variables calculated from the symptom
questionnaire scores were the following: mean of the
scores for each symptom during the follow-up period
(30-630 min), sum of total symptom scores at each
time point, and the area under the curve (AUC) of
the total symptom score during the follow up (30-630
min). AUC of breath hydrogen was calculated using
the absolute breath hydrogen values (0-630 min).
AUC values were calculated following trapezoidal
[23]
rule
without respect to increase because symptom
severity and hydrogen concentration may have a
baseline value of zero. Symptom and H2 measurements
that were conducted after the test day were used to
calculate the mean of total symptom score and mean
of breath hydrogen content for different parts of the
gastrointestinal tract.

SmartPill

®

SmartPill (Given Imaging ltd, Yoqneam, Israel) is an
indigestible wireless capsule that contains sensors for
temperature, pH, and pressure. The capsule is 26.8 mm
long and its diameter is 11.7 mm. The capsule sends
the measured data to a receiver worn by the subject.
Measurement data is uploaded to a computer and
®
analyzed by MotiliGI program. The program calculates
mean pressure, median pH, contractions/min, and
transit times based on changes in pH and temperature
for the different parts of the gastrointestinal tract. In the
present study, the capsule was swallowed with the test
breakfast and the subject was prohibited from eating for
six hours after the meal so the capsule would proceed
to small intestine. Each study period ended when the
capsule was defecated.

Breath hydrogen and IBS symptoms

®

Breath hydrogen was analyzed with Gastrolyzer
(Bedfont Scientific Ltd, Kent, England) before the test
breakfast (0 min) and every 30 min for 11 h (660 min)
on the test day and every three hours on the following
days. Breath hydrogen was analyzed as a marker for
[19]
colonic fermentation .
IBS symptoms during the study periods were collect
ed with a visual analogue scale (VAS) questionnaire.
We did not formally validate the questionnaire, but it
[20]
follows the concept as described by Francis et al .
A similar scoring system has been used previously in
[21,22]
other diet studies in IBS
. Symptoms were recorded
once before the test breakfast (0 min) and every 30
min for 11 h on the test day and every 3 h on the
following days. The questionnaire consisted of nine
individual 100 mm VAS lines of the following different
symptom classes: abdominal pain, abdominal cramps,
bloating, flatulence, belly rumbling, nausea, heartburn,
unpleasant sensation in the upper abdomen, and
continuous urge to defecate. Additionally, participants
kept a diary of defecation times and form of stool.
Missing values in gastrointestinal symptoms and
hydrogen measurements were imputed with the mean
value of the previous and following measurements. Two
subjects failed to report the 660 min measurements for

WJG|www.wjgnet.com

Statistical analysis

Breath hydrogen was the primary outcome variable
used in the study power calculations. Suitable
previously published data was not available, and thus
the study power was calculated based on a preliminary
test performed in Fazer Bakeries in which healthy
participants ate regular rye bread or low-FODMAP
rye bread followed by analysis of breath hydrogen
content during the six-hour postprandial period. The
difference in breath hydrogen content (ppm) between
fasting and at six hours was used to evaluate the
number of subjects in the current study. Based on
the power calculation, a sample size of eight would
have 80% power to detect a 25-ppm difference in
breath hydrogen using a paired t-test with a two-sided
significance level of 0.05.
The patient characteristics and outcome variables
are expressed as a median (range) and as number
of cases for categorical variables. The difference in
outcome variables between study periods was analyzed
using the Wilcoxon signed-rank test for related samples.
Correlations between mean symptom severity and
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Low-FODMAP rye bread

30

Regular rye bread

Hydrogen concentration (ppm)

25

20

15

10

5

0

0

30 60

90 120 150 180 210 240 270 300 330 360 390 420 450 480 510 540 570 600 630

t /min

Figure 1 Medians of expired hydrogen concentration (ppm∙min) during the test days.

symptom score between low-FODMAP (23520 mm∙min;
range 6885-113610 mm∙min) and regular rye breads
(41130 mm∙min; range 10785-83220 mm∙min) was not
statistically significant (P = 0.866).
All patients could swallow the SmartPill device
without major challenges. In eight out of a total of
14 measurements the device stayed in the stomach
for an unexpectedly long period (i.e., > 10 h; in 6
measurements out of a total of 14 the device resided
in the stomach > 15 h, data not shown). SmartPill left
the stomach in less than five hours only during one
measurement. Therefore, the devices did not follow
on par with the rye bread bolus. All devices were
defecated within three days of swallowing.
Transit times, median pH values, mean pressures,
and contractions are shown in Table 3. SmartPillderived transit times, pH values, mean pressure, or
contractions/min in any part of the gastrointestinal tract
did not differ between the bread tests. The association
between colonic pressure and overall symptom severity
during the time when the device was transiting the colon
is shown in Figure 3. The correlation was significant
after the participants had consumed regular rye bread
(ρ = 0.786, P = 0.036) and was nearly significant
after low-FODMAP bread consumption (ρ = 0.750, P =
0.052). The correlation coefficients between symptom
severity and colonic contraction frequency were 0.775
(P = 0.041) and 0.786 (P = 0.036) after regular and
low-FODMAP bread consumption, respectively. Colon
pH and H2 excretion were associated with symptom
severity after regular bread (ρ = 0.821, P = 0.023 and
ρ = 0.857, P = 0.014, respectively) but not after lowFODMAP bread (ρ = 0.342, P = 0.452 and ρ = 0.536, P
= 0.215, respectively) consumption.

mean breath hydrogen and between mean symptoms
and SmartPill indices during the colonic phase were
analyzed using the Spearman’s rho. Statistical analysis
was performed with IBM SPSS Statistics (Version 23,
IBM Co., New York, United States) and Microsoft Office
Excel 2013 (Microsoft Co., Washington, United States).

RESULTS
A total of nine female subjects (median age 39 years,
range 29-51 years) with IBS were recruited into the
study, of whom two withdrew during the study for
personal reasons. The BMI of the subjects was [median
2
(range)], 26.4 (19.5-30.4) kg/m . Three participants
suffered from diarrhea-predominant IBS, two from
constipation-predominant IBS and two from mixed
type IBS. A flowchart of the recruitment process and
the study is shown in Supplemental Figure 1.
Postprandial excretion of hydrogen expressed as
AUC(0-630 min) was [median (range)] 6300 (1785-10800)
ppm∙min for low-FODMAP rye bread and 10635
(4215-13080) ppm∙min for regular bread. The two
bread tests differed significantly (P = 0.028), indicating
more intensive colonic fermentation after consumption
of the regular rye bread. Median expired hydrogen
concentrations are shown in Figure 1.
The means of the VAS measurements of indivi
dual gastrointestinal symptoms during the follow-up
(30-630 min) did not reveal any statistically significant
differences between the breads (Table 2). However,
the flatulence severity was nearly significantly lower
after low-FODMAP rye bread consumption (P = 0.06).
Furthermore, there was a significant (P = 0.034)
difference between the low-FODMAP bread (15 mm;
range 5-34 mm) and the regular rye bread (34 mm;
range 8-56 mm) in the maximum severity of flatulence
(data for other maximum values not shown). Figure 2
shows the development of the total symptoms during
the course of the test day. The difference in AUCs of total
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DISCUSSION
In this meal study, we demonstrated that consumption
of low-FODMAP rye bread leads to reduced hydrogen
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Table 2 Means (mm) of gastrointestinal symptoms from 30-630 min after the test meals median (range)
Low-FODMAP rye

Regular rye bread

P value1

2.4 (0.0-28.2)
1.2 (0.1-29.2)
12.3 (1.0-48.4)
3.3 (0.5-7.6)
3.0 (0.1-6.6)
1.0 (0.0-22.4)
1.4 (1.0-20.8)
7.4 (1.0-26.1)
1.5 (0.0-29.5)

4.8 (0.1-21.9)
3.0 (0.1-10.0)
23.1 (1.1-37.8)
4.2 (0.5-28.2)
3.8 (1.4-11.4)
2.1 (0.0-15.5)
1.8 (0.1-20.3)
11.8 (1.2-23.2)
2.1 (0.3-22.4)

0.735
0.917
0.866
0.063
0.398
1.000
1.000
0.310
0.735

Abdominal pain
Cramps
Bloating
Flatulence
Belly rumbling
Nausea
Heartburn
Unpleasant sensation in the uppemen
Urge to defecate
1

Wilcoxon signed-rank test.

Low-FODMAP rye bread

Symptom severity (mm)

200

Regular rye bread

150

100

50

0

0

30 60 90 120 150 180 210 240  270 300 330 360  390 420 450 480 510 540 570 600 630

t /min

Figure 2 Medians of total symptom scores (mm) for both breads during the test days. The theoretical maximum of the symptom score sum is 900 mm.

expiration (a marker of colonic fermentation) when
compared with regular rye bread consumption. Furth
ermore, the maximum flatulence severity was lower for
the low-FODMAP rye bread compared with regular rye
bread. No difference was found in other symptoms, pH,
contractions, or total gastrointestinal tract pressure.
Interestingly, intracolonic pressure and contraction
frequency, rather than total gastrointestinal pressure,
were associated with symptom severity during the
colonic transition period of SmartPill. This finding
suggests that the colon is most affected and is the
origin of IBS symptoms. The exceedingly long gastric
transit time measured by SmartPill was an unexpected
finding.
Our finding of lower hydrogen excretion during
the low-FODMAP rye bread test is consistent with
previous studies; grain products that are high in
fructans increase hydrogen excretion (i.e., colonic
fermentation) when compared with grain products
[15,24]
low in fructans
. Additionally, the difference in the
maximum flatulence value suggests a higher level of
gas formation after regular rye bread consumption.
There were no differences between the treatments
in the perceived severity of other gastrointestinal
symptoms, although the median values tended to
favor the low-FODMAP rye bread. The perceived
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severity of symptoms was overall low. A larger sample
size most likely would have been needed to reach
statistical significance in symptom severity. The power
calculation for the study was based on hydrogen
excretion rather than change in symptoms.
A previous scintigraphy study has shown that after
consumption of a medium-sized solid meal, 98%-99%
of ingested food should leave the stomach within four
[25]
hours and 84% within two hours . The transition
time of the SmartPill from stomach to small intestine
varied from 4.5-22 h in the present study. These
[26,27]
results are in contrast with previous studies
, which
have shown that gastric emptying of SmartPill takes
place within five hours in most study subjects. On the
other hand, sporadic prolonged gastric residence times
of SmartPill in healthy volunteers have been previously
[28,29]
reported
. SmartPill is a non-digestible capsule
that presumably leaves the stomach during phase III
[26]
of the migrating motor complex (MMC) . The long
gastric emptying times in the present study indicate
that the six-hour lag time between the study breakfast
and lunch was not long enough for the SmartPill to
leave the stomach. The subsequent meal probably
terminated the MMC cycle before the capsule was
transported to the duodenum.
It is possible that gastric emptying times, at least
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Table 3 SmartPill-derived transit times, pH values, mean pressure, and contractions/min median (range)
Low-FODMAP rye bread

Regular rye bread

P value1

18.1 (5.3-22.3)
4.0 (2.1-5.6)
25.2 (12.2-50.0)
46.5 (22.6-73.5)

5.6 (4.5-18.0)
4.6 (3.2-6.6)
32.1 (14.7-47.6)
45.8 (24.3-70.4)

0.091
0.866
0.176
0.612

1.5 (0.8-4.1)
7.5 (5.0-8.0)
7.2 (5.8-7.5)

1.5 (1.0-2.4)
7.6 (7.0-7.8)
6.5 (5.9-8.5)

0.671
0.915
0.612

2.2 (1.9-2.7)
3.1 (1.6-8.6)
4.8 (3.2-6.3)

2.5 (2.0-3.0)
4.5 (2.4-7.0)
4.0 (2.0-6.7)

0.610
0.398
0.310

1.2 (0.6-1.7)
3.2 (0.5-6.1)
1.7 (1.3-2.9)

1.0 (0.8-1.8)
4.9 (1.9-6.5)
1.7 (0.6-3.3)

0.553
0.176
0.495

Transit time (h)
Stomach
Small intestine
Colon
Whole GI tract
Median pH
Stomach
Small intestine
Colon
Mean pressure (mmHg)
Stomach
Small intestine
Colon
Contractions/min
Stomach
Small intestine
Colon
1

Wilcoxon signed-rank test.

in the stomach, the device was usually in the small
intestine during the night. For this reason, we could
not compare perceived symptoms and measured
conditions in the small intestine. However, the residence
time was longer in the large intestine, and thus we
could link symptom ratings and conditions in the colon.
Intracolonic pressure correlated with IBS symptom
severity in our study. One of the key underlining reasons
why IBS patients experience pain and discomfort is
their lower threshold to sense pain and distension,
[2,31]
a phenomenon called visceral hypersensitivity
.
Therefore, any dietary or physio-anatomic factors that
increase pressure in gut might worsen symptoms.
Theoretically, intracolonic pressure might increase due
to many factors, such as consumption of gas-forming
FODMAPs, impaired handling of colonic gas, intestinal
microbiota disturbances, fecal retention, difficulties in
expelling gas or anatomical abnormalities that obstruct
gas. However, with our methods we cannot explain the
underlining cause of the increased intracolonic pressure.
Nonetheless, hydrogen excretion did not correlate with
intracolonic pressure in the present study, suggesting
that other reasons such as intestinal abnormalities
or microbiota disturbances might play a larger role.
Intestinal abnormalities previously associated with
IBS symptoms include small intestinal constriction,
[32,33]
dilated transverse colon, and redundant colon
.
Further research is warranted in the area of intracolonic
pressure and its role in IBS symptoms. Interestingly,
[34]
Rogers et al
have shown that intraluminal pressure
was higher among subjects with IBS when compared
with healthy subjects. These results, together with our
findings, suggest that colonic gas amplitude may have
a causal role in IBS symptom generation.
We also found a correlation between colonic con
traction frequency and symptom severity during both
[35]
bread periods. Previously, Hasler et al
demonstrated

Low FODMAP rye bread
Regular rye bread
Linear (Low FODMAP rye bread)
Linear (Regular rye bread)
140

Symptom severity (mm)

120
100
80
60
40
20
0

0

1

2

3

4

5

6

7

8

Pressure (mmHg)

Figure 3 Association between intracolonic pressure and simultaneous
total symptom score after consumption of test breads. The theoretical
maximum symptom score sum is 900 mm.

those measured with SmartPill, are increased in
[30]
IBS. Indeed, another study by Dupont et al
also
reported gastric emptying times longer than 5 h in
IBS patients. Furthermore, in study from Ringel-Kulka
[17]
et al , patients with constipation-predominant IBS
had prolonged gastric emptying times (mean 8 h).
Although there were three bread meals during the
study day, in many cases SmartPill followed the rye
bolus with a delay of several hours. This is important
information for future studies. SmartPill might fail to
measure gastrointestinal circumstances in a timely
manner, at least in patients with IBS. Based on our
study, it is possible that SmartPill is more applicable for
feeding studies lasting at least two days rather than
one-day meal studies.
Due to the unexpectedly long residence of SmartPill
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among the rare easily available and objective markers of gastrointestinal
circumstances during the consumption of FODMAPs or other poorly absorbable
carbohydrates. Grains are often considered as triggers of irritable bowel
syndrome symptoms but less is known about the effects of grain products
with differing content of FODMAPs on gastrointestinal transit times, pH and
intraluminal pressure in patients with IBS.

in their SmartPill study that colonic motor activity
(i.e., colonic contraction frequency and duration of
contractions) is increased in constipation-predominant
IBS patients when compared with non-IBS subjects.
Increased motoric activity might be one mechanism
for how intracolonic pressure is increased in IBS. We
also observed that pH and hydrogen excretion during
the colonic phase were associated with symptom
severity after consumption of regular rye bread; these
findings might simply reflect the degree of colonic
fermentation and act as surrogates of colonic pressure.
Taken together, our findings with previous SmartPill[17,35]
gathered data
provide further evidence for the role
of intraluminal physiological conditions in triggering
IBS symptoms. This observation is of relevance to
clinicians as IBS is sometimes considered primarily as
[36]
a psychosocial condition . Interestingly, spasmolytics,
such as peppermint oil capsules, relax smooth muscles
of the intestinal wall and thus reduce colonic motility,
which may explain the reductions in pain, discomfort,
and feeling of bloating reported in several clinical
[37]
trials . Attempts to reduce intraluminal pressure and
contractions might continue to be important therapeutic
targets in IBS.
Our study has limitations. As stated previously,
the number of subjects might have been too small to
detect all true differences between the breads. The
long residence of SmartPill in the stomach is a potential
bias in our study. The observation period was rather
short (630 min). On the basis of our experience in
this study, we recommend longer studies when using
SmartPill in diet-related research. The strengths of our
study include the double-blind randomized setting and
standardization of the evening snack before the trial
and all food consumed during the first 24 h of the test
period.
In conclusion, our meal study demonstrated that
consumption of low-FODMAP rye bread led to reduced
colonic fermentation and maximum flatulence values
in IBS patients when compared with regular rye bread.
No differences could be found in other symptoms, pH,
colonic pressure, or gut contractions. Due to its inability
to measure effects of a singular food bolus in a timely
manner, this study also showed that SmartPill might
not be an optimal device in evaluating gastrointestinal
circumstances during meal studies lasting less than
24 h. The observed correlation between increased
intracolonic pressure and symptom severity underlines
the central role of visceral sensitivity in IBS. Further
studies are needed to understand the role of
intracolonic pressure formation in IBS.

Research motivation

SmartPill, a motility monitoring capsule, which measures intraluminal pH, transit
time and pressure, and might thus offer the means to gather objective data on
gastrointestinal conditions in IBS patients. A combination of SmartPill data and
measurements of perceived symptoms may improve our understanding on the
etiology of IBS symptoms when consuming grains high in FODMAPs.

Research objectives

Our aim was to evaluate if rye bread low in FODMAPs would cause less
hydrogen excretion, lower intraluminal pressure, higher colonic pH and less IBS
symptoms than regular rye bread.

Research methods

The study was conducted as a randomized double blind controlled cross-over
meal study. Female IBS patients (n = 7) ate study breads on 3 consecutive
meals. Intraluminal conditions were measured by SmartPill®, an indigestible
motility capsule.

Research results

Postprandial hydrogen excretion, a marker of colonic fermentation, expressed
as AUC(0-630 min) was [median (range)] 6300 (1785-10800) for low-FODMAP rye
bread and 10635 (4215-13080) ppm∙min for regular bread (P = 0.028). The
means of the visual analogue scale measurements of individual gastrointestinal
symptoms did not show any statistically significant differences between the
breads. Intraluminal pressure correlated significantly with total symptom score
after regular rye bread (ρ = 0.786, P = 0.036) and nearly significantly after lowFODMAP bread consumption (ρ = 0.75, P = 0.052). We found no differences
in pH, contractions or transit times between the breads. Gastric emptying
of SmartPill was slower than expected on the basis of majority of research
literature.

Research conclusions

Our meal study demonstrated that low-FODMAP rye bread reduces colonic
fermentation but no difference was found in median values of symptoms, pH,
colonic pressure of gastrointestinal tract when compared to regular rye bread.
Our observation on the correlation between increased intra-colonic pressure
and symptom severity warrants further studies in IBS.

Research perspectives

Our finding on the correlation of intracolonic pressure and symptom severity
suggests that IBS symptoms might be worsened by any reason that leads to
increased colonic pressure in IBS. Consequently, any therapeutic attempts to
reduce intraluminal pressure and contractions might continue to be important
therapeutic targets in IBS. The study also implied that SmartPill might not be
an optimal device to evaluate the gastrointestinal circumstances during meal
studies among IBS patients lasting less than 24 h, due to device’s inability to
measure effects of a singular food bolus in a timely manner. Observation and
feeding periods longer than 38 h are recommended for future research utilizing
SmartPill, especially among people with IBS.
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Abstract
AIM
To determine steatosis and fibrosis prevalence in
hepatitis C patients after a sustained virological
response achieved with direct-acting antivirals.

Noureddin M, Wong MM, Todo T, Lu SC, Sanyal AJ, Mena
EA. Fatty liver in hepatitis C patients post-sustained virological
response with direct-acting antivirals. World J Gastroenterol
2018; 24(11): 1269-1277 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i11/1269.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i11.1269

METHODS
Transient elastography with controlled attenuation
parameter (CAP) was used to assess hepatic steatosis
post-sustained virological response (SVR); the CAP
technology was not available in the United States at
study initiation. Liver stiffness/fibrosis was measured
before and 47 wk after treatment completion. Patients
with genotype 3 and patients with cirrhosis were
excluded.

INTRODUCTION
With the growing epidemic of obesity and type 2 di
abetes mellitus, nonalcoholic fatty liver disease (NAFLD)
currently has a worldwide prevalence of 25.24%
[1]
(approximately 1.8 billion people) , making it the most
common cause of chronic liver disease (CLD), followed
by chronic hepatitis B (CHB, 257 million people), and
[2]
chronic hepatitis C (CHC, 71 million people) . In the
United States, NAFLD and CHC are the two most
[3]
common CLD causes , and nonalcoholic steatohepatitis
(NASH)-associated cirrhosis is the second leading
indication for liver transplant (LT) after hepatitis C virus
[4]
(HCV)-associated end-stage liver disease . With the
recent study that showed that between 2004 and 2013
the number of adult patients with NASH awaiting LTs
[4]
almost tripled , combined with the rapidly expanding
population of CHC patients achieving sustained virological
responses (SVRs) with direct-acting antivirals (DAAs),
it is thought that NASH may soon become the leading
indication for LT. NAFLD prevalence is now estimated to
[5]
be approximately 30% in the United States .
NAFLD is usually diagnosed by detecting steatosis
after excluding other causes of liver disease. However,
hepatic steatosis may occur in patients with other liver
diseases, often in those with obesity and other metabolic
factors typical of NAFLD, potentially creating an additive
or synergistic combination of steatosis, oxidative
damage, cellular impairment and other factors that may
[6]
worsen liver injury . Steatosis is known to escalate
liver necroinflammatory activity and accelerate fibrosis
[7]
in CHC patients . The hepatic steatosis prevalence in

RESULTS
One hundred and one patients were included in the
study. Post-SVR there were decreases from baseline
in alanine aminotransferase (ALT) (63.1 to 17.8 U/L),
aspartate aminotransferase (51.8 to 21.5 U/L) and
fibrosis score (7.4 to 6.1 kPa) (P < 0.05). Post-SVR, 48
patients (47.5%) had steatosis on CAP; of these, 6.25%
had advanced fibrosis. Patients with steatosis had
2
higher body mass index (29.0 vs 26.1 kg/m ), glucose
(107.8 vs 96.6 mg/dL), ALT (20.4 vs 15.3 mg/dL), CAP
score (296.3 vs 212.4 dB/m) and fibrosis score (7.0 vs
5.3 kPa); P < 0.05. Interestingly, compared to baseline,
both patients with and without steatosis had change
in fibrosis score post-SVR (7.7 kPa vs 7.0 kPa and 7.0
kPa vs 5.3 kPa); alternatively, (P < 0.05) and therefore
patients with steatosis continued to have clinically
significant stiffness (≥ 7 kPa).
CONCLUSION
Fatty liver is very common in hepatitis C virus (HCV)
patients post-SVR. These patients continue to have
elevated mean fibrosis score (≥ 7 kPa) compared to
those without fatty liver; some have advanced fibrosis.
Long term follow up is needed to assess steatosis and
fibrosis in HCV patients post-SVR.
Key words: Nonalcoholic fatty liver disease; Hepatitis
C; Fibrosis; Steatosis; Sustained virological response;
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CHC patients has been reported to be approximately
[8]
50% (range 30%-70%) . The mechanisms leading
to steatosis in CHC have not been fully elucidated but
may include host factors leading to insulin resistance
and interactions between lipid metabolism pathways
[9,10]
and the HCV core protein
. It has been proposed that
HCV’s effects on hepatic lipid metabolism may inhibit
the export proteins needed for the assembly and secre
tion of very low density lipoproteins (VLDL), resulting
[8]
in triglyceride accumulation in the liver . Therefore,
hepatic steatosis in HCV patients may result from some
combination of viral and metabolic factors, other than in
genotype 3 (GNT3) patients in which the steatosis may
[11]
be due to direct effects of genotype 3 viral proteins .
Historically, an SVR with interferon was not asso
ciated with steatosis resolution except in GNT3 patients
[10]
which has a different steatosis etiology . In patients
with an SVR achieved with DAAs steatosis prevalence is
unknown. In this prospective, cross-sectional study, we
assessed steatosis prevalence and degree of fibrosis in
CHC patients who achieved an SVR through treatment
with DAAs.

first scanned with the M probe (3.5 MHz) over the
right liver lobe. If indicated by the machine, patients
were re-evaluated using the XL probe (2.5 MHz). Ten
measurements were made and the interquartile range
was less than 30%. We defined test failure when no
stiffness measurement was obtained or there were
unreliable measurements (success rate < 60% or
[12-14]
interquartile range/median > 30%)
.
Liver stiffness/fibrosis scores were measured before
and within one year after completion of HCV treatment
with DAAs; the median time interval between treatment
completion and post-SVR TE was 47 wk, with no signi
ficant difference between patients with and without
steatosis. Simultaneous liver steatosis measurements
were obtained using controlled attenuation parameter
(CAP) values in dB/m only after SVR achievement
as the technology was not available in the United
States at the study’s initiation. Based on the recent
large patient data meta-analysis of studies containing
histology-verified CAP data for grading of steatosis that
[15]
determined optimal cut-offs for CAP , steatosis was
defined as ≥ 248 dB/M. Clinically significant stiffness
[16,17]
was defined as ≥ 7 kilopascal (kPa)
.

MATERIALS AND METHODS

Patients’ specifications

Study design

We included patients if they were 18 years or older,
were treated for CHC using DAAs and were able to
provide informed consent. We excluded patients if they
(1) had a history of significant alcohol intake within
2 years of recruitment (14 drinks/wk for men or 7
drinks/wk for women) as assessed by the hepatologist
as well as the Alcohol Use Disorders Identification
Test-Consumption (AUDIT-C) questionnaire; (2) had
secondary causes of fatty liver such as medications
(for example, methotrexate) or other infectious causes
(for example, human immunodeficiency virus); (3)
had evidence of liver diseases other than hepatitis C;
(4) were HCV GNT3 as it is thought to have a different
underlying etiology of steatosis related to the virus (viral
steatosis) and we sought to investigate this genotype
separately; or (5) had cirrhosis based on imaging or
FibroScan. All the following information was collected:
medical history, age, sex, height, weight, body mass
index (BMI), ethnic background, and vital signs.

This is a prospective, cross-sectional study of patients
with CHC who achieved an SVR after treatment with
DAAs. The patients in this cohort had been treated with
a variety of direct-acting antiviral regimens: ledipasvir/
sofosbuvir (Harvoni), 75 patients; elbasvir/grazoprevir
(Zepatier), 1 patient; dasabuvir/ombitasvir/paritaprevir/
ritonavir (Viekira), 7 patients; dasabuvir/ombitasvir/
paritaprevir/ritonavir with ribavirin, 2 patients;
sofosbuvir (Sovaldi) with ribavirin, 9 patients; sofosbuvir
with daclatasvir (Daklinza), 1 patient; sofosbuvir with
simeprevir (Olysio), 2 patients; sofosbuvir/velpatasvir
(Epclusa), 4 patients. Between January 2016 and March
2017, 101 adult patients were enrolled, excluding
patients with other liver diseases, secondary causes of
steatosis (e.g., medications, excessive alcohol), and
GNT3 which has a different steatosis etiology. After
achieving an SVR, patients were invited to undergo
standardized history and anthropometric examination,
laboratory testing, and transient elastography (TE) at
the California Liver Research Institute in Los Angeles.
This study received approval and was done under IRB
protocol CLRI-01. Ethical guidelines for human research
were followed. All patients signed informed consent.

Laboratory measurements

The biochemical tests that were measured included
aspartate aminotransferase (AST), alanine aminotran
sferase (ALT), alkaline phosphatase, total bilirubin, direct
bilirubin, albumin, fasting glucose, hemoglobin A1c,
triglycerides, total cholesterol, high-density lipoprotein,
and low-density lipoprotein. Other measurements
included platelets, prothrombin time, and international
normalized ratio.

Transient elastography

TE was performed using the FibroScan 502 Touch
model (M Probe, XL Probe; Echosens, Paris, France)
by an experienced TE-certified technician blinded to
clinical data. Patients were asked to fast for at least 4 h
prior to the examination. The procedure was performed
in the supine position with the right arm adducted
while holding the breath for 10 s. All patients were
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Statistical analysis

The chi-square test was used to compare between
categorical variables, and a paired t test to compare
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6.25% of there had advanced
fibrosis (≥ 11 Kpa)

53% post SVR
had no steatosis
(CAP < 248 dB/m)

47% post SVR
had steatosis
(CAP ≥ 248 dB/m)

None of these had advanced
fibrosis (≥ 11 Kpa)

Figure 1 Post-sustained virological response steatosis prevalence in hepatitis C virus patients and advanced fibrosis prevalence in those with and
without steatosis. SVR: Sustained virological response; CAP: Controlled attenuation parameter.

mean differences between continuous variables.
Primary and secondary comparisons within groups were
calculated with paired t tests, two-tailed, independentsample t tests, or nonparametric tests including Wilcoxon
signed-rank test as applicable. A two-tailed P < 0.05
was considered statistically significant. Statistical
analyses were performed with SPSS 21.

= 0.04), dyslipidemia (10.4% vs 5.7%; P = 0.048),
2
higher body mass index (28.9 ± 6.6 kg/m vs 26.1
2
± 6.9 kg/m ; P = 0.049), ALT (20.4 ± 16.5 U/L vs
15.3 ± 5.5 U/L; P = 0.048), fasting glucose (107.8 ±
30.5 mg/dL vs 96.5 ± 11.1 mg/dL; P = 0.023) and
triglycerides (138.8 ± 77.9 mg/dL vs 109.7 ± 63.9
mg/dL; P = 0.05) (Table 2). None of the patients
without steatosis had abnormal liver enzymes; only
6.25% of patients with steatosis had abnormal liver
enzymes.

RESULTS
Patient characteristics

Changes in patients with and without steatosis
between baseline and post-SVR: Interestingly,
patients with steatosis continued to have clinically
significant liver stiffness (mean baseline 7.7 ± 1.7 kPa;
post-SVR 7.0 ± 4.8 kPa; P = 0.037) while patients
without steatosis did not (mean baseline 7.1 ± 2.1;
post-SVR 5.3 ± 1.5 kPa; P < 0.0001) (Table 3).
Among patients with post-SVR steatosis, 6.25% had
advanced fibrosis defined as ≥ 11 kPa. No patients
without steatosis had advanced fibrosis (Table 3).
Post-SVR, neither weight nor BMI changed while
levels of transaminases and other liver enzymes
dropped in patients both with and without steatosis,
including ALT (55.6 ± 60.9 U/L to 15.3 ± 5.5 U/L in
patients with steatosis, P < 0.0001, and 68.78 ± 52.8
U/L to 20.4 ± 16.5 U/L in patients without steatosis; P
< 0.0001, respectively); AST (43.3 ± 35.6 U/L to 20.2
± 5.4 U/L; P < 0.0001 and 61.3 ± 44.7 U/L to 22.9
± 9.8 U/L; P < 0.0001, respectively); and alkaline
phosphatase (78.5 ± 43.1 U/L to 70.8 ± 28.8 U/L; P =
0.01 and 75.5 ± 21.8 U/L to 71.3 ± 19.4 U/L; P = 0.04
(Table 3).

Between January 2016 and March 2017, 101 adult
CHC patients who achieved SVR were enrolled. At
baseline the average age for the entire cohort was 60.3
2
± 10.7 years and BMI was 27.6 ± 6.9 kg/m ; 37%
were Caucasian and 26% were Hispanic. The average
fibrosis score was 7.4 ± 1.9 kPa. HCV genotypes were:
GNT1 (85%), GNT2 (14%), and GNT4 (1%) (Table 1).

Changes post-SVR

Changes in the Entire Cohort: As expected, postSVR HCV viral load was undetectable compared to
prior baseline (prior to starting treatment) (0.0 ± 0.0
IU/m vs 6.2 ± 0.9 IU/m; P < 0.0001). ALT and AST
decreased to normal levels post-SVR compared to
baseline (17.8 ± 12.3 U/L vs 63.1 ± 62.6 U/L for ALT;
P < 0.0001 and 21.5 ± 8.0 U/L vs 51.8 ± 41.1 U/L for
AST; P < 0.0001). There was no change in BMI post2
SVR compared to baseline (27.5 ± 6.9 kg/m vs 27.6
2
± 6.9 kg/m ). In the overall cohort, post-SVR there
was a significant decrease in fibrosis score on TE (7.4
± 1.9 kPa to 6.1 ± 3.6 kPa; P = 0.013), a decline that
is considered clinically significant.
Changes in patients with and without steatosis
post-SVR: Post-SVR, 48 patients (47.5%) had
steatosis with mean CAP score 296.3 ± 37.4 compared
to a mean CAP score 212.4 ± 29.4 dB/m in patients
without steatosis (P < 0.0001) (Figure 1). Patients
with steatosis were more likely than patients without
steatosis to have type 2 diabetes (18.7% vs 7.5%; P
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DISCUSSION
Since hepatic steatosis prevalence in CHC patients
has previously been reported to be approximately
[8]
50% our findings of a 47.5% prevalence post-SVR
achieved with DAAs should perhaps not be surprising.
However, this very high prevalence with continuing
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Table 1 Demographic and clinical characteristics of the chronic hepatitis C patients prior to direct-acting antivirals treatment and
after achieving sustained virological response 12 n (%)

Demographics
Male
Age (yr, mean ± SD)
White
Hispanic
African American
Asian
Other
Declined
Clinical
Hypertension
Type 2 diabetes
Dyslipidemia
Anthropometric (mean ± SD)
Body mass index (kg/m2)
Weight (Lbs.)
Laboratory panel (mean ± SD)
HCV vial load log10 IU/mL
HCV genotype
Genotype 1
Genotype 2
Genotype 4
AST (U/L)
ALT (U/L)
Alkaline phosphatase (U/L)
Albumin (g/dL)
Bilirubin, total (mg/dL)
Fasting glucose (mg/dL)
FibroScan (mean ± SD)
Fibrosis Score (kPa)
IQR (%)

Prior to DAA treatment (baseline)

Post-SVR 12

P 1 value

49 (48)
60.3 ± 10.7
37 (37)
26 (26)
13 (13)
7 (7)
2 (2)
16 (15)

49 (48)
60.3 ± 10.7
37 (37)
26 (26)
13 (13)
7 (7)
2 (2)
16 (15)

NS
NS
NS
NS
NS
NS
NS
NS

45 (43)
13 (12.3)
8 (7.5)

45 (43)
13 (12.3)
8 (7.5)

NS
NS
NS

27.6 ± 6.9
174.9 ± 46.9

27.5 ± 6.9
172.7 ± 44.5

NS
NS

6.2 ± 0.9

0.0 ± 0.0

< 0.0001

86 (85)
15 (14)
1 (1)
51.8 ± 41.1
63.1 ± 62.6
77.5 ± 34.0
4.3 ± 0.4
0.6 ± 0.2
99.1 ± 30.1

21.5 ± 8.0
17.8 ± 12.3
71.0 ± 24.3
4.4 ± 0.4
0.6 ± 0.3
102.1 ± 23.5

< 0.0001
< 0.0001
0.004
NS
NS
NS

7.4 ± 1.9
12.6 ± 4.9

6.1 ± 3.6
12.3 ± 5.5

0.013
NS

1

P values (2-sided) determined from either a Fisher’s exact test for categorical variables or t-test for continuous variables. DAA: Direct-acting antivirals;
SVR: Sustained virological response; HCV: Hepatitis C virus; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; IQR: Interquartile range.

we used TE, which is highly sensitive and specific, and
is widely used and easy to perform. Although liver
biopsy is still the gold standard to assess fatty liver
and staging with MRI proton density fat fraction may
[21]
be more accurate , biopsy is invasive and costly and
many patients are reluctant to undergo the procedure
because of concerns about pain and, although limited,
possible complications. With biopsy there is also the
possibility of inter-and intra-observer variability and
[22]
sampling error . MRI techniques are quite expensive.
Neither of these is likely to be performed in post-SVR
patients with normal liver enzymes. Thus, the use of
TE with CAP is realistic in a real-world setting.
There is substantial data showing good sensitivity
and specificity for the use of TE in determining either
presence of advanced fibrosis or no fibrosis. In eight
studies that compared the usefulness of TE and liver
biopsy for assessment of liver fibrosis in NAFLD patients
it was shown that TE is very good for diagnosis of
F ≥ 3, with 84%-100% sensitivity and 83%-97%
[23-30]
specificity
. Similar findings were reported in a
recent large systematic review and meta-analysis
that confirmed that TE was excellent for diagnosis of
[31]
F ≥ 3 in NAFLD patients . Although there is reduced
accuracy using TE for distinguishing early fibrosis

clinically significant fibrosis in the steatotic patients
despite normal liver enzymes should be of concern to
clinicians. The current European guidelines recommend
assessing ALT and HCV RNA 48 wk post-treatment in
non-cirrhotic patients with SVR, with no further follow
[18]
up with normal ALT/undetectable HCV RNA . The
current United States guidelines for patients post-SVR
recommend follow up only for those with advanced
fibrosis; assessing other liver disease causes is only
recommended in cases of persistently abnormal
[19]
transaminases . Importantly, we show that fatty
liver may be present despite normal liver enzymes,
[20]
confirming previous studies that have shown this .
Therefore, we recommend post-SVR assessment of
steatosis and fibrosis in those with abnormal BMI or
other risk factors typical of NAFLD. In patients found to
have hepatic steatosis long-term follow up is warranted.
To our knowledge this is the first prospective study
to assess the prevalence of fatty liver in HCV patients
who achieved an SVR with DAAs. We hope that our
study will raise awareness of the post-SVR prevalence
of fatty liver and the need for screening and longterm follow up. Our study’s strengths include the
community-based hepatology setting, which likely
accurately represents real life experience. In addition,
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Table 2 Characteristics of chronic hepatitis C patients after achieving sustained virological response 12 comparing those with and
without steatosis n (%)
Patients without steatosis
Patients with steatosis
(CAP < 248 dB/m) (n = 53) (CAP ≥ 248 dB/m) (n = 48)
Demographics
Male
Age (yr, mean ± SD)
White
Hispanic
Clinical
Hypertension
Dyslipidemia
Type 2 diabetes
Anthropometric (mean ± SD)
Body mass index (kg/m2)
Weight (Lbs.)
Hepatology and viral hepatitis panel (mean ± SD)
AST (U/L)
ALT (U/L)
Alkaline phosphatase (U/L)
Albumin (g/dL)
Bilirubin, total (mg/dL)
Other laboratory studies (mean ± SD)
Total cholesterol (mg/dL)
HDL cholesterol (mg/dL)
LDL cholesterol (mg/dL)
Triglycerides (mg/dL)
HbA1c (%)
Fasting serum glucose (mg/dL)
FibroScan (mean ±SD)
Fibrosis Score (kPa)
CAP (dB/m)
% of patient with fibrosis score of (≥ 7 kPa)

P 1 value

25 (47)
59.4 ± 11.6
18 (34)
14 (26)

27 (56)
60.9 ± 9.4
18 (38)
12 (25)

NS
NS
NS
NS

25 (47.2)
3 (5.7)
4 (7.5)

20 (41.7)
5 (10.4)
9 (18.7)

NS
0.048
0.04

26.1 ± 6.9
161.0 ± 33.4

28.9 ± 6.6
172.7 ± 44.5

0.049
0.005

20.2 ± 5.4
15.3 ± 5.5
70.7 ± 28.2
4.3 ± 0.2
0.6 ± 0.3

22.9 ± 9.8
20.4 ± 16.5
71.3 ± 19.4
4.5 ± 0.6
0.6 ± 0.2

NS
0.048
NS
NS
NS

184.8 ± 35.1
57.6 ± 18.6
102.6 ± 33.2
109.7 ± 63.9
5.7 ± 0.6
96.5 ± 11.1

179 ± 37.2
50.8 ± 17.0
100.7 ± 31.5
138.9 ± 77.9
6.0 ± 0.9
107.8 ± 30.5

NS
NS
NS
0.05
NS
0.023

5.3 ± 1.6
212.4 ± 29.0
0%

7.0 ± 4.8
296.3 ± 37.4
6.25%

0.0013
< 0.0001
0.066

1

P values (2-sided) determined from either a Fisher’s exact test for categorical variables or t-test for continuous variables. CAP: Controlled attenuation
parameter; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; HDL: High density lipoprotein; LDL: Low density lipoprotein; CAP:
Controlled attenuation parameter.

and use of the AUDIT-C at the time of the TE CAP
assessment post-SVR.
Although our exclusion of HCV GNT3 patients means
that our findings cannot be applied to the approximately
[36]
30.1% of HCV patients with this genotype , the
exclusion is a strength of the study in other ways.
Steatosis has been shown to correlate with intrahepatic
viral replication in GNT3, with resolution of steatosis
seen after effective antiviral treatment, suggesting a
[8]
direct steatogenic effect of GNT3 virus . In a study of
patients treated with interferon, steatosis improvement
post-SVR was seen in 91% of GNT3 patients vs 43%
[37]
of patients with other genotypes (P < 0.04) . In a
study that compared the effects of interferon treatment
in GNT1 and GNT3 patients, hepatic steatosis did not
change in GNT1 patients, regardless of the treatment
response, while steatosis was significantly reduced in
GNT3 patients who achieved an SVR (P < 0.001) but
[38]
not in patients who did not , again suggesting a direct
steatogenic effect of GNT3 HCV. Thus, GNT3 patients
represent a unique population in terms of steatosis that
should be studied separately. Inclusion of these patients
in our study could have substantially altered our findings
regarding post-SVR steatosis, likely substantially
reducing the prevalence due to steatosis reduction

stages (F1-F2), in our study we were mainly comparing
results in patients with and without advanced fibrosis.
There is also substantial data showing good sensitivity
and specificity of TE with CAP for assessing hepatic
[32]
steatosis . Although cutoff values for defining steatosis
with CAP have not been fully formalized, we chose
the value that defined steatosis (≥ 248 dB/M) based
on a very recent large (2735 patients) meta-analysis
of studies containing histology-verified CAP data for
grading of steatosis that determined optimal cut-offs for
[15]
CAP .
Although until relatively recently, obesity (BMI > 30
2
kg/m ) was associated with a reduced ability of TE to
accurately determine fibrosis and steatosis, this problem
has been largely addressed with the development of
the obese-specific XL probe which we used in our study,
confirmed in multiple studies to obtain reliable liver
[33-35]
stiffness measurement in obese patients
. Another
strength of our study is our inclusion of a detailed
metabolic profile and alcohol questionnaire, with other
causes carefully ruled out. It has been suggested that
post-SVR some patients might feel free to indulge in
alcohol consumption, with a resulting increase in liver
stiffness measurements. Importantly, we ruled out
increased alcohol intake through both medical records
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Table 3 Comparison of pre-treatment vs post-sustained virological response characteristics in patients with and without postsustained virological response steatosis
Patients without steatosis n = 53
Body mass index (kg/m2)
Weight (Lbs.)
Laboratory panel (mean ± SD)
HCV vial load log10 IU/mL
AST (U/L)
ALT (U/L)
Alkaline phosphatase (U/L)
Albumin (g/dL)
Bilirubin total (mg/dL)
Fasting glucose (mg/dL)
FibroScan (mean ± SD)
Fibrosis score (kPa)

Patients with steatosis n = 48

Pretreatment

Post SVR

P value

Pretreatment

Post SVR

P value

25.5 ± 4.0
161.9 ± 32.6

26.1 ± 6.9
161.0 ± 33.4

NS
NS

30.0 ± 8.5
187.3 ± 55.8

29.0 ± 6.6
186.1 ± 51.3

NS
NS

6.1 ± 1.0
43.3 ± 35.6
55.6 ± 60.9
78.5 ± 43.1
4.2 ± 0.5
0.6 ± 0.2
95.6 ± 31.9

0.0 ± 0.0
20.2 ± 5.4
15.3 ± 5.5
70.8 ± 28.8
4.4 ± 0.3
0.6 ± 0.3
96.6 ± 11.1

< 0.0001
< 0.0001
< 0.0001
0.01
0.006
NS
NS

6.3 ± 0.8
61.3 ± 44.7
68.78 ± 52.8
75.5 ± 21.8
4.3 ± 0.2
0.6 ± 0.3
103.0 ± 27.5

0.0 ± 0.0
22.9 ± 9.8
20.4 ± 16.5
71.3 ± 19.4
4.5 ± 0.6
0.6 ± 0.2
107.8 ± 30.5

< 0.0001
< 0.0001
< 0.0001
0.04
0.006
NS
NS

7.1 ± 2.1

5.3 ± 1.5

< 0.0001

7.7 ± 1.7

7.0 ± 4.8

0.0037

SVR: Sustained virological response; HCV: Hepatitis C virus; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.

in GNT3 patients, resulting in an overall steatosis
prevalence which would not be representative of the
[36]
almost 70% of HCV patients with other genotypes .
A limitation of our study is that, because the CAP
technology was not available in the United States at
the time of study initiation, we were unable to estimate
steatosis prevalence with CAP prior to the initiation of
DAAs in order to determine treatment effect. However,
regardless of baseline steatosis prevalence, there is real
clinical value in assessing post-SVR prevalence so that
appropriate long-term follow up can be recommended.
Another limitation is the length of follow-up as the
median time interval in our study is 47 wk between
treatment completion and the post-SVR TE. Lengthier
studies are definitely needed to assess NAFLD pro
gression and steatosis and fibrosis changes over time
in this population. However, by assessing patients at
almost a year post-SVR we have at least provided a
foundation upon which lengthier studies could expand.
The sample size could be considered as a limitation;
however, this is a proof of concept study that this is
first of its kind and warrants larger studies. Finally,
we excluded patients with cirrhosis. However, these
patients are usually followed up closely post-SVR and
steatosis has been found to be low when patients have
[39]
advanced fibrosis .
In conclusion, our findings that 47.5% of HCV
patients had steatosis post-SVR and that some steatotic
patients had clinically significant fibrosis, despite
normal liver enzymes, highlight the importance of
post-SVR assessment of steatosis and fibrosis in these
patients. We believe these patients should be followed
longitudinally, both to provide appropriate patient care
and to advance our understanding of the long-term
consequences of hepatic steatosis in post-SVR patients.
In addition, we note that despite SVR these steatotic
CHC patients are excluded from most NAFLD clinical
trials, predominantly because of the current guidelines’
[40,41]
definition of NAFLD as a diagnosis of exclusion
. We
propose revisiting this and implementing new definitions
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of those with concomitant liver diseases, including those
with HCV SVRs, that might allow patients’ participation
in trials, an unmet need in the rising epidemic of NAFLD.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

It is known that the hepatic steatosis prevalence in hepatitis C patients who
have achieved a sustained virological response with interferon is approximately
50%. However, the prevalence of fatty liver in hepatitis C patients who have
achieved a sustained virological response with direct-acting antivirals has
not previously been studied. Knowledge of this is important in order to direct
appropriate long-term follow up for patients.

Research motivation

Post-sustained virological response (SVR), hepatitis C patients, many of
whom have normal liver enzymes, are too often being discharged from their
hepatologists’ care with no further plans for follow up. The current European and
United States guidelines only recommend long-term follow up in patients with
elevated enzymes. In addition, many hepatitis C patients who have achieved
an SVR are excluded from nonalcoholic fatty liver disease (NAFLD) clinical
trials. We think it is important to determine the prevalence of NAFLD post-SVR
and assess the severity of liver disease in these patients. Determining these
things can provide a basis for future research aimed at determining the longterm natural history of the disease in these patients, and may prompt changes
in both liver society guidelines for follow up and in clinical trial exclusion criteria.

Research objectives

The main objective, to determine the prevalence of fatty liver in hepatitis C
patients who have achieved a sustained virological response with direct-acting
antivirals, was achieved. This knowledge provides a basis for future research
aimed at determining the long-term natural history of the disease in these
patients.

Research methods

In this study we used transient elastography with controlled attenuation
parameter to measure steatosis and fibrosis in hepatitis C patients post-SVR.
This was the first study to measure both fibrosis and steatosis in hepatitis C
patients using the FibroScan technology.

Research results

Our findings have added knowledge previously unknown in this field that may
help to guide the need for long-term monitoring of hepatitis C patients postSVR, with a particular focus on the possible occurrence of NAFLD in these
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patients, whether or not there are elevated liver enzymes. The most important
future research will be to carry out long-term follow up on hepatitis C patients
post-SVR to determine the prevalence of fatty liver over time.

9
10

Research conclusions

This is the first prospective study to assess the prevalence of fatty liver in
hepatitis C patients who have achieved a sustained virological response with
direct-acting antivirals. The study’s findings that fatty liver is present in 47.5%
of these patients and that some steatotic patients have clinically significant
fibrosis despite normal liver enzymes should raise awareness of the high postSVR prevalence of fatty liver and the importance of post-SVR assessment of
steatosis and fibrosis and long-term follow up with these patients. The study’s
findings raise concern that the recommendations found in the current U.S. and
European guidelines for follow up of patients post-SVR could result in a lack
of adequate long-term monitoring of these patients. In particular, the very high
prevalence of fatty liver (47.5%) with continuing clinically significant fibrosis
in the steatotic patients despite normal liver enzymes should be of concern
to clinicians. Therefore, we recommend post-SVR assessment of steatosis
and fibrosis in those with abnormal BMI or other risk factors typical of NAFLD.
In patients found to have hepatic steatosis long-term follow up is clearly
warranted.

11

12
13

14
15

Research perspectives

Our study’s assessment of steatosis and fibrosis in hepatitis C patients at
almost a year post-SVR has shown that long-term monitoring of these patients
to assess the possibility of fatty liver and fibrosis is important. With this study,
we have provided a foundation upon which lengthier and larger studies should
expand, using regularly scheduled transient elastography with controlled
attenuation parameter assessments in order to determine whether this high
level of steatosis is still present multiple years post-SVR and the clinical
ramifications for patients.

16
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Abstract
AIM
To evaluate the safety and feasibility of a new
technology combining low-pressure pneumoperitoneum
(LPP) and abdominal wall lift (AWL) in laparoscopic
total mesorectal excision (TME) for rectal cancer.
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METHODS
From November 2015 to July 2017, 26 patients
underwent laparoscopic TME for rectal cancer using
LPP (6-8 mmHg) with subcutaneous AWL in Qilu
Hospital of Shandong University, Jinan, China. Clinical
data regarding patients’ demographics, intraoperative
monitoring indices, operation-related indices and
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pathological outcomes were prospectively collected.

the conventional method of creating a workspace in
laparoscopic surgery. The application of pneumoperit
oneum results in a variety of physiologic alterations,
due to the systemic absorption of CO2 and increased
intra-abdominal pressure. CO2 absorption across the
peritoneum into the circulation can lead to hypercarbia
and changes in blood gas parameters. Appropriate
ventilator adjustment is usually required to eliminate
the increased CO2 load. Increased intraabdominal
pressure by standard-pressure pneumoperitoneum
(SPP; 12-15 mmHg) has been reported to result in
lower respiratory compliance, increased paw airway
pressure, enhanced venous stasis, reduced portal
[1-5]
venous pressure and impaired cardiac function . These
alterations may be detrimental in high-risk patients
with poor cardiopulmonary reserve, such as older
and morbidly obese patients with American Society of
[6]
Anesthesiologists (ASA) status Ⅲ and Ⅳ .
Low-pressure pneumoperitoneum (LPP), defined as
[7]
5-7 mmHg , has been proposed to reduce the adverse
consequences of SPP, and is recommended in older
and compromised patients. It was reported that LPP
reduced the adverse effects on cardiopulmonary function
[5,8]
without affecting laparoscopic feasibility . It has also
[5,9]
proved feasible and safe in cholecystectomy , Nissen
[10]
[11]
[12]
fundoplication , hysterectomy , adrenalectomy
[13]
and donor nephrectomy . Abdominal wall lift (AWL)
is another alternative technique to SPP which avoids
the destructive changes associated with CO2 absorption
and increased intraabdominal pressure. A variety of
AWL systems have been developed and applied in a
[14]
wide range of surgical procedures . Compared with
SPP, AWL results in more stable cardiopulmonary,
hemodynamic and renal functions during laparoscopic
[15-17]
procedures
.
A frequent disadvantage during laparoscopic sur
gery with LPP or AWL is that the operative field is less
optimal, which increases technical difficulties. In order
to obtain adequate visualization, we combined LPP
with AWL and initially used this technique in a case
[18]
of laparoscopic single-site cholecystectomy . In the
present prospective pilot study, we aimed to evaluate
the safety and feasibility of LPP with AWL in laparoscopic
total mesorectal excision (TME) for rectal cancer.

RESULTS
Laparoscopic TME was performed in 26 cases (14
anterior resection and 12 abdominoperineal resection)
successfully, without conversion to open or laparoscopic
surgery with standard-pressure pneumoperitoneum.
Intraoperative monitoring showed stable heart rate,
blood pressure and paw airway pressure. The mean
operative time was 194.29 ± 41.27 min (range:
125-270 min) and 200.41 ± 20.56 min (range: 170-230
min) for anterior resection and abdominoperineal
resection, respectively. The mean number of lymph
nodes harvested was 16.71 ± 5.06 (range: 7-27).
There was no positive circumferential or distal resection
margin. No local recurrence was observed during a
median follow-up period of 11.96 ± 5.55 mo (range:
5-23 mo).
CONCLUSION
LPP combined with AWL is safe and feasible for lapa
roscopic TME. The technique can provide satisfactory
exposure of the operative field and stable operative
monitoring indices.
Key words: Laparoscopic surgery; Abdominal wall lift;
Low-pressure pneumoperitoneum; Rectal cancer; Total
mesorectal excision
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Low-pressure pneumoperitoneum (LPP)
and abdominal wall lift (AWL) have been proposed
as alternative approaches to standard-pressure
pneumoperitoneum to avoid adverse cardiorespiratory
effects. However, the operative field under these
approaches is less optimal and accompanied by
increased technical difficulties. We developed a new
technique combining LPP and AWL, which improved
exposure of the operative field that was compromised
with LPP or AWL alone. We evaluated the safety
and feasibility of this new technique in 26 cases of
laparoscopic total mesorectal excision for rectal cancer.
This technique can provide satisfactory exposure of the
operative field and stable operative monitoring indices.

MATERIALS AND METHODS

Xia PT, Yusofu M, Han HF, Hu CX, Hu SY, Yu WB, Liu SZ.
Low-pressure pneumoperitoneum with abdominal wall lift in
laparoscopic total mesorectal excision for rectal cancer: initial
experience. World J Gastroenterol 2018; 24(11): 1278-1284
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i11/1278.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i11.1278

Clinical data

This was a prospective study, and the protocol was
approved by the Ethics Committee of Scientific Re
search of Shandong University Qilu Hospital, Jinan,
China. From November 2015 to May 2017, 26 patients
underwent laparoscopic TME using LPP with AWL in Qilu
Hospital of Shandong University, Jinan, China. Written
informed consent was obtained from all patients. Rectal
adenocarcinoma was diagnosed by colonoscopy and
biopsy. Computed tomography scans of the abdomen
and pelvis were used to determine tumor stage. Patients

INTRODUCTION
Pneumoperitoneum with carbon dioxide (CO2) is
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liver, peritoneal or pelvis metastases. The patient
was then adjusted to the head-down position, which
was about 20°-30° inclined to help move the small
intestine for better exposure of the inferior mesenteric
artery (IMA). The dissection began from the sigmoid
mesocolon at the level of the sacral promontory, up to
the origin of the IMA. The ascending left colic artery
was preserved after a thorough clearance of the
lymphatic and adipose tissues at the base of the IMA.
The IMA was then ligated, and the inferior mesenteric
vein was dissected and ligated at the level of the
ligament of Treitz. The splenic flexure was mobilized
routinely to achieve a tension-free anastomosis.
Exposure seemed inadequate during the above
procedures, and an effort was made to achieve the
optimal operative field. We developed and tested three
methods. The first was to add a second needle in
the supraumbilical area. This was abandoned due to
frequent collisions of the instruments with the scaffold
and lifting arms. We then tried the method reported by
[19]
Park et al , where anchoring sutures were placed around
the camera port and lifted up by an assistant to retract
the abdominal wall for additional exposure. This method
was successful and the workspace was improved.
However, the view obtained from manual work was
not stable. Therefore, we increased the pressure of the
pneumoperitoneum to 8 mmHg. This method provided
an adequate operative field for dissection of the IMA
and inferior mesenteric vein and mobilization of the
splenic flexure. These procedures were completed within
approximately 20-30 min, and the pressure was then
reduced to 6 mmHg.
TME was then started posteriorly after identification
of the Holy Plane. Dissection was performed laterally and
anteriorly down to the pelvic floor, until circumferential
rectal mobilization was complete. The hypogastric
nerves, inferior hypogastric plexuses, presacral nerves
and ureters were carefully identified and preserved. For
patients undergoing anterior resection, an endoscopic
linear stapler was used to divide the rectum. The
specimen was extracted through a protected incision at
the left lower trocar site. After division of the proximal
colon and introduction of the anvil of a circular stapler
were complete, an intracorporeal end-to-end colorectal
anastomosis was performed. A rectal decompression
tube was placed and no diverting ileostomy was
constructed. An abdominoperineal resection was
performed if the tumor was located less than 5 cm from
the anal verge, and perforation of the specimen was
avoided with careful operation.

Figure 1 The subcutaneous abdominal wall lift system. The steel scaffold
was fixed to the operating table. A sterilized needle was inserted through the
subcutaneous tissue and drafted by a retractor to lift the abdominal wall.

without distant metastasis were eligible for enrollment
in the study. All operations were performed by the same
surgical group with considerable experience in advanced
laparoscopic gastroenterological surgery.
Clinical data regarding patients’ demographics
[age, sex, body mass index (BMI)], ASA status,
intraoperative monitoring indices (heart rate, blood
pressure and paw airway pressure), operative time,
blood loss, complications and pathological outcomes
(tumor size, differentiation, depth of invasion, lymph
nodes harvested, Dukes stage, completeness of TME,
circumferential and distal margins) were obtained.

Instruments

The subcutaneous AWL system (Mizuho Medical Inc.,
Tokyo, Japan) was used in this study. It consisted of a
sterilized steel scaffold with a lifting arm, retractors and
steel needles. Other instruments included a harmonic
scalpel (Ultracision; Ethicon Endosurgery, Cincinnati,
OH, United States) and conventional laparoscopic
instruments, such as a coagulation hook, dissector
and grasper (Yida Medical Device Co., Ltd., Hangzhou,
China). Hem-O-Lock clips (Weck Closure Systems,
Triangle Park, NC, United States) were used to ligate
vessels.

Surgical technique

The patients were placed in the lithotomy position
under general anesthesia with a laryngeal mask airway.
A 10-mm supraumbilical arc incision was made, and
then a Veress needle was inserted to create the CO2
pneumoperitoneum. The pressure was maintained at 6
mmHg with an insufflation rate of 10 L/min. The steel
scaffold was fixed to the operating table. A sterilized
needle was inserted through the subcutaneous tissue at
5 cm above the pubic level, then drafted by a retractor
and the abdominal wall was slightly elevated to obtain
additional exposure of the operative area (Figure 1).
The procedures were performed using 5 trocars. A
careful exploration was performed to detect possible
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RESULTS
All 26 laparoscopic TME procedures, including 14
cases of anterior resection and 12 cases of abdomin
operineal resection, were successfully completed
without intraoperative complications. The patients’
demographics, perioperative data and pathologic
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patients after urethral catheters were removed. All
4 patients were diagnosed with benign prostatic
hyperplasia preoperatively and the catheters were reindwelt. All patients resumed free liquid diet 24 h after
surgery. The rectal decompression tube was removed
3 d after surgery. There were no cases of adverse
cardiovascular events, bleeding or anastomotic leakage
observed after surgery.
The rectal specimens were thoroughly examined by
the same group of colorectal pathologists. No positive
circumferential or distal resection margins were found.
No local recurrences were observed during a mean
follow-up period of 11.96 mo (range: 5-23 mo).

Table 1 Patients’ demographics and clinical characteristics
n /mean ± SD (range)

Variable
Age in yr
Sex
Male
Female
BMI in kg/m2
ASA grade
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Procedure
AR
APR
Operative time in min
AR
APR
Estimated blood loss in mL
AR
APR
Postoperative complications
Shoulder pain
Pulmonary infection
Calf muscular venous thrombosis
Dysuria
Tumor size in cm
Length
Thickness
Distal resection margin in cm
AR
APR
Differentiation
Poorly
Moderate
Highly
Depth of invasion
T1
T2
T3
T4
Lymph nodes harvested
Dukes stage
A
B
C
Follow-up in mo

62.71 ± 8.71 (41- 82)
17
9
24.39 ± 2.68 (21.11-30.12)
1
22
3
0
14
12

DISCUSSION

194.29 ± 41.27 (125-270)
200.41 ± 20.56 (170-230)

LPP combined with AWL has been proposed as
an alternative approach to SPP by the European
[7]
Association for Endoscopic Surgery . We initially used
this method in a case of laparoscopic transumbilical
single-site cholecystectomy which was converted
from a gasless laparoscopic single-site procedure with
[18]
AWL . Due to the high BMI of the patient, a 6 mmHg
pneumoperitoneum was created for better exposure of
the operative field. In the present study, this technique
was applied in laparoscopic TME for the first time.
Our preliminary experience indicated that LPP with
AWL was safe and provided a satisfactory workspace
for TME. The number of lymph nodes retrieved, the
completeness of TME, the circumferential and mean
distance to the distal margin were comparable with
[20-23]
those reported in studies using SPP
. Another LPP
(8 mmHg) and AWL technique was designed by Park
[19]
et al
and proved feasible in laparoscopic colorectal
surgery. In their study, anchoring sutures were placed
around the camera port and lifted up by an assistant
to retract the abdominal wall for additional exposure.
Unlike this technique, we used the subcutaneous AWL
[24]
system introduced by Nagai et al
and Hashimoto
[25]
et al , in which a needle was inserted to retract the
inferior abdominal wall rather than the periumbilical
area. This technique provided a stable and superior
operative field, although no strict comparison was
performed between the two techniques.
The present study indicated that LPP combined with
AWL resulted in stable heart rate, blood pressure and
paw airway pressure monitored during laparoscopic
TME. For rectal surgery which requires exposure of
the lower abdomen, a head-down or Trendelenburg
position is necessary. Pneumoperitoneum combined
with this position contributes to pushing abdominal
organs towards the chest for sufficient exposure of the
IMA and mesocolon before dissection in TME. However,
SPP combined with head-down or Trendelenburg
position significantly reduces pulmonary compliance
by more than 30% and leads to ventilation perfusion
[7]
mismatch . This should be avoided in patients with
impaired cardiopulmonary function. Therefore, gasless

35.71 ± 16.35 (20-80)
85.00 ± 26.61 (50-140)
1
1
2
4
4.29 ± 1.19 (2-6.5)
1.12 ± 0.45 (0.5-2)
3.14 ± 1.34 (2-5)
2
19
5
1
7
1
17
16.71 ± 5.06 (7-27)
6
5
15
11.96 ± 5.55 (5-23)

Data are number of cases (n) or mean ± SD. AR: Anterior resection;
APR: Abdominoperineal resection; BMI: Body mass index; SD: Standard
deviation.

outcomes are summarized in Table 1. LPP combined
with AWL provided adequate exposure of the operating
area. There were no conversions to open or laparoscopic
surgery with SPP. Intraoperative monitoring resulted in
stable curves of heart rate and blood pressure during
surgery (Figure 2A). Peak and mean paw airway
pressure increased when the pneumoperitoneum
was created at the beginning of surgery, was stable
throughout the laparoscopic stage, and then decreased
after CO2 was discharged at approximately 150-180
min (Figure 2B).
One patient had shoulder pain and pulmonary
infection postoperatively. Dysuria occurred in 4 male
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Figure 2 Intraoperative monitoring indexes. A: Heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP) and mean arterial pressure (MAP); B:
Peak and mean paw airway pressure (Pmax and Pmean).

or LPP techniques should be recommended in these
patients.
Gasless laparoscopic colorectal surgery was reported
[26,27]
to be feasible in several studies
. However, studies
of laparoscopic colorectal surgery with LPP are scant,
which is possibly due to the restricted operative field.
Compared with LPP or AWL alone, the combination of
LPP and AWL may be a more appropriate technique with
less adverse hemodynamic and respiratory alterations
for laparoscopic TME. This was proved by the stable
intraoperative monitoring indices, even in patients with
ASA Ⅲ status, although the number of patients was
small. In the present study, most of the patients were
in ASAⅠand Ⅱ status. Further studies are expected to
confirm the superiority of this approach in patients with
ASA Ⅲ and Ⅳ status.
The most obvious disadvantage of LPP and gasless
techniques is limited exposure in the operative field.
Based on our experience, the operative field provided
by LPP combined with AWL was less optimal than
that with SPP, but acceptable for laparoscopic TME in
most patients. However, there were some difficulties
in exposing and dissecting the IMA with a pneumo
peritoneum of 6 mmHg, especially in obese patients.
We increased the pressure to 8-10 mmHg and obtained
better exposure of the IMA, and then decreased the
pressure back to 6 mmHg after dissection.
Two alternative methods were used to improve
exposure of the operative field in obese patients. A
second needle was inserted 3 cm above the umbilical
level. A better operative field was obtained, but
surgery was more difficult due to frequent collisions
of the laparoscopic instruments with the scaffold and
lifting arms. We also used the method reported by Park
[19]
et al , which was feasible, and exposure was improved
when the camera port was lifted up. However, the
operative field provided by the assistant was unstable.
Therefore, we recommend that the pressure should
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be increased to 8-10 mmHg when there is difficulty in
exposing and dissecting the IMA. No obvious changes
in heart rate, blood pressure and paw airway pressure
were observed during the short operating time.
Another major concern of LPP with AWL was the
prolonged operative time and the accompanying
increase in CO2 absorption. Installation of the AWL
device and inferior exposure of the operative field may
result in longer operative time. During surgery, only
approximately 5 min was needed to assemble the AWL
system. The mean operative time was comparable to
[21,22]
surgery with SPP
. The operative time may be longer
for less skillful surgeons. However, CO2 absorption will
not increase due to slow absorption in the case of low
pressure. It is possible that postoperative pain may
increase due to the subcutaneous insertion of steel
needles. However, our patients did not complain of pain
at the insertion site, which may have been masked by
pain from ports and the assisted incisions.
The major limitation of this study was that it was an
observational study and restricted to a small number
of patients. A large, well-controlled comparative
study with open or standard-pressure laparoscopic
TME would be helpful in providing stronger evidence.
Another obvious limitation was that most patients in
the present study were in ASAⅠand Ⅱ status. Patients
with compromised cardiopulmonary reserve should
be enrolled in further studies to draw more convincing
conclusions.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Pneumoperitoneum with carbon dioxide (CO2) is the conventional method
of creating a workspace in laparoscopic surgery. Standard-pressure
pneumoperitoneum (SPP; 12-15 mmHg) has been reported to result in lower
respiratory compliance, increased paw airway pressure, enhanced venous
stasis, reduced portal venous pressure and impaired cardiac function.
Low-pressure pneumoperitoneum (LPP) and abdominal wall lift (AWL)
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have been proposed as alternative approaches to SPP to avoid adverse
cardiopulmonary effects. However, the operative field with these techniques is
less optimal with increased technical difficulties.

5

Research motivation

In order to obtain adequate visualization, we combined LPP with AWL
and initially used this technique in a case of laparoscopic single-site
cholecystectomy, and the surgery was performed successfully. For laparoscopic
colorectal surgery which requires sufficient exposure of the lower abdomen,
a head-down or Trendelenburg position is necessary. SPP combined with this
kind of position significantly influences patients’ cardiopulmonary function.
Therefore, we decided to find out whether LPP with AWL technique can take the
place of SPP in laparoscopic total mesorectal excision (TME) for rectal cancer.

6
7

Research objectives

In this study we designed and performed laparoscopic TME for rectal cancer
using LPP with AWL, and evaluated the safety and feasibility. The outcomes of
this study will guide the application of the new technique in laparoscopic TME
and other surgeries in the future.

8

Research methods

9

From November 2015 to July 2017, 26 patients underwent laparoscopic
TME for rectal cancer using LPP (6-8 mmHg) with subcutaneous AWL in Qilu
Hospital of Shandong University, Jinan, China. Clinical data regarding patients’
demographics, intraoperative monitoring indices, operation-related indices and
pathological outcomes were prospectively collected and analyzed.

10

Research results

Laparoscopic TME was performed in 26 cases (14 anterior resection and
12 abdominoperineal resection) successfully without conversion to open or
laparoscopic surgery with SPP. Intraoperative monitoring showed stable heart
rate, blood pressure and paw airway pressure. The number of lymph nodes
retrieved, the completeness of TME, and the circumferential and mean distance
to the distal margin were comparable with those reported in studies using
SPP. There was no positive circumferential or distal resection margin. No local
recurrence was observed during a median follow-up period of 11.96 ± 5.55 mo
(range: 5-23 mo). Our preliminary experience indicated that LPP with AWL was
safe and provided a satisfactory workspace for TME.

11

12

Research conclusions

LPP combined with AWL is safe and feasible for laparoscopic TME. The
technique can provide satisfactory exposure of the operative field and result in
stable operative monitoring indexes. It should be considered as an alternative
approach to SPP in patients undergoing laparoscopic TME.

13

Research perspectives

Further studies are required to confirm the superiority of LPP with AWL over
SPP in preservation of cardiopulmonary function, especially in patients with
American Society of Anesthesiologists Ⅲ and Ⅳ status. A prospective clinical
trial study should be the best method for the future research.

14
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Abstract
Hepatopulmonary syndrome (HPS) is a frequent
pulmonary complication of end-stage liver disease,
characterized by impaired arterial oxygenation induced
by intrapulmonary vascular dilatation. Its prevalence
ranges from 4% to 47% in patients with cirrhosis due to
the different diagnostic criteria applied among different
studies. Nitric oxide overproduction and angiogenesis
seem to be the hallmarks of a complicated pathogenetic
mechanism, leading to intrapulmonary shunting and
ventilation-perfusion mismatch. A classification of
HPS according to the severity of hypoxemia has been
suggested. Contrast-enhanced echocardiography
represents the gold standard method for the detection
of intrapulmonary vascular dilatations which is required,
in combination with an elevated alveolar arterial gradient
to set the diagnosis. The only effective treatment
which can modify the syndrome’s natural history is liver
transplantation. Although it is usually asymptomatic,
HPS imparts a high risk of pretransplantation mortality,
independently of the severity of liver disease, while
there is variable data concerning survival rates after liver
transplantation. The potential of myocardial involvement
in the setting of HPS has also gained increasing interest
in recent research. The aim of this review is to critically
approach the existing literature of HPS and emphasize
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unclear points that remain to be unraveled by future
research.

dilatation and gas exchange abnormalities in the absence
[7]
of other causes of impaired pulmonary function .
Except for chronic liver disease, HPS can coexist with
acute or chronic hepatitis, portal hypertension without
liver disease, alpha 1 antitrypsin deficiency, Wilson’s
[8,9]
disease and Abernathy malformation . Defining gas
exchange abnormalities, an increased alveolar-arterial
oxygen gradient (> 15 mmHg or > 20 mmHg for age
> 65 years) was suggested as a more sensitive marker
[3]
of impaired pulmonary function in cirrhotic patients .
The presence of intrapulmonary dilatations can be
assessed by several methods, but contrast-enhanced
echocardiography with agitated saline is considered the
[7]
gold standard technique .
The aim of this review is to provide a critical over
view on prevalence, pathogenesis, diagnosis, clinical
manifestations, treatment options and current data
regarding prognosis before and after liver trans
plantation in patients with HPS. Upcoming data suggest
remarkable associations between the presence of
HPS and specific serum markers, clinical signs and
echocardiographic parameters which are worthy of
discussion.

Key words: Hepatopulmonary syndrome; Liver cirrhosis;
Liver transplantation; Portal hypertension; Contrast
echocardiography
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatopulmonary syndrome (HPS) constitutes
a relatively frequent complication of end-stage liver
disease, characterized by impairment of arterial
oxygenation. The only effective treatment is liver
transplantation, improving hypoxemia. While there
are controversial data regarding HPS prognosis before
and after liver transplantation, the question remains
whether HPS constitutes an independent factor of
morbidity, providing HPS patients priority for liver
transplantation. Furthermore, possible associations with
myocardial function, which could support the utility of
echocardiographical parameters as markers of HPS,
remain yet to be established.
Soulaidopoulos S, Cholongitas E, Giannakoulas G, Vlachou M,
Goulis I. Review article: Update on current and emergent data
on hepatopulmonary syndrome. World J Gastroenterol 2018;
24(12): 1285-1298 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i12/1285.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i12.1285

SEARCH STRATEGY
A literature search was conducted using the online
databases Medline, Embase and Scopus until January
2017 for original research papers and review articles
concerning pathogenesis, clinical manifestations,
diagnosis and management of HPS. Studies evaluating
myocardial function in the setting of HPS were also
included. The combination of the following terms was
used to identify relevant publications: “liver cirrhosis”
OR “prevalence” OR “diagnosis” OR “vasodilatation”
OR “clinical features” OR “orthodeoxia” OR “platypnea”
OR “treatment” OR “liver transplantation” OR
“cardiac involvement” OR “myocardial function” AND
“hepatopulmonary syndrome”. The collected literature
was examined for cited articles relevant to the subject
to ensure that no important research data were
missed. Articles that had been published as full journal
articles in English were included. The above terms
were used in ClinicalTrials.gov to search for recently
completed or ongoing trials on HPS. Not accessible
abstracts, conference proceedings or articles not
translated in English were excluded.

INTRODUCTION
Liver cirrhosis is often accompanied by complications
from the pulmonary system. These include hepatic
hydrothorax, portopulmonary hypertension and hepa
topulmonary syndrome (HPS). Hepatic hydrothorax
affects approximately 6%-10% of patients with endstage liver disease and is the result of ascetic fluid
passage to the pleural space through diaphragmatic
[1]
defects . Portopulmonary hypertension is characterized
by pulmonary vasoconstriction and increased vascular
resistance, developing in 2%-8.5% of patients with
[2]
portal hypertension, combined with poor prognosis .
HPS constitutes a pulmonary disorder of chronic liver
disease, characterized by poor arterial oxygenation and
[3]
intrapulmonary vascular dilatations . Although Fluckiger
was the first to describe the syndrome in 1884, treating
a woman with liver cirrhosis and cyanosis without any
other obvious reason for pulmonary disease, the term
“Hepatopulmonary Syndrome” was suggested in 1977
[4]
by Kennedy and Knudson . Former autopsy studies
had previously demonstrated the potential role of
pulmonary vascular dilatations in the development of
[5,6]
the syndrome .
The revised diagnostic criteria for HPS comprise
the triad of chronic liver disease, pulmonary vascular

WJG|www.wjgnet.com

PREVALENCE AND SEVERITY
Previous studies have used different criteria in terms
of diagnostic methodology for HPS. More specifically,
different thresholds for alveolar-arterial gradient and
partial pressure of oxygen (PaO2) have been used in
order to define gas-exchange abnormalities, leading to
[10]
a wide range of HPS prevalence rates . Furthermore,
different diagnostic methods have been performed
to evaluate intrapulmonary dilatations. Based on
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Table 1 Hepatopulmonary syndrome-diagnostic criteria
Presence of liver disease and/or portal hypertension AND
Partial pressure of oxygen < 80 mmHg or alveolar–arterial oxygen gradient [P(A-a)O2 gradient] ≥ 15 mmHg (or > 20 mmHg for patients > 65-years-old)
while breathing ambient air AND
Documented intrapulmonary vascular dilatation by contrast-enhanced echocardiography or lung perfusion scanning with radioactive albumin

Table 2 Hepatopulmonary syndrome-severity classification
Mild
Moderate
Severe
Very severe

Alveolar-arterial oxygen gradient ≥ 15 mmHg, partial pressure of oxygen ≥ 80 mmHg
Alveolar-arterial oxygen gradient ≥ 15 mmHg, partial pressure of oxygen ≥ 60 mmHg to < 80 mmHg
Alveolar-arterial oxygen gradient ≥ 15 mmHg, partial pressure of oxygen ≥ 50 mmHg to < 60 mmHg
Alveolar–arterial oxygen gradient ≥ 15 mmHg, partial pressure of oxygen < 50 mmHg

reports from several liver transplantation centers, the
prevalence of HPS ranges from 4% to 47% in patients
[11-14]
with liver cirrhosis
. The introduction of specific
diagnostic criteria (Table 1), including the definition of
impaired oxygenation, by the European Respiratory
Society Task Force in 2004, provides the opportunity
[3]
to obtain comparable results from recent studies .
The establishment of alveolar-arterial gradient as
a more sensitive marker of pulmonary function as
well as the screening of asymptomatic patients has
led to higher rates of HPS diagnosis. Nevertheless,
further well-designed, prospective, multicenter studies
are needed for more accurate estimation of the
syndrome’s prevalence. Interestingly, intrapulmonary
vascular dilatations can be detected in 13%-80%
of liver transplantation candidates regardless of the
[15]
development of arterial oxygenation abnormalities .
The evaluation of PaO2 in the arterial blood is crucial
for classification of the syndrome. According to arterial
blood gas analysis, four severity stages of HPS can be
distinguished while the patient is breathing ambient
air (Table 2): mild (PaO2 ≥ 80 mmHg), moderate
(PaO2 ≥ 60 and < 80 mmHg), severe (PaO2 ≥ 50 to
[2]
< 60 mmHg), and very severe (PaO2 < 50 mmHg) .
The existing data suggest that the majority of HPS
patients are mild or moderate stage, while severe and
[16,17]
very severe cases seem to be less common
. No
associations have been demonstrated between the
presence or severity of HPS and the severity of liver
[18]
disease . However, there is restricted data concerning
HPS severity assessment, highlighting the need for
well-designed HPS protocols in future studies.

reduced or absent tone of pulmonary vasculature result
in increased pulmonary blood flow, which is also boosted
by hyperdynamic circulation in liver disease. In this
way, there is an overperfusion of the alveolar capillary
bed combined with a decrease in transit time of red
blood cells, while ventilation remains unchanged. As a
result, an excessive amount of blood passes through the
pulmonary circulation without completing gas exchange,
leading to increased alveolar arterial gradient and arterial
[22]
[23]
hypoxemia , particularly during muscular activity .
Oxygen molecules have to cross a longer distance
in less time to reach red blood cells in the center of
[24]
the pulmonary capillaries due to vascular dilatation ,
while an increase in pulmonary capillary wall thickness
[21,25]
has also been observed
. This alteration in oxygen
diffusion contributes in the impaired oxygenation of
HPS and could be correlated to the abnormal values of
carbon monoxide diffusing capacity observed in these
[14]
patients .
Intrapulmonary arteriovenous shunting constitutes
[6]
another mechanism causing arterial hypoxia in HPS .
Mixed blood passes through pleural and pulmonary
arteriovenous communications directly into the central
circulation, without coming in touch with the alveoli. A
few portopulmonary vascular communications can also
be observed. The presence of more pronounced vascular
dilatations and arteriovenous communications in lower
lung zones, as it was suggested by thoracic computed
tomography scans, may interpret the mechanism
of orthodeoxia, i.e. reduction of PaO2 from supine to
[26]
upright patient position . Gravitational pulmonary
blood flow redistribution leads to overperfusion of
these lower lung zones and increased intrapulmonary
shunting, perhaps due to a more altered, maladjusted
[27]
vascular tone .
It seems that the severity of arterial hypoxemia is
related to the extent of ventilation-perfusion mismatch,
[28]
intrapulmonary shunting and diffusion impairment .
Administration of 100% oxygen [≥ 300 mmHg (40.0
kPa)] may improve hypoxia in some cases of HPS, as
it provides enough pressure to partly overcome the
diffusing limitation arising from the dilated pulmonary

PATHOGENESIS AND PATHOPHYSIOLOGY
Intrapulmonary capillary vasodilatations constitute
the main anatomic disturbance of HPS leading to
impaired arterial oxygenation through ventilation[3,19]
perfusion mismatch
. The diameter of the dilated
vessels may vary from 15-100 μm and in some cases
to 500 μm when HPS is present, whereas normally it
[20,21]
ranges between 8 μm and 15 μm
. Dilatation of
pre-capillary and capillary vessels in combination with
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[29,30]

vessels
. However, there is no effect in partial
pressure of oxygen when hypoxia is the result of
excessive arteriovenous blood shunting.

heme oxygenase, may act as a vasodilator in HPS
patients. The latter have elevated levels of arterial
[52]
carboxyhemoglobin reflecting CO production . Both
bacterial accumulation and NO synthesis stimulate
[47,53]
heme oxygenase expression
. Finally, administration
of protoporphyrin IX, an inhibitor of heme oxygenase,
[54]
seems to improve HPS hypoxemia .

Pulmonary vasodilatation

Intrapulmonary vascular dilatations seem to be the
result of an imbalance between several vasodilators
and vasoconstrictors. Much of our knowledge arises
from studies on rat experimental models, in which a
common bile duct ligation has been performed in order
to develop secondary biliary cirrhosis. The increased
production of nitric oxide (NO) and carbon monoxide
(CO), two pulmonary vasodilators, constitutes the
key process for the development of pulmonary vaso
[31]
dilatation . In common bile duct ligation animal
models, the proliferation of cholangiocytes is followed
by production and secretion of endothelin-1 (ET-1)
after the stimulation by transforming growth factor
[32,33]
beta-1 (TGFβ-1)
. The binding of endothelin-1 to
its pulmonary receptor ET-1B triggers the activation
of endothelial and inducible nitric oxide synthase
(eNOS and iNOS) resulting in elevated NO production
[34,35]
and NO-induced pulmonary vasodilatation
. The
selective up-regulation of pulmonary ET-1B receptor
in response to ET-1 biliary production in experimental
[36]
portal hypertension has also been suggested . In
addition, levels of eNOS and iNOS protein are increased
[37,38]
in HPS cirrhotic rats
, while elevated levels of
exhaled NO in HPS patients seem to return to normal
[39,40]
after liver transplantation
. Furthermore, NO inhi
bition by methylene blue administration transiently
improves oxygenation, whereas NG-nitro-L-arginine
methylester, via iNOS inhibition, did not prove to affect
[41-43]
hypoxemia of HPS
. Interestingly, a recent biopsy
study comparing explanted livers from 76 patients
with cirrhosis found that focal parenchyma extinction as
well as vascular lesions, such as intrahepatic portal vein
thrombosis, thickening or obstruction of centrilobular
veins and sinusoidal proliferation, were more prevalent
in those patients with HPS compared to those without,
suggesting an association between liver ischemia and
the production of proangiogentic and vasodilatation
[44]
factors .
In patients with liver dysfunction, activation and
massive accumulation of intravascular macrophages
is observed as a result of intestinal bacterial trans
[45-47]
location and endotoxemia
. These macrophages in
the pulmonary vasculature produce proinflammatory
cytokines, including tumor necrosis factor-alpha (TNF-α),
contributing in the NO-mediated vasodilatation through
iNOS activation. Furthermore, ET-1 seems to promote
[48]
the accumulation of pulmonary monocytes . In
support of this theory, TNF-α inhibition by pentoxifylline
administration has been shown to improve HPS in rat
[49,50]
experimental models
. Norfloxacin also improved
HPS through a reduction in intestinal bacterial load and
[51]
bacterial translocation .
CO produced from the degradation of heme by
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Angiogenesis

Beside NO-mediated vasodilatation, angiogenesis is
considered another crucial mechanism interpreting HPS
pathogenesis. Intestinal bacterial translocation and
the consequent endotoxemia due to liver dysfunction
lead to the recruitment of monocytes and activated
macrophages to the lung. These inflammatory cells
together with circulating TNF-α stimulate the activation
of vascular endothelial growth factor (VEGF) signaling
[55,56]
pathways, which are related to angiogenesis
. The
accumulation of CD68+ macrophages in the lungs of
common bile duct ligation rats, expressing iNOS and
[57]
VEGF, has been correlated to the presence of HPS .
Remarkably, increased endothelial tube formation and
pulmonary artery smooth muscle cell proliferation
in HPS plasma was observed. The depletion of
CD68+ macrophages improved both histological and
hemodynamic features of HPS, while iNOS inhibition
disclosed exaggerated vasoconstrictor responses.
TNF-α neutralization in cirrhotic rats has been shown
to decrease intrapulmonary shunt as well as alveolar[49,58]
arterial O2 gradient
. The role of specific chemokines,
such as the circulating chemokine ligand 1(CX3CL1), in
[59,60]
the activation of VEGF is also under investigation
.
Anti-VEGF therapy with sorafenib administration, a
kinase inhibitor, was found to improve HPS hypoxia and
restrict VEGF-mediated angiogenesis and intrapulmonary
[33,61,62]
shunting in rats with biliary cirrhosis
. Besides,
it was recently demonstrated that HPS is independ
ently associated with the presence of hepatocellular
carcinoma, an entity also characterized by extensive
[62]
angiogenesis and VEGF production . Although it can
be postulated that VEGF constitutes a regulator of
angiogenesis with a possible role in the development of
HPS, further studies with measurements of VEGF are
needed to unravel the exact pathogenetic pathways.
Figure 1 schematically summarizes the main events in
HPS pathogenesis.

CLINICAL FEATURES
Progressive dyspnea is the most frequent symptom
[63]
among HPS patients . In a large cohort of patients
listed for liver transplantation, it was found that dyspnea
was significantly more frequent in patients with HPS
[64]
than in those without HPS . However, dyspnea is not
specific for HPS, as it is common between patients
with liver disease due to complications such as
anemia, ascites, hydrothorax and muscular cachexia.
Furthermore, HPS can also be asymptomatic, especially
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Ventilation perfusion mismatch
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Figure 1 Schematic overview of the main pathways of the pathogenesis of hepatopulmonary syndrome. Liver cirrhosis and portal hypertension lead to
endothelin-1 (ET-1) secretion. The binding of ET-1 to its receptor, activates pulmonary endothelial nitric oxide synthase (eNOS), leading to excessive production of
nitric oxide (NO), a natural vasodilator. Bacterial translocation and the subsequent pulmonary macrophage accumulation result in the production of inflammatory
cytokines, such as tumor necrosis factor-alpha (TNF-α), which contribute in NO-mediated vasodilatation through inducible nitric oxide synthase (iNOS)-enhanced
expression. Carbon monoxide constitutes another pulmonary vasodilator produced by macrophage-induced heme oxygenase-1 (HO-1) increased expression.
Pulmonary macrophage accumulation and TNF-α-increased circulation trigger vascular endothelial growth factor (VEGF) pathways, concluding in VEGF-mediated
pulmonary angiogenesis. Mixed venous blood passes rapidly, due to hyperdynamic circulation observed in liver cirrhosis, through the dilated capillaries without
completing gas exchange. An oxygen (O2) diffusion limitation occurs, as O2 molecules need to cross a longer distance to reach the center of dilated vasculature.
As a result, there is an impairment of arterial oxygenation due to ventilation perfusion mismatch, also boosted by direct right-to-left shunt through arteriovenous
communications.

in those with mild hypoxia and alveolar arterial gradient
disturbance, with dyspnea observed more frequently in
[10]
HPS patients with PaO2 lower than 70 mmHg .
Another form of dyspnea, platypnea, is considered
[65]
to be pathognomonic for HPS . Platypnea is the
condition of worsening dyspnea when patient moves
from a supine to an upright position. It is the result
of the decrease in PaO2 in the arterial blood of ≥ 5%
(or ≥ 4 mmHg) from supine to upright position due
to increased perfusion of the basis of the lungs and
elevated intrapulmonary shunting, a phenomenon called
[27]
orthodeoxia . Orthopnea, the worsening of dyspnea in
lying position, has also been observed more frequently
[64]
in patients with HPS .
Cyanosis, fatigue, spider naevi and digital clubbing
[63]
are other clinical findings of HPS . Spider angiomas
have been suggested as cutaneous markers of HPS,
possibly sharing the same pathogenetic mechanism

WJG|www.wjgnet.com

with HPS, i.e. imbalance between vasoconstrictor
[66]
and vasodilator substances . In addition, digital
clubbing has a positive predictive value of 75% in HPS
[67]
diagnosis . In the same study, dyspnea showed a
negative predictive value of 75% in HPS diagnosis,
whereas no correlation was found between HPS and
splenomegaly, ascites, edema, jaundice, oliguria, and
collateral veins. Oxygen desaturation during sleep
was also correlated to the presence of HPS in another
[68]
study .
Although none of the aforementioned clinical signs
are considered to be specific for HPS and the majority
of patients may not present any characteristic symp
toms, HPS patients seem to have a worse quality of
life and higher New York Heart Association functional
[64]
class compared to patients without HPS . Therefore,
once again there is need for further larger studies to
investigate thoroughly the exact clinical features that
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may be related to HPS.

a practical tool for HPS diagnosis. It is a minimally
invasive, low-cost technique providing high sensitivity
for the qualitative evaluation of intrapulmonary vascular
dilatations and shunting. Α positive test is not enough
for HPS diagnosis, as the two other parameters of the
HPS diagnostic triad must be fulfilled. Interestingly,
a quantitative classification of intrapulmonary shun
ting based on the maximum number of microbubbles
bypassing to the left ventricle in one still frame has been
[71,72]
suggested
. According to this classification, severity
of intrapulmonary shunting can be graded as stage 1 (<
30 microbubbles), 2 (30-100 microbubbles) or 3 (> 100
microbubbles) (Table 3). A possible correlation between
this shunt grading and the proposed classification of
HPS based on arterial PaO2 remains to be verified in
future studies.
Contrast transesophageal echocardiography is
superior to transthoracic echocardiography concerning
the sensitivity of the technique in the diagnosis of
[73]
intrapulmonary vasodilatation . However, it is not
preferred for the assessment of HPS in cirrhotic patients
due to the risk regarding possible trauma to esophageal
varices.
Macroaggregated albumin lung perfusion is performed
by injecting technetium-99m-labeled macroaggregated
albumin followed by a lung and brain perfusion scanning.
Brain uptake of the radionuclide higher or equal to 6%
implies intrapulmonary or intracardiac shunting, as the
large molecules of radiolabeled albumin are normally
[74]
trapped in the pulmonary capillary bed . Estimating the
pathological retention of the radionuclide in the brain,
this technique allows an indirect quantitative assess
ment of the intrapulmonary shunting. However, it is not
as sensitive as contrast echocardiography, especially
[75]
in early stages of HPS , while it cannot distinguish
intrapulmonary from intracardial shunting.
Chest radiographs are only useful to exclude
concomitant pulmonary disease as they rarely show
[3]
evidence of dilated vasculature . High resolution
computed tomography may also identify large, dilated
[76]
pulmonary vessels .
Pulmonary angiography provides a double con
tribution in HPS, diagnostic and therapeutic. Two
types of HPS can be distinguished on the basis of
[77]
angiographic findings . Type 1 is characterized by
minimally dilated vessels, and type 2 delineated by welldefined arteriovenous communications and resistance
to 100% oxygen administration. The invasive character
of pulmonary angiography makes it a less convenient
method for the diagnosis of HPS.

DIAGNOSIS
According to the European Respiratory Society Task
Force in 2004, HPS diagnosis consists of the following
criteria: (1) the presence of liver disease and/or
portal hypertension; (2) elevated room air alveolar
arterial oxygen gradient (≥ 15 mmHg or ≥ 20
mmHg in patients > 64-years-old; and (3) evidence
[3]
of intrapulmonary vascular dilatations . Diagnosis
should be based on arterial blood gas analysis and
alveolar arterial gradient calculation rather than a
simple assessment of arterial hypoxemia. Several
techniques have been developed for the evaluation of
intrapulmonary vasodilatation, but contrast-enhanced
echocardiography with agitated saline is considered
the gold standard. Modern imaging techniques are
also useful for the verification of pulmonary vascular
dilatation and right-to-left communications as well as
for the exclusion of other pulmonary complications
associated with liver disease or lung disease that may
coexist with HPS. Furthermore, pulmonary function
tests are also valuable to detect abnormalities that
may be indicative of HPS or helpful to unmask other
underlying lung or cardiac diseases.
The fact that most HPS patients are asymptomatic
or manifest nonspecific symptoms in combination with
the application of different diagnostic criteria has led
to an underestimation of the syndrome in the past. As
there is lack of a reliable and simple screening method
for diagnosis of HPS, liver transplantation centers
should adopt strict diagnostic protocols using unified
criteria in order to detect all HPS cases and export
comparable results.

Intrapulmonary vascular dilatations

Contrast-enhanced transthoracic echocardiography
with agitated saline is considered the cornerstone in
[69]
the detection of pulmonary vascular dilatations .
Normal saline is shaken to produce microbubbles >
10 μm in diameter and is administered to a peripheral
vein in the arm while a four-chamber transthoracic
echocardiography is performed. Microbubbles are
normally trapped in the pulmonary circulation and
absorbed by the alveoli as they cannot pass through
normal capillaries. However, in the presence of a
dilated vascular bed and/or arteriovenous shunting,
microbubbles elude pulmonary capture and reach the
left cardiac chambers. Left atrial opacification with
microbubbles between the fourth and sixth cardiac
cycle after the repletion of the right atrial is indicative of
intrapulmonary vasodilatation. Notably, the appearance
of microbubbles in the left cardiac chambers within
less than three cardiac cycles insinuates intracardial
shunting and cannot be diagnostic for intrapulmonary
[70]
vasodilatation .
Contrast-enhanced echocardiography constitutes
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Arterial oxygenation

Arterial blood gas analysis is required to detect all
[78]
patients with HPS . The calculation of the alveolararterial gradient is proposed as a better diagnostic
parameter than the evaluation of the PaO2 alone to
identify those patients with impaired oxygenation. The
sensitivity of this marker is attributed to the fact that the
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Table 3 Intrapulmonary shunt quantitative classification
Contrast-enhanced echocardiography based on the number of microbubbles passing in the left ventricle
No shunt
No detection of microbubbles
Stage 1
< 30 microbubbles
Stage 2
30-100 microbubbles
Stage 3
> 100 microbubbles
Macroaggregated albumin lung perfusion
No shunt
< 6% brain uptake of radiolabeled albumin
Intrapulmonary shunt
≥ 6% brain uptake of radiolabeled albumin

partial pressure of carbon dioxide (PaCO2) is included
to its calculation, so that lower values of PaCO2 lead to
an increased alveolar-arterial gradient, reflecting an
elevated respiratory effort to maintain normal blood
oxygenation, even before PaO2 is affected. According
to the European Respiratory Task Force, alveolararterial gradient greater than or equal to 15 mmHg (or
≥ 20 mmHg in patients > 64-years-old) is indicative
of impaired oxygenation, calculated at sea level while
[3]
the patient is breathing ambient air at rest .
The potential role of pulse oximetry as a screening
test for the presence of HPS has also been investigated.
Lower values of oxygen saturation were measured in
HPS patients compared to cirrhotic patients without HPS
[79]
(96.8% vs 98.4%, P = 0.02) , while pulse oximetry
values below 96% presented a sensitivity and specificity
of 100% and 88% respectively for detecting patients
[80]
with PaO2 < 60 mmHg . On the other hand, the utility
of pulse oximetry in HPS diagnosis was not confirmed
[81]
in children with cirrhosis . The difference in oxygen
saturation between supine and standing position was
[82]
suggested as a method to detect HPS . However,
the use of low values of oxygen saturation (< 92%) as
well as a decrease of ≥ 4% after change from supine
to upright position was unreliable as screening test for
diagnosis of HPS. Notably, the majority of HPS patients
present oxygen desaturation during sleep, proportional
[68]
to the syndrome’s severity . Finally, the variation in
oxygen saturation between supine and standing position
was reported as a marker of possible intrapulmonary
[83]
vascular dilatations .
A reduced diffusing capacity for carbon monoxide
(DLCO) is the single most common defect among
pulmonary function tests that has been correlated to
[14]
the presence of HPS . However, there is controversial
data concerning DLCO as a diagnostic tool for HPS
[84,85]
screening
. In contrast to ventilation-perfusion
imbalance, which seems to resolve after liver trans
plantation, a restricted number of observational studies
have suggested a persistence of low DLCO values
after liver transplantation due to permanent liverinduced structural vascular changes in the pulmonary
[86,87]
vasculature
.
As pulse oximetry fails to detect mild and moderate
HPS and the value of other screening markers remains
undefined, alveolar-arterial gradient represents, as

WJG|www.wjgnet.com

yet, the most remarkable method for HPS screening

TREATMENT
Liver transplantation constitutes the only established
successful treatment that modifies the natural history of
[88]
HPS, improving arterial hypoxemia within 6-12 mo .
The identification of HPS through established diagnostic
protocols among liver transplantation candidates in
combination with the model for end-stage liver disease
(MELD) exception policy to facilitate liver transplantation
may achieve an 88% 5-year posttransplantation
[89]
survival for HPS patients . Besides, oxygen therapy is
[3]
recommended for those cases with severe hypoxemia .
Restricted data report improvement in liver function and
[90]
oxygenation after 1 year of oxygen supplement .
Many pharmaceutical interventions have been
studied both in humans and animal models, targeting
the syndrome’s pathogenetic pathways, without rea
ching encouraging outcomes. NO-mediated pulmonary
vasodilatation and angiogenesis induced by proinflam
matory cytokines, which represent the hallmarks of
HPS pathogenesis, have constituted the main targets of
medical intervention, in an effort to reverse the syndrome’
s evolutionary process and confirm the assumptions
concerning the pathogenetic mechanisms.
Administration of octreotide, a somatostatin analogue
inhibiting angiogenesis, failed to improve hypoxemia in
[91]
patients with HPS . Contrariwise, sorafenib improves
experimental HPS by reducing VEGF-mediated angio
genesis and down-regulating eNOS activation through
[33,61]
tyrosine kinase receptor inhibition
. Treatment
with antibiotics, such as norfloxacin, in order to reduce
endotoxemia and NO production triggered by bacterial
translocation, did not improve gas exchange, in cont
[92,93]
rast to promising results in experimental models
.
Single case reports suggest improvement of HPS
after administration of cyclooxygenase inhibitors, such
as indomethacin, and immunosuppressants, such as
mycophenolate mofetil, but there are no randomized
[94-96]
studies to investigate these findings
.
Methylene blue is an oxidizing agent that restricts
NO-mediated vasodilatation through blockage of
[97]
soluble guanylate cyclase stimulation by NO . Intra
venous administration of methylene blue reduced
intrapulmonary shunting and improved oxygenation
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in experimental models and in a restricted number of
[98,99]
patients with HPS
.
There are conflicting results regarding the effect of
pentoxifylline on HPS. Pentoxifylline is a TNF-α inhibitor
that improves HPS in experimental models by reducing
TNF-induced NO production through down-regulation
[50,58]
of iNOS
. A dosage of 400 mg of pentoxifylline,
three times per day for 3 mo significantly improved
oxygenation and decreased TNF-α levels in 9 patients
[100]
with symptomatic HPS . Nevertheless, another pilot
study enrolling 9 patients with advanced HPS reported
no significant therapeutic response after pentoxifylline
administration, while the drug was poorly tolerated
[101]
due to gastrointestinal adverse events .
N(G)-nitro-L-arginine methylester, a nebulized
inhibitor of NO synthesis, did not improve oxygenation
in HPS patients, even if a reduction in exhaled NO
[43,102]
was recorded
. Almitrine bismesylate, a potential
vasoconstrictor, does not affect impaired oxygenation
[103]
in HPS
. Finally, a few studies have demonstrated
that garlic supplementation improves arterial oxy
[104]
genation and symptoms in HPS
. A total reversal
of HPS was observed in 14 of 21 patients after 9 mo
of garlic treatment, compared to 1 of 20 HPS patients
[105]
under placebo treatment .
Transjugular intrahepatic portosystemic shunting
(commonly known as TIPS) was performed as a the
rapeutic maneuver in a limited number of patients
[106,107]
with severe HPS, leading to variable results
.
Although TIPS could be considered as a bridge towards
transplantation, there is concern that persistent rightto-left shunting via TIPS prevents the reversal of
[108]
intrapulmonary structural alterations . Embolotherapy
has also been performed to treat persistent hypoxemia
of HPS, either before or after liver transplantation, in the
[109,110]
presence of large arteriovenous communications
.
Clearly, their poor outcomes as well as the small
number of enrolled patients make the aforementioned
studies insufficient to suggest effective therapeutic
options for the management of HPS. In addition,
these data underline the complexity of pathogenetic
interactions in HPS and outline potential areas of
interest and future research.

over an approximate 2.5-year period in 22 patients
[77]
with HPS . Comparing survival rates between cirrhotic
patients with HPS and matched for the severity of liver
disease by MELD and Child-Pugh score classification
and age patients without HPS, who did not undergo
liver transplantation, patients with HPS had a worse
[111]
5-year survival (23% vs 63%, P = 0.0003) . Patients
with PaO2 less than 50 mmHg had significantly worse
survival rates. Similar results were confirmed by a
prospective study that reported lower median survival
among HPS subjects compared to nonHPS cirrhotic
patients (10.6 mo vs 40.8 mo, P < 0.05), while the
mortality remained higher even after adjusting for age
[112]
and liver disease severity
. Furthermore, HPS was
associated with worse quality of life, assessed by the
New York Heart Association classification, and higher
risk of death compared to nonHPS matched for age,
sex and MELD score cirrhotic subjects [hazard ratio =
2.41, 95% confidence interval (95%CI): 1.31-4.41,
[64]
P = 0.005] .On the other hand, no significant
difference in overall survival between HPS and nonHPS
transplantation candidates was demonstrated in a
[16]
prospective study including 316 cirrhotic patients .
Notably, even in those studies that reported high HPSrelated mortality, the causes of death were mainly
attributed to liver dysfunction rather than pulmonary
complications.
Liver transplantation is the only therapeutic inter
vention that reverses HPS between the first 6 to 12 mo,
[111]
even for cases with severe preoperative hypoxemia .
The general policy is prioritizing patients with HPS and
hypoxemia for liver transplantation, regardless of the
[113]
severity of liver disease
. Beside poor prognosis
of HPS, the progressive aggravation of hypoxemia,
estimated at 5.2 mmHg per year, probably boosts the
[111]
decision for a prompt management . However, there
is concern that through this organ allocation policy, HPS
patients may be offered a pretransplantation survival
advantage over nonHPS cirrhotic transplantation
candidates, prompting the need for reassessment of the
[114]
MELD exception criteria .
There is controversial data concerning posttran
splantation mortality in HPS transplanted patients. A
prospective study suggests higher 6-mo postoperative
mortality rates in HPS patients compared to transplanted
[115]
patients without HPS (33% vs 9.25%, P = 0.0012) .
A PaO2 of 50 mmHg or less and a macroaggregated
albumin shunt fraction > 20% are demonstrated as
the most important predictors of mortality following
transplantation, suggesting preoperative HPS staging
[116]
to assess the risk of postoperative mortality
.
Conversely, no difference in posttransplantation survival
between patients with and without HPS was demon
strated in a large prospective study that enrolled 316
[16]
patients . One-year posttransplantation survival may
[117]
reach 93% in HPS patients
, while the presence
of HPS does not seem to affect duration of intensive
care unit stay, duration of total hospital stay, rate of
pulmonary complications or 3-mo survival after liver

PROGNOSIS
Despite the relative high prevalence of HPS among
cirrhotic patients, there is an inadequate number of
prospective studies evaluating the syndrome’s impact
on overall morbidity and mortality. Once again, the use
of varying thresholds, concerning arterial oxygenation,
for the diagnosis of the syndrome, has led to ambi
guous results about HPS prognosis. The main question
remains whether the presence of HPS should be
considered as an independent factor for morbidity,
giving HPS patients priority to liver transplantation,
and whether any correlations between the severity of
HPS and the posttransplantation survival rates exist.
A retrospective analysis reported 41% mortality
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[118]

transplantation . Finally, there is a growing number
of reports suggesting no differences in short- and longterm posttransplantation morbidity between patients
with and without HPS, and no association between
the severity of baseline hypoxia and survival after
[17,119]
transplantation
.
The discrepancies between the aforementioned
studies can be attributed to different methodological
approaches and HPS assessment protocols. The
possibility of transplantation denial to patients with
HPS and significant hypoxemia should always be
considered as a confusing factor that may influence the
[120]
comparison between different research outcomes .

cardiomyopathy did not differentiate between patients
with and without HPS, suggesting an independent
pathogenetic nature of these complications. The
methods and results of previous studies evaluating
cardiac involvement in HPS are presented in Table 4.
While hyperdynamic circulation as a response to
systemic vasodilatation in liver cirrhosis is well docu
mented, the subsequent myocardial structural changes
are not yet fully understood. Increased cardiac output
seems to be the main pathogenetic event triggering
systemic multifactorial, cellular, neuronal and humoral
signaling mechanisms that induce cardiac contrac
tile dysfunction, electrophysiological abnormalities
and chronotropic incompetence in the setting of liver
[129]
cirrhosis . The most prevalent feature of this entity
known as cirrhotic cardiomyopathy is silent diastolic
dysfunction with impaired ventricular relaxation and
ventricular filling, which may become overt after rapid
increase in venous return after liver transplantation.
Currently, literature data cannot support an intimate
association between cirrhotic cardiomyopathy and
[130]
HPS
. A complicated interaction between different
pathogenetic mechanisms is thought to involve myo
cardial function in the presence of intrapulmonary
shunting. The available studies are not only restricted
in number but also heterogenous concerning the
assessed features of myocardial dysfunction and the
evaluated parameters.
The hypothesis is that NO overproduction, which
leads to intrapulmonary vasodilatation, is respon
sible for an intense hyperdynamic circulating state
resulting in higher cardiac output and long-term
left ventricle myocardial dysfunction. The potential
structural myocardial alterations of the right ventricle
in the presence of intrapulmonary vasodilatation as
well as the effect of HPS hypoxemia on increased
myocardial demands also remain to be clarified. Of
great importance is to unravel the exact mechanisms
affecting cardiac function that differentiate in patients
with HPS. In order to extract more accurate results,
the assessment tools of myocardial function should
be independent of expanded plasma volume and bias
correlated to the presence of ascites, diuretic treatment
[131]
and sodium intake .
In this direction, novel promising echocardiographic
techniques offering a more accurate assessment of
cardiac structure as well as sensitive biomarkers of
cardiac dysfunction need further evaluation in future
research in order to elucidate possible interactions
between pulmonary vasodilatation, hypoxemia and
myocardial dysfunction in the context of chronic liver
disease. Last but not least, the effect of possible HPSrelated myocardial dysfunction on pre- and posttran
splantation total survival is yet to be investigated.

HPS AND MYOCARDIAL FUNCTION
Liver cirrhosis is characterized by hyperdynamic circu
[121]
lation as a consequence of systematic vasodilatation
in order to preserve normal blood flow. Diastolic
dysfunction and impaired cardiac contractile response
to stress define cirrhotic cardiomyopathy, another
cardiovascular complication strongly associated with
[122]
chronic liver disease
. The possible association
between specific markers of cardiac dysfunction and
HPS remains an issue of debate.
Right ventricular diastolic dysfunction assessed
by Doppler echocardiography was found to be more
remarkable in the presence of HPS, in a study enrolling
[123]
46 cirrhotic patients, 10 of whom had HPS . Signi
ficantly higher right ventricle and right atrial diameters
as well as right ventricle wall thickness values were
recorded in the HPS group. Moreover, patients with
compared to those without HPS had higher estimated
mean pulmonary artery pressure (48.9 ± 4.8 mmHg
vs 40.6 ± 5.3 mmHg, P < 0.05) and higher pulmonary
vascular resistance (3.97 ± 1.31 Wood’s unit vs 3.25 ±
0.96 Wood’s unit, P < 0.05).
Intrapulmonary shunting in the context of liver disease
may aggravate hemodynamic imbalance, followed
[124]
by further increase in cardiac output
. Reflecting
hyperdynamic circulatory state, left atrial enlargement
was associated with the presence of intrapulmonary
[125]
vasodilatation, both in human and experimental studies .
Remarkably, left atrial volume equal or greater than
50 mL was suggested as a strong echocardiographic
predictor of HPS in patients with liver cirrhosis (area
under the receiver operating characteristic curve: 0.903,
[126]
sensitivity 86.3%, specificity 81.2%) . Left ventricular
enlargement was also proposed as an independent,
[127]
indirect echocardiographic marker of HPS . In addition,
higher systolic myocardial velocity of the mitral valve
measured by tissue Doppler imaging technique was
independently associated with HPS (odds ratio: 1.428,
95%CI: 1.049-1.943, P = 0.026), a finding implying left
[127]
ventricular systolic dysfunction .
[128]
In contrast to the previous reports, Voiosu et al
found no correlations between HPS and echocardi
ographic markers of systolic or diastolic myocardial
dysfunction in 74 patients with liver cirrhosis. Cirrhotic
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CONCLUSION
HPS is a relatively common complication of chronic
liver disease, with many of its aspects remaining still
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Table 4 Hepatopulmonary syndrome and cardiac involvement
Study

Cirrhotic patients

Parameters assessed

Assessment tools

Associations

Karabulut et al[123] 36 without HPS RV diastolic dysfunction M-mode ECHO
RV diastolic dysfunction-HPS
10 with HPS
PVR
TDI
HPS was associated with higher RV wall thickness (0.61 ± 0.13 cm vs 0.51
± 0.10 cm) RVEDD (3.81 ± 0.38 cm vs 3.11 ± 0.94 cm)
Systolic PAP
RA (3.96 ± 0.53 cm vs 3.58 ± 0.47 cm), systolic PAP (48.9 ± 4.8 mmHg vs
40.6 ± 5.3 mmHg)
PVR (3.97 ± 1.31 Wood’s unit vs 3.25 ± 0.96 Wood’s unit)
Zamirian et al[124]
53 without IPS
LA dimension
M-mode ECHO IPS was associated with higher LA dimension (4.58 ± 0.54 cm vs
3.87 ± 0.63 cm)
39 with IPS
Cardiac output
Cardiac output (5.62 ± 0.83 L/min vs 4.75 ± 0.76 L/min)
Zamirian et al[126] 108 without HPS
LA volume
M-mode ECHO
Greater LA volume in HPS (55.1 ± 7.5 mL vs 37.1 ± 9.3 mL)
41 with HPS
LA volume ≥ 50 mL, AUC: 0.903, sensitivity: 86.3%, specificity: 81.2%
Pouriki et al[127]
67 without HPS Markers of LV and RV M-mode ECHO HPS was associated with higher LVEDD (OR = 1.230, 95%CI: 1.036-1.482;
diastolic and/or systolic
P = 0.019)
12 with HPS
TDI
S wave at left lateral wall of MV (TDI) (OR = 1.428, 95%CI: 1.049-1.943;
cardiac function
P = 0.026)
S wave lateral ≥ 13.5 cm/s, AUC: 0.736, sensitivity: 83.3%, specificity:

Voiosu et al[128]

57 without HPS
17 with HPS

Association between
HPS and cirrhotic
cardiomyopathy

M-mode ECHO
TDI

65.7%
LVEDD ≥ 50.5 mm, AUC: 0.724, sensitivity: 75%, specificity: 68.7%
Higher RV wall width in HPS (3.8 ± 1.2 mm vs 3.4 ± 0.6 mm)
No association between HPS and cirrhotic cardiomyopathy
No echocardiographic measurement predictive of HPS

AUC: Area under the curve; ECHO: Echocardiography; HPS: Hepatopulmonary syndrome; IPS: Intrapulmonary shunt; LA: Left atrial; LV: Left ventricle;
LVEDD: Left ventricle end diastolic diameter; MV: Mitral valve; OR: Odds ratio; PVR: Pulmonary vascular resistance; PAP: Pulmonary artery pressure; RV:
Right ventricle; RVEDD: Right ventricle end diastolic diameter; TDI: Tissue Doppler imaging.

largely unknown. HPS screening with the establishment
of standardized protocols among patients with liver
disease is crucial in the direction of achieving higher
survival rates. Prospective studies evaluating longterm outcomes before and after liver transplantation
in large patient cohorts will demonstrate the specific
characteristics of HPS requiring management in priority.
The precise events that trigger HPS pathogenesis as
well as secondary clinical and subclinical vital organ
interactions will constitute the field of future research.
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Abstract
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AIM
To explore hepatitis C virus (HCV) adaptive mutations
or combinations thereof responsible for enhanced viral
production and investigate the underlying mechanisms.
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METHODS
A series of plasmids with adaptive mutations were
constructed. After the plasmids were transfected
into Huh7.5 cells, we determined the infectious HCV
particle titers by NS5A immunofluorescence assays,
and detected HCV RNA replication by real-time PCR
and protein expression by Western blot. Then we
carried out immunoblotting of supernatants and cell
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chengj0817@ccmu.edu.cn. No additional data are available.
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lysates with anti-NS3 to analyze the virus release level.
In addition, co-localization of lipid droplets (LDs) with
NS5A was measured using confocal laser scanning
microscopy. The ratio between the p56 and p58
phosphoforms of NS5A was analyzed further.

family. HCV infection is a major public health challenge,
with an estimated number of 130 to 170 million
[1,2]
individuals infected worldwide . HCV causes acute
and chronic hepatitis, and also leads to permanent
liver damage and hepatocellular carcinoma in a signifi
cant number of patients, via oxidative stress, insulin
resistance, fibrosis, liver cirrhosis, and HCV-induced
[3]
steatosis . Interferon-α-based therapy, in combination
with ribavirin, has limited efficacy in approximately
50% of patients and is associated with severe side
[4]
effects . Direct-acting antivirals (DAAs) targeting
NS3/4A, NS5A, and NS5B proteins can lead to higher
sustained virological responses than interferon-based
regimens, have shorter treatment duration, are orally
[5]
administered, and have fewer side effects .
HCV is an enveloped RNA virus whose replication
occurs in the cytoplasm. It consists of a single-stranded
9.6-kb RNA genome of positive polarity with a 5’ internal
ribosome entry site (IRES). IRES-driven HCV RNA
produces a polyprotein of approximately 3000 amino
acids localized to the rough endoplasmic reticulum (ER),
where it is cleaved into at least four structural proteins
(C, E1, E2, and p7) and six nonstructural proteins (NS2,
NS3, NS4A, NS4B, NS5A, and NS5B) that play a key
[6]
role in viral replication, assembly, and pathogenesis .
Elucidation of the viral structure and virus-host
interaction is an important goal of anti-HCV drug disco
[7]
very and vaccine development . HCV replicon system
has contributed to the study of HCV in the human
[8,9]
hepatoma cell line Huh-7 . The infectious HCV JFH1
cell culture system represents a major advance in
[7,10-12]
anti-HCV drug discovery research
. This model
generates infectious viral particles in cell culture (HCVcc)
[7,11]
and facilitates the study of HCV life cycle
. However,
HCV JFH1 variant genome (genotype 2a) results in
[7,13,14]
relatively low viral titers
.
Several studies suggested that cell culture-adaptive
mutations in HCV genomic RNA might potentially in
[13,15-18]
crease the production of infectious HCV particles
.
Recently, an adaptive HCV JFH1 reporter isolate
[19]
designated as JFH1-∆V3-EGFP was identified , which
6
produced higher titers (10 focus-forming units [FFUs]/
mL) of HCV-EGFP reporter virus. Whole genome
sequencing analysis showed that JFH1-ΔV3-EGFP
included six mutations located in the E2, p7, NS4B, and
NS5A regions as follows: D657G in E2; H781Y in p7;
N1931S in NS4B; and C2274R, I2340T, and V2440L
in NS5A. V2440L and H781Y improved the infectious
[20,21]
HCV titers
, while data pertaining to the other
mutations are not available. In this study, we explored
these mutations or combinations thereof responsible
for enhanced viral production and investigated the
underlying mechanisms.

RESULTS
The plasmids named JFH1-mE2, JFH1-mp7, JFH1mNS4B, JFH1-mNS5A, JFH1-mE2/NS5A, JFH1-mp7/
NS5A, JFH1-mNS4B/NS5A, JFH1-mE2/p7/NS5A, and
mJFH1 were constructed successfully. This study
generated infectious HCV particles with a robust titer
6
of 1.61 × 10 focus-forming units (FFUs)/ml. All of
the six adaptive mutations increased the HCV particle
production at varying levels. The NS5A (C2274R,
I2340T, and V2440L) and p7 (H781Y) were critical
adaptive mutations. The effect of NS5A (C2274R,
I2340T, and V2440L), p7 (H781Y), and NS4B (N1931S)
on infectious HCV titers was investigated by measuring
the HCV RNA replication, protein expression, and virion
release. However, the six adaptive mutations were not
required for the LD localization of NS5A proteins or the
phosphorylation of NS5A.
CONCLUSION
In this study, we generated infectious HCV particles
6
with a robust titer of 1.61 × 10 FFUs/mL, and found
that the viral replication and release levels could be
enhanced by some of the adaptive mutations.
Key words: Hepatitis C virus; JFH1; Adaptive mutation;
RNA replication; Virion release; Lipid droplet localization
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we explored hepatitis C virus
(HCV) adaptive mutations or combinations thereof
responsible for enhanced viral production and inves
tigated the underlying mechanisms. We generated
6
infectious HCV particles with a robust titer of 1.61 × 10
focus-forming units (FFUs)/mL, and confirmed that
the adaptive mutations could enhance viral replica
tion and release. The results were established at the
levels of infectious particle titers, HCV RNA, protein
expression, virus release, lipid droplet, and NS5A colocalization, and further the ratio between p56 and p58
phosphoforms of NS5A.
Wang Q, Li Y, Liu SA, Xie W, Cheng J. Cell culture-adaptive
mutations in hepatitis C virus promote viral production by
enhancing viral replication and release. World J Gastroenterol
2018; 24(12): 1299-1311 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i12/1299.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i12.1299

MATERIALS AND METHODS
Cell culture

INTRODUCTION

The human hepatoma cell line Huh7.5 was generously
[22]
provided by Dr. Charles M. Rice
(Rockefeller

Hepatitis C virus (HCV) is a member of the flaviviridae
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plasmids were kindly provided by Dr. C.H. Hagedorn
[19]
and Shuang-Hu Liu . The mutations located in HCV
genomic RNA are shown in Figure 1. A series of primers
for construction of adaptive variants of wild-type HCV
JFH1 listed in Table 1 were designed using the pJFH1
sequence and mutations. The pJFH1 plasmid was used
as a template for subsequent PCR with Phushion HighFidelity PCR Master Mix with GC buffer (New England
Biolabs) according to the manufacturer’s instructions.
The preliminary PCR products (mE2-1, mE2-2, mp7-1,
mp7-2, mNS4B-1, mNS4B-2, mNS5A-1, mNS5A-2,
mNS5A-3, and mNS5A-4) were analyzed by 1%
agarose gel electrophoresis, and used for overlap PCR
following the combination showed in Tables 2 and 3
to obtain adaptive mutation fragments. The above
fragments (mE2, mp7, mNS4B, mNS5A, mE2/NS5A,
mp7/NS5A, mNS4B/NS5A, and mE2/p7/NS5A) were
sub-cloned into pJFH1 using the appropriate unique
restriction enzyme sites such as Bsiw I, Kpn I, Nsi I,
Rsr II, or BsrG I, to produce JFH1-mE2, JFH1-mp7,
JFH1-mNS4B, JFH1-mNS5A, JFH1-mE2/ NS5A, JFH1mp7/NS5A, JFH1-mNS4B/NS5A, JFH1-mE2/p7/ NS5A,
and also mJFH1, which contained all the six mutations.
All new clones were sequenced using an ABI 3700-XL
(Shanghai Sangon Biotech).

Table 1 Sequence of primers used for adaptive mutation
plasmid construction
Primer

Sequence (5’-3’)

1340-F
m2310-R
m2310-F
3500-R
m2681-R
m2681-F
5249-F
m6132-R
m6132-F
7791-R
5249-F
m7160-R
m7160-F
m7359-R
m7359-F
m7658-R
m7658-F
7966-R

CTGGCGTACGTGATGCG
TGTCCCTGTCCTCCAAGCCGCAGCGAT
ATCGCTGCGGCTTGGAGGACAGGGACA
GCCCCGTCATACTCACCAC
TGATGTACCAAGCTGCCACGAAGAAG
CTTCTTCGTGGCAGCTTGGTACATCA
AATGAGGTCACCCTCACACA
ACGTGGCTTCCTCTGGAAGCAAAGGCA
TGCCTTTGCTTCCAGAGGAAGCCACGT
GATGTTGTACAGTACACCTTG
AATGAGGTCACCCTCACACA
AGCATGCGCTCCGATGGTATTGAG
CTCAATACCATCGGAGCGCATGCT
TTCTGATGTGGTGCTCTCGCTCAG
CTGAGCGAGAGCACCACATCAGAA
GCACAGGGTGGTATCGTCCTCCT
AGGAGGACGATACCACCCTGTGC
CTTGGATCTTGCAGAAT

Table 2 Primer combinations used in adaptive mutation
plasmid construction
Fragment

Template

mE2-1
mE2-2
mp7-1
mp7-2
mNS4B-1
mNS4B-2
mNS5A-1
mNS5A-2
mNS5A-3
mNS5A-4
mNS4B/NS5A-1
mNS4B/NS5A-2
mE2/p7 -1
mE2/p7 -2

JFH1

JFH1-mNS5A
JFH1-mp7/NS5A

Primers
Sense

Anti-sense

1340-F
m2310-F
1340-F
m2681-F
5249-F
m6132-F
5249-F
m7160-F
m7359-F
m7658-F
5249-F
m6132-F
1350-F
m2310-F

m2310-R
3500-R
m2681-R
3500-R
m6132-R
7791-R
m7160-R
m7359-R
m7658-R
7966-R
m6132-R
7791-R
m2310-R
3500-R

Transfection with HCV RNA

To generate the full-length genomic RNA, pJFH-1 and
all plasmids were linearized with Xba I. The linearized
plasmid DNA was purified and then used as a template
for T7 in vitro transcription (MEGAscript; Ambion). The
RNA genomes were detected by formaldehyde agarose
[23]
gel electrophoresis as described previously , and
[13]
transfected into cells by electroporation .

Immunofluorescence assay

Cells seeded on glass coverslips were infected with
HCV. After 48 h, the slips were washed with PBS.
Then, the cells were fixed with 4% paraformaldehyde,
permeabilized with 0.2% Triton X-100, and blocked with
1% BSA and 1% normal goat serum. The NS5A in
cells was detected with a monoclonal antibody and a
secondary goat anti-mouse Alexa Fluor 594 antibody
(Invitrogen) and visualized by fluorescence microscopy.

University) and maintained in Dulbecco’s modified
Eagle’s medium (DMEM) (Invitrogen) supplemented
with 100 U/mL of penicillin, 100 µg/mL of streptomycin,
non-essential amino acids, and 10% fetal bovine serum
(Invitrogen) at 37 ℃ in 5% CO2. All the experiments
described in this study were performed using these
cells.

Virus titration

The titer of infectious HCV was determined by immuno
[7]
fluorescence assay . Virus titers from supernatants
and cell lysates as well were determined using FFUs.
[24]
Cell lysates were prepared as described previously .
Briefly, cell pellets harvested after trypsinization were
washed with PBS, re-suspended in completed culture
medium, and lysed in four freeze/thaw cycles at -80 ℃
and 37 ℃. The cell lysates were centrifuged at 4000 rpm
for 5 min prior to inoculation into naïve Huh7.5 cells.
Virus titration analysis was conducted by serially
diluting the cell supernatants or cell lysates 10-fold
4
in DMEM. The supernatants were used to infect 1 × 10

Antibodies

The monoclonal antibody to NS5A protein (Abcam),
the goat anti-mouse IgG conjugated with horsera
dish peroxidase (Sigma), and goat anti-mouse IgG
conjugated with Alexa Fluor 594 (Invitrogen) were all
obtained commercially.

Plasmid construction

Plasmid constructs were based on the consensus
sequence of HCV pJFH1, which was kindly provided
[10]
by Dr. Wakita . JFH1-∆V3-EGFP and JFH1-AM120
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Table 3 Primers and templates for overlap PCR
Fragment

Template

mE2
mp7
mNS4B
mNS5A-3/4
mNS5A-2/3/4
mNS5A
mNS4B/NS5A
mE2/p7

Primer

mE2-1 + mE2-2
mp7-1 + mp7-2
mNS4B-1 + mNS4B-2
mNS5A-3 + mNS5A-4
mNS5A-2 + mNS5A-3/4
mNS5A-1 + mNS5A-2/3/4
mNS4B/NS5A-1 + mNS4B/NS5A-2
mE2/p7 -1 + mE2/p7-2

Upstream

Downstream

1340-F
1340-F
5249 F
m7359-F
m7160-F
5249-F
5249 F
1340-F

3500-R
3500-R
7791-R
7966-R
7966-R
7966-R
7791-R
3500-R

A
2681
H781Y

p7

E2

E1

Core

NS2

6132
N1931S
NS3

NS4A

2310
D657G

7160
C2274R

7359
I2340T
7658
V2440L

NS4B

NS5A

NS5B

B
1

2

3

4

5

M

6

7

8

9

10
HCV RNA
6000 bp
2000 bp

Figure 1 Schematic representation of adaptive mutations used in this study (A) and the electrophoresis results of each mutant virus RNA (B). A: Both
nucleotide substitutions (2310, 2681, 6132, 7160, 7359, and 7658) and amino acid substitutions (D657G, H781Y, N1931S, C2274R, I2340T, and V2440L) are shown;
B: HCV RNA (500 ng) was analyzed using formaldehyde agarose gel electrophoresis. Lane 1: JFH1; Lane 2: JFH1-mE2; Lane 3: JFH1-mP7; Lane 4: JFH1-mNS4B;
Lane 5: JFH1-mNS5A; Lane 6: JFH1-mE2/NS5A; Lane 7: JFH1-mp7/NS5A; Lane 8: JFH1-mNS4B/NS5A; Lane 9: mJFH1; Lane 10: JFH1-mE2/p7/NS5A; M: RNA
marker. HCV: hepatitis C virus.

Confocal laser scanning microscopy

naïve Huh7.5 cells in 96-well plates. The cells were
incubated with virus for 2 h at 37 ℃, washed, and
incubated with complete DMEM. The level of HCV
infection was analyzed 3 and 9 d post-infection by
immune- fluorescence staining for NS5A.

Cells transfected with HCV RNA with adaptive muta
tions were seeded onto 24-well plates with cover slips.
[13]
The cells were treated as previously described . After
48 h, the cells were washed with PBS, fixed with 4%
paraformaldehyde, and then permeabilized with 0.2%
Triton X-100. Fixed cells were blocked with 1% bovine
serum albumin and 1% normal goat serum in PBS.
Next, HCV NS5A was analyzed in cells using a NS5A
monoclonal antibody and a secondary goat anti-mouse
IgG conjugated with Alexa 488 (Invitrogen, dilution of
1:1000). LipidTOX Deep Red (Invitrogen) was used to
detect neutral lipids present in lipid droplets (LDs). The
slides were counterstained using DAPI (Invitrogen),
and examined using an Zeiss LSM 510 Meta confocal
laser scanning microscope.

Western blot analysis

The Huh7.5 cells infected with HCV RNA were lysed in 50
mmol/L Tris-HCl (pH 7.5) containing 150 mmol/L sodium
chloride, 1% Nonidet P40, 0.5% sodium deoxycholate,
0.1% SDS, and proteinase inhibitors (Complete Mini,
Roche). Samples were separated by 10% SDS-PAGE
and then transferred onto nitrocellulose membranes.
The HCV NS5A (p56/p58) was analyzed as described
[13]
previously .

Quantification of HCV RNA by qPCR

Total RNA was extracted with TRIzol (Invitrogen). HCV
RNA was measured by qPCR analysis as described
[25]
previously . β-actin was used as the internal control.
The relative quantity of HCV RNA in control and HCV
samples was calculated by the comparative Ct (cycling
threshold) method using LightCycler480.
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Effect of individual mutations or combinations of
adaptive mutations on the production of infectious HCV

A previous study demonstrated that JFH-∆V3-EGFP
[19]
variant produces a higher titer of reporter virus . The
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a

To further determine any synergistic effect of the
six adaptive mutations on HCV production, we focused
on the recombinant viruses with adaptive mutations
in different combinations. As shown in Figure 2, JFH1mE2/NS5A, JFH1-mp7/NS5A, JFH1-mNS4B/NS5A,
and JFH1-mE2/p7/NS5A remarkably enhanced the
production of infectious HCV, and the mJFH1 produced
6
infectious HCV particles with a robust titer of 1.61 × 10
FFUs/mL 9 d post-transfection.
These results suggest that all the six adaptive
mutations increase the HCV particle production. NS5A
(C2274R, I2340T, and V2440L) and p7 (H781Y) are
the critical adaptive mutations.

P1
P3

b
b
b
b
b
8

b

b

b

HCV titer (Log10, FFUs/mL)

b
6

4

HCV RNA replication and protein expression are upregulated by adaptive mutations

2

HCV RNA genome replication and structural or non
structural protein expression are early steps in the HCV
life cycle. To further confirm our speculation that the
robust HCV titers and enhanced virion release were
both related to up-regulated RNA replication and protein
expression, we determined the relative HCV RNA, NS5A
immunofluorescence, and NS3 protein levels in the
RNA-transfected Huh7.5 cells on day 3 (P1) and day 9
(P3).
As shown in Figure 3, the expression of NS5A (Figure
3A) and NS3 (Figure 3B) in mutants was up-regulated
at different levels during serial passages. The trend was
extraordinary obvious in NS5A or p7 mutants. Anti-NS3
Western blot analysis, which was the most widely used
for quantitative experiment, yielded consistent results.
As shown in Figure 3C, the RNA levels of all the
mutants were increased compared with JFH1, and
mJFH1 was increased 18.7-fold. Interestingly, the
results indicated that JFH1-mNS4B expression increased
6.1-fold, and the combination of mutants showed a
7.4-16.8-fold increase.
Taken together, we confirmed that the effect of
NS5A (C2274R, I2340T and V2440L), p7 (H781Y), and
NS4B (N1931S) on infectious HCV titers was robust,
and started with HCV RNA replication and protein
expression, followed by virion release.
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Figure 2 Generation of high titer cell culture-adaptive JFH1 virus. Hepatitis
C virus RNA was electroporated into Huh7.5 cells to produce the recombinants
of adapted virus in cell culture. The transfected cells were passaged every
three days. The infectivity titers of the culture supernatants at day 3 (P1) and
day 9 (P3) were measured. Viral titers are expressed as focus-forming units
per milliliter (FFUs/mL). The data are presented as mean ± SD (n = 3). HCV:
Hepatitis C virus. aP < 0.05; bP < 0.01.

six adaptive mutations in this variant were located in
the E2 (D657G), p7 (H781Y), NS4B (N1931S), and
NS5A (C2274R, I2340T, and V2440L) (Figure 1A),
respectively. To determine the individual or synergistic
combination of these mutations responsible for the
increased viral production, recombinant JFH1 genomes
containing only one of the selected mutations or four
different combinations as shown in Figure 1A were
constructed.
Next, ten in vitro-transcribed mutant JFH1 RNAs
(Figure 1B) were electroporated into Huh7.5 cells to
produce recombinants of adapted virus. The transfected
cells were sub-cultured every three days. The infectivity
titers of supernatants at day 3 (P1) and day 9 (P3)
were measured (Figure 2). Viral titers are expressed
as FFUs/mL and were assayed in duplicate, which was
repeated three times. The data are presented as mean
± SD (n = 3). The HCV titers of wild type JFH1 (JFH1)
2
were extremely low, with a typical titer of 10 FFUs/mL.
The adaptive mutations in E2, p7, NS4B, and NS5A
individually increased the production of infectious HCV
titers 2- to 4-fold compared with the levels of JFH1. The
NS5A mutations exhibited the greatest effect on the
production of infectious HCV particles, with a titer of 1.30
6
× 10 FFUs/mL at P3. The p7 mutation followed closely,
5
generating a titer of 2.10 × 10 FFUs/mL. Briefly, except
for E2, the HCV titers of other variants at P3 were
partially higher than those at P1.
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Adapted variants enhance the efficiency of virus release

Virion release is the last step of the HCV life cycle. To
further explore the mechanism underlying the enhanced
virus production, the role of adaptive mutations was
examined. Ten HCV RNAs (JFH1, JFH1-mE2, JFH1mP7, JFH1-mNS4B, JFH1-mNS5A, JFH1-mE2/NS5A,
JFH1-mp7/NS5A, JFH1-mNS4B/NS5A, mJFH1, and
JFH1-mE2/p7/NS5A) were electroporated into Huh7.5
cells. After 3 d, we collected the supernatants and
cell lysates, and measured the HCV titers using NS5A
immunofluorescence assays. Furthermore, to confirm
the infectivity of virions, we carried out immunoblotting
of supernatants and cell lysates with anti-NS3, which
was extraordinarily consistent with the infectious HCV
titers (Figure 4A). As shown in Figure 4B, we also cal
culated the proportion of extracellular (supernatant)
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Figure 3 Effects of the adaptive mutations on the hepatitis C virus RNA replication. A: Hepatitis C virus (HCV) RNA was electroporated into Huh7.5 cells to
produce the recombinants of adapted virus. The transfected cells were passaged every 3 d. Cells were fixed 48 h after passage and infected cells were identified
by fluorescence immunostaining and microscopy. Nuclear DNA was stained with DAPI (blue); B: HCV RNA was electroporated into Huh7.5 cells to produce the
recombinants of adapted virus in cell culture. The transfected cells were passaged every 3 d. Cells were lysed at 72 h after passage. The HCV NS3 protein levels
were analysis by Western blot. bP < 0.01; C: HCV RNA levels in cells 3 d after transfection. Intracellular HCV RNA levels were analyzed by quantitative RT-PCR. The
mean ± SD for three independent experiments are presented (qPCR assays, n = 3). aP < 0.05; bP < 0.01; cP < 0.001.

or intracellular (cell lysate) HCV titers using total
titers as 100%. Typically, the supernatant and intrace
llular HCV titers of JFH1 were 76.31% and 23.69%,
respectively, and those of mJFH1 were 94.00% and
6.00%, respectively. Taken together, these findings
provide evidence suggesting that the ten variant
viruses enhanced the virion release, and the high viral
production was linked to the effective virion release.
NS5A (C2274R, I2340T, and V2440L) and p7 (H781Y)
showed the highest levels compared with the others.

These results demonstrated that the phosphorylation
level of NS5A was not affected by adaptive mutations.

DISCUSSION
Previous studies suggested that in vitro adaptive mutations
[13-17,20,21,30-34]
enhance the production of infectious virus
.A
high mutation rate in HCV RNA genome is a challenge
for successful HCV treatment and vaccine research,
although a method to obtain a robust clonal culture of
[13]
[19]
HCV has been unavailable . Liu et al
demonstrated
that a JFH1-∆V3-EGFP variant produced higher titer of
reporter virus. The six adaptive mutations in this variant
were located in the E2 (D657G), p7 (H781Y), NS4B
(N1931S), and NS5A (C2274R, I2340T, and V2440L)
(Figure 1A). However, the mutations responsible for
enhanced viral production were not clear. The six
mutations in this study were simultaneously located
in JFH1-∆V3-EGFP, which was a reporter EGFP gene
[19]
chimera virus . The mJFH1 refers to JFH1-ΔV3-EGFP
6
that yielded a robust titer up to 1.61 × 10 FFUs/mL
in this study, suggesting that the six mutations are
effective adaptive mutations.
HCV is a single, positive-strand RNA virus. We
focused on key life cycle events in the virus such as
replication, expression, assembly, and release. Infectious
virion release is the last step and the final objective
of the JFH1 system. In our study, we detected variant
[7,14]
virus titers initially. Consistent with previous reports
,
2
JFH1 only exhibited a decreased titer of 10 FFUs/mL.
The other mutants showed increased titers with several
orders of magnitude compared with JFH1. Synergistic
enhancement of HCV titer was demonstrated obviously.
[35]
Jiang et al
suggested that adaptive mutations en
hance specific protein-protein interactions among viral
proteins and promote the assembly of infectious HCV
particles. We speculated that the six mutations involved

Adaptive mutations are not essential for intracellular LD
localization of the NS5A protein

LDs have been reported to play an important role in
[26]
the HCV virion assembly process . To determine if the
six adaptive mutations increased the assembly of HCV
at this step, LDs and NS5A were stained in JFH1 and
mJFH1 transfected cells and the co-localization of LDs
with NS5A was measured. As shown in Figure 5, the
LDs were totally covered with NS5A in all cases. However,
no significant difference was observed between JFH1
and mJFH1 groups using Image J software and Pearson’
s correlation coefficient analysis. These results indicated
that the six adaptive mutations were not required for
LD localization of the NS5A proteins.

Adapted mutations do not affect hyper-phosphorylation
of NS5A

Previous studies showed that a ratio between the p56
and p58 phosphoforms of NS5A is required for optimal
[13,27-29]
HCV RNA replication
. JFH1-AM120 is a robust
[13]
adaptive mutant selected by Liu et al . which displays
significant switch of p56/p58. In this study, JFH1, JFH1AM120, and mJFH1 RNA were transfected into Huh7.5
cells, and the total protein was used for Western blot
analysis after 3 d (Figure 6). However, we observed
no difference in p56 and p58 between the two groups.
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Figure 4 Effect of the adaptive mutations on the virion release. A: Hepatitis C virus (HCV) RNA was electroporated into Huh7.5 cells to produce the recombinants
of adapted virus. At 72 h after transfection, the infectivity titers of the culture supernatants and cell lysates were measured. Viral titers are expressed as FFUs/mL. The
data are presented as mean ± SD (n = 3); B: HCV RNA was electroporated into Huh7.5 cells to produce the recombinants of adapted virus. At 72 h after transfection,
the infectivity titers of the culture media and cell lysates were measured. The extracellular and intracellular viral titers were measured. The relative ratios of infectious
virions are shown. The results were from three independent experiments; C: The naive Huh7.5 cells were infected with the culture media and cell lysates. At 72 h after
infection, cells were lysed with RIPA buffer, and analyzed by Western blot.
[38,39]

refer to unknown life cycle phases and mechanism as
well. Therefore, we analyzed the effect of viral mutations
on the distribution of virions in the supernatant and the
cell lysate, co-localization of LDs and NS5A, HCV RNA
level, NS3 expression, and p56/p58. We found that the
adaptive mutations were associated with diverse effects
on the life cycle events. The virion release and RNA
genome replication were specifically associated with
NS5A and p7 mutations.
The transmembrane domains of chimeric E1 and/or
E2 HCV glycoproteins were modified to allow transport
[36]
to and assembly at the cell surface . E2 consisted of
three critical domains: a receptor-binding domain (RBD;
residues 384-661), the membrane proximal stem-like
region of E2 (residues 675-699), and a hydrophobic
[37]
heptad repeat linking the two domains . Within the
RBD, the E2 bound the cellular receptor CD81, leading

WJG|www.wjgnet.com

. Serial
to receptor-mediated endocytosis of virions
studies showed that the mutations in E2 play a role in
[30]
the HCV life cycle via different mechanisms. Tao et al
demonstrated that the E2 (I414T) mutation had no
significant effect on HCV RNA replication and viral entry.
However, it enhanced the production of infectious viral
particles and decreased the receptor-mediated viral
entry. E2 (G451R) altered the relationship between
particle density and infectivity, disrupted the coreceptor dependence, and increased virion sensitivity
[40]
to receptor mimics . The T563I mutation in the E2
protein increased virion viability at 37 ℃. Unfortunately,
D657G in E2 improved the HCV titer via an unknown
mechanism, without any effect on HCV RNA replication
or virion release.
As a small membrane polypeptide, the HCV p7
channel plays multiple roles in virus life cycle and
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Figure 5 Colocalization analysis of lipid droplets and hepatitis C virus NS5A. JFH1 and mJFH1 RNA was electroporated into Huh7.5 cells to produce the
recombinants of adapted virus. At 48 h after transfection, the cells were fixed. Lipid droplets were stained with LipidTOXRed (Red). The HCV NS5A was stained with
anti-NS5A antibody (Green). The nucleus was stained with DAPI (Blue). Each triplicate sample of 25 cells was analyzed using Image J software. The degree of colocalization was quantified and compared using Pearson’s correlation coefficients.
[41]

3

mediates several biological functions in HCV infection .
The p7 consists of six equivalent hydrophobic pockets
[42]
between the peripheral and pore-forming helices .
Generally, p7 is not essential for HCV RNA replication,
[43]
but required for virion assembly and release . The
adaptive mutation N765D in p7 influenced early stages
of the HCV life cycle, and increased the infectious
[15]
HCV titer . Y781H enhances the level of HCV core
in the supernatant three- to five-fold, and moderately
[21]
increases virion assembly and release . In our study,
we found similar results, and Y781H enhanced HCV
RNA replication 3.1-fold, suggesting its role as a critical
initiating agent and a novel mechanism during the HCV
life cycle.
HCV NS4B plays an important role in RNA genome
[44]
replication and virion assembly . NS4B triggers the
[45]
formation of a viral replication complex similar to the
“sponge-like inclusions” observed in the liver of HCV[46]
infected chimpanzee . NS4B (K1846T) increased HCV
[47]
RNA replication nearly 30-fold . N1931S is located
between helices 1 and 2 of the NS4B C-terminus, and
[48]
was first determined by Li et al
during HCV RNA
replication and virion assembly. Our data suggested

WJG|www.wjgnet.com

that the N1931S increased HCV titer to 10 FFUs/mL,
3
which was 10 -fold compared with JFH1. It significan
tly enhanced HCV genome replication, and slightly
improved virion release. N1931S is a novel mutation
in the JFH1 system, and comprehensive studies inve
stigating its role in HCV infection are needed.
HCV NS5A is a phosphoprotein existing in two
different forms: a basic phosphorylated NS5A, p56,
and a hyperphosphorylatedNS5A, p58. It appears to
play an important role in viral replication, since most of
the adaptive mutations determined so far are located
[47]
within the region of NS5A . The three domains in
NS5A include: domain I (aa 28-213) coordinating a
single zinc atom, and domains II (aa 250-342) and III
(aa 356-447), which are less well characterized but are
[28]
important in RNA replication and/or virion assembly .
A previous report suggested that V2440L was located at
the NS5A-B cleavage site and decreased the cleavage
[20]
kinetics . Thus, the mutation C2274R is located
in domain II, and the other mutations (I2340T and
V2440L) occur in domain III. We analyzed the HCV RNA
replication and protein expression. The results showed
that the three mutations enhanced HCV RNA replication,
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Figure 6 Phosphorylation of NS5A during JFH1 and mJFH1 replication. Huh7.5 cells were transfected with JFH1 or mJFH1 RNA. After three days of culture,
cells were lysed for western blot using anti-NS5A and anti-β-actin antibodies. The quantity of p56 and p58 was determined using Image J software and the ratios of
p56/p58 are shown. Data are presented as mean ± SD (n = 3). JFH1-AM120 was used as the positive control.

proteins and/or host-cell proteins, and changes in virus
[54]
per se represent obvious mechanisms. In our study,
we confirmed that the adaptive mutations led to a
robust infectious titer via enhanced viral replication and
release. It is recommended that DAA regimens can be
used for treatment of patients with hepatitis C rather
[5]
than pegylated interferon/rabivirin . Meanwhile, our
study was limited by the reaction of DAAs to above
adaptive mutations. Further studies investigating the
underlying mechanisms of viral morphogenesis are
needed.
In conclusion, we generated infectious HCV particles
6
with a robust titer of 1.61 × 10 FFUs/mL in this study.
All of the six adaptive mutations increased the HCV
particle production at varying levels. The NS5A (C2274R,
I2340T, and V2440L) and p7 (H781Y) were critical
adaptive mutations. This study confirmed that the
JFH1 is still a promising system to study the HCV life
cycle. To use adaptive mutations is an effective means
to establish a new system with higher infectious HCV
virions titer. And the research on molecular mechanism
of interaction between viral proteins and/or host-cell
proteins should be carried out in depth.

which is consistent with the structure.
A previous study demonstrated that HCV p7 pro
motes a late step of assembly and release of infectious
[49]
virions
and NS5A plays a major role in regulating
[32]
the release of infectious virus particles in cell culture .
In this study, there were three mutants (C2274R,
I2340T, and V2440L) located in NS5A and one located
(H781Y) in p7. Our results showed that these mutants
obviously promoted the HCV viral particles release
(Figure 4). HCV core is located on the cytosolic side
of the ER membrane, assembly probably initiates in
the cytosol before further maturation, and release
occurs by transfer of nascent particles across the ER
membrane to enable access to the secretory pathways
[50]
in hepatocytes . The amino acid changes induced
by mutants in NS5A and P7 may be involved in these
steps. The specific mechanism needs to be further
studied in future.
Previous studies suggested that the up-regulation of
[13]
p56/p58 ratio might be a critical factor for HCV titer
and increased HCV replication since specific mutations
reduced NS5A hyper-phosphorylation activating RNA
[27]
replication . NS5A-p58 levels increased following
overexpression of CKI-alpha, CKI-delta, and CKIepsilon, whereas RNA interference of CKI-alpha alone
[51]
reduced NS5A hyper-phosphorylation . Here, we
detected the status of p56/p58. However, there was
no switch between the JFH1 and mJFH1 groups. The
two viral proteins including the core and NS5A were
localized to LDs, which play an important role in the
[24,26]
intracellular assembly of HCV
. The recruitment of
NS5A to LDs was a prerequisite for virion assembly
[26]
in Huh7.5 cells . Our analysis of the co-localization
of NS5A and LDs showed no significant difference
between mJFH1 and JFH1, suggesting that these
adaptive mutations did not alter virion formation.
The life cycle of HCV is extremely complex, and
several details remain unknown. Regulation of host
[52,53]
gene expression
, altered association between viral
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ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Hepatitis C virus (HCV) causes acute and chronic hepatitis, and leads to
permanent liver damage and hepatocellular carcinoma. The infectious HCV
JFH1 cell culture system represents a major advance in anti-HCV drug
discovery research and facilitates the study of HCV life cycle. However, HCV
JFH1 (genotype 2a) merely generates relatively low viral titers. JFH1-∆V3EGFP, which includes six mutations located in the E2, p7, NS4B, and NS5A
regions, could produce higher titers of HCV-EGFP reporter virus. However,
there were no data about which mutations or combinations thereof are
responsible for enhanced viral production and the underlying mechanisms.

Research motivation

This JFH1 model generated infectious viral particles in cell culture and
facilitated the study of the HCV life cycle, but the low infectious virion titer limits

1308

March 28, 2018|Volume 24|Issue 12|

Wang Q et al . Adaptive mutations promote HCV production
its application range. Some previous studies have confirmed that adaptive
mutations could enhance the virion titer, but the mechanism has not yet been
fully elucidated. In this study, we focused on the positive effect of six adaptive
mutations located in the E2, p7, NS4B, and NS5A regions, and found that the
mechanism was different among them during the procession. These results
gave us some new insights into the infectious HCV cell culture system and
adaptive mutations.
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The main objective of this study was to establish an infectious HCV cell culture
system with a robust titer, and to discuss the underlying mechanisms of the
adaptive mutations found in previous studies. The results of this study have
supplied the researchers with a useful tool. We hope it will be used for the study
of viral structure, virus-host interaction, anti-HCV drug discovery, and vaccine
development.
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Research methods
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We investigated JFH1-mE2, JFH1-mp7, JFH1-mNS4B, JFH1-mNS5A, JFH1mE2/NS5A, JFH1-mp7/NS5A, JFH1-mNS4B/NS5A, JFH1-mE2/p7/ NS5A, and
mJFH1, carrying all the six mutations. We analyzed the infectious HCV titer,
HCV RNA and NS3 protein levels, viral release capacity, assembly and hyperphosphorylation of NS5A to determine the role of these mutations in the HCV
life cycle. These methods were the routine ways adopted widely in virological
and molecular biological research.
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Research results

The main findings in this study were as follows: (1) we generated infectious
HCV particles with a robust titer of 1.61 × 106 FFUs/mL; (2) The six adaptive
mutations increased the HCV particle production at varying levels. The NS5A
(C2274R, I2340T, and V2440L) and p7 (H781Y) are critical adaptive mutations.
The effect of NS5A (C2274R, I2340T, and V2440L), p7 (H781Y), and NS4B
(N1931S) on infectious HCV titers was investigated by measuring the HCV
RNA replication, protein expression, and virion release; and (3) the six adaptive
mutations were all not required for the lipid droplet localization of NS5A proteins
or the phosphorylation of NS5A. To our knowledge, this is a new robust titer
related to adaptive mutations from JFH1. The problems that remain to be
solved in the future include: (1) how could the adaptive mutations be translated
to clinical conditions? (2) are these mutation patterns observed in vivo? and
(3) would these results be relevant to the resistance to direct-acting antivirals
(DAAs)?
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Research conclusions

First, this study generated infectious HCV particles with a robust titer of 1.61 × 106
FFUs/mL. Second, all of the six adaptive mutations increased the HCV particle
production at varying levels. Third, the NS5A (C2274R, I2340T, and V2440L)
and p7 (H781Y) were critical adaptive mutations, but they were not required for
the LD localization of NS5A proteins or the phosphorylation of NS5A. Based
on the new findings of this study, we proposed that more important adaptive
mutations would be addressed in the future, and unknown mechanism of the
HCV life cycle would be explained.
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Research perspectives

This study re-confirmed that the JFH1 was still a promising system to study the
HCV life cycle. To use adaptive mutations was an effective way to establish
a new system with higher infectious HCV virion titer. In addition, we also reconfirmed that the molecular mechanism of interaction between viral proteins
and/or host-cell proteins is more complex and important.
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Abstract
AIM
To investigate whether serum interleukin (IL)-34 levels
are correlated with hepatic inflammation and fibrosis in
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METHODS
In this study, serum IL-34 levels were assessed by
enzyme-linked immunosorbent assay in 19 healthy
controls and 175 patients with chronic HBV infection
undergoing biopsy. The frequently used serological
markers of liver fibrosis were based on laboratory
indexes measured at the Clinical Laboratory of the
Second Affiliated Hospital of Anhui Medical University.
Liver stiffness was detected by transient elastography
with FibroTouch. The relationships of non-invasive
makers of liver fibrosis and IL-34 levels with
inflammation and fibrosis were analyzed. The diagnostic
value of IL-34 and other liver fibrosis makers were
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evaluated using areas under the receiver operating
characteristic curves, sensitivity and specificity.

hepatitis B virus (HBV) infection is the most common
[2]
cause of liver fibrosis in China .
Chronic HBV infection is characterized by progressive
hepatic fibrosis and inflammation. In addition to
the key role of hepatic stellate cells, the progression
of liver fibrosis depends on the recruitment and
accumulation of inflammatory monocytes, which can
[3]
locally differentiate into macrophages, to the liver .
These macrophages activate hepatic stellate cells and
[4,5]
promote and perpetuate fibrosis . It has already
been confirmed that interleukin (IL)-34 is a kind of
macrophage differentiation factor that signals via the
[6,7]
M-CSF receptor (c-fms or CD115)
and that its serum
levels are elevated in hepatitis C virus (HCV)-infected
patients and nonalcoholic fatty liver disease patients
[3,8,9]
with advanced liver fibrosis
. Although IL-34 has
been identified as a profibrotic factor associated with
chronic HCV infection-mediated fibrosis, data on the
serum level and role of IL-34 in chronic HBV-infected
patients are lacking.
The indication for antiviral therapy depends on
HBV DNA levels, aminotransferase levels and/or the
grade of inflammation and fibrosis determined by liver
[10]
biopsy . However, the extent of disease progression is
often insufficiently reflected by aminotransferase levels;
additionally, liver biopsy has substantial limitations
[11]
because of the invasive nature of the process . Up to
[12]
40% of patients are ineligible for liver biopsy . There
fore, studies are investigating noninvasive methods for
[13]
detecting fibrosis . These methods rely on biomarkers
that are easily determined using one or more serum
indexes, such as aspartate transaminase (AST) to
platelet ratio index (APRI), fibrosis-4 (FIB-4) score,
[14]
and fibrosis index (FI) . Although these methods
demonstrate adequate diagnostic performance, they
still have some limitations. Liver stiffness, measured via
transient elastography using FibroTouch, can be reliably
used to detect fibrosis in most patients; however,
this method cannot be used in patients with ascites
or obesity, and its performance varies with operator
[15]
experience .
In this study, we assessed the serum level of IL-34
in 175 chronic HBV-infected patients undergoing
biopsy. We also analyzed the correlation between IL-34
and other serum indexes that reflect the extent of liver
injury and inflammation and evaluated the possibility
of using IL-34 level as a marker of liver fibrosis in
patients with chronic HBV infection by comparing it
with other assessment methods for liver fibrosis.

RESULTS
Serum IL-34 levels were associated with inflammatory
activity in the liver, and IL-34 levels differed among
phases of chronic HBV infection (P = 0.001). By
comparing serum IL-34 levels among patients with
various stages of liver fibrosis determined by liver
biopsy, we found that IL-34 levels ≥ 15.83 pg/mL had
a high sensitivity of 86.6% and a specificity of 78.7%
for identifying severe fibrosis (S3-S4). Furthermore, we
showed that IL-34 is superior to the fibrosis-4 score,
one of the serum makers of liver fibrosis, in identifying
severe liver fibrosis and early cirrhosis in patients with
HBV-related liver fibrosis in China.
CONCLUSION
Our results indicate that IL-34, a cytokine involved in the
induction of activation of profibrogenic macrophages,
can be an indicator of liver inflammation and fibrosis in
patients with chronic HBV infection.
Key words: Interleukin 34; Hepatitis B virus; Liver fibrosis;
Diagnosis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Interleukin (IL)-34 is a cytokine involved in the
induction of activation of profibrogenic macrophages,
which is associated with the severity of liver fibrosis
and inflammation. Numerous studies have shown that
it has the potential to be a serological indicator of liver
fibrosis and inflammation. We investigated the serum
IL-34 levels in patients with chronic hepatitis B virus
infection, and found the significance of serum levels of
IL-34 as a serum target of liver fibrosis associated with
chronic hepatitis B virus infection.
Wang YQ, Cao WJ, Gao YF, Ye J, Zou GZ. Serum interleukin-34
level can be an indicator of liver fibrosis in patients with
chronic hepatitis B virus infection. World J Gastroenterol 2018;
24(12): 1312-1320 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i12/1312.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i12.1312

INTRODUCTION
Liver fibrosis is a process accompanied by woundhealing responses caused by chronic injury and
inflammation in the hepatic parenchyma, and it often
results in serious complications, including portal
hypertension and liver failure. It can lead to cirrhosis,
[1]
which is identified as the final stage of liver fibrosis
and can even evolve into hepatocellular carcinoma.
Liver fibrosis is often caused by viral infection, toxins
and excess alcohol consumption, among others. Chronic

WJG|www.wjgnet.com

MATERIALS AND METHODS
Selection of patients

In total, 175 treatment-naive chronic hepatitis B
(CHB) patients who had undergone percutaneous liver
biopsies at the Department of Infectious Diseases
of the Second Affiliated Hospital of Anhui Medical
University from January 2014 to March 2016 were
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Table 1 Levels of interleukin-34 in patients with different stages of liver fibrosis
Stage

n

Median

95%CI

S0 patients and healthy subjects
S1-S2 patients
S3-S4 patients

34
93
67

10.05
11.53
19.84

9.28-11.27
10.38-13.92
17.34-20.63

CI: Confidence interval.

enrolled in this retrospective study. The inclusion
criteria were age ≥ 16 years, history of HBV infection
of more than 6 mo and positivity for hepatitis B surface
antigen. The exclusion criteria were concomitant
infection with the HCV or human immunodeficiency
virus, history of antiviral therapy, compensated or
decompensated liver cirrhosis, presence of alcoholic liver
disease, nonalcoholic fatty liver disease, autoimmune
liver diseases, chronic liver diseases due to other causes
and renal insufficiency, inadequate biopsy samples,
and incomplete clinical data. Nineteen healthy subjects
who gave blood on a voluntary basis served as
controls, and written informed consent was obtained.
This retrospective study was approved by the Ethics
Committee of Anhui Medical University. The study was
performed in accordance with the 1975 Declaration of
Helsinki.

experienced technicians. Ten successful acquisitions
were performed for each patient. The median value
of the 10 measurements was used for analyses. Liver
stiffness was expressed in kilopascals (kPa).

Statistical analysis

All statistical analyses were performed using MedCalc
15.8, GraphPad Prism 5.0 and SPSS 17.0. Differences
between groups were tested using the Mann-Whitney
U-test or Wilcoxon-Mann-Whitney test (for continuous
variables and nonparametric analyses for independent
samples, respectively). Correlation coefficients (r) were
calculated with nonparametric Spearman’s correlation
analyses. Receiver operating characteristic (ROC)
curves were generated for the assessment of scores
predictive of stages of fibrosis. Area under the curve
(AUC), sensitivity and specificity were calculated for
each factor. The value with the best sensitivity and
specificity in AUC analysis (Youden’s index) was chosen
as the best cut-off. AUCs were compared using the
approach described by Hanley and McNeil. P < 0.05
(two-sided) was considered significant.

Cytokine quantification

Blood samples were collected at the time of patient
presentation at our department, and serum was sepa
rated from blood samples by centrifugation. Serum
IL-34 levels were quantified by enzyme-linked immu
nosorbent assay (R and D Systems, United States).

RESULTS

Liver biopsies and fibrosis staging

Serum levels of IL-34 among groups of patients with
various fibrosis stages

Percutaneous liver biopsies were obtained using ultrasoundguided biopsy needles. The specimens were then fixed,
paraffin-embedded and stained with hematoxylin and
eosin. All liver tissues samples were evaluated by boardcertified pathologists who were unaware of the patients’
clinical history. Liver fibrosis stages (S0-S4) were de
termined using the Scheuer’s classification system. The
lack of fibrosis was characterized as S0, mild fibrosis as
S1, moderate fibrosis as S2, severe fibrosis as S3-S4
and cirrhosis as S4.

By investigating the serum levels of IL-34 in 19 healthy
controls and 175 patients, we found that IL-34 levels
were significantly different among the no fibrosis group
(S0 patients and healthy subjects), mild to moderate
fibrosis group (S1-S2), and advanced fibrosis group
(S3-S4) (P = 0.000, Kruskal-Wallis test, two-tailed).
The median expression level of IL-34 in S0 patients
and healthy subjects was 10.05 pg/mL. The mean
expression level of IL-34 was 11.53 pg/mL in S1-S2
patients, and the median increased to 19.84 pg/mL
in S3-S4 patients (Table 1). We also found a highly
statistically significant difference (P = 0.000, KruskalWallis test, two-tailed) among HBV patients with
different inflammation grades (Figure 1A).

Other laboratory and virological parameters

Other laboratory parameters including AST, alanine
transaminase (ALT), gamma-glutamyl transferase,
alkaline phosphatase and bilirubin levels, platelet count
and virological test results were routinely evaluated
prior to liver biopsy at the Clinical Laboratory of the
Second Affiliated Hospital of Anhui Medical University.

IL-34 levels in different phases of CHB infection

Based on HBV DNA levels, hepatitis B envelope antigen
(HBeAg) status and serum aminotransferase levels,
patients were classified into four groups according to
the European Association for the Study of the Liver
guidelines: immune-tolerant patients (n = 26), HBeAgpositive hepatitis patients (n = 24), HBeAg-negative

Transient elastography

Prior to liver biopsy, liver stiffness was determined
using the FibroTouch instrument (Wuxi Hayes Kell
Medical Technology Co. Ltd., China) operated by
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Figure 1 Box-and-whisker plots. A: IL-34 levels in groups of patients with various stages of fibrosis; B: IL-34 levels in groups of different phases of chronic
hepatitis B infection; C: IL-34 levels in two groups of HBeAg-negative patients: low viral load (HBV DNA level ≤ 2000 IU/mL) and elevated aminotransferase level;
high viral load (HBV DNA level > 2000 IU/mL) and normal aminotransferase level; D: IL-34 levels in group of patients with normal aminotransferase or elevated
aminotransferase level. IL: Interleukin; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus.

hepatitis patients (n = 40) and inactive carriers (n
[10]
= 6) . Furthermore, patients with HBeAg-negative
status were stratified into two additional groups:
patients with low-replicative hepatitis, characterized
by low viral load (HBV DNA level ≤ 2000 IU/mL) and
elevated aminotransferase levels (n = 13); and patients
with high viral load (HBV DNA level > 2000 IU/mL) and
[10]
normal aminotransferase levels (n = 26) .
Serum IL-34 levels were determined in patients
and healthy individuals. Serum IL-34 concentrations
ranged from 3.90 pg/mL to 39.56 pg/mL in HBVinfected patients and from 5.39 pg/mL to 15.78 pg/mL
in healthy individuals. There were highly significant
differences in serum IL-34 levels observed between
these groups according to the Kruskal-Wallis test (P =
0.001) (Figure 1B). Patients with HBV infection had the
highest IL-34 levels, followed by patients with HBeAgnegative or HBeAg-positive hepatitis. In contrast,
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inactive HBV carriers and immune-tolerant patients had
the lowest IL-34 concentrations. Additionally, there were
no differences in serum IL-34 levels among inactive
HBV carriers, immune-tolerant patients and healthy
individuals.

Correlation between IL-34 levels and other laboratory
indexes

In patients with liver fibrosis (chronic HBV infection),
there was a significant positive correlation between the
serum levels of IL-34 and levels of ALT (r = 0.159, P =
0.036), AST (r = 0.257, P = 0.001), total bilirubin (r
= 0.199, P = 0.008), indirect bilirubin (r = 0.225, P =
0.003), gamma-glutamyl transferase (r = 0.178, P =
0.018), alkaline phosphatase (r = 0.214, P = 0.004),
and platelet count (r = -0.323, P = 0.000) (Figure 2).
IL-34 levels were significantly higher in patients with
elevated aminotransferase levels than in patients with
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Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma-glutamyl transferase; PLT: Platelet; TBIL: Total bilirubin.

(S4) (Figure 3B), respectively. IL-34 levels predicted
severe fibrosis (S3-S4) with a sensitivity of 86.6%
and a specificity of 78.7%. When IL-34 level > 15.83
pg/mL was used as a cut-off to diagnose severe fibrosis.
The sensitivity and specificity of IL-34 on predicting
early cirrhosis (S4) are 100% and 64.9%, and the cutoff value is 15.83 pg/mL.

normal aminotransferase levels (P = 0.02) (Figure 1C).

diagnostic value of IL-34 in predicting severe liver fibrosis

We aimed to determine whether severe liver fibrosis,
defined as fibrosis at stages greater than or equal
to S3 (S3-S4), in chronic HBV patients is critical for
guiding the prognosis and treatment of patients with
hepatitis B. Encouraged by our results showing that
IL-34 may be a marker of fibrosis stage, we sought
to determine whether IL-34 is a marker of severe
liver fibrosis (S3-S4) and early cirrhosis (S4). ROC
curve analysis resulted in AUCs of 0.829 and 0.836 for
severe fibrosis (S3-S4) (Figure 3A) and early cirrhosis
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Comparison of IL-34 and several commonly used scores
for diagnosing severe liver fibrosis and early cirrhosis

Different fibrosis scores (FIB-4, APRI, Forns and
fibrosis-cirrhosis index) have been used to diagnose
liver fibrosis or cirrhosis. We compared the performance
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of IL-34 to the performance of these serum fibrosis
scores for the detection of severe liver fibrosis. We
conducted a comparative ROC analysis for these scores
for individually diagnosing severe liver fibrosis. There
were significant differences in AUCs between IL-34
and the FIB-4 score (P = 0.005) in predicting severe
fibrosis, indicating that IL-34 was superior to the FIB-4
score. IL-34 was also better than the FIB-4 score in
diagnosing early cirrhosis (P = 0.0092). However, for
both severe fibrosis and early cirrhosis, the diagnostic
accuracy of IL-34 was similar to that of liver stiffness
and other scores (Figure 3C and D, Table 2).

guiding the clinical treatment of chronic hepatitis. Liver
biopsy, the gold standard for staging liver fibrosis, is
[13]
invasive and has many limitations . Other recognized
noninvasive methods for determining the stage of liver
[16]
fibrosis also have many disadvantages . Therefore,
an increasing number of scholars are investigating
noninvasive methods for staging liver fibrosis. In this
study, we found that serum IL-34 levels are elevated
in HBV-infected patients with severe liver fibrosis
(S3-S4) and that IL-34 may be potential marker for
differentiating early-stage fibrosis (S0-S2) from latestage fibrosis (S3-S4) in patients with HBV-related
liver fibrosis in China.
This study also clearly demonstrates the diagnostic
value of IL-34 as a noninvasive biomarker in the
assessment of HBV-related liver fibrosis in patients in

DISCUSSION
The correct staging of liver fibrosis is important for
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Table 2 Area under the curves for different fibrosis scores for the various stages of fibrosis
AUC (95%CI)
IL-34
APRI
FIB-4
Forns
FCI
Liver stiffness

S0 vs S1-S4

S3-S4 vs S0-S2

S4 vs S0-S3

0.753 (0.659-0.848)
0.714 (0.580-0.847)
0.577 (0.427-0.727)
0.529 (0.405-0.653)
0.580 (0.422-0.738)
0.684 (0.565-0.803)

0.809 (0.743-0.875)
0.783 (0.715-0.850)
0.651 (0.564-0.738)
0.762 (0.685-0.839)
0.793 (0.723-0.863)
0.844 (0.784-0.903)

0.815 (0.747-0.883)
0.797 (0.710-0.884)
0.651 (0.529-0.773)
0.788 (0.689-0.886)
0.822 (0.739-0.906)
0.815 (0.728-0.902)

APRI: Aspartate aminotransferase to platelet ratio index; AUC: Area under the curves; CI: Confidence interval; FCI: Fibrosis-cirrhosis index; FIB-4:
Fibrosis-4; IL: Interleukin.

China. We were able to demonstrate IL-34 as predictor
of severe liver fibrosis (S3-S4) and early cirrhosis (S4)
in HBV-infected patients in China. The AUC of IL-34
was 0.829 for the detection of severe liver fibrosis
(S3-S4) and 0.836 for the detection of early cirrhosis
(S4). Especially for early cirrhosis (S4) patients, the
sensitivity can be up to 100%. This means that it may
be possible to avoid missed diagnosis of early cirrhosis.
After all, the effective treatments are available to
[17]
reverse the progress of disease . And, regardless of
the situation of ALT and HBeAg, as long as there is an
objective basis for cirrhosis, active antiviral therapy is
[10]
recommended .
Compared with other serological models, IL-34
was comparable to the FIB-4 score for the detection
of severe liver fibrosis (S3-S4) and early cirrhosis
(S4). Even for diagnosing S0 liver fibrosis, IL-34 was
comparable to the FIB-4 score (data not shown).
Most scholars consider transient elastography to be
a promising noninvasive method for the detection
[18]
of fibrosis in chronic HBV patients . However, this
technique is usually only available in specialized
centers. Another limitation of transient elastography
is that it has a failure rate of approximately 20%,
[14]
especially in the case of obese individuals . Although
the AUC of IL-34 was not significantly different from
that of liver stiffness or other fibrosis scores except
for FIB-4, IL-34 may be used as a biomarker, as it
is sufficient by itself and can be detected in simpleto-obtain samples compared with other established
complex fibrosis scores. Perhaps we can also try
to combine it with other indicators to improve the
effectiveness of disease diagnosis?
Because of the different phases of chronic HBV
infection, ranging from stable disease with minimal
injury in inactive carriers to rapid cirrhosis development
[10]
in patients with highly active HBV infection ,
investigations on the mechanisms of liver inflammation
and fibrosis together with the establishment of reliable
markers for different HBV phases are very meaningful.
We showed that serum levels of IL-34, reflective of
[3]
profibrogenic macrophage activation , differ with
the phases of HBV infection and are correlated with
hepatic inflammation and liver fibrosis.
One of features of hepatotoxic immune responses
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with increased inflammation and fibrosis in chronic
viral hepatitis is the induction of profibrogenic
[3,4]
macrophages . In accordance with the important role
of liver macrophages in HBV-mediated liver damage,
we observed high IL-34 levels in patients with HBeAgpositive or HBeAg-negative hepatitis. Patients with
HBeAg-positive or HBeAg-negative hepatitis have a
high risk of disease progression and development of
cirrhosis and hepatocellular carcinoma due to increased
[10,19-21]
hepatic inflammation and fibrogenesis
. In
contrast, IL-34 levels in inactive HBV carriers with HBV
DNA levels ≤ 2000 U/mL and normal transaminase
levels did not differ from those in healthy subjects,
indicating that the low levels of activation of the innate
[10,19]
immune system reflect good prognosis
.
Although the IL-34 levels of immune-tolerant
patients were markedly different from those of HBeAgpositive or HBeAg-negative hepatitis patients, immunetolerant patients had comparable IL-34 levels to healthy
subjects. This might indicate that if the human immune
system fails to respond to HBV, the damage to the liver
[22]
by the virus is minimal . Liver biopsies in immunetolerant patients generally show no signs of signifi
[23,24]
cant inflammation or fibrosis
. Given that serum
IL-34 concentrations were strongly correlated with
aminotransferase levels and could differentiate patients
with extensive hepatic inflammation from subjects with
reduced inflammatory activity, IL-34 may be used as a
potential biomarker for hepatic inflammation.
In summary, IL-34 may aid in the staging of
liver fibrosis and diagnosing different phases of HBV
infection in China. These processes are critical for
guiding the treatment of chronic HBV infection. IL-34
is known to regulate the profibrogenic functions of
[3,6,7]
macrophages by binding to its receptor
. IL-34
and its receptor are highly expressed in hepatocytes
in patients with liver fibrosis, mainly in hepatocytes
[3,25]
located around fibrotic and inflammatory lesions
.
We hypothesized that by preventing IL-34 from binding
with its receptor, the progression of liver fibrosis can be
delayed, and inflammation and necrosis of the liver can
be prevented. Thus, apart from its above-mentioned
function in diagnosis, IL-34 may also be investigated
as a therapeutic target for reversing fibrosis.
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ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS

6

Research background

It is generally believed that the persistence of inflammation plays an important
role in the progression of liver fibrosis. Previous studies have shown that
interleukin (IL)-34 is an inflammatory cytokine involved in the induction of
activation of profibrogenic macrophages, which is associated with the severity
of liver fibrosis and inflammation in patients with chronic hepatitis C virus
infection and nonalcoholic fatty liver disease.

7
8

Research motivation

in order to be helpful to demonstrate the mechanism of liver fibrosis from the
perspective of inflammation and provide a new direction for the search of
potential new serological diagnostic fibrosis indicators, we investigated the
relationship between IL-34 and liver fibrosis in patients with chronic hepatitis B
virus (HBV) infection.

9

Research objectives

10

This study aimed to investigate whether serum IL-34 levels are correlated with
hepatic inflammation and fibrosis in patients with chronic HBV infection.

Research methods

In this study, serum IL-34 levels of 19 healthy controls and 175 patients with
chronic HBV infection undergoing biopsy were analyzed.

11

Research results

12

We found that the serum IL-34 levels were different among phases of chronic
HBV infection and stages of inflammation and fibrosis. We also thought that the
serum IL-34 level has potential to diagnose liver fibrosis through comparative
analysis of the diagnostic value of IL-34 and other diagnostic methods, except
for pathological diagnosis.

13

Research conclusions

Serum IL-34 level has the potential to be a new indicator of liver inflammation
and fibrosis in patients with chronic HBV infection.

14

Research perspectives

15

The diagnostic accuracy of serum IL-34 level is not ideal at present. Thus, we
can try combining IL-34 with any of other scores and/or with any clinical variable
in order to obtain a new "score" with enhanced diagnostic accuracy. Another
approach is to increase the sample size for testing.
16
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0.61, 0.52, and 0.50 for BALAD, BALAD-2, Milan, and
UCSF. A new model combining biomarkers with tumor
size at the time of transplant (S-LAD) demonstrated the
highest predictive capability with c-statistics of 0.71 and
0.69 for recurrence and death.
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CONCLUSION
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patients, but less predictive than the three biomarkers
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Core tip: BALAD score and BALAD-2 class incorporating
alpha-fetoprotein (AFP), AFP-L3, and des-gammacarboxyprothrombin are used to predict survival of
patients with hepatocellular carcinoma. However, there
were limited numbers of patients who received liver
transplant in previous cohorts in which performance
of the BALAD was studied. Our study showed that
pre-transplant BALAD score and BALAD-2 class
are useful for predicting outcome of hepatocellular
carcinoma patients receiving liver transplant. However,
a more predictive model uses the combination of all
three biomarkers using the cut-offs from the BALAD
score along with maximum tumor size at the time of
transplant.

Abstract
AIM
To assess the performance of BALAD, BALAD-2 and
their component biomarkers in predicting outcome
of hepatocellular carcinoma (HCC) patients after liver
transplant.
METHODS
BALAD score and BALAD-2 class are derived from
bilirubin, albumin, alpha-fetoprotein (AFP), Lens culinaris
agglutinin-reactive AFP (AFP-L3), and des-gammacarboxyprothrombin (DCP). Pre-transplant AFP, AFP-L3
and DCP were measured in 113 patients transplanted
for HCC from 2000 to 2008. Hazard ratios (HR) for
recurrence and death were calculated. Univariate and
multivariate regression analyses were conducted.
C-statistics were used to compare biomarker-based to
predictive models.

Wongjarupong N, Negron-Ocasio GM, Chaiteerakij R, Addissie
BD, Mohamed EA, Mara KC, Harmsen WS, Theobald JP, Peters
BE, Balsanek JG, Ward MM, Giama NH, Venkatesh SK, Harnois
DM, Charlton MR, Yamada H, Algeciras-Schimnich A, Snyder
MR, Therneau TM, Roberts LR. Model combining pre-transplant
tumor biomarkers and tumor size shows more utility in predicting
hepatocellular carcinoma recurrence and survival than the BALAD
models. World J Gastroenterol 2018; 24(12): 1321-1331 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v24/i12/1321.
htm DOI: http://dx.doi.org/10.3748/wjg.v24.i12.1321

RESULTS
During a median follow-up of 12.2 years, 38 patients
recurred and 87 died. The HRs for recurrence in
patients with elevated AFP, AFP-L3, and DCP defined
by BALAD cut-off values were 2.42 (1.18-5.00), 1.86
(0.98-3.52), and 2.83 (1.42-5.61), respectively. For
BALAD, the HRs for recurrence and death per unit
increased score were 1.48 (1.15-1.91) and 1.59
(1.28-1.97). For BALAD-2, the HRs for recurrence and
death per unit increased class were 1.45 (1.06-1.98)
and 1.38 (1.09-1.76). For recurrence prediction, the
combination of three biomarkers had the highest
c-statistic of 0.66 vs. 0.64, 0.61, 0.53, and 0.53 for
BALAD, BALAD-2, Milan, and UCSF, respectively.
Similarly, for death prediction, the combination of three
biomarkers had the highest c-statistic of 0.66 vs 0.65,
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INTRODUCTION
The incidence of hepatocellular carcinoma (HCC) in
the United States has increased 3-fold in the last
[1]
30 years . Currently, liver cancer has also become
the second leading cause of cancer-related deaths
[2]
worldwide . Liver transplant is one of the few curative
treatments that can achieve a 5-year survival rate of
70% for some HCC patients. However, to be eligible
for a liver transplant, patients with HCC have to meet
a rigorous set of criteria. Despite these selection
criteria, recurrence of cancer is seen in up to 20%
[3]
of HCC patients that undergo liver transplantation .
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This high proportion of recurrences calls into question
the liver transplant guidelines used for patients with
cancer. For patients with HCC, the Milan and UCSF
criteria have been used as standards to determine the
[4,5]
eligibility for liver transplant . Although adherence to
the Milan criteria has been associated with relatively
lower recurrence rates after transplantation, it is still
considered suboptimal because it relies primarily
[6]
on tumor morphologic characteristics . Other liver
transplant guidelines have been proposed, but similar
to the Milan and UCSF criteria, they fail to incorporate
[6,7]
the biological behavior of the tumor .
To achieve more objective models for selection
of HCC patients for liver transplant, several serum
tumor biomarkers have been evaluated to assess the
biological aggressiveness of HCC. Multiple studies
suggest that high pre-transplant alpha fetoprotein
(AFP), a widely known HCC biomarker, is associated
[8]
with poor post-transplant outcomes and the AFP
model, combining alpha-fetoprotein (AFP) with the
tumor number and tumor size, has been proposed
[9]
and validated to predict HCC recurrence . The BALAD
score, a model that incorporates the use of 5 serum
biomarkers, has been successful in predicting the
[10]
survival and recurrence of patients with HCC . In
addition to assessing the remnant liver function via
the Bilirubin and Albumin levels, the BALAD score
incorporates 3 additional serum tumor biomarkers,
namely AFP, Lens culinaris agglutinin-reactive AFP
(AFP-L3), and des-gamma-carboxyprothrombin (DCP).
However, previous studies, including a validation study,
have only included a limited number of liver transplant
[11-14]
patients
.
The aim of this study was to assess the performance
of the discontinuous BALAD and continuous BALAD-2
scores in patients who underwent liver transplant for
HCC. In addition, we aimed to assess the utility of each
component of the BALAD in predicting outcomes and
to develop a more effective model for liver transplant
patients.

UCSF criteria was accepted in 17 patients based on
provider selection and organ availability at the time
of transplant. Most patients with intermediate stage
disease beyond Milan criteria received locoregional
treatment with transarterial chemoembolization prior
to liver transplantation. For surveillance for posttransplant HCC recurrence, patients underwent CT
scan of the abdomen and chest along with serum AFP
at 4, 8, 12, 18, and 24 mo post-transplant.
Patient age, sex, race, etiology of liver disease,
date of HCC diagnosis, date of liver transplant, baseline
tumor characteristics at the time of diagnosis, and at
the time of imaging closest to the transplant (diameter
of the largest tumor, tumor number, macrovascular
invasion), biomarker results, recurrence date, death
date and last follow-up date were abstracted. The
Child-Turcotte-Pugh (CTP) class and MELD score were
calculated at the time closest to liver transplant in
every patient regardless of cirrhosis status. Tumor
size and tumor number were also determined from
the most recent imaging study prior to the transplant.
The Milan and UCSF criteria were also determined
from the imaging prior to and closest to the transplant
date. HCC recurrence was defined by the presence
of new malignant masses seen on imaging, either
intrahepatic or extrahepatic metastases, as assessed
by the radiologist. The tumor response to treatment
was assessed according to the modified Response
Evaluation Criteria in Solid Tumors (mRECIST), version
1.0. The survival of patients who were lost to follow-up
was obtained using the Accurint system.
BALAD score and BALAD-2 class were calculated
based on five biomarkers including total bilirubin,
albumin, AFP, AFP-L3, and DCP measured within the
two days prior to transplant (Tables 1 and 2). The
GALAD and GALAD-z scores were also calculated
based on gender, age, and biomarkers within the same
period (Table 3).

Measurement of biomarkers

Serum samples were collected and stored at -80 ℃.
AFP, AFP-L3, and DCP were measured simultaneously
using a liquid-phase binding assay on the µTASWako
i30 instrument (Wako Life Sciences Inc., Mountain View,
CA, United States). Details of the sample processing
[15]
and biomarker results were previously published .

MATERIALS AND METHODS
Study population and data abstraction

There were 299 patients with HCC who underwent
liver transplant between January 2000 and December
2008. Of the 299 patients, 113 had available results
of all five biomarkers within two days before the liver
transplant. The HCC diagnosis criteria included (1)
explanted liver pathology; or (2) a new liver mass with
largest diameter of > 1 cm, arterial enhancement and
portal venous washout on computed tomography or
magnetic resonance imaging. Patients with warfarin
use and congenital biliary disorder which could alter
the bilirubin level, such as Gilbert disease, were
excluded. The transplant selection criteria for the HCC
patients during the study period were primarily based
on the Milan criteria. Staging within the extended
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Statistical analysis

Baseline characteristics were reported as mean ±
standard deviation (SD) or median and interquartile
range for continuous variables, and percentage for
categorical variables. Hazard ratios (HRs) for time to
recurrence and death were calculated for each variable
and each BALAD score and BALAD-2 class grouping.
HRs were presented as HR (95%CI, p value). C
statistics were used to compare different scores. All
analyses were performed using SAS 9 (SAS Institute,
Cary, NC, United States). P < 0.05 was considered as
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Table 1 BALAD score calculation
0 point
Bilirubin (mg/dL)
< 1.0
Albumin (g/dL)
> 3.5
Summation of these 2 points, then classified as A (0-1), B (2-3), C (4)
Albumin-Bilirubin
A
No. of elevated markers1
0
Summation of these 2 points for BALAD score (0-5)

1 point

2 points

1.0-2.0
2.8-3.5

> 2.0
< 2.8

B
1

C
2

3 points

3

1

Defined by AFP > 400 ng/mL, AFP-L3 > 15%, and DCP > 100 ng/mL.

Table 2 BALAD-2 class calculation
Linear predictor = 0.02 × (AFP - 2.57) + 0.012 × [(AFP-L3) - 14.19] + 0.19 × [ln(DCP) - 1.93] + 0.17 × [(bilirubin)1/2- 4.50] - 0.09 × (albumin - 35.11)
AFP capped at 50000 units. AFP and DCP modeled as /1000 units.
Units: Bilirubin (µmol/L), albumin (g/L), AFP and DCP (ng/mL), AFP-L3 (%).
class 1 (≤ -1.74), class 2 (> -1.74 to -0.91), class 3 (> -0.91 to 0.24), class 4 (> 0.24)

Table 3 GALAD-z and GALAD score calculation
GALAD-z = -10.08 + 0.09 × (Age) + 1.67 × (sex) + 2.34 × log(AFP) + 0.04 × (AFP-L3) + 1.33 × log(DCP)
GALAD score = exp (GALAD-z)/[1 + exp(GALAD-z)]
Sex = 1 for male and 0 for female.

statistically significant.

RFA prior to liver transplant. Thirty-nine patients (35%)
had available imaging for evaluating the locoregional
therapy response. Sixty-nine patients had baseline
imaging at the time of HCC diagnosis but did not have
follow-up imaging after locoregional therapy as most
of these patients underwent transplantation shortly
after TACE. Another 5 patients had radiology reports
in the medical record but did not have the images
available for review as the imaging was performed
outside Mayo Clinic. Of the 39 patients with imaging
available for assessing the treatment response, 29
(74%) were responders (13 complete response and 16
partial response) and 10 (26%) were non-responders
(8 stable disease and 2 progressive disease) according
to the mRECIST criteria.
According to the explant pathology reports, there
were 19, 53, 16, and 2 patients with well-, moderately-,
poorly-, and undifferentiated tumors, respectively. There
were 23 patients with no report of tumor differentiation.
The correlations of the number of elevated tumor
biomarkers according to the BALAD score cut-off with
the BALAD score are shown in Supplementary Figure 1.
There was no correlation between number of elevated
tumor biomarkers (p = 0.34), or BALAD score (p = 0.28)
with tumor differentiation.

RESULTS
Demographic characteristics

Of the 113 included patients, the majority were male
(n = 86, 76%), with viral hepatitis C as the most
common liver disease etiology (n = 66, 58%) as
shown in Table 4. There were 104 (92%) patients
with cirrhosis of whom 13 (12%), 76 (67%), and 24
(21%) patients had CTP class A, B, and C cirrhosis,
respectively. There were 1 (1%), 39 (35%), 7 (6%),
40 (35%), and 26 (23%) patients with BCLC stage 0, A,
B, C, and D HCC, respectively. There were no patients
with portal or nodal invasion. BCLC stages C and D
were assigned because of poor ECOG performance
status and/or CTP class C cirrhosis. The median (range)
of total bilirubin and albumin at the time of transplant
were 2.3 (0.2-29.5) mg/dL and 3.2 (2.1-5.2) g/dL.
For the tumor biomarkers, the median (range) of AFP,
AFP-L3, and DCP were 25.3 (0.8-27800) ng/dL, 12
(1-86.5)%, and 1.2 (0.2-1480) ng/mL, respectively.
The median waiting time for the included patients was
2.8 (range 0-20) mo.
Of the 113 included patients, 87 (77%) and 96
(85%) were within Milan and UCSF criteria at the
time of diagnosis; and 88 (78%) and 105 (93%)
were within Milan and UCSF criteria at the time of
transplant, respectively. The AFP level was not included
in the transplant selection criteria during the study
period. Of the 113 patients, 111 patients received
TACE, 1 received RFA and 1 received both TACE and
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Factors associated with HCC recurrence and death after
liver transplant

During a median follow-up of 12.2 years, 38 patients
had recurrence and 87 died. The median survival was
10.2 years. The 3-year and 5-year survivals were
74.3% (95%CI: 66.7%-82.8%) and 66.3% (95%CI:
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for recurrence, and 1.66 (1.004-2.73, P = 0.048) for
death. We did not find any significant increases in risk
of recurrence or death for either tumor number or
hypothyroidism (Table 5).
Levels of all three tumor biomarkers that exceeded
the BALAD score cut-off were associated with increased
recurrence and death outcomes in the transplant cohort,
whereas albumin and bilirubin, the other components
of the BALAD score, were not associated with either
outcome. The HRs for recurrence of elevated AFP,
AFP-L3, and DCP according to the BALAD score cut-off
were 2.42 (1.18-5.00, p = 0.02), 1.86 (0.98-3.52, p =
0.056), and 2.83 (1.42-5.61, p = 0.003), respectively.
Similarly, the HRs for death were 3.27 (1.84-5.80,
p < 0.001), 1.88 (1.14-3.09, p = 0.01), and 2.40
(1.43-4.04, p < 0.001), respectively. The cumulative
incidence of recurrence curve and Kaplan-Meyer survival
curve by number of elevated biomarkers are shown in
Figure 1A and B, respectively.

Table 4 Baseline characteristics of 113 hepatocellular
carcinoma patients who underwent liver transplant with
available biomarker results n (%)
Variables

Value

Age, yr, mean ± SD
Male sex
Race
White
Asian
Others
Unknown
Etiology
Hepatitis virus C
Hepatitis virus B
Alcohol
Non-alcoholic fatty liver disease or cryptogenic
Others
Cirrhosis
CTP class
A
B
C
MELD score, median (range)
ECOG status
0
1
2
3
Diameter of the largest tumor at the time of
transplant by imaging, cm, mean ± SD
Tumor number at the time of transplant
1
2
3
≥4
BCLC staging
Stage 0
Stage A
Stage B
Stage C
Stage D
Within Milan criteria at diagnosis
Within UCSF criteria at diagnosis
Within Milan criteria at transplant
Within UCSF criteria at transplant
AFP model score > 2
Total bilirubin, mg/dL, median (range)
Albumin, g/dL, median (range)
AFP, ng/mL, median (range)
AFP > 400 ng/mL
AFP-L3, %, median (range)
AFP-L3 > 15%
DCP, ng/mL, median (range)
DCP > 1.2 ng/mL

58.2 ± 8.3
86 (76)
91 (80)
11 (10)
7 (6)
4 (4)
66 (58)
11 (10)
14 (12)
14 (12)
8 (7)
104 (92)
13 (12)
76 (67)
24 (21)
14.2 (6.4–38.6)

BALAD score and BALAD-2 class and risk of HCC
recurrence and death

57 (50)
34 (30)
19 (17)
3 (3)
2.7 ± 1.6

When classified by the BALAD score, there were 14,
31, 33, 23, 9, and 3 patients with BALAD scores of 0
to 5, respectively. By BALAD-2 class there were 29,
30, 34, and 20 patients in BALAD-2 classes 1 to 4,
respectively.
For BALAD scores of 1, 2, 3, 4, and 5 vs 0, the HRs
for recurrence were 0.70 (0.20-2.47), 1.18 (0.37-3.75),
1.99 (0.62-6.36), 2.97 (0.84-10.58), and 5.02
(0.92-27.54); and HRs for death were 1.14 (0.40-3.23),
2.01 (0.75-5.38), 2.73 (0.99-7.51), 4.68 (1.52-14.36),
and 17.40 (3.81-79.47), respectively (Figure 2a and
b). The HRs per each unit increase in BALAD score
for recurrence and death were 1.48 (1.15-1.91) and
1.59 (1.28-1.97). For BALAD-2 classes 2, 3, and 4
vs 1, the HRs for recurrence were 0.41 (0.12-1.32),
1.53 (0.66-3.54), and 2.17 (0.90-5.25); and HRs for
death were 1.07 (0.50-2.28), 1.76 (0.87-3.54), and
2.45 (1.16-5.17) (Figure 3a and b). The HRs per each
unit increase in BALAD-2 class for recurrence and
death were 1.45 (1.06-1.98) and 1.38 (1.09-1.76),
respectively. A multivariate model of diameter of the
largest tumor with BALAD and BALAD-2 was created
(Tables 6 and 7). The risk of recurrence was 1.53
(1.17-2.01) per increase of 1 in the BALAD score and
1.42 (1.05-2.03) per increase of one BALAD-2 class.
The risk of death was 1.57 (1.27-1.96) per increase of
1 in the BALAD score and 1.37 (1.07-1.76) per increase
of 1 BALAD-2 class.
In addition, the HRs for early recurrence were also
calculated. Early recurrence was defined as recurrence
occurring within 36 mo after transplant. Of the 38
patients with any recurrence, 31 had early recurrence.
The BALAD score had better performance for early
than overall recurrence with a HR of 1.66 (1.24-2.22)
per each unit increase of BALAD score, whereas the
BALAD-2 class had similar performance for both
recurrence outcomes with a HR of 1.46 (1.04-2.07) per

73 (64.6)
26 (23.0)
7 (6.2)
7 (6.2)
1 (1)
39 (35)
7 (6)
40 (35)
26 (23)
87 (77)
96 (85)
88 (78)
105 (93)
26 (23)
2.3 (0.2-29.5)
3.2 (2.1-5.2)
25.3 (0.8-27800)
18 (16)
12 (1-86.5)
45 (40)
1.2 (0.2-1480)
56 (50)

AFP: Alpha-fetoprotein; AFP-L3: Lens culinaris agglutinin-reactive
alpha-fetoprotein; CTP: Child-Turcotte-Pugh; DCP: Des-gammacarboxyprothrombin.

58.1%-75.6%).
By Cox proportional hazard ratio, the diameter
of the largest tumor at the time of transplant was
associated with both transplant outcomes with HRs per
centimeter of 1.27 (1.04-1.56, p = 0.02) for recurrence
and 1.21 (1.03-1.41, P = 0.02) for death. A neutrophillymphocyte ratio of more than 4 also correlated with
outcomes, with HRs of 2.24 (1.17-4.26, P = 0.04)
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Figure 1 Cumulative incidence of recurrence curve (A) and Kaplan-Meyer survival curve (B) by number of elevated tumor biomarkers.

Table 5 Univariate models for recurrence and death outcome
Variable
MELD score (per point)
Diameter of the largest tumor at time of transplant (per cm)
Tumor number at time of transplant
Neutrophil lymphocyte ratio > 4
Hypothyroidism
BALAD components
Albumin (per g/dL)
Bilirubin (per mg/dL)
AFP: > 400 ng/mL
AFP-L3 > 15%
DCP > 1.2 ng/mL
BALAD Score
0
1
2
3
4
5
BALAD Score (per increase of 1)
BALAD-2 Score
1
2
3
4
BALAD-2 Score (per increase of 1)
Within Milan criteria at diagnosis
Within UCSF criteria at diagnosis
Within Milan criteria at transplant
Within UCSF criteria at transplant
z-GALAD
GALAD score
AFP model cutoff > 2 (explant)
AFP model (per increase of 1, explant)

Hazard ratio for recurrence
HR (95%CI)
P value
1.03 (0.98-1.09)
0.26
1.27 (1.04-1.56)
0.02a
1.001 (0.73-1.37)
1.00
2.24 (1.17-4.26)
0.02a
1.26 (0.55-2.85)
0.59

Hazard ratio for death
HR (95%CI)
P value
1.05 (1.003-1.09)
0.04a
1.21 (1.03-1.41)
0.02
0.93 (0.72-1.20)
0.57
1.66 (1.004-2.73)
0.048a
1.54 (0.82-2.90)
0.18

0.75 (0.41-1.38)
1.03 (0.98-1.09)
2.42 (1.18-5.00)
1.86 (0.98-3.52)
2.83 (1.42-5.61)

0.36
0.21
0.02a
0.056
0.003b

0.69 (0.43-1.13)
1.04 (0.995-1.08)
3.27 (1.84-5.80)
1.88 (1.14-3.09)
2.40 (1.43-4.04)

0.14
0.08
< 0.001b
0.01a
< 0001b

Reference
0.70 (0.20-2.47)
1.18 (0.37-3.75)
1.99 (0.62-6.36)
2.97 (0.84-10.58)
5.02 (0.92-27.54)
1.48 (1.15-1.91)

0.58
0.78
0.24
0.09
0.06
0.002b

Reference
1.14 (0.40-3.23)
2.01 (0.75-5.38)
2.73 (0.99-7.51)
4.68 (1.52-14.36)
17.40 (3.81-79.47)
1.59 (1.28-1.97)

0.81
0.17
0.052
0.007b
< 0.001b
< 0.001b

Reference
0.41 (0.12-1.32)
1.53 (0.66-3.54)
2.17 (0.90-5.25)
1.45 (1.06-1.98)
1.69 (0.84-3.41)
1.85 (0.85-4.05)
1.24 (0.59-2.62)
0.33 (0.05-2.43)
1.12 (1.03-1.21)
3.01 (1.14-7.91)
2.82 (1.47-5.41)
1.42 (1.20-1.68)

0.13
0.32
0.09
0.02a
0.14
0.12
0.57
0.28
0.006b
0.03a
0.002b
< 0.001b

Reference
1.07 (0.50-2.28)
1.76 (0.87-3.54)
2.45 (1.16-5.17)
1.38 (1.09-1.76)
2.17 (1.25-3.78)
3.19 (1.75-5.84)
1.06 (0.57-1.95)
0.68 (0.21-2.17)
1.12 (1.06-1.19)
3.22 (1.48-7.00)
2.83 (1.67-4.82)
1.34 (1.16-1.54)

0.86
0.11
0.02a
0.008b
0.006b
< 0.001b
0.86
0.51
< 0.001b
0.003b
< 0.001b
< 0.001b

a

P < 0.05, bP < 0.01, statistical difference. AFP: Alpha-fetoprotein; AFP-L3: Lens culinaris agglutinin-reactive alpha-fetoprotein; DCP: Des-gammacarboxyprothrombin.

increase of 1 class (supplementary Table 1).

AFP, AFP-L3, and DCP with diameter of the largest
tumor per centimeter increase in diameter (Table 8). In
this multivariate model, diameter of the largest tumor
and elevated DCP remained significantly associated
with recurrence and death, whereas elevated AFP was
only associated with death but not with recurrence.

Multivariate model of elevated tumor biomarkers
combination with tumor size

Based on the results of the univariate analysis, we
combined the elevated tumor biomarkers including
WJG|www.wjgnet.com
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Table 6 Multivariate model for recurrence outcome with BALAD and BALAD-2
Variable

Hazard ratio with BALAD

Diameter of the largest tumor at time of transplant (per cm)
Neutrophil-lymphocyte ratio
BALAD (per increase of 1)
BALAD-2 (per increase of 1)

Hazard ratio with BALAD-2

HR (95%CI)

P value

HR (95%CI)

P value

1.33 (1.07-1.66)
1.55 (0.78-3.14)
1.53 (1.17-2.01)
-

0.02b
0.21
0.002b
-

1.30 (1.05-1.59)
1.76 (0.90-3.49)
1.45 (1.05-2.03)

0.014a
0.10
0.02a

a

P < 0.05, bP < 0.01, statistical difference.

Table 7 Multivariate model for death outcome with BALAD and BALAD-2
Variable

Hazard ratio with BALAD

Diameter of the largest tumor at time of transplant (per cm)
Neutrophil-lymphocyte ratio
BALAD (per increase of 1)
BALAD-2 (per increase of 1)

Hazard ratio with BALAD-2

HR (95%CI)

P value

HR (95%CI)

P value

1.24 (1.04-1.48)
1.13 (0.67-1.92)
1.57 (1.27-1.96)
-

0.016a
0.64
< 0.0001
-

1.20 (1.02-1.42)
1.31 (0.78-2.19)
1.37 (1.07-1.76)

0.03a
0.31
0.013a

a

P < 0.05, bP < 0.01, statistical difference.
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Figure 2 Cumulative incidence of recurrence curve (A) and Kaplan-Meyer survival curve (B) by BALAD score.
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Figure 3 Cumulative incidence of recurrence curve (A) and Kaplan-Meyer survival curve (B) by BALAD-2 class.

WJG|www.wjgnet.com

1327

March 28, 2018|Volume 24|Issue 12|

Wongjarupong N et al . Biomarkers and BALAD in transplant HCC
Table 8 Multivariate model of biomarkers and tumor size at time of transplant (S-LAD)
Variable

Hazard ratio for recurrence
HR (95%CI)

Diameter of the largest tumor at time of transplant (per cm)
AFP: > 400 ng/mL
AFP-L3 > 15%
DCP > 1.2 ng/mL
c-statistic (95%CI)

1.30 (1.05-1.61)
1.63 (0.70-3.83)
0.995 (0.46-2.18)
2.69 (1.28-5.64)
0.71 (0.62-0.81)

P value
0.02a
0.26
0.99
0.009b

Hazard ratio for death
HR (95%CI)
1.29 (1.08-1.55)
2.40 (1.19-4.83)
1.01 (0.54-1.88)
2.33 (1.31-4.13)
0.69 (0.61-0.77)

P value
0.006b
0.02a
0.98
0.004b

a

P < 0.05, bP < 0.01, statistical difference. AFP: Alpha-fetoprotein; AFP-L3: Lens culinaris agglutinin-reactive alpha-fetoprotein; DCP: Des-gammacarboxyprothrombin.

tumor biomarkers were associated with recurrence
and mortality of patients with HCC who underwent
transplant.
Tumor size was found to be significantly related to
the outcomes in our cohort with HRs per centimeter of
1.27 for recurrence and 1.21 for death. This supports
the use of the Milan and UCSF criteria which are based
[4,5]
on tumor size, tumor number and vascular invasion .
The correlation of increased tumor size and elevated
tumor biomarkers with outcomes has been shown in
[16,17]
previous cohorts
. Accordingly, the biomarkers can
potentially be used as more convenient predictors of
patient outcome.
BALAD and BALAD-2 score contain two major
components; the bilirubin-albumin score representing
liver functional reserve and the three biomarkers
representing tumor biology that independently reflect
[10]
different characteristics of HCC progression . In
our study, by using the cut-off of the tumor markers
according to the BALAD score, the three tumor bio
markers individually were predictive for recurrence
and mortality. This is concordant with many previous
[8,18]
studies of HCC patients receiving transplants
. High
biomarker levels can reflect a poor prognosis, as a high
DCP level is related to tumor vascular invasion and
[19]
portal vein thrombosis , whereas a high AFP-L3 level
has also been found to be related to vascular invasion
[20]
and infiltrative growth .
The differences between the previous cohorts in
which the predictive capability of the BALAD score
was shown and our current study is the treatment
received and the time of biomarker measurement. The
nationwide study of HCC in the Japanese population
found that the BALAD score was effective, regardless
[13]
of the treatment . However, this was concluded with
a limited proportion of patients in the cohort receiving
liver transplant as a treatment. In contrast to the
previous studies of the BALAD score, we found that the
c-statistic of the combination of the three biomarkers
was the highest among all the tested models, including
BALAD and BALAD-2. This finding could be explained by
the almost immediate restoration of normal functioning
of the liver after liver transplant, and thus consequently
the less significant roles of bilirubin and albumin as
[21]
predictors of outcomes after transplant .

Table 9 Comparison of models to predict outcome of liver
transplant patients
Variable

c-statistic (95%CI)

Number of elevated biomarkers
BALAD Score (per increase of 1)
BALAD-2 Score (per increase of 1)
Within Milan criteria at diagnosis
Within UCSF criteria at diagnosis
Within Milan criteria at transplant
Within UCSF criteria at transplant
z-GALAD
GALAD score
AFP model (explant model)

For recurrence

For death

0.66 (0.57-0.75)
0.64 (0.55-0.73)
0.61 (0.52-0.70)
0.56 (0.49-0.62)
0.55 (0.49-0.60)
0.53 (0.46-0.59)
0.53 (0.48-0.58)
0.63 (0.53-0.72)
0.63 (0.53-0.72)
0.59 (0.51-0.67)

0.66 (0.59-0.73)
0.65 (0.58-0.73)
0.61 (0.54-0.68)
0.58 (0.54-0.63)
0.59 (0.55-0.63)
0.52 (0.47-0.57)
0.50 (0.47-0.54)
0.64 (0.56-0.72)
0.64 (0.56-0.72)
0.58 (0.51-0.65)

AFP-L3 did not relate to either recurrence or death
in this multivariate model. The c-statistics for the
combined models were 0.71 (0.62-0.81) and 0.69
(0.61-0.77) for recurrence and death, respectively.

Comparisons to the currently used models

The c-statistic was used to compare models which
predict outcome of liver transplant patients. A combin
ation of elevated tumor biomarkers based on the BALAD
score cut-offs demonstrated the highest c-statistic for
prediction of both recurrence and death, with values of
0.66 (0.57-0.75) and 0.66 (0.59-0.73), respectively.
For the outcome of recurrence, BALAD and BALAD-2
(per increase of 1 score/class) showed c-statistics of
0.64 (0.55-0.73) and 0.61 (0.52-0.70), respectively.
For the outcome of death, BALAD and BALAD-2 showed
c-statistics of 0.65 (0.58-0.73) and 0.61 (0.54-0.68).
The c-statistics for the Milan and UCSF criteria at the
time of diagnosis and prior to transplant, the GALAD,
and AFP explant models are shown in Table 9.

DISCUSSION
The pre-transplant BALAD score and BALAD-2 class
had a moderate capability to predict both recurrence
and death in liver transplant HCC patients. The most
predictive model was the combination of three tumor
biomarkers using the cut-offs for the BALAD score. In
addition, our study showed that large tumor size, high
neutrophil-lymphocyte ratio, and elevated individual
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By combining the three tumor biomarkers with
tumor size, we created a model that is more predictive
of both recurrence and survival (S-LAD model). A
previous study from our group combined each of the
biomarkers with the Milan criteria and found a significant
improvement in the ability of the Milan criteria to predict
[15]
recurrence . In addition to this previous study, as
[22]
HCC is considered a highly heterogeneous disease ,
the combination of the three biomarkers could further
improve the predictive model. The GALAD score is
another model that uses the combination of biomarkers
with sex and age and which was originally developed
[23]
for predicting risk of HCC in patients with cirrhosis .
Interestingly, the GALAD score also showed good
performance in predicting both outcomes in our study.
However, age and sex were not found to have any
correlation with liver transplant outcomes in our study.
It is important to note that the proportion of
recurrences after liver transplant in this study is higher
[3]
than in previous studies in tertiary care centers .
Thirty-eight of the 113 patients (33.6%) with available
serum had recurrence. However, when considering all
HCC patients who underwent liver transplant during
the same period, 43 of 299 patients (14.4%) had
recurrence. Per report from the Mayo Clinic Transplant
Biorepository, serum samples from patients with nonrecurrent HCC were more frequently requested, which
led to an unequal availability of the samples from
patients with and without HCC recurrence. To control
for the effect of the difference in sample availability
on this study, we compared the characteristics and
survival outcomes of non-recurrent patients without
samples to those of patients with samples, finding no
substantial differences in their baseline characteristics
(supplementary Table 2).
A major strength of this study is that we were able
to assess the performance of BALAD, BALAD-2, and
their component tumor biomarkers, and included the
largest number of transplant HCC patients evaluated
thus far. However, there are several limitations to
our study. For most of the patients we did not have
biomarker results at the time of diagnosis, as was used
in the model development and most of the validation
cohorts. Thus, the BALAD score and BALAD-2 class
at the time of diagnosis were not available for our
study. In addition, with the relatively small number
of patients, further validation with a larger cohort is
needed.
In conclusion, the combination of the three bio
markers used in the BALAD score along with maximal
tumor diameter (S-LAD) was the most predictive model
for recurrence and death outcomes for HCC patients
receiving liver transplants. However, validation of this
new S-LAD model is warranted. Unlike the performance
for other HCC treatment modalities, the BALAD score
and BALAD-2 class are less predictive for recurrence
and death in HCC patients with liver transplant, pre
sumably because liver function is restored after liver
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HIGHLIGHTS
Research background

Liver transplant is one of the curative treatments for hepatocellular carcinoma
(HCC). However, with the limited availability of donor organs, it is essential
to select patients who will derive the most benefit from transplant. The
alpha-fetoprotein (AFP) model has been widely used for this purpose. In the
development cohort of the BALAD model by Toyoda et al, liver transplant
patients were excluded. In the validation cohort in four countries by Chan et al,
there were only 21 transplant patients included, and in the Japan Nationwide
study from Toyoda et al, an unknown number of transplant patients were
classified in the other treatment group. There is therefore very limited data on
the utility of the BALAD model in patients with liver transplant.

Research motivation

The BALAD model has been shown to be a promising predictor of outcome
in hepatocellular carcinoma patients receiving most treatment modalities,
but there is very limited data on its performance in hepatocellular carcinoma
patients receiving liver transplants. The BALAD model incorporates three
tumor biomarkers which represent the underlying biology of hepatocellular
carcinomas, as well as the serum bilirubin and albumin, which reflect the
extent of the underlying liver dysfunction in patients with chronic liver disease.
Individually, the AFP, AFP-L3, and des-gamma-carboxyprothrombin (DCP) have
been shown to predict the recurrence and survival of hepatocellular carcinoma
patients receiving liver transplants. However, presumably due to replacement
of the diseased liver during transplantation, it has been shown that the serum
bilirubin and albumin are not predictive of patient outcomes post liver transplant.

Research objectives

We aimed to assess the performance of the discontinuous BALAD and continuous
BALAD-2 scores in patients who underwent liver transplant for HCC. Further,
we assessed the performance of each component of the BALAD in predicting
outcomes and propose a more effective model for liver transplant patients.

Research methods

We included patients with hepatocellular carcinoma receiving liver transplants
between 2000 and 2008 for whom blood samples were available to allow testing
and calculation of the BALAD scores. Patient characteristics, the components
of the BALAD model, BALAD score, and BALAD-2 class were analyzed to
calculate hazard ratios for recurrence and death. Currently used predictive
models including the Milan and UCSF criteria, GALAD score, and AFP model
were compared with the BALAD models using c-statistics. A new multivariate
model incorporating the three tumor markers and largest tumor diameter was
created from these statistically significant variables. The long follow-up period
allows assessment of the long term outcomes of the liver transplant patients.

Research results

113 patients were included in the study. The diameter of the largest tumor at the
time of transplant, neutrophil-lymphocyte ratio of more than 4, elevated AFP,
AFP-L3, and DCP by BALAD score cut-off were associated with both recurrence
and death. The HRs per each unit increase in BALAD score for recurrence
and death were 1.48 (1.15-1.91) and 1.59 (1.28-1.97). The HRs per each unit
increase in BALAD class for recurrence and death were 1.45 (1.06-1.98) and
1.38 (1.09-1.76), respectively. By c-statistics, a model based on the combination
of AFP, AFP-L3, and DCP using the BALAD score cut-off had a higher predictive
performance than any of the prior models (0.66 for both recurrence and death).
Further, a multivariate model incorporating the three biomarkers and the largest
diameter of the tumor, designated the S-LAD model, showed a higher c-statistic
than all other models (0.71 for recurrence and 0.69 for death). The main limitation
of this study is the need for validation of the S-LAD model.

Research conclusions

BALAD and BALAD-2 are valid in transplant HCC patients, but less predictive
than the three biomarkers in combination or the three biomarkers in combination
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with largest tumor diameter (S-LAD).

Research perspectives

Due to the limited number of patients included, further cohort studies to assess
the performance of the BALAD and S-LAD models in hepatocellular carcinoma
patients receiving liver transplant are warranted.
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Abstract
AIM
To evaluate the usefulness of frozen section diagnosis
(FSD) of bile duct margins during surgery for extra
hepatic cholangiocarcinoma (CCA).

Institutional review board statement: This study protocol
was approved by the ethical review board in the Dokkyo Medical
University Hospital (DMUH: R-2-21).
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 analyzed 74 consecutive patients
who underwent surgery for extrahepatic CCA from
2012 to 2017, during which FSD of bile duct margins
was performed. They consisted of 40 distant and
34 perihilar CCAs (45 and 55 bile duct margins,
respectively). The diagnosis was classified into three
categories: negative, borderline (biliary intraepithelial
neoplasia-1 and 2, and indefinite for neoplasia), or
positive. FSD in the epithelial layer, subepithelial layer,
and total layer was compared with corresponding
permanent section diagnosis (PSD) postoperatively.

Conflict-of-interest statement: The authors declare no
competing interests related to this study.
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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Then, association between FSD and local recurrence
was analyzed with special reference to borderline.

reliable enough for pathological diagnosis.

RESULTS
Analysis of 100 duct margins revealed that concordance
rate between FSD and PSD was 68.0% in the total
layer, 69.0% in the epithelial layer, and 98.0% in the
subepithelial layer. The extent of remaining biliary
epithelium was comparable between FSD and PSD, and
more than half of the margins lost > 50% of the entire
epithelium, suggesting low quality of the samples. In
FSD, the rate of negative margins decreased and that
of borderline and positive margins increased according
to the extent of the remaining epithelium. Diagnostic
discordance between FSD and PSD was observed
in 31 epithelial layers and two subepithelial layers.
Alteration from borderline to negative was the most
frequent (20 of the 31 epithelial layers). Patients with
positive margin in the total and epithelial layers by FSD
demonstrated a significantly worse local recurrence-free
survival (RFS) compared with patients with borderline
and negative margins, which revealed comparable local
RFS. Patients with borderline and negative margins in
the epithelial layer by PSD also revealed comparable
local RFS. These results suggested that epithelial
borderline might be regarded substantially as negative.
When classifying the status of the epithelial layer either
as negative or positive, concordance rates between
FSD and PSD in the total, epithelial, and subepithelial
layers were 95.0%, 93.0%, and 98.0%, respectively.

Shiraki T, Kuroda H, Takada A, Nakazato Y, Kubota K, Imai Y.
Intraoperative frozen section diagnosis of bile duct margin for
extrahepatic cholangiocarcinoma. World J Gastroenterol 2018;
24(12): 1332-1342 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i12/1332.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i12.1332

INTRODUCTION
Bile duct cancer (cholangiocarcinoma: CCA) is a rare
malignancy (incidence < 6 cases per 100000 people)
[1]
in most countries , and approximately 8000 people in
[2]
the United States are diagnosed with CCA annually .
It develops in any part of the bile duct system and
it is classified into three types based on location:
intrahepatic CCA, perihilar CCA (pCCA), and distal
CCA (dCCA). The latter two types are grouped as
extrahepatic CCA (eCCA). Taken together, CCAs
represent the second most frequent liver cancer and
[1,3]
up to 3% of all gastrointestinal cancers . CCA is
generally asymptomatic in the early stages, and a late
diagnosis and anatomical complexity of the cancer
location result in poor prognosis: Five-year survival
rate of eCCA with American Joint Committee on Cancer
tumor node metastasis (TNM) stage Ⅰ is 30%, stages
[2]
Ⅱ and Ⅲ 24%, and stage Ⅳ 2% .
Most TNM stage 0, Ⅰ, and Ⅱ CCAs and some stage
Ⅲ CCAs are potentially resectable, and complete surgical
resection is the only treatment with the potential for
cure. The status of the final ductal margin is strongly
associated with prognosis of patients with resectable
[2,4]
CCA . Intraoperative frozen section diagnosis (FSD)
of the bile duct margins has traditionally been used
to guide the extent of operative resection, but the
[5-9]
usefulness of FSD has been controversial until now .
Because of the rarity and locoregional anatomical
complexity of CCA, few centers have substantial
clinical experience of managing this disease, and few
pathologists have expertise in characterizing resected
specimens accurately. In addition, the greatest difficulty
of FSD is the low quality of samples because of tissue
degeneration and/or destruction during freezing and
sectioning. Therefore, production of formalin-fixed and
paraffin-embedded samples that reuses frozen samples,
and comparison between FSD and permanent section
diagnosis (PSD) are mandatory. As a result, alteration
of diagnosis often occurs. The primary purpose of this
study was to examine reliability of intraoperative FSD
to evaluate the margin status. The secondary purpose
was to clarify clinical relevance of borderline lesions that
could not be definitely determined whether malignant
or benign. Borderline in the present study included

CONCLUSION
During intraoperative assessment of bile duct margin,
borderline in the epithelial layer can be substantially
regarded as negative, under which condition FSD is
comparable to PSD.
Key words: Cholangiocarcinoma; Bile duct cancer;
Frozen section diagnosis; Permanent section diagnosis;
Bile duct margin; Biliary intraepithelial neoplasia;
Dysplasia; Indefinite for neoplasia; Borderline lesion;
Local recurrence
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Usefulness of intraoperative frozen section
diagnosis (FSD) of bile duct margin for extrahepatic
cholangiocarcinoma was investigated. The diagnosis
was classified into negative, borderline (biliary in
traepithelial neoplasia-1 and 2, and indefinite for
neoplasia), or positive, and FSD was compared with
permanent section diagnosis postoperatively. In contrast
to previous studies, positive FSD in the epithelial layer
was significantly associated with local recurrence.
Furthermore, borderline FSD in the epithelial layer
could be substantially regarded as negative, which
could aid surgeons to determine the resection range of
the bile duct. Finally, we demonstrated that FSD was
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Table 1 Clinicopathological characteristics of extrahepatic cholangiocarcinoma

Age (yr), median (range)
Gender
Male
Female
Preoperative biliary drainage
Yes
No
Procedure
PD
HH
PD + HH
Bile duct resection
Others
Total number of duct margins for frozen section
Number of duct margins for frozen section
1
2
3
pT
pT1/pT2
pT3/pT4
Unknown

pCCA (n = 34)

dCCA (n = 40)

71.5 (44-82)

72.5 (39-85)

23
11

6
34

33
1

38
2

1
27
5
0
1
55

38
1
0
1
0
45

15
17
2

35
5
0

27
6
1

20
19
1

dCCA: Distal cholangiocarcinoma; HH: Hemihepatectomy; pCCA: Perihilar cholangiocarcinoma; PD: Pancreaticoduodenectomy.

such lesions as low-grade and intermediate-grade
dysplasia (biliary intraepithelial neoplasia (BilIN)-1 and
[10]
BilIN-2) and lesions indefinite for neoplasia that could
not be determined as reactive or neoplastic. For these
purposes, we analyzed postoperative local recurrence of
eCCA according to the margin status of FSD.

examined for each margin. When FSD was positive for
malignancy (positive) in the first submitted specimen,
additional resection of the margin was performed to the
maximal extent possible. Results of the last submitted
specimens were analyzed in the present study. After
FSD, the tissues were thawed, fixed in formalin, and
embedded in paraffin. Thin sections were cut from
paraffin-embedded blocks, stained, and observed with
microscopy. FSD and PSD were compared with each
other.
The surgical margins were diagnosed as either
negative for malignancy (negative), borderline, or
positive (Figure 1). Borderline included BilIN-1 and 2,
and indefinite for neoplasia. We separately assessed
the epithelial and subepithelial layers, and made a
diagnosis based on both results. The epithelial layer
tends to detach from the basement membrane during
sample preparation for FSD. In relation to the entire
circumference, we defined E1 as 0%-24% remaining
epithelium, E2 as 25%-49% remaining epithelium,
and E3 as 50%-100% remaining epithelium.
The concordance rate between FSD and PSD was
investigated at the margin and patient levels, but
survival analysis was performed solely at the patient
level; for example, a patient with two negative margins
and one positive margin was assigned to the positive
group.
The presence or absence of postoperative local
recurrence was detected by imaging studies including
ultrasonography and computed tomography. The
criteria for the local recurrence were defined as mass
lesions within the resection field with or without clinical
manifestation and/or elevated tumor markers. The

MATERIALS AND METHODS
Patients

We analyzed 74 consecutive patients who underwent
hemihepatectomy and/or pancreaticoduodenectomy
for eCCA at the Department of Gastroenterological
Surgery, Dokkyo Medical University from December
2012 to February 2017. There were 40 cases of dCCA
(45 bile duct margins) and 34 of pCCA (55 bile duct
margins). The histopathological diagnosis was reviewed
by two experienced pathologists (HK and YI), and
diagnostic inconsistency between the two pathologists
was resolved by discussion. The clinicopathological
information was retrospectively retrieved on the
electronic medical chart system of the Dokkyo Medical
University Hospital (Table 1).

Histopathological analysis

FSD of the resected bile duct margin was performed
during the operation. The margin tissue was mounted
in WHITE TISSUE-COAT (U.I. Kasei, Amagasaki, Hyogo,
Japan), frozen in liquid nitrogen, and thin sections
were cut from the frozen blocks using a cryostat. The
sections were stained by hematoxylin and eosin and
subjected to microscopic diagnosis. At least two, three
or more as needed, pieces of frozen sections were
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Table 2 Histopathological results of the biliary duct margins

Margin level
Total layer
FSD
PSD
Epithelial layer
FSD
PSD
Subepithelial layer
FSD
PSD
Patient level
Total layer
FSD
PSD

Negative (%)

Borderline (%)

Positive (%)

Total (%)

P value

41 (41.0)
56 (56.0)

39 (39.0)
23 (23.0)

20 (20.0)
21 (21.0)

100 (100)
100 (100)

0.039

44 (44.0)
59 (59.0)

41 (41.0)
27 (27.0)

15 (15.0)
14 (14.0)

100 (100)
100 (100)

0.078

87 (87.0)
86 (86.0)

1 (1.0)
0 (0.0)

12 (11.0)
14 (14.0)

100 (100)
100 (100)

0.560

26 (35.1)
36 (48.7)

31 (41.9)
20 (27.0)

17 (23.0)
18 (24.3)

74 (100)
74 (100)

0.134

FSD: Frozen section diagnosis; PSD: Permanent section diagnosis.

A

B

C

D

Figure 1 Representative histopathology of BilIN-1, 2, and 3 by frozen section diagnosis. A: Normal mucosa; B: Borderline (BilIN-1); (C) Borderline (BilIN-2); and
D: Positive (BilIN-3) (hematoxylin and eosin, 20 ×). BilIN: Biliary intraepithelial neoplasia.

diagnosis of local recurrence was made by the surgeons
in charge of each patient.

RESULTS
Concordance rate between FSD and PSD at the margin
level

Statistical analysis

FSD revealed 41 (41.0%) negative, 20 (20.0%)
positive, and 39 (39.0%) borderline out of 100 bile duct
margins, while PSD revealed 56 (56.0%) negative, 21
(21.0%) positive, and 23 (23.0%) borderline margins
(Table 2). The number of positive margins was similar
between FSD and PSD, but the number of negative
margins increased and that of borderline decreased

Comparison of categorical data sets between FSD and
2
PSD was performed by the χ test. Local recurrencefree survival (RFS) curves were depicted using the
Kaplan-Meier method and analyzed by the log-rank
test. P < 0.05 was considered significant. Statistical
analysis was performed using IBM SPSS Statistics 24
(IBM, Armonk, NY, United States).
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Table 3 Concordance rate between frozen section diagnosis and permanent section diagnosis
Concordance rate (%)
Original diagnostic results
Total layer
Epithelial layer
Subepithelial layer
Revised diagnostic results
Total layer
Epithelial layer
Subepithelial layer

Sensitivity (%)

Specificity (%)

Positive-predictive value (%) Negative-predictive value (%)

68.0
69.0
98.0

85.7
78.6
85.7

66.1
64.6
100.0

90.0
73.3
100.0

90.2
86.4
98.9

95.0
93.0
98.0

85.7
70.0
85.7

97.5
95.6
100.0

90.0
73.3
100.0

97.5
96.5
98.9

Table 4 Extent of the remaining epithelium and diagnostic results of the bile duct margin
Extent of the remaining epithelium

Negative (%)

Borderline (%)

Positive (%)

Total (%)

E1 (0%-24%)
E2 (25%-49%)
E3 (50%-100%)

22 (66.6)
8 (38.1)
14 (30.4)

9 (27.3)
11 (52.4)
21 (45.7)

2 (6.1)
2 (9.5)
11 (23.9)

33 (100)
21 (100)
46 (100)

E1 (0%-24%)
E2 (25%-49%)
E3 (50%-100%)

22 (68.7)
9 (42.9)
28 (59.6)

7 (21.9)
9 (42.9)
11 (23.4)

3 (9.4)
3 (14.3)
8 (17.0)

32 (100)
21 (100)
47 (100)

FSD

PSD

FSD: Frozen section diagnosis; PSD: Permanent section diagnosis.

and 14 (14.0%) positive margins. There was a nearly
complete consistency between FSD and PSD (P =
0.560) (Table 2). The concordance rate between FSD
and PSD in the evaluation of the subepithelial layer is
summarized in Table 3 as original diagnostic results.

significantly in PSD (P = 0.039) (Table 2). The con
cordance rate between FSD and PSD is summarized in
Table 3 as original diagnostic results.
We separately analyzed the status of the surgical
margin in the epithelial and subepithelial layers. FSD in
the epithelial layer revealed 44 (44.0%) negative, 15
(15.0%) positive, and 41 (41.0%) borderline margins,
while PSD revealed 59 (59.0%) negative, 14 (14.0%)
positive, and 27 (27.0%) borderline margins. The
number of positive margins was similar between FSD
and PSD, but the number of negative margins increased
and that of borderline decreased in PSD with marginal
significance (P = 0.078) (Table 2) (Figure 2A and B).
The extent of the remaining biliary epithelium lining
the resected margin might represent the quality of
samples especially in evaluating the epithelial layer. A
total of 33 samples were E1, 21 were E2, and 46 were
E3 in FSD, while a total of 32 samples were E1, 21 were
E2, and 47 were E3 in PSD (Table 4). The rate of the
remaining epithelium was almost identical between FSD
and PSD. More than half of the total margins lacked >
50% of the entire biliary epithelium in FSD and PSD.
The rate of negative margins decreased and the rate
of borderline and positive margins increased in FSD
according to the rate of the remaining epithelium. This
suggested proportional sensitivity to the remaining rate
and intrinsic difficulty in the assessment of the epithelial
layer. The concordance rate between FSD and PSD in
the evaluation of the epithelial layer is summarized in
Table 3 as original diagnostic results.
In the subepithelial layer, FSD revealed 87 (87.0%)
negative, 12 (12.0%) positive, and 1 (1.0%) borderline
margins, while PSD revealed 86 (86.0%) negative

WJG|www.wjgnet.com

Analysis of diagnostic discordance between FSD and
PSD

Diagnostic discordance between FSD and PSD was
observed in 31 epithelial layers and two subepithelial
layers (Table 5). The discordance rate in the epithelial
layer was considerably high, while that in the sube
pithelial layer was very low. The discordance rate in
the epithelial layer was somewhat higher in pCCA
than dCCA, but there was no significant difference in
the discordance rate between pCCA and dCCA in the
epithelial layer and subepithelial layer (P = 0.128 and
1.000, respectively). Alteration from borderline to ne
gative in the epithelial layer was the most frequent (20
margins). Less frequently, alterations from negative
to borderline (4 margins) and positive to borderline (4
margins) were observed in the epithelial layer (Table
6). Regrettably, alteration from negative to positive was
also noted in two margins (Figure 2C and D).

Concordance rate between FSD and PSD at the patient
level

FSD revealed 26 (35.1%) negative, 17 (23.0%)
positive, and 31 (41.9%) borderline margins in 74
patients with eCCA, while PSD revealed 36 (48.7%)
negative, 18 (24.3%) positive, and 20 (27.0%)
borderline margins. The number of positive margins
was similar between FSD and PSD, but the number
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Table 5 Diagnostic discordance between frozen section diagnosis and permanent section diagnosis
Diagnostic discordance
Epithelial layer
pCCA
dCCA
Subepithelial layer
pCCA
dCCA
Total layer
pCCA
dCCA

Total (%)

Yes (%)

No (%)

31 (31.0)
21 (38.2)
10 (22.2)
2 (2.0)
1 (1.8)
1 (2.2)
28 (28.0)
18 (32.7)
10 (22.2)

69 (69.0)
34 (61.8)
35 (77.8)
98 (98.0)
54 (98.2)
44 (97.8)
72 (72.0)
37 (67.3)
35 (77.8)

100 (100)
55 (100)
45 (100)
100 (100)
55 (100)
45 (100)
100 (100)
55 (100)
45 (100)

pCCA: Perihilar cholangiocarcinoma; dCCA: Distal cholangiocarcinoma.

A

B

C

D

Figure 2 Discordance between frozen section diagnosis and permanent section diagnosis. Bile duct margin of Case 172 (dCCA) prepared for FSD (A) and
PSD (B), and that of Case 157 (dCCA) prepared for FSD (C) and PSD (D) (hematoxylin and eosin, 20 ×). These two sets of figures represent the same region of the
bile duct margin, respectively. Epithelium was detached from subepithelium, denatured, twisted, and FSD was borderline (BilIN-2) (A), while PSD was negative (B).
Epithelium was severely denatured owing to artifacts and FSD was negative (C), while BilIN-3/carcinoma in situ appeared in different sections prepared for PSD (D).
FSD: Frozen section diagnosis; PSD: Permanent section diagnosis; dCCA: Distal cholangiocarcinoma; BilIN: Biliary intraepithelial neoplasia.

of negative margins increased and that of borderline
decreased slightly in PSD (P = 0.134) (Table 2).

negative and borderline margins showed comparable
prognoses (P = 0.906) (Figure 3A).
We then focused on the status of the epithelial layer,
since we thought that diagnosis as borderline was the
greatest issue for surgeons in deciding whether to
perform additional resection. Patients with borderline
and positive margins in the subepithelial layer were
excluded from this analysis in order to investigate the
pure effect of the status of the epithelial layer. Local RFS
rates for 1, 3, and 5 years are listed in Table 7. Patients
with positive margins demonstrated a significantly worse
survival compared with those with negative or borderline
margins (both P < 0.01). In contrast, patients with

Local RFS analysis

The overall follow-up period of the 74 patients from
surgery to disease-related death or censoring were 4
to 2343 days (Median, 623 d).
We first performed local RFS analysis based on FSD
of the bile duct margin in the total layer. Local RFS rates
for 1, 3, and 5 years are listed in Table 7. Patients with
positive margins demonstrated a significantly worse
survival compared with those with negative or borderline
margins (both P < 0.01). In contrast, patients with
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Table 6 Details of diagnostic discordance between frozen section diagnosis and permanent section diagnosis
Epithelial layer (pCCA:dCCA)

Subepithelial layer (pCCA:dCCA)

4 (2:2)
1 (0:1)
20 (13:7)
2 (2:0)
4 (4:0)
31 (21:10)

0 (0:0)
1 (1:0)
0 (0:0)
1 (0:1)
0 (0:0)
2 (1:1)

From negative to borderline
From negative to positive
From borderline to negative
From borderline to positive
From positive to borderline
Total
pCCA: Perihilar cholangiocarcinoma; dCCA: Distal cholangiocarcinoma.

Table 7 Local recurrence-free survival rates of patients according to the status of the bile duct margin evaluated by frozen section
diagnosis
Duration (yr)

Negative

Borderline

Positive

1
3
5

26
0.916
0.769
0.769

31
0.918
0.725
0.725

17
0.518
0.194
0.194

1
3
5

26
0.916
0.769
0.769

30
0.915
0.722
0.722

6
0.333
0.000
0.000

Total layer
Number of cases

1

Epithelial layer
Number of cases

1

Patients with borderline or positive subepithelial layer were excluded.

A

B

1.0

1.0

P = 0.906

n = 26

0.8

n = 30
Survival rate

Survival rate

n = 31
0.6

P < 0.01

P < 0.01
0.4

0.2

0.0
500

1000

0.6

0.4

1500

2000

0.0

2500

P < 0.01

P < 0.01
n =6

0.2

n = 17

0

P = 0.927

n = 26

0.8

0

500

1000

1500

2000

2500

Local recurrence-free survival

Local recurrence-free survival

Figure 3 Local recurrence-free survival analysis according to the frozen section diagnosis status. The Kaplan-Meier curves of patients with eCCA according
to the status of the bile duct margin evaluated by FSD in total layer (A) and epithelial layer (B). Patients with borderline or positive subepithelial layer were excluded
from the analysis in the epithelial layer. Black line: negative; Red line: borderline; Green line: positive; eCCA: Extrahepatic cholangiocarcinoma; FSD: Frozen section
diagnosis.

negative and borderline margins showed comparable
prognoses (P = 0.927) (Figure 3B).
Local RFS analysis according to the epithelial and
total status assessed by PSD demonstrated similar
results (Figure 4 and Table 8). Patients with positive
margins in the total and epithelial layers demonst
rated significantly worse survival compared with those
with negative or borderline margins (all P < 0.01). In
contrast, patients with negative and borderline margins in

WJG|www.wjgnet.com

the total and epithelial layers showed similar prognoses
(both P = 0.896).
Based on the results of survival analysis, borderline
margins in the epithelial layer were regarded substan
tially as negative. Histopathological diagnosis in the
epithelial layer was reclassified into positive or negative,
and the concordance rate between FSD and PSD was
revised (Table 3). The concordance rates in the total,
epithelial, and subepithelial layers were 95.0%, 93.0%,

1338

March 28, 2018|Volume 24|Issue 12|

Shiraki T et al . Frozen section diagnosis for cholangiocarcinoma
Table 8 Local recurrence-free survival rates of patients according to the status of the bile duct margin evaluated by permanent
section diagnosis
Duration (yr)

Negative

Borderline

Positive

1
3
5

36
0.940
0.710
0.710

20
0.862
0.790
ND

18
0.667
0.356
ND

1
3
5

36
0.940
0.710
0.710

20
0.862
0.790
ND

6
0.333
0.167
ND

Total layer
Number of cases

1

Epithelial layer
Number of cases

1

Patients with borderline or positive subepithelial layer were excluded. ND: Not determined.

A

B
1.0

1.0

n = 20

P = 0.896

n = 20

P = 0.896

0.8

n = 36

0.6

Survival rate

Survival rate

0.8

P < 0.01

P < 0.01

0.4

n = 36
0.6

P < 0.01

n =6

0.4

P < 0.01

n = 18
0.2

0.2

0.0
0

500

1000

1500

2000

0.0

2500

Local recurrence-free survival

0

500

1000

1500

2000

2500

Local recurrence-free survival

Figure 4 Local recurrence-free survival analysis according to the permanent section diagnosis status. The Kaplan-Meier curves of patients with eCCA
according to the status of the bile duct margin evaluated by PSD in total layer (A) and epithelial layer (B). Patients with borderline or positive subepithelial layer were
excluded from the analysis in the epithelial layer. Black line: negative; Red line: borderline; Green line: positive; eCCA: Extrahepatic cholangiocarcinoma; PSD:
Permanent section diagnosis.

and 98.0%, respectively. These results suggest that
FSD is a reliable method to evaluate margin status of
the bile duct intraoperatively.

study, we experienced diagnostic discordance in 28
of 100 duct margins between FSD and PSD. This high
discordance rate was probably due to the grouping
method of histopathological results. The margin
status was classified into either positive or negative
[7]
by Yamaguchi et al and either positive/suspicious
[9]
or negative in the study by Endo et al , in which only
invasive carcinoma was diagnosed as positive. In
contrast, the margin status in the present study was
grouped into three categories of positive, borderline, or
negative. Diagnostic discordance in this study was only
2% if only invasive cancer was classified as positive.
Discordance between FSD and PSD was observed
in 28 bile duct margins; 31 in the epithelial layer
and two in the subepithelial layer. The most frequent
alteration was borderline to negative in the epithelial
layer. During frozen sample preparation, epithelium
easily detaches from basement membrane, and
becomes twisted, folded, and overlapped. The nuclei
are often swollen because of rapid freezing, which

DISCUSSION
The status of the bile duct margin has been assessed
by intraoperative FSD for complete resection of eCCA.
However, the usefulness of FSD is controversial
owing to the frequent discordance between FSD and
[5]
PSD. Okazaki et al reported that concordance rate
between FSD and PSD was only 56.5%, and concluded
that FSD should not be carried out for patients with a
[7]
high risk of hepatic failure. Yamaguchi et al reported
that diagnosis of resected bile duct margin was altered
from FSD to PSD in five of 20 patients with gall bladder
or bile duct cancer who underwent surgical resection.
[9]
Endo et al reported that discrepancies between
FSD and PSD were observed in 10 of 101 patients
with pCCA who underwent surgery. In the present
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[7]

makes it difficult to discriminate the epithelium from
dysplasia and/or carcinoma in situ. We assume that
the low quality of the frozen section sample may have
been the greatest cause of the discordance (Figure 2A
and B). The low quality of the frozen section sample
was also demonstrated by the low remaining rate of
the epithelium for histopathological evaluation. In this
study, more than half of the epithelium was lost during
sample preparation, and this might have resulted in
underdiagnosis in the epithelial layer. In light of the
similar extent of the remaining epithelium between
FSD and PSD, the epithelial layer might be lost during
resection for intraoperative diagnosis by surgeons.
We experienced two cases of alteration from negative
to positive. These were caused by sampling different
sections within the bile duct margin (Figure 2C and
D). The cut-surface of the permanent histology was
different from that of frozen section histology. We did
not overlook cancer cells within frozen section samples.
Marked stromal cell infiltration into the tumor is an
inherent characteristic of CCA, which may fundamentally
underlie inaccurate FSD. Mucosal inflammation caused
by the catheter for preoperative biliary drainage may
[5,7]
also mislead the frozen diagnosis . It may cause
regenerative atypia of normal mucosa with thick and
multilayered atypical epithelial cells and immature
mesenchymal cells, which may be misdiagnosed as
malignant epithelium showing sarcomatous changes. In
this study, the rate of borderline was significantly higher
in the epithelial layer than in the subepithelial layer
on FSD, and borderline epithelial margins significantly
decreased but borderline subepithelial margins did not
change on PSD. This may be partly explained by the
fact that almost all patients underwent biliary drainage
tube insertion preoperatively (Table 1).
In the present study, patients with negative margins
by FSD demonstrated a significantly favorable local
RFS compared with patients with positive margins,
suggesting that FSD is useful for complete resectability
and predicting good prognosis. Positive margins in
this study included the presence of cancer cells in the
epithelial and/or subepithelial layers, of the bile duct
submitted for diagnosis. However, clinical significance of
positive surgical margins of the bile duct is controversial.
Some authors reported no correlation between positive
[11]
margins and postoperative local recurrence of pCCA .
In contrast, a strong correlation has been reported by
[9,12-14]
other authors
. For example, pCCA patients with
positive bile duct margins by paraffin section histology
demonstrated significantly worse disease-specific
survival compared with those with negative bile duct
[9]
margins . Bile duct margin was evaluated as positive
[9]
only when invasive cancer was confirmed histologically .
In addition, local recurrence of gall bladder and bile
duct cancer was slightly associated with the margin
status by paraffin section histology, that is, 4/7 positive
[7]
patients versus 9/37 negative patients (P = 0.081) .
In the patients with positive margins, local recurrence
occurred only when cancer cells were observed in the
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subepithelial layer . In the study of middle and distal
bile duct cancer, PSD of the hepatic-side duct margin
predicted local recurrence with marginal significance,
that is, 2 of 6 (33%) positive patients versus 4 of 45
[4]
(9%) negative patients (P = 0.08) . Localization of
cancer cells in the surgical margin was not described in
[4]
that study .
It has been reported that the presence of epithelial
dysplasia at the bile duct margin confirmed posto
peratively is not associated with survival of patients
[9,12,13]
[7]
who undergo R0 resection
. Yamaguchi et al
also reported that local recurrence occurred in neither
of the two patients with carcinoma in situ of the bile
duct margin by permanent histopathology. In the
present study, local recurrence was observed in all six
patients with positive margins in the epithelial layer by
FSD, suggesting the need for accurate intraoperative
diagnosis of BilIN-3/severe dysplasia/in situ carcinoma.
However, FSD of the bile duct is often difficult even for
experienced pathologists. In addition, there is some
interobserver variation in the evaluation of the grade
of biliary dysplasia. In contrast, diagnosis of invasive
carcinoma in the subepithelial layer is easier, especially
when there is perineural invasion. Analysis of a greater
number of cases is awaited to clarify the significance of
BilIN-3/in situ carcinoma in the bile duct margin.
One of the main purposes of this study was to deter
mine the relevance of borderline lesions, consisting of
BilIN-1 and 2 and indefinite for neoplasia, diagnosed
intraoperatively. Approximately 40% of the epithelial
layer was diagnosed as borderline, while only 1% of
the subepithelial layer was diagnosed as borderline by
FSD. We thought that the difference was due to the
following reasons: (1) intrinsic borderline lesion, such
as BilIN-1 and 2, is defined as a diagnostic category in
the epithelial lesion; (2) epithelium is more vulnerable
to artifacts than subepithelial stromal tissue is; and (3)
impact of preoperative biliary drainage tube insertion.
Because our patients had pCCA and dCCA, which are
locoregionally different tumors, we investigated only
local recurrence rate and not overall survival rate. By
survival analysis, patients with borderline margins in
the epithelial layer demonstrated a comparable local
RFS compared with patients with negative margins.
These data suggested that epithelial borderline lesions
might be interpreted substantially as negative margins
and that additional ductal resection might not be
necessary in such institutions as having well-experienced
pathologists.
On the other hand, it is quite likely that some bord
erline margins may ultimately turn out to be positive in
a larger series with more diverse pathologist. Hence,
if the first margin is borderline and additional margin
can be safely obtained, additional ductal resection will
be desirable to achieve negative margin as the local
recurrence is very high in positives.
In the present study, four of 26 patients with
negative frozen margins had local recurrence. PSD
was also negative in all these patients. This may have

1340

March 28, 2018|Volume 24|Issue 12|

Shiraki T et al . Frozen section diagnosis for cholangiocarcinoma
higher in pCCA than dCCA, there was no significant difference between them
in the epithelial layer and subepithelial layer. Alteration from borderline to
negative was the most frequent (20 of the 31 epithelial layers). Less frequently,
alterations from negative to borderline (4 margins) and positive to borderline (4
margins) were observed in the epithelial layer. Although some authors reported
no correlation between positive margins and postoperative local recurrence, in
the present study patients with positive margin in the total and epithelial layers
by FSD demonstrated a significantly worse local recurrence-free survival (RFS)
compared with patients with borderline and negative margins. On the other
hand, patients with borderline and negative margins in the total and epithelial
layers by FSD revealed comparable local RFS. Patients with borderline and
negative margins in the epithelial layer by PSD also revealed comparable local
RFS. These results suggested that epithelial borderline might be regarded
substantially as negative in such institutions as having well-experienced
pathologists. However, if the first margin is borderline and additional margin
can be safely obtained, additional ductal resection will be desirable to achieve
negative margin, because it is quite likely that some borderline margins may
ultimately turn out to be positive in a larger series with more diverse pathologist
and the local recurrence is very high in positive margins. When classifying the
status of the epithelial layer either as negative or positive, concordance rates
between FSD and PSD in the total, epithelial, and subepithelial layers were
95.0%, 93.0%, and 98.0%, respectively. These results suggest that FSD is a
reliable method to evaluate margin status of the bile duct intraoperatively.

been because CCA sometimes shows discontinuous
longitudinal spread or tumorigenesis from separate foci
[14,15]
along the bile duct
.
In conclusion, FSD of the bile duct margin was
reliable enough to provide useful information for deciding
the extent of resection of eCCA regardless of technical
limitations in sample preparation. Positive margins in
the epithelial layer was significantly associated with local
recurrence, while the borderline margins demonstrated a
similar local recurrence rate to that of negative margins.
Although it is desirable to achieve negative margin if the
first margin is borderline, epithelial borderline lesions
could be regarded substantially as negative margins in
such institutions as with well-experienced pathologists.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Cholangiocarcinoma (CCA) is a rare malignancy with poor prognosis. Complete
surgical resection is the only treatment with the potential for cure, and the status
of the final ductal margin is strongly associated with prognosis. Intraoperative
frozen section diagnosis (FSD) of the bile duct margins has traditionally been
used to guide the extent of operative resection, but its usefulness has been
controversial until now.

Research conclusions

FSD of the bile duct margin was reliable enough to provide useful information
for deciding the extent of resection of eCCA regardless of technical limitations
in sample preparation. In contrast to the previous reports, positive margins in
the epithelial layer was significantly associated with local recurrence, while
the borderline margins demonstrated a similar local recurrence rate to that of
negative margins. Although negative margin is desirable, epithelial borderline
lesions could be regarded substantially as negative in such institutions as with
well-experienced pathologists. These findings would aid surgeons to determine
the resection range of the bile duct and better manage the patients with eCCA.

Research motivation

Because of the rarity and locoregional anatomical complexity of CCA, few
centers have substantial clinical experience of managing this disease, and few
pathologists have expertise in characterizing resected specimens accurately.
In addition, quality of FSD samples is very low. Hence, discordance between
FSD and permanent section diagnosis (PSD) that reuses frozen samples often
occurs.

Research perspectives

Intraoperative FSD of the bile duct margins has traditionally been used to
guide the extent of operative resection, but the usefulness of FSD has been
controversial until now. In the present study, we clearly demonstrated that FSD
was reliable enough for pathological diagnosis by comparing FSD and PSD
and based on the results of survival analysis. In addition, in contrast to some
previous reports, we demonstrated that positive FSD in the epithelial layer
was significantly associated with local recurrence and that borderline FSD in
the epithelial layer could be substantially regarded as negative. Our results
may be partly due to a relatively large number of eCCA cases. This study
also highlighted the need for precise and detailed histopathological diagnosis.
In this respect, the future challenge is more objective differential diagnosis
of BilIN-1, 2, and 3 by FSD. Development of morphometric analysis, special
staining procedure, immunohistochemistry, and molecular diagnostics which
can be available over a short time of intraoperative FSD are awaited. It will be
also necessary to develop the training program of pathologists who can make a
correct diagnosis of bile duct margin by intraoperative FSD.

Research objectives

The primary purpose of this study was to examine reliability of intraoperative
FSD to evaluate the margin status. The secondary purpose was to clarify
clinical relevance of borderline lesions that could not be definitely determined
whether malignant or benign. Borderline in the present study included such
lesions as low-grade and intermediate-grade dysplasia [biliary intraepithelial
neoplasia (BilIN)-1 and BilIN-2] and lesions indefinite for neoplasia.

Research methods

We retrospectively analyzed 74 consecutive patients who underwent surgery
for extrahepatic CCA (eCCA) from 2012 to 2017, during which FSD of bile
duct margins was performed. They consisted of 40 distant CCAs (dCCAs) and
34 perihilar CCAs (pCCAs) (45 and 55 bile duct margins, respectively). The
diagnosis was classified into three categories: negative, borderline, or positive.
FSD in the epithelial layer, subepithelial layer, and total layer was compared
with corresponding PSD postoperatively. Then, association between FSD and
local recurrence was analyzed. The concordance rate between FSD and PSD
was investigated at the margin and patient levels, but survival analysis was
performed solely at the patient level.
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Abstract
AIM
to explore the correlation between serum vitamin B12
level and peripheral neuropathy in patients with chronic
atrophic gastritis (CAG).

Clinical trial registration statement: This study is registered with
the Chinese Clinical Trial Registry, No. ChiCTR-ROC-17014051.

METHODS
A total of 593 patients diagnosed with chronic gastritis
by gastroscopy and pathological examination from

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.
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September 2013 to September 2016 were selected
for this study. The age of these patients ranged
within 18- to 75-years-old. Blood pressure, height
and weight were measured in each patient, and the
body mass index value was calculated. Furthermore,
gastric acid, serum gastrin, serum vitamin and serum
creatinine tests were performed, and peripheral nerve
conduction velocity and Helicobacter pylori (H. pylori )
were detected. In addition, the type of gastritis was
determined by gastroscopy. The above factors were
used as independent variables to analyze chronic
gastritis with peripheral neuropathy and vitamin B12
deficiency risk factors, and to analyze the relationship
between vitamin B12 levels and peripheral nerve
conduction velocity. In addition, in the treatment of
CAG on the basis of vitamin B12, patients with peripheral
neuropathy were observed.

atrophic gastritis can reduce or prevent peripheral ner
vous system lesions.
Yang GT, Zhao HY, Kong Y, Sun NN, Dong AQ. Correlation
between serum vitamin B12 level and peripheral neuropathy in
atrophic gastritis. World J Gastroenterol 2018; 24(12): 1343-1352
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i12/1343.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i12.1343

INTRODUCTION
Chronic atrophic gastritis (CAG) is a common chronic
digestive system disease, and its main clinical
manifestations include excessive abdominal pain,
bloating and abdominal discomfort. Some patients
may develop numbness and other neurological disease
symptoms, and its pathological features are gastric
[1,2]
mucosal and inherent glandular atrophy . In addition,
gastric mucosal and inherent glandular atrophy lead
to gastric acid. Furthermore, internal factors, such as
the insufficient secretion of substances, affect vitamin
[3,4]
B12 (VitB12) absorption , which in turn leads to lack
[5-9]
of VitB12 in vivo . Related studies have shown that
VitB12 and folic acid deficiency can affect homocysteine
metabolism, which leads to impaired neurons, causing
[10-12]
peripheral neuropathy
. Therefore, numbness and
other neurological symptoms that may be related to
VitB12 and folic acid deficiency should be considered in
patients with CAG.
No clinical evidence published to date has confirmed
the relationship between these two. Furthermore, no
study has reported the supplementation of VitB12
during the occurrence and prognosis of peripheral neuro
pathy in patients with CAG. Moreover, the association of
patients with CAG and peripheral neuropathy remains
unclear. Therefore, in the present study, through
the treatment of peripheral neuropathy in patients
with chronic gastritis, the clinical characteristics were
analyzed and the possible risk factors were screened
out to identify viable preventive measures and inter
ventions, thereby playing a guiding role in the clinical
treatment of CAG. The details are reported as follows.

RESULTS
Age, H. pylori infection, CAG, vitamin B9 and vitamin
B12 were risk factors for the occurrence of peripheral
nerve degeneration. Furthermore, CAG and H.
pylori infection were risk factors for chronic gastritis
associated with vitamin B12 deficiency. Serum vitamin
B12 level was positively correlated with sensory nerve
conduction velocity in the tibial nerve (R = 0.463). After
vitamin B12 supplementation, patients with peripheral
neuropathy improved.
CONCLUSION
Serum vitamin B12 levels in patients with chronic
gastritis significantly decreased, and the occurrence of
peripheral neuropathy had a certain correlation. CAG
and H. pylori infection are risk factors for vitamin B12
deficiency and peripheral neuropathy. When treating
CAG, vitamin B12 supplementation can significantly
reduce peripheral nervous system lesions. Therefore,
the occurrence of peripheral neuropathy associated with
vitamin B12 deficiency may be considered in patients
with CAG. Furthermore, the timely supplementation of
vitamin B12 during the clinical treatment of CAG can
reduce or prevent peripheral nervous system lesions.
Key words: Chronic gastritis; Chronic atrophic gastritis;
Vitamin B12; Peripheral neuropathy
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The general situation and peripheral nerve
conduction velocity of 593 patients with chronic gastritis
were compared. We found that serum vitamin B12 levels
in patients with chronic gastritis significantly decreased,
and the occurrence of peripheral neuropathy had a
certain correlation. Vitamin B12 supplementation can
significantly reduce peripheral nervous system lesions.
The occurrence of peripheral neuropathy associated with
vitamin B12 deficiency may be considered in patients
with chronic atrophic gastritis. Timely supplementation
of vitamin B12 during the clinical treatment of chronic
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MATERIALS AND METHODS
Object of study

Outpatients diagnosed with chronic gastritis by gas
troscopy and pathological examination in our hospital
from September 2013 to September 2016 were
selected for this study. Exclusion criteria: (1) patients
< 18-years-old or > 75-years-old; (2) patients who
received drugs to treat gastritis within the past 2 wk; (3)
patients who received VitB12 supplements and folic acid
drugs within the past 2 wk; (4) patients whose other
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systems or organs are good, patients with malignant
neoplasms, severe cardiovascular, cerebrovascular, liver
or kidney disease, patients with primary disease of the
hematopoietic system and patients with mental illness;
(5) or patients who are pregnant and lactating. Finally,
a total of 593 patients were included in the study.
Among these patients, 295 were male and 298 were
female. The average age of these patients was 46.5 ±
12.8 years, their mean blood pressure was 130.54 ±
19.96 mmHg/96.56 ± 9.70 mmHg, and their average
body mass index (BMI) value was 21.16 ± 2.34. This
research program and its experimental design were
approved by the Ethics Committee of our institute. All
patients provided signed informed consent.

of fasting gastric juice was performed. Pentagastrin
was subcutaneously injected to stimulate gastric acid
secretion, and gastric juice suction was continued
for 1 hr. Then, the maximum amount of gastric acid
secreted by the patient was recorded.
Gastroscopy: Patients were instructed to fast for
6-8 hr prior to the examination. After the antifoaming
agent was administered and pharyngeal anesthesia
was performed, an Olympus GIF-XQ230 gastroscope
(Japan) was used for the examination. For the en
doscopy of each patient, two tissue samples were
collected from the antrum and curvature of the gastric
body, respectively. The specimens were immediately
fixed in methanol after collection. After the specimens
were conventionally fixed, the tissues were embed
ded, sliced, dyed and microscopically observed by
experienced hospital laboratory personnel to identify
the type of chronic gastritis.

Detection methods and groupings

Measurement of nerve conduction velocity: The
Dantec Keypoint EMG/evoked potential (Denmark)
was used at room temperature (25 ℃). The median
nerve, ulnar nerve, tibial nerve and sural nerve sensory
and motor nerve conduction velocity of patients were
routinely detected. Nerve conduction velocity was
lower than the average conduction velocity in healthy
young people, and was less than three times the
standard deviation, or the same nerve conduction
velocity difference of > 10%; that is, peripheral nerve
conduction velocity abnormality. These abnormalities
were measured again. Hence, there were two results
for the abnormal diagnosis for peripheral neuropathy.
In our hospital, the motor nerve conduction velocity
reference value was as follows: median nerve: 57.8 ±
6.2; ulnar nerve: 55.36 ± 4.65; tibial nerve: 44.96 ±
2.57; and sural nerve: 50.17 ± 3.62. The sensory nerve
conduction velocity reference value was as follows:
median nerve: 55.18 ± 4.26; ulnar nerve: 50.27 ± 4.53;
tibial nerve: 52.43 ± 3.62; and sural nerve: 47.65 ±
6.47. These patients were divided into two groups,
according to these results: peripheral neuropathy group,
and no peripheral neuropathy group.

H. pylori detection: Each patient underwent the
following tests for H. pylori detection: (1) rapid urease
test; (2) 13C urea breath test; and (3) pathological
examination. If the results revealed two or more signs
of H. pylori positivity, the patient was diagnosed with H.
pylori infection.

Intervention method

In addition to the conventional treatment of chronic
gastritis, each patient was supplemented for vitamin
deficiency according to their condition. The supple
mentation of VitB12 for CAG patients with peripheral
neuropathy was based on the primary disease treatment
and control of risk factors that lead to VitB12 deficiency.
Specific methods: In the treatment of CAG or the
radical treatment of H. pylori on the basis of con
ventional medication, patients were intramuscularly
injected with 0.5 mg of VitB12 once a week. Then, the
VitB12 level and peripheral nerve conduction velocity
(tibial nerve sensory nerve) of each patient were
determined in vivo after diagnosis; that is, at the start
of the medication, before the start of the medication, 1-3
mo after the medication, and 6 mo after the medication,
respectively. The data were recorded and compared.

Determination of serum creatinine, serum gas
trin and vitamin levels: 5 mL of venous blood was
collected from all patients after 1 d of fasting. After
anticoagulation, the collected samples were centrifuged.
Then, after the serum was separated, the sample was
frozen and stored in aliquots at -20 ℃ for testing. Serum
creatinine and serum gastrin were detected using a
Hitachi 7060 automatic biochemical analyzer (Japan),
and serum vitamin was detected by immunoenzyme
analysis. All related operations were performed by
highly experienced personnel, in strict accordance with
instrument instructions. The VitB12 normal reference
value in our hospital was > 160 ng/L.

Statistical analysis

SPSS 19.0 was used for statistical analysis. The age
and incidence of peripheral neuropathy in each group
2
was used for count data, and analyzed by χ -test.
Age, blood pressure, serum creatinine, gastric acid,
serum gastrin and serum vitamin levels, and nerve
conduction velocity measurement data were expressed
as mean ± sD. T-test was used to compare between
groups. The multivariate regression analysis of chronic
gastritis with peripheral neuropathy was performed by
logistic regression analysis. The correlation analysis be
tween VitB12 and peripheral nerve conduction velocity

Gastric juice analysis: Patients were instructed
to fast for 8-12 hr prior to their examination in the
morning. The nasogastric tube was placed into the
stomach through the nose, and overnight net pumping
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Table 1 Comparison of the peripheral nerve conduction velocity of patients with or without peripheral neuropathy
Item

Sensory nerve conduction velocity

Median nerve
Ulnar nerve
Tibial nerve
Sural nerve

Motor nerve conduction velocity

With peripheral
nerve damage

Without peripheral
nerve damage

t

P value

With peripheral
nerve damage

Without peripheral
nerve damage

t

P value

50.10 ± 7.80
49.40 ± 8.10
38.30 ± 3.20
45.40 ± 5.00

52.30 ± 8.90
51.50 ± 9.20
44.20 ± 7.60
50.80 ± 8.30

-2.733
-2.556
-9.563
-7.622

0.006
0.011
0.000
0.000

54.20 ± 8.70
50.30 ± 9.40
50.4 ± 8.70
46.70 ± 7.90

56.20 ± 10.70
51.30 ± 8.60
55.60 ± 9.80
51.10 ± 9.00

-2.129
-1.230
-5.931
-5.479

0.034
0.219
0.000
0.000

was analyzed by Pearson analysis. The multivariate
regression analysis of chronic gastritis with VitB12
deficiency was performed using logistic regression
analysis. The level of serum VitB12 and folic acid were
compared using one-way ANOVA after 1-3 mo and 6
mo. P < 0.05 was considered statistically significant.

were included in the analysis. The logistic regression
analysis results revealed that BMI, gastric acid, serum
gastrin and vitamin A had no significant effect on
peripheral neuropathy, and the difference was not
statistically significant (P > 0.05). On the contrary, age
(P =0.037), H. pylori infection (P = 0.000), CAG (P
= 0.000), VitB9 (P = 0.034) and VitB12 (P = 0.000)
had a significant effect on peripheral neuropathy.
Further analysis revealed that based on odds ratio
(OR) values, the following factors effected peripheral
neuropathy (arranged in descending order according
to occurrence): VitB12, CAG, H. pylori infection, VitB9
and age (Table 3).

RESULTS
Groupings and the comparison of peripheral nerve
conduction velocity between the two groups

A total of 593 patients with chronic gastritis were
included in the present study. Among these patients,
162 had peripheral neuropathy (peripheral neuropathy
group) and 431 had no peripheral neuropathy (no
peripheral neuropathy group). The peripheral nerve
conduction velocity in these two groups was compared.
The ulnar-median nerve, tibial nerve and sural nerve
sensory and motor nerve conduction velocity, and
ulnar nerve sensory nerve conduction velocity were
lower in patients with peripheral neuropathy, compared
to patients without peripheral neuropathy, and the
difference was statistically significant (P < 0.05).
There was no significant difference in nerve conduction
velocity between these two groups (P > 0.05; Table 1).

Correlation analysis of serum VitB12 levels and sensory
nerve conduction velocity in the tibial nerve for patients
with chronic gastritis

The correlation between serum VitB12 and peripheral
nerve conduction velocity in patients with chronic
gastritis was analyzed. Results are shown in Figure 1.
There was a positive correlation between serum VitB12
levels and peripheral nerve conduction velocity (r =
0.631, P = 0.000).

Comparison of the general situation of patients with or
without VitB12 deficiency

Comparison of the general situation of patients in the
peripheral neuropathy and no peripheral neuropathy
groups

In comparing the general situation of chronic gastritis
patients with VitB12 deficiency and normal VitB12
levels, it was found that age, H. pylori infection rate,
the prevalence of CAG and serum gastrin levels were
significantly higher in patients with VitB12 deficiency
than in patients with normal VitB12 levels (P < 0.05),
while BMI values and folic acid levels were low in
patients with normal VitB12 levels; and, the difference
was statistically significant (P < 0.05). However, the
difference in sex, blood pressure and serum creatinine
levels between both groups of patients was not stati
stically significant (P > 0.05; Table 4).

In comparing the general information of patients in
these two groups, it was revealed that age, H. pylori
infection rate and the prevalence of CAG were higher
in patients in the peripheral neuropathy group than in
patients in the no peripheral neuropathy group, while
BMI, serum vitamin A, vitamin B9 (folic acid) and
VitB12 were lower than in patients in the no peripheral
neuropathy group, and the differences were statistically
significant (P < 0.05). Moreover, the difference in sex,
blood pressure, serum creatinine, VitB1, VitB6 and
VitE between these two groups were not statistically
significant (P > 0.05; Table 2).

Multivariate logistic regression analysis results for
chronic gastritis patients with VitB12 deficiency

Further factorial analysis was performed on factors that
were statistically significant for the univariate analysis.
Age, BMI value, H. pylori infection, endoscopy results
(CAG), gastric acid and serum gastrin were included
in the analysis. The logistic regression analysis results
revealed that BMI values, gastric acid and serum
gastrin had no significant effect on VitB12 deficiency,

Peripheral neuropathy multivariate logistic regression
analysis results

A further factorial analysis was performed on factors
that were statistically significant in the univariate
analysis. Age, BMI, H. pylori infection, endoscopic
results (CAG), vitamin A, VitB9 (folic acid) and VitB12
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Table 2 Comparison of the general situation of patients in the peripheral neuropathy and no peripheral neuropathy groups
Item

Peripheral neuropathy group

No peripheral neuropathy group

t /c2

P value

50.50 ± 13.90
50.60
130.17 ± 18.98
75.34 ± 10.32
19.26 ± 2.15
76.50%

45.00 ± 12.40
49.50
128.35 ± 20.32
77.02 ± 9.45
21.88 ± 2.27
59.20%

4.653
0.068
0.989
-1.880
-12.703
15.418

0.000
0.795
0.323
0.061
0.000
0.000

86.40
6.80 ± 3.70
532.42 ± 167.33
78.60 ± 17.20
0.267 ± 0.269
79.40 ± 20.70
30.90 ± 14.80
9.06 ± 3.81
170.20 ± 111.20
31.60 ± 5.48

56.40
17.80 ± 3.50
208.43 ± 44.12
76.50 ± 12.40
0.383 ± 0.336
82.60 ± 17.50
32.70 ± 15.60
10.60 ± 3.27
216.40 ± 149.80
33.20 ± 6.37

46.452
-33.570
36.968
1.643
-3.944
-1.884
-1.269
-2.495
-2.731
-1.346

0.000
0.000
0.000
0.101
0.000
0.060
0.205
0.013
0.007
0.181

Age in yr
Sex, % male
Systolic blood pressure in mmHg
Diastolic blood pressure in mmHg
BMI in kg/m2
Gastroscopy results, % prevalence of chronic
atrophic gastritis
Helicobacter pylori infection, %
Gastric acid in mmol
Serum gastrin in pg/mL
Serum creatinine in µmol/L
VitA in ng/mL
VitB1 in nmol/L
VitB6 in mmol/L
VitB9 in ng/mL
VitB12 in pg/mL
VitE in µmol/L
BMI: Body mass index; Vit: Vitamin.

Table 3 Peripheral neuropathy multivariate logistic regression analysis results

Age
BMI
Helicobacter pylori infection, infected = 1;
uninfected = 0
Gastric acid
Serum gastrin
Endoscopy results, atrophic gastritis = 1;
nonatrophic gastritis = 0
VitA
VitB9
VitB12

P value

β

SE

Wald value

OR

0.140
-0.139
1.541

0.056
2.321
0.124

4.658
3.097
7.816

1.150
0.871
4.670

1.030
0.009
3.662

1.283
82.261
5.955

0.034
0.089
0.000

1.332
1.545
1.663

1.469
2.497
0.197

1.158
1.796
8.562

3.790
4.690
5.276

0.213
0.035
3.586

67.465
626.127
7.762

0.886
0.375
0.000

0.039
0.871
1.883

0.127
0.359
0.236

1.562
4.162
9.364

1.041
2.390
6.571

0.811
1.183
4.137

1.334
4.830
10.434

0.645
0.037
0.000

Influencing factor

95%CI

BMI: Body mass index; CI: Confidence interval; OR: Odds ratio; SE: Standard error; Vit: Vitamin.

VitB12 deficiency (in descending order): CAG, H. pylori
infection and age (Table 5).

Nerve conduction velocity (m/s)

60
55

Changes of serum VitB12 levels and nerve conduction
velocity in patients after supplementation with VitB12

50

Chronic gastritis in patients with VitB12 deficiency occu
rred mainly due to slow atrophic gastritis and H. pylori
infection. In the present study, atrophic gastritis and
radical H. pylori infection were treated based on the
supplementation of VitB12 in patients. These results
revealed that compared with untreated patients,
serum VitB12 levels gradually increased (F = 5.241, P
< 0.05); and after 1 mo of treatment, the differences
were statistically significant (T = 4.647, P = 0.000).
Furthermore, nerve conduction velocity gradually acce
lerated (F = 3.172, P < 0.05; Table 6, Figures 2 and 3).

45
40
35
30

0

200

400

600

VitB12 (pg/mL)

Figure 1 Correlation analysis of serum VitB12 level and sensory nerve
conduction velocity in the tibial nerve of patients with chronic gastritis.
Vit: Vitamin.

DISCUSSION

and the difference was not statistically significant (P >
0.05); while age (P = 0.037), H. pylori infection (P =
0.000) and CAG (P = 0.000) had a significant effect
on VitB12 deficiency. Further analysis revealed that
based on OR values, the following factors affected
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CAG is a common digestive system disease, which com
monly causes H. pylori infection, bile reflux, vasoactive
factors and cytokine changes. It has been generally
accepted that CAG occurs under the joint action of
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Table 4 Comparison of the general situation of patients with or without vitamin B12 deficiency
Item

VitB12 deficiency, n = 207

Normal VitB12 level, n = 386

t /c2

P value

51.70 ± 14.70
51.60
132.13 ± 19.37
75.26 ± 11.44
18.36 ± 3.22
87.6
86.50

44.3 ± 11.80
48.80
129.35 ± 20.06
76.31 ± 9.37
22.45 ± 2.39
74.8
51.80

6.666
0.481
1.628
-1.202
-17.529
12.949
70.180

0.000
0.488
0.104
0.230
0.000
0.000
0.000

78.60 ± 17.20
7.90 ± 4.20
432.85 ± 137.62

76.5 ± 12.40
17.60 ± 3.50
219.49 ± 47.98

1.709
-29.955
27.516

0.088
0.000
0.000

Age in yr
Sex, % male
Systolic blood pressure in mmHg
Diastolic blood pressure in mmHg
BMI in kg/m2
Helicobacter pylori infection, %
Gastroscopy results, % prevalence of chronic
atrophic gastritis
Serum creatinine in µmol/L
Gastric acid in mmol
Serum gastrin in pg/mL
BMI: Body mass index; Vit: Vitamin.

Table 5 Multivariate logistic regression analysis of VitB12 deficiency
Influencing factor
Age
BMI
Helicobacter pylori infection, positive = 1;
negative = 0
Endoscopy results, atrophic gastritis = 1;
nonatrophic gastritis = 0
Gastric acid
Serum gastrin

P value

β

SE

Wald value

OR

0.519
1.477
1.730

0.149
1.325
0.279

4.865
0.004
7.218

1.680
4.380
5.640

1.255
0.326
3.264

2.250
58.795
9.745

0.023
0.957
0.000

2.145

0.364

9.645

8.546

4.187

17.442

0.000

0.948
1.479

1.269
2.226

1.024
2.549

2.580
4.390

0.214
0.056

31.032
344.567

0.762
0.267

95%CI

BMI: Body mass index; CI: Confidence interval; OR: Odds ratio; SE: Standard error; Vit: Vitamin.

Table 6 Changes in serum VitB12 levels and nerve conduction velocity in patients after half a year of VitB12 supplementation
Item
VitB12 in pg/mL
Nerve conduction velocity in m/s at 0 mo

0 mo

1 mo

2 mo

3 mo

6 mo

158.70 ± 104.50
40.10 ± 5.50

237.20 ± 156.40
40.30 ± 4.70

481.50 ± 164.60
41.60 ± 7.40

614.80 ± 186.70
42.70 ± 5.90

635.20 ± 174.80
45.80 ± 5.80

Vit: Vitamin.

various factors, and its development process is caused
by the long evolution of multiple genes. Its main clinical
manifestations include stomach pain, fullness, ruffian
nausea, belching and acid reflux. Some patients may
also experience numbness and present other nervous
system symptoms. In the course of disease development,
gastric mucosal and inherent gland atrophy, decreased
gastric acid secretion and other serious effects may
[13-15]
disrupt the absorption of nutrients
.
VitB12 is one of the essential vitamins that can
improve folic acid utilization, and in turn promote homo
[16-18]
cysteine metabolism
. Studies have shown that
VitB12 and folic acid deficiency lead to homocysteine
metabolism, and is inhibited by the role of axons
and myelin in Schwann cells, leading to neuronal
[19]
damage and peripheral neuropathy . Another study
revealed that VitB12 deficiency can lead to neuronal
[20-22]
myelination
. However, at present, the relationship
between these two has not been clinically confirmed.
Furthermore, the effect of VitB12 on the occurrence and

WJG|www.wjgnet.com

outcome of peripheral neuropathy in patients with CAG
remains unclear.
In the present study, by comparing the effects
of different factors on peripheral nerve conduction
velocity and serum VitB12 levels, it was found that
VitB12 deficiency may be a major risk factor for CAG
patients with peripheral neuropathy, while CAG and H.
pylori infection may be risk factors for chronic gastritis
patients with VitB12 deficiency. Simultaneously, this
study confirmed that treating the primary disease
with the supplementation of VitB12 can significantly
improve peripheral neuropathy symptoms, suggesting
that the timely supplementation of VitB12 can prevent
or improve CAG in patients with peripheral neuropathy
symptoms.

Analysis of the influencing factors of peripheral neuropathy
In comparing the general situation of patients with or
without peripheral neuropathy, it was found that age,
H. pylori infection rate, CAG, BMI, serum vitamin A,
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800

neuropathy gradually increased.

600

analysis of influencing factors for VitB12 deficiency

The above studies show that serum VitB12 levels in
patients with chronic gastritis were associated with the
risk factors for peripheral neuropathy. In order to explore
the etiology of VitB12 in patients with chronic gastritis
in the present study, the general situations of chronic
gastritis patients associated with VitB12 deficiency
were compared. Based on further logistic multivariate
regression analysis, it was found that H. pylori infection
and CAG were independent risk factors for chronic
gastritis with VitB12 deficiency. Among these factors,
[29-31]
H. pylori infection can lead to VitB12 deficiency
.
Furthermore, H. pylori infection is one of the common
[32-40]
causes of CAG
. The possible cause for VitB12
deficiency is the damage induced by H. pylori infection
[41,42]
on gastric mucosal cells
, which reduces gastric
acid secretion and affects the separation of VitB12
[43]
from food . At the same time, the reduction in gastric
mucosal secretion of vitamin C and stomach pH value is
[44,45]
affected by the increased absorption of vitamin B
.

400
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Figure 2 Trend changes in serum VitB12 level. Vit: Vitamin.

Nerve conduction velocity (m/s)

50
48
46
44
42

Effects of VitB12 supplementation on peripheral neuropathy

Peripheral neuropathy can be treated by VitB12 supp
lementation. A large number of studies have shown
that VitB12 can significantly improve nervous system
diseases in patients, such as spinal cord subacute
[46-50]
combined disease and reversible myelopathy
.
In the present study, the management of VitB12
deficiency may be a risk factor (CAG and H. pylori
infection). On this basis, by comparing patients with
CAG on the basis of conventional treatment without
VitB12 supplementation (0 mo), and after 1-3 mo and 6
mo of treatment, the serum VitB12 level and peripheral
nerve conduction velocity trend revealed that serum
VitB12 level and nerve conduction velocity gradually
increased after treatment. As shown in Figures 2 and 3,
it can be observed that the increase in peripheral nerve
conduction velocity was faster than that of serum VitB12
levels. It can be speculated that the speed of peripheral
nerve conduction was accelerated due to elevated
serum VitB12 levels. Hence, VitB12 supplementation
can improve peripheral neuropathy.

40
38

0

2

4

6

8

t /mo

Figure 3 Trend changes in nerve conduction velocity.

vitamin B9 (folic acid) and VitB12 were the possible
risk factors for peripheral neuropathy in patients with
chronic gastritis. Based on further logistic multivariate
regression analysis, it was found that age, H. pylori
infection, CAG, VitB9 and VitB12 were risk factors for
peripheral neurodegeneration. Among these factors,
VitB12, H. pylori infection and CAG exhibited a higher
relative risk. In addition, age is also one of the risk
[23-28]
factors for CAG
, which may be due to its long
course; that is, pathogenic factors take a long period of
time to become a risk factor for peripheral neuropathy.

correlation between peripheral nerve conduction
velocity and serum VitB12 level

Limitations and outlook

In the assessment of peripheral nerve conduction
velocity, it was found that this was more obvious in
lower limb peripheral neuropathy, and was particularly
evident in tibial nerve sensory nerves in the lower
limb. Therefore, the correlation between serum VitB12
level and peripheral conduction velocity was analyzed
by tibial nerve sensory nerve conduction velocity. The
correlation analysis revealed that peripheral nerve
conduction velocity was positively correlated with
serum VitB12 levels (R = 0.463); that is, as serum
VitB12 levels decreased, the degree of peripheral

WJG|www.wjgnet.com

In the present study, the subjects collected for the
experiment all came from our hospital, which may give
rise to some limitations. However, there were significant
differences in VitB12 and nerve conduction velocity
between these two groups. Hence, there can still be a
certain degree of response to the relationship between
these two. In subsequent studies, a multi-center and
multi-region joint cooperation should be conducted
to expand the sample size and improve the sample
representation, in order to provide results with a higher
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supplement treatment, suggesting that VitB12 supplementation can improve
peripheral neuropathy.

degree of confidence.

Summary

Research conclusions

In summary, in the present study, we analyzed the risk
factors of chronic gastritis with peripheral neuropathy.
Furthermore, the correlation between serum VitB12
level and peripheral neuropathy was analyzed. The
level of serum VitB12 in patients with chronic gastritis
was a risk factor for peripheral neuropathy, and serum
VitB12 levels and the severity of peripheral neuropathy
were positively correlated. In addition, CAG and H.
pylori infection were the major risk factors for VitB12
deficiency in patients with chronic gastritis.
By comparing the peripheral nerve conduction
velocity after VitB12 supplementation, it was found
that the treatment of CAG and the control of H. pylori
infection while supplementing with VitB12 can signi
ficantly reduce peripheral neuropathy. This suggests
that the timely supplementation of VitB12 may become
a treatment or even prevent the occurrence of CAG in
patients or the occurrence of peripheral neuropathy.
However, it remains to be further studied whether this
can be applied to this population.

This study found that serum VitB12 is a risk factor for peripheral neuropathy in
patients with chronic gastritis, and serum vitamin B12 is positively correlated
with the severity of peripheral neuropathy. Chronic atrophic gastritis and H. pylori
infection are the main risk factors of VitB12 deficiency in patients with chronic
gastritis. In addition, timely VitB12 supplementation may be an effective
treatment and even a prevention method of peripheral neuropathy in patients
with chronic atrophic gastritis.

Research perspectives

Although this study has demonstrated serum VitB12 level is related to
peripheral neuropathy in patients with chronic atrophic gastritis, it is still limited
since it’s a single center study. Future research should be designed as a
multicenter study, and a large sample size is needed to make the findings more
credible.
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antiviral (DAA) regimens in liver-transplanted patients
with hepatitis C virus (HCV) reinfection.

even in case of recurrent cirrhosis or history of relapse
after pegylated-interferon therapy. The high sustained
virological response rates in our cohort, despite many
patients with recurrent cirrhosis, may argue for a 24-wk
therapy period in patients with risk factors for therapy
failure in a posttransplant setting.

METHODS
Between January 2014 and December 2016, 39 patients
with HCV reinfection after liver transplantation were
treated at our tertiary referral center with sofosbuvir
(SOF)-based regimens, including various combinations
with interferon (IFN), daclatasvir (DAC), simeprivir (SIM)
and/or ledipasvir (LDV). Thirteen patients were treated
with SOF + IFN ± RBV. Ten patients were treated with
SOF + DAC ± RBV. Fiveteen patients were treated
with fixed-dose combination of SOF + LDV ± RBV.
One patient was treated with SOF + SIM + RBV. Three
patients with relapse were retreated with SOF + LDV +
RBV. The treatment duration was 12-24 wk in all cases.
The decision about the HCV treatment was made by
specialists at our transplant center, according to current
available or recommended medications.

Rupp C, Hippchen T, Neuberger M, Sauer P, Pfeiffenberger J,
Stremmel W, Gotthardt DN, Mehrabi A, Weiss KH. Successful
combination of direct antiviral agents in liver-transplanted
patients with recurrent hepatitis C virus. World J Gastroenterol
2018; 24(12): 1353-1360 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i12/1353.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i12.1353

INTRODUCTION
Recurrent infection with hepatitis C virus (HCV)
following liver transplant (LT) treatment is the leading
cause of liver graft loss and death in liver-transplanted
[1]
patients infected with HCV . In patients with
detectable HCV RNA at the time of transplantation,
HCV universally recurs. In such cases, HCV infection
shows an accelerated course, with progression to
advanced fibrosis within 5 years post LT in the majority
of patients. Fundamental steps in understanding and
deciphering the HCV replication system in the last 2
decades has opened up the way for development of
[2-4]
highly effective new antiviral drugs .
Before introduction of the direct-acting antiviral
(DAA) therapies, treatment options for recurrent
HCV in liver-transplanted patients were limited, due
to significant drug-drug interactions and severe side
effects. The approval of DAAs has revolutionized HCV
treatment. Nowadays, well-tolerated, interferon (IFN)free and highly efficient treatment options are available
[5-8]
for HCV-infected patients
. In most cases, DAA
administration before liver transplantation prevents
[9]
HCV recurrence .
Despite the growing number of successfully treated
patients, HCV recurrence after orthotopic LT remains
[10-12]
one of the most challenging clinical situations
.
Thus, analysis of real-world cohorts of LT recipients may
provide valuable insights into the safety and efficacy of
[13-17]
DAA treatment in these cohorts
. Herein, we present
the first experience of liver-transplanted patients with
HCV recurrence at our tertiary care center.

RESULTS
The majority of patients were IFN-experienced (29/39,
74.4%) and had a history of hepatocellular carcinoma
(26/39, 66.7%) before liver transplantation. Sustained
virological response at 12 wk (SVR12) was achieved
in 10/13 (76.9%) of patients treated with SOF + IFN
± RBV. All patients with relapse were treated with
fixed-dose combination of SOF + LDV + RBV. Patients
treated with SOF + DAC + RBV or SOF + LDV + RBV
achieved 100% SVR12. SVR rates after combination
treatment with inhibitors of the HCV nonstructural
protein (NS)5A and NS5B for 24 wk were significantly
higher, as compared to all other therapy regimens (P =
0.007). Liver function was stable or even improved in
the majority of patients during treatment. All antiviral
therapies were safe and well-tolerated, without need
of discontinuation of treatment or dose adjustment
of immunosuppression. No serious adverse events or
any harm to the liver graft became overt. No patient
experienced acute cellular rejection during the study
period.
CONCLUSION
Our cohort of liver-transplanted patients achieved high
rates of SVR12 after a 24-wk course of treatment,
especially with combination of NS5A and NS5B
inhibitors.
Key words: Hepatitis C virus; Recurrence; Direct acting
antivirals; Liver transplantation; Sustained virological
response
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS
Study cohort

Core tip: We examined the safety and efficiency of
novel direct-acting antiviral agents (DAAs) in livertransplanted patients with recurrence of hepatitis c
virus (HCV) infection in a real-world cohort at our
tertiary care center. In conclusion, DAAs are safe and
very efficient in HCV patients after liver transplantation,
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The study cohort comprised all liver-transplanted patients
treated with a DAA regimen at the Heidelberg University
Hospital. In total, 39 patients were included. The baseline
characteristics are depicted in Table 1. All patients
included in the study were treated with DAAs. All
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mg SOF with 90 mg ledipasvir (LDV), IFN-containing
regimens were no longer perpetuated.

Table 1 Baseline characteristics of study cohort n (%)
Characteristic
Sex

Data

Statistical analysis

Male
Female

Age (yr)
Immunosuppression

Liver histology

Liver function, CTP
Risk factors
HCV genotype

28 (71.8)
11 (28.2)
58.6 (range: 45.8-72.3)
Cyclosporine
19 (48.7)
Tacrolimus
18 (46.2)
Sirolimus
1 (2.6)
Everolimus
1 (2.6)
Mycophenolate mofetil
21 (53.8)
F0-2
7 (17.9)
F3
15 (38.5)
F4
17 (43.6)
A
17 (43.6)
B
2 (5.1)
Interferon-experienced
29 (74.4)
History of HCC
26 (66.7)
1
24 (61.5)
2
1 (2.6)
3
13 (33.3)
4
1 (2.6)

Calculations were carried out using PASW Statistics
2
22. Frequencies were compared using a χ test or the
Fisher’s exact test, where appropriate. Continuous data
were compared using the nonparametric Wilcoxon
rank-sum test.

Ethic approval

Written informed consent was obtained from each
patient included in the study. The study protocol
conforms to the ethical guidelines of the 1975 Decla
ration of Helsinki, as reflected by the prior approval
by the institution’s human research committee. The
study was approved by the local ethics committee of
Heidelberg University as well.

RESULTS

CTP: Child-turcotte-pugh; HCC: Hepatocellular carcinoma.

Baseline characteristics

The baseline characteristics of the study cohort are
presented in Table 1. The male to female ratio was
3:1. The median age at beginning of antiviral therapy
was about 5 years above the median age of first
liver transplantation (53.8 years; range: 23.4-68.4
years). Immunosuppression was achieved mainly by
cyclosporine or tacrolimus, with only 2 of the patients
receiving sirolimus or everolimus, respectively; half of
the patients received comedication with mycophenolate
mofetil.
Recurrent cirrhosis occurred in 17 (43.6%) patients,
with the majority of cases having relatively low severity
[Child-Turcotte-Pugh (CTP) score A] and 2 of the cases
having mid-severity (CTP score B). Nearly two-thirds
of the patients in the total study cohort were treatment
experienced, with an IFN-containing regimen. 26
(66.7%) patients had a history of hepatocellular
carcinoma (HCC) before liver transplantation. The
median time since transplantation was 4.6 years,
ranging from 5.5 mo to 22.7 years. The most common
HCV genotypes were 1 and 3, respectively, with
genotypes 2 and 4 being relatively rare. The median
6
viral load before therapy was 1.43 × 10 .

patients were at least 6-mo post LT before the antiviral
therapy was started. In all patients, corticosteroids
had been discontinued successfully, by tapering over a
3-mo to 6-mo period and immunosuppressive therapy
reduced to a long-term dosage. Immunosuppression
was achieved by cyclosporine in 19 (48.7%) patients,
tacrolimus in 18 (46.2%) patients, and sirolimus 1
(2.6%) or everolimus in 1 (2.6%) patient, respectively.
Comedication with mycophenolate mofetil was
administered in 21 (53.8%) patients. Patients with a
history of hepatocellular carcinoma (HCC) before liver
transplantation accounted for 26 (66.7%). All patients
with HCC before LT met the Milan-criteria. Three patients
[3 (7.7%)] have been already retransplanted at least
once. The study covered the period from January 2014
to December 2016. The outcomes of all patients in the
study were followed until June 2017.

HCV treatment

HCV treatment was administered by the outpatient
clinic at our tertiary center. The decision about the
HCV treatment was made by specialists at our
transplant center, according to current available or
recommended medications. Patients were treated
according to recommendations of available drugs that
carried approval by the United States Food and Drug
Administration and the European Medicines Evaluation
Agency. As different drugs became approved during
the course of this study, the therapy regimens
were adapted. In the beginning, 400 mg sofosbuvir
(SOF) was combined with pegylated (Peg)-IFN (180
µg once weekly, dosage modifications according
manufacturers’ recommendations) and ribavirin (RBV).
After introduction of 60 mg daclatasvir (DAC), 150 mg
simeprivir (SIM) and fixed-dose combination of 400

WJG|www.wjgnet.com

Therapy regimen

Nine patients were treated with SOF + RBV, five of
who received the Peg-IFN combination therapy. In
general, the treatment duration was 12 wk in cases
of stable liver function and up to 24 wk in cases with
known risk factors of therapy failure (e.g., recurrent
cirrhosis or treatment-experience). One patient
received SOF + RBV for 48 wk, as she was awaiting
liver transplantation. Eighteen patients were treated
with the fixed-dose combination of SOF plus LDV,
either with (n = 15) or without (n = 3) RBV for 24 wk.
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therapy. Only 2 patients had detectable viral load after
12 wk of treatment. In both of these cases, no HCV
was detectable after 24 wk of treatment and no relapse
occurred. There was no association between viral load
at the beginning or during the course of therapy and
risk for relapse.

Table 2 Hepatitis C virus treatment regimens
n
5
8
9
1
13
2
1

Therapy

SVR24

IFN + SOF + RBV
SOF + RBV
DAC +SOF + RBV
DAC + SOF
LDV + SOF + RBV
LDV + SOF
SIM + SOF + RBV

4/5 (80.0%)
6/8 (75.0%)
9/9 (100.0%)
1/1 (100.0%)
13/13 (100.0%)
2/2 (100.0%)
1/1 (100.0%)

Liver function

The model for end-stage liver disease (MELD) score
remained stable or improved in 20 (51.3%) patients
until the end of therapy. At 12 wk after end of therapy,
improved or stable MELD score was found in 21
(53.8%) patients. At 24 wk after end of therapy, the
majority of patients (32/39, 82.1%) had at least stable
or improved MELD score (Figure 1).

DAC: Daclatasvir; IFN: Interferon; LDV: Ledipasvir; RBV: Ribavirin; SIM:
Simeprevir; SOF: Sofosbuvir; SVR24: Sustained virological response at 24 wk.

Table 3 Viral load throughout treatment period
Time (wk)
T (0)
T (4)
T (8)
T (12)
T (24)

Mean

Min

Max

3268770
25812.1
22.8
4.1
0

45600
0
0
0
0

25200000
771000
268
101
0

Risk factors for relapse

We assessed several clinical and laboratory risk
factors associated with treatment failure. We found
no association of sex, age, immunosuppression, HCV
genotype, viral load, CTP score or MELD score with
treatment failure. In addition, there was no association
found for any of these factors with SVR. When com
paring different therapy regimens, we were able to
demonstrate superior rates of SVR at 12 wk (SVR12)
for a combination of inhibitors of the HCV nonstructural
protein (NS)5A and NS5B administered for 24 wk, as
compared to all other regimens (29/29 vs 10/13; P =
0.007).

Ten patients received SOF in combination with DAC,
either with (n = 6) or without (n = 4) RBV for 24 wk.
One patient was treated with a combination of SOF
plus SIM and RBV for 24 wk (Table 2). Clinical and
laboratory baseline characteristics were not different
between the different regimen cohorts.

Safety

Overall graft and host survival rates and prevalence of
HCC

All patients completed antiviral treatment. No serious
adverse events occurred that required hospitali
zation or discontinuation of therapy. No adaption of
immunosuppression was necessary during the course
of treatment. No patient experienced acute cellular
rejection of the graft during the study period. Side
effects attributable to the antiviral therapy were fatigue
(14/39, 35.9%), anemia (11/39, 28.2%) and irritability
(6/39, 15.4%). Side effects concerning blood cell
count were attributable to concomitant therapy with
RBV. In patients without RVB therapy, no anemia or
thrombocytopenia occurred. All side effects disappeared
after therapy was finished.

During the study period, 1 patient underwent re-trans
plantation and 1 patient died because of progredient
liver failure. Both had achieved SVR24 after successful
antiviral therapy. During the study period, no HCC was
detected in any patient, especially not in those who
had had HCC before the LT. No other malignant disease
became overt in our cohort during the study period.

DISCUSSION
The availability of new antiviral drugs poses new
questions about the optimum timing and duration
of treatment to prevent HCV recurrence after liver
[18]
transplantation . Facing good tolerance and low drugdrug interactions, antiviral treatment seems to be
[19-21]
acceptable for both before and after transplantation
.
Yet, antiviral therapy after liver transplantation remains
[22,23]
challenging in this difficult-to-treat population
. On
the one side, antiviral therapy should not interfere with
immunosuppression; on the other side, stimulation
of the immune system might compromise liver graft
function. With the introduction of DAAs, a new era for
treatment of HCV-infected patients has begun.
A growing amount of studies have confirmed the
[24-26]
efficiency and safety of DAAs in LT recipients
.

Sustained virological response

At the end of the study period, all patients had
attained Sustained virological response (SVR) at 24
wk (SVR24). Of the thirty-nine patients, three patients
experienced relapse after the first therapy with SOF +
RBV, including those with (n = 1) or without (n = 2)
the Peg-IFN for 24 wk. Relapse occurred within 4 wk
after the end of therapy. All patients with relapse were
retreated with fixed-dose combination of SOF + LDV
and achieved SVR24.
The viral loads detected during therapy are shown
in Table 3. In the majority of patients HCV was
undetectable between weeks 4 through 8 of the antiviral
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Figure 1 Model for end-stage liver disease score after the end of antiviral treatment. Differences in MELD score compared to baseline at A: the end of therapy; B:
12 wk after the end of treatment; C: and, 24 wk after the end of treatment. Each column indicates one patient. MELD: Model for end-stage liver disease.

One patient underwent re-transplantation at 1
year after successful antiviral therapy, and another
patient died due to progredient liver failure after more
than 2 years after reaching SVR12. Both patients had
recurrent cirrhosis and were transplanted more than 5
years ago. These patients might represent a subgroup
of patients that have reached a point of no return,
as HCV infection has already caused severe damage
to the liver graft, which cannot be reverted even by
[29-32]
successful antiviral therapy
.
Liver function remained stable in most patients
during the course of therapy and improved within 24 wk
after end of therapy in more than 80% of patients. This
is in line with other studies of posttransplant patients
and emphasizes the importance of antiviral therapy for
liver graft protection. Importantly, there was no HCC
recurrence despite a high number of patients with HCC
[33-35]
prior to transplantation in our cohort
.
We were not able to identify any potential risk
factors for therapy failure according to the clinical or
laboratory parameters used in our study. In particular,
we found no correlation with successful antiviral therapy
and viral load, genotype, age, immunosuppression
or liver function. Additionally, we found no different
outcome between patients treated with RBV or without,
which might underline the advantage of an RBV[28]
free regimen . When comparing different therapy
regimens, we were able to demonstrate superior SVR12
rates for a combination of NS5A and NS5B inhibitors
at 24 wk, as compared to all other regimens. However,
this study was not designed nor powered to answer this

Several therapy regimens have been successfully tested
[14]
so far . We report here about the first experiences
with liver-transplanted patients and HCV reinfection
at our tertiary care center. To the end of the study
period, all patients had reached SVR12. In this study
we showed also SVR24 rates, to rule out the possibility
of delayed relapse in our patients, like rarely seen in
patients treated with interferon and ribavirin. As all
three relapses to DAA therapy appeared already within
4 wk after cessation of therapy we believe SVR12 is
sufficient to determine successful HCV eradication.
We had decided on a 24-wk treatment period for the
majority of patients, as most patients had already
relapsed or shown nonresponse with past administered
IFN-containing HCV therapies. Furthermore, most
patients had already developed recurrent cirrhosis,
[27]
representing another risk factor for therapy failure .
HCV therapy was well tolerated in all our patients,
and there was no case of therapy termination nece
ssitated for any patient due to side effects or adverse
events. In our cohort, most patients received RBV
[28]
in addition to the DAA . Side effects concerning
affectation of the blood count might be attributable to
the comedication with RBV. Importantly, we recognized
no serious harmful effects on transplant function, as
no patient experienced an episode of acute cellular
rejection or required re-transplantation during or
immediately after the antiviral therapy. Most patients
showed improvement of liver function after the end
of therapy, which might improve graft survival in the
[29]
future .
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risk factors for therapy failure in a posttransplant setting.

question.
In conclusion, DAAs are safe and very efficient in
HCV patients after liver transplantation, even in cases
of recurrent cirrhosis or history of relapse after PegIFN therapy. The high SVR rates in our cohort, despite
the many patients with recurrent cirrhosis, may argue
for a 24-wk therapy period in patients with risk factors
for therapy failure in a posttransplant setting.

Research perspectives

HCV recurrence after orthotopic LT can be safely and efficiently treated with
DAAs. Optimal timing and duration of antiviral therapy remains undetermined.
Patients at risk for relapse need to be identified before initiation of therapy.
Long-term effects of successful antiviral therapy, especially in patients with
advanced recurrent cirrhosis, need to be analyzed in future.

REFERENCES

Article
ARTICLEHighlights
HIGHLIGHTS

1

Research background

Recurrent infection with hepatitis C virus (HCV) following liver transplant (LT)
treatment is the leading cause of liver graft loss and death in liver-transplanted
patients infected with HCV. Before introduction of the direct-acting antiviral (DAA)
therapies, treatment options for recurrent HCV in liver-transplanted patients
were limited, due to significant drug-drug interactions and severe side effects.
The approval of DAAs has revolutionized HCV treatment.

2

Research motivation

Despite the growing number of successfully treated patients, HCV recurrence
after orthotopic LT remains one of the most challenging clinical situations. Thus,
analysis of real-world cohorts of LT recipients may provide valuable insights into
the safety and efficacy of DAA treatment in these cohorts.

3

4

Research objectives

To analyze the safety and efficiency of DAA regimens in liver-transplanted
patients with HCV reinfection in a real-world cohort.

Research methods

5

The study cohort comprises all liver transplanted patients that were treated
with direct acting antiviral regimen at the Heidelberg University Hospital from
January 2014 to December 2016. In total 39 patients were included. Clinical
and laboratory baseline characteristics were collected at entry into the study. All
patients were at least six months liver transplanted before antiviral therapy was
started. HCV treatment was administered by the outpatient clinic at our tertiary
center. The decision about the HCV treatment was made by specialists at our
transplant center, according to current available or recommended medication.
Patients were treated according recommendations of available drugs after
approval by FDA and EMEA. As different drugs were approved during the
course of this study therapy regimen were adapted. In the beginning Sofosbuvir
was combined with pegylated interferon (Peg-INF) and ribavirin. After
introduction of Daclatasvir, Simeprivir and fixed-dose combination of Sofosbuvir
with Ledipasvir interferon containing regimen were no longer perpetuated.

6

7

8

Research results

At the end of the study period, all thirty-nine patients had attained SVR at 24
wk (SVR24). Sustained virological response at 12 wk (SVR12) was achieved
in 10/13 (76.9%) of patients treated with SOF + IFN ± RBV. All patients with
relapse were treated with fixed-dose combination of SOF + LDV + RBV.
Patients treated with SOF + DAC + RBV or SOF + LDV + RBV achieved 100%
SVR12. SVR rates after combination treatment with inhibitors of the HCV
nonstructural protein (NS)5A and NS5B for 24 wk were significantly higher, as
compared to all other therapy regimens (P = 0.007). Liver function was stable or
even improved in the majority of patients during treatment. All antiviral therapies
were safe and well-tolerated, without need of discontinuation of treatment or
dose adjustment of immunosuppression. No serious adverse events or any
harm to the liver graft became overt. No patient experienced acute cellular
rejection during the study period.

9

10

Research conclusions

In conclusion, DAAs are safe and very efficient in HCV patients after liver
transplantation, even in cases of recurrent cirrhosis or history of relapse after
Peg-IFN therapy. The high SVR rates in our cohort, despite the many patients
with rrecurrent cirrhosis, may argue for a 24-wk therapy period in patients with

WJG|www.wjgnet.com

1358

Goldberg D, Ditah IC, Saeian K, Lalehzari M, Aronsohn A,
Gorospe EC, Charlton M. Changes in the Prevalence of Hepatitis
C Virus Infection, Nonalcoholic Steatohepatitis, and Alcoholic
Liver Disease Among Patients With Cirrhosis or Liver Failure
on the Waitlist for Liver Transplantation. Gastroenterology
2017; 152: 1090-1099.e1 [PMID: 28088461 DOI: 10.1053/
j.gastro.2017.01.003]
Lohmann V, Körner F, Koch J, Herian U, Theilmann L,
Bartenschlager R. Replication of subgenomic hepatitis C virus
RNAs in a hepatoma cell line. Science 1999; 285: 110-113 [PMID:
10390360]
Bartenschlager R, Lohmann V, Penin F. The molecular and
structural basis of advanced antiviral therapy for hepatitis C virus
infection. Nat Rev Microbiol 2013; 11: 482-496 [PMID: 23748342
DOI: 10.1038/nrmicro3046]
Lindenbach BD, Meuleman P, Ploss A, Vanwolleghem T, Syder
AJ, McKeating JA, Lanford RE, Feinstone SM, Major ME,
Leroux-Roels G, Rice CM. Cell culture-grown hepatitis C virus is
infectious in vivo and can be recultured in vitro. Proc Natl Acad
Sci USA 2006; 103: 3805-3809 [PMID: 16484368 DOI: 10.1073/
pnas.0511218103]
Weiler N, Zeuzem S, Welker MW. Concise review: Interferonfree treatment of hepatitis C virus-associated cirrhosis and liver
graft infection. World J Gastroenterol 2016; 22: 9044-9056 [PMID:
27895394 DOI: 10.3748/wjg.v22.i41.9044]
Kwo PY, Mantry PS, Coakley E, Te HS, Vargas HE, Brown R
Jr, Gordon F, Levitsky J, Terrault NA, Burton JR Jr, Xie W, Setze
C, Badri P, Pilot-Matias T, Vilchez RA, Forns X. An interferonfree antiviral regimen for HCV after liver transplantation. N Engl
J Med 2014; 371: 2375-2382 [PMID: 25386767 DOI: 10.1056/
NEJMoa1408921]
Fontana RJ, Hughes EA, Bifano M, Appelman H, Dimitrova D,
Hindes R, Symonds WT. Sofosbuvir and daclatasvir combination
therapy in a liver transplant recipient with severe recurrent
cholestatic hepatitis C. Am J Transplant 2013; 13: 1601-1605
[PMID: 23593993 DOI: 10.1111/ajt.12209]
Forns X, Charlton M, Denning J, McHutchison JG, Symonds WT,
Brainard D, Brandt-Sarif T, Chang P, Kivett V, Castells L, Prieto
M, Fontana RJ, Baumert TF, Coilly A, Londoño MC, Habersetzer
F. Sofosbuvir compassionate use program for patients with severe
recurrent hepatitis C after liver transplantation. Hepatology 2015;
61: 1485-1494 [PMID: 25557906 DOI: 10.1002/hep.27681]
Curry MP, Forns X, Chung RT, Terrault NA, Brown R Jr, Fenkel
JM, Gordon F, O‘Leary J, Kuo A, Schiano T, Everson G, Schiff E,
Befeler A, Gane E, Saab S, McHutchison JG, Subramanian GM,
Symonds WT, Denning J, McNair L, Arterburn S, Svarovskaia E,
Moonka D, Afdhal N. Sofosbuvir and ribavirin prevent recurrence
of HCV infection after liver transplantation: an open-label study.
Gastroenterology 2015; 148: 100-107.e1 [PMID: 25261839 DOI:
10.1053/j.gastro.2014.09.023]
Terrault NA, Berenguer M, Strasser SI, Gadano A, Lilly L,
Samuel D, Kwo PY, Agarwal K, Curry MP, Fagiuoli S, Fung JYY,
Gane E, Brown KA, Burra P, Charlton M, Pessoa MG, McCaughan
GW. International Liver Transplantation Society Consensus
Statement on Hepatitis C Management in Liver Transplant
Recipients. Transplantation 2017; 101: 956-967 [PMID: 28437388
DOI: 10.1097/TP.0000000000001704]

March 28, 2018|Volume 24|Issue 12|

Rupp C et al . NS5A/NS5B inhibitors in liver-transplanted HCV patients
11

12

13

14

15

16

17

18

19

20

21

22

Fontana RJ, Brown RS Jr, Moreno-Zamora A, Prieto M, Joshi
S, Londoño MC, Herzer K, Chacko KR, Stauber RE, Knop V,
Jafri SM, Castells L, Ferenci P, Torti C, Durand CM, Loiacono
L, Lionetti R, Bahirwani R, Weiland O, Mubarak A, ElSharkawy
AM, Stadler B, Montalbano M, Berg C, Pellicelli AM, Stenmark
S, Vekeman F, Ionescu-Ittu R, Emond B, Reddy KR. Daclatasvir
combined with sofosbuvir or simeprevir in liver transplant
recipients with severe recurrent hepatitis C infection. Liver Transpl
2016; 22: 446-458 [PMID: 26890629 DOI: 10.1002/lt.24416]
Charlton M, Gane E, Manns MP, Brown RS Jr, Curry MP, Kwo
PY, Fontana RJ, Gilroy R, Teperman L, Muir AJ, McHutchison
JG, Symonds WT, Brainard D, Kirby B, Dvory-Sobol H, Denning
J, Arterburn S, Samuel D, Forns X, Terrault NA. Sofosbuvir and
ribavirin for treatment of compensated recurrent hepatitis C virus
infection after liver transplantation. Gastroenterology 2015; 148:
108-117 [PMID: 25304641 DOI: 10.1053/j.gastro.2014.10.001]
Herzer K, Welzel TM, Spengler U, Hinrichsen H, Klinker H, Berg
T, Ferenci P, Peck-Radosavljevic M, Inderson A, Zhao Y, JimenezExposito MJ, Zeuzem S. Real-world experience with daclatasvir
plus sofosbuvir ± ribavirin for post-liver transplant HCV recurrence
and severe liver disease. Transpl Int 2017; 30: 243-255 [PMID:
28012215 DOI: 10.1111/tri.12910]
Kwok RM, Ahn J, Schiano TD, Te HS, Potosky DR, Tierney A,
Satoskar R, Robertazzi S, Rodigas C, Lee Sang M, Wiegel J, Patel
N, Gripshover J, Hassan MA, Branch A, Smith CI. Sofosbuvir plus
ledispasvir for recurrent hepatitis C in liver transplant recipients.
Liver Transpl 2016; 22: 1536-1543 [PMID: 27543748 DOI:
10.1002/lt.24614]
Welzel TM, Petersen J, Herzer K, Ferenci P, Gschwantler M,
Wedemeyer H, Berg T, Spengler U, Weiland O, van der Valk M,
Rockstroh J, Peck-Radosavljevic M, Zhao Y, Jimenez-Exposito
MJ, Zeuzem S. Daclatasvir plus sofosbuvir, with or without
ribavirin, achieved high sustained virological response rates in
patients with HCV infection and advanced liver disease in a realworld cohort. Gut 2016; 65: 1861-1870 [PMID: 27605539 DOI:
10.1136/gutjnl-2016-312444]
Beinhardt S, Peck-Radosavljevic M, Hofer H, Ferenci P.
Interferon-free antiviral treatment of chronic hepatitis C in the
transplant setting. Transpl Int 2015; 28: 1011-1024 [PMID:
25864369 DOI: 10.1111/tri.12577]
Chang CY, Nguyen P, Le A, Zhao C, Ahmed A, Daugherty T,
Garcia G, Lutchman G, Kumari R, Nguyen MH. Real-world
experience with interferon-free, direct acting antiviral therapies
in Asian Americans with chronic hepatitis C and advanced liver
disease. Medicine (Baltimore) 2017; 96: e6128 [PMID: 28178174
DOI: 10.1097/MD.0000000000006128]
Fagiuoli S, Ravasio R, Lucà MG, Baldan A, Pecere S, Vitale A,
Pasulo L. Management of hepatitis C infection before and after
liver transplantation. World J Gastroenterol 2015; 21: 4447-4456
[PMID: 25914454 DOI: 10.3748/wjg.v21.i15.4447]
Coilly A, Roche B, Duclos-Vallée JC, Samuel D. Optimum
timing of treatment for hepatitis C infection relative to liver
transplantation. Lancet Gastroenterol Hepatol 2016; 1: 165-172
[PMID: 28404073 DOI: 10.1016/S2468-1253(16)30008-5]
Samur S, Kues B, Ayer T, Roberts MS, Kanwal F, Hur C, Donnell
DMS, Chung RT, Chhatwal J. Cost Effectiveness of Pre- vs PostLiver Transplant Hepatitis C Treatment With Direct-Acting
Antivirals. Clin Gastroenterol Hepatol 2018; 16: 115-122.e10
[PMID: 28634131 DOI: 10.1016/j.cgh.2017.06.024]
Levitsky J, Verna EC, O‘Leary JG, Bzowej NH, Moonka
DK, Hyland RH, Arterburn S, Dvory-Sobol H, Brainard DM,
McHutchison JG, Terrault NA. Perioperative Ledipasvir-Sofosbuvir
for HCV in Liver-Transplant Recipients. N Engl J Med 2016; 375:
2106-2108 [PMID: 27959735 DOI: 10.1056/NEJMc1611829]
Younossi ZM, Stepanova M, Charlton M, Curry MP, O‘Leary JG,
Brown RS, Hunt S. Patient-reported outcomes with sofosbuvir
and velpatasvir with or without ribavirin for hepatitis C virusrelated decompensated cirrhosis: an exploratory analysis from
the randomised, open-label ASTRAL-4 phase 3 trial. Lancet

WJG|www.wjgnet.com

23
24

25

26

27
28

29

30

31

32

33

34

1359

Gastroenterol Hepatol 2016; 1: 122-132 [PMID: 28404069 DOI:
10.1016/S2468-1253(16)30009-7]
Ferenci P. Treatment of hepatitis C in difficult-to-treat patients.
Nat Rev Gastroenterol Hepatol 2015; 12: 284-292 [PMID:
25895822 DOI: 10.1038/nrgastro.2015.53]
Saxena V, Khungar V, Verna EC, Levitsky J, Brown RS Jr, Hassan
MA, Sulkowski MS, O‘Leary JG, Koraishy F, Galati JS, Kuo AA,
Vainorius M, Akushevich L, Nelson DR, Fried MW, Terrault N,
Reddy KR. Safety and efficacy of current direct-acting antiviral
regimens in kidney and liver transplant recipients with hepatitis
C: Results from the HCV-TARGET study. Hepatology 2017; 66:
1090-1101 [PMID: 28504842 DOI: 10.1002/hep.29258]
Vukotic R, Conti F, Fagiuoli S, Morelli MC, Pasulo L, Colpani
M, Foschi FG, Berardi S, Pianta P, Mangano M, Donato MF,
Malinverno F, Monico S, Tamè M, Mazzella G, Belli LS, Viganò R,
Carrai P, Burra P, Russo FP, Lenci I, Toniutto P, Merli M, Loiacono
L, Iemmolo R, Degli Antoni AM, Romano A, Picciotto A, Rendina
M, Andreone P; AISF-SOFOLT Study group. Long-term outcomes
of direct acting antivirals in post-transplant advanced hepatitis C
virus recurrence and fibrosing cholestatic hepatitis. J Viral Hepat
2017; 24: 858-864 [PMID: 28370880 DOI: 10.1111/jvh.12712]
Belli LS, Duvoux C, Berenguer M, Berg T, Coilly A, Colle I,
Fagiuoli S, Khoo S, Pageaux GP, Puoti M, Samuel D, Strazzabosco
M. ELITA consensus statements on the use of DAAs in liver
transplant candidates and recipients. J Hepatol 2017; 67: 585-602
[PMID: 28323126 DOI: 10.1016/j.jhep.2017.03.006]
Ferenci P, Kozbial K, Mandorfer M, Hofer H. HCV targeting of
patients with cirrhosis. J Hepatol 2015; 63: 1015-1022 [PMID:
26100497 DOI: 10.1016/j.jhep.2015.06.003]
Pillai AA, Maheshwari R, Vora R, Norvell JP, Ford R, Parekh S,
Cheng N, Patel A, Young N, Spivey JR, Mgbemena O, Wedd JP.
Treatment of HCV infection in liver transplant recipients with
ledipasvir and sofosbuvir without ribavirin. Aliment Pharmacol
Ther 2017; 45: 1427-1432 [PMID: 28382751 DOI: 10.1111/
apt.14059]
Habib S, Meister E, Habib S, Murakami T, Walker C, Rana A,
Shaikh OS. Slower Fibrosis Progression Among Liver Transplant
Recipients With Sustained Virological Response After Hepatitis
C Treatment. Gastroenterology Res 2015; 8: 237-246 [PMID:
27785303 DOI: 10.14740/gr686w]
Young J, Weis N, Hofer H, Irving W, Weiland O, Giostra E,
Pascasio JM, Castells L, Prieto M, Postema R, Lefevre C, Evans
D, Bucher HC, Calleja JL. The effectiveness of daclatasvir based
therapy in European patients with chronic hepatitis C and advanced
liver disease. BMC Infect Dis 2017; 17: 45 [PMID: 28061762 DOI:
10.1186/s12879-016-2106-x]
Vinaixa C, Strasser SI, Berenguer M. Disease Reversibility in
Patients With Post-Hepatitis C Cirrhosis: Is the Point of No Return
the Same Before and After Liver Transplantation? A Review.
Transplantation 2017; 101: 916-923 [PMID: 28060241 DOI:
10.1097/TP.0000000000001633]
Zanetto A, Shalaby S, Vitale A, Mescoli C, Ferrarese A, Gambato
M, Franceschet E, Germani G, Senzolo M, Romano A, Angeli
P, Rugge M, Farinati F, Forton DM, Cillo U, Burra P, Russo FP.
Dropout rate from the liver transplant waiting list because of
hepatocellular carcinoma progression in hepatitis C virus-infected
patients treated with direct-acting antivirals. Liver Transpl 2017;
23: 1103-1112 [PMID: 28544587 DOI: 10.1002/lt.24790]
Cabibbo G, Petta S, Calvaruso V, Cacciola I, Cannavò MR,
Madonia S, Distefano M, Larocca L, Prestileo T, Tinè F, Bertino
G, Giannitrapani L, Benanti F, Licata A, Scalisi I, Mazzola G,
Cartabellotta F, Alessi N, Barbàra M, Russello M, Scifo G,
Squadrito G, Raimondo G, Craxì A, Di Marco V, Cammà C;
Rete Sicilia Selezione Terapia - HCV (RESIST-HCV). Is early
recurrence of hepatocellular carcinoma in HCV cirrhotic patients
affected by treatment with direct-acting antivirals? A prospective
multicentre study. Aliment Pharmacol Ther 2017; 46: 688-695
[PMID: 28791711 DOI: 10.1111/apt.14256]
Kanwal F, Kramer J, Asch SM, Chayanupatkul M, Cao Y, El-

March 28, 2018|Volume 24|Issue 12|

Rupp C et al . NS5A/NS5B inhibitors in liver-transplanted HCV patients
Serag HB. Risk of Hepatocellular Cancer in HCV Patients
Treated With Direct-Acting Antiviral Agents. Gastroenterology
2017; 153: 996-1005.e1 [PMID: 28642197 DOI: 10.1053/
j.gastro.2017.06.012]

35

Beste LA, Green PK, Berry K, Kogut MJ, Allison SK, Ioannou GN.
Effectiveness of hepatitis C antiviral treatment in a USA cohort of
veteran patients with hepatocellular carcinoma. J Hepatol 2017; 67:
32-39 [PMID: 28267622 DOI: 10.1016/j.jhep.2017.02.027]

P- Reviewer: Manolakopoulos S, Kanda T, Komatsu H, Sergi CM, Zhu X
S- Editor: Ma YJ L- Editor: A E- Editor: Huang Y

WJG|www.wjgnet.com

1360

March 28, 2018|Volume 24|Issue 12|

World J Gastroenterol 2018 March 28; 24(12): 1361-1372

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i12.1361

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE
Randomized Clinical Trial

Daclatasvir plus asunaprevir in treatment-naïve patients
with hepatitis C virus genotype 1b infection
Lai Wei, Fu-Sheng Wang, Ming-Xiang Zhang, Ji-Dong Jia, Alexey A Yakovlev, Wen Xie, Eduard Burnevich,
Jun-Qi Niu, Yong Jin Jung, Xiang-Jun Jiang, Min Xu, Xin-Yue Chen, Qing Xie, Jun Li, Jin-Lin Hou, Hong Tang,
Xiao-Guang Dou, Yash Gandhi, Wen-Hua Hu, Fiona McPhee, Stephanie Noviello, Michelle Treitel, Ling Mo,
Jun Deng
Lai Wei, Peking University People’s Hospital and Peking
University Hepatology Institute, Beijing 100044, China

of Medicine, Shenyang 200025, Liaoning Province, China
Jun Li, TheFirst Affiliated Hospital with Nanjing Medical
University, Nanjing 210029, Jiangsu Province, China

Fu-Sheng Wang, 302 Military Hospital of China, Beijing
100039, China
Ming-xiang Zhang, the Sixth People’s Hospital of Shenyang,
Shenyang 110006, Liaoning Province, China

Jin-lin Hou, Hepatology Unit, Nanfang Hospital, Southern
Medical University, Guangzhou 510515, Guangdong Province,
China

Ji-dong Jia, Beijing Friendship Hospital, Capital Medical
University, Beijing 100050, China

Hong Tang, West China Hospital, Sichuan University, Chengdu
610041, Sichuan Province, China

Alexey A Yakovlev, Saint-Petersburg State Healthcare Institution
‘Clinical Infectious Hospital n.a. S.P. Botkin’, Saint-Petersburg
191167, Russia

Xiao-guang Dou, China Medical University, Shengjing Hospital,
Shenyang 110004, Liaoning Province, China
Yash Gandhi, Wen-Hua Hu, Stephanie Noviello, Michelle
Treitel, Bristol-Myers Squibb, Princeton, NJ 08540, United States

Wen Xie, Beijing Ditan Hospital, Capital Medical University,
Beijing 100015, China

Fiona McPhee, Bristol-Myers Squibb, Wallingford, CT 06492,
United States

Eduard Burnevich, I.M. Sechenov First Moscow State Medical
University, Moscow 119991, Russia

Ling Mo, Jun Deng, Bristol-Myers Squibb, Shanghai 200040,
China

Jun-qi Niu, The First Hospital of Jilin University, Jilin 1300021,
Jilin Province, China

ORCID number: Lai Wei (0000-0003-2326-1257); FuSheng Wang (0000-0002-8043-6685); Ming-xiang Zhang
(0000-0001-6519-3497); Ji-dong Jia (0000-0002-4673-8890);
Alexey A Yakovlev (0000-0003-4163-5769); Wen Xie (0000
-0002-7314-8175); Eduard Burnevich (0000-0002-7251
-4284); Jun-qi Niu (0000-0002-9857-6520); Yong Jin Jung
(0000-0001-8785-2254); Xiang-jun Jiang (0000-0001-8786
-9654); Min Xu (0000-0003-0099-9101); Xin-yue Chen (0000
-0003-0099-2398); Qing Xie (0000-0002-2582-8803); Jun Li
(0000-0002-1961-7188); Jin-lin Hou (0000-0001-8230-8583);
Hong Tang (0000-0002-9790-6225); Xiao-guang Dou (0000
-0002-5293-6009); Yash Gandhi (0000-0001-7637-9617); Wenhua Hu (0000-0002-8763-609X); Fiona McPhee (0000-0002
-9321-4483); Stephanie Noviello (0000-0003-2705-1097);

Yong Jin Jung, SMG-SNU Boramae Medical Center, Seoul
07061, South Korea
Xiang-jun Jiang, Qingdao Municipal Hospital, Qingdao 266011,
Shandong Province, China
Min Xu, Guangzhou No. 8 People’s Hospital, Guangzhou 510060,
Guangdong Province, China
Xin-yue Chen, Beijing Youan Hospital, Capital Medical
University, Beijing 100069, China
Qing Xie, Shanghai Ruijin Hospital, Jiaotong University School

WJG|www.wjgnet.com

1361

March 28, 2018|Volume 24|Issue 12|

Wei L et al . Daclatasvir/asunaprevir for HCV genotype 1b

Abstract
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AIM
To assess daclatasvir plus asunaprevir (DUAL) in
treatment-naïve patients from mainland China, Russia
and South Korea with hepatitis C virus (HCV) genotype
1b infection.

Author contributions: Noviello S, Treitel M, Gandhi Y, Hu
WH, Mo L, Deng J and McPhee F designed the research; Wang
FS, Zhang MX, Jia JD, Yakovlev AA, Xie W, Burnevich EZ, Niu
JQ, Jung YJ, Jiang XJ, Xu M, Chen XY, Xie Q, Li J, Hou JL,
Tang H, Dou XG, Gandhi Y, Hu WH and McPhee F performed
the research; Hu WH analyzed the data; Noviello S, Treitel M,
Mo L and Deng J monitored the study conduct; All authors wrote
the paper, had access to the study data and have reviewed and
approved the final manuscript.

METHODS
Patients were randomly assigned (3:1) to receive 24
wk of treatment with DUAL (daclatasvir 60 mg once
daily and asunaprevir 100 mg twice daily) beginning
on day 1 of the treatment period (immediate treatment
arm) or following 12 wk of matching placebo (placebodeferred treatment arm). The primary endpoint was
a comparison of sustained virologic response at
posttreatment week 12 (SVR12) compared with the
historical SVR rate for peg-interferon plus ribavirin
(70%) among patients in the immediate treatment
arm. The first 12 wk of the study were blinded. Safety
was assessed in DUAL-treated patients compared
with placebo patients during the first 12 wk (doubleblind phase), and during 24 wk of DUAL in both arms
combined.

Supported by Bristol-Myers Squibb.
Institutional review board statement: The protocol was
approved by the institutional review board/human research
committee at each participating institution, and conformed to the
ethical guidelines of the 2008 Declaration of Helsinki.
Clinical trial registration statement: This study is registered at
ClinicalTrials.gov, registration number NCT02496078 (https://
clinicaltrials.gov/ct2/show/NCT02496078).
Informed consent statement: All patients provided informed
written consent prior to study enrollment.

RESULTS
In total, 207 patients were randomly assigned to
immediate (n = 155) or placebo-deferred (n = 52)
treatment. Most patients were Asian (86%), female
(59%) and aged < 65 years (90%). Among them,
13% had cirrhosis, 32% had IL28B non-CC genotypes
and 53% had baseline HCV RNA levels of ≥ 6 million
IU/mL. Among patients in the immediate treatment
arm, SVR12 was achieved by 92% (95% confidence
interval: 87.2-96.0), which was significantly higher
than the historical comparator rate (70%). SVR12 was
largely unaffected by cirrhosis (89%), age ≥ 65 years
(92%), male sex (90%), baseline HCV RNA ≥ 6 million
(89%) or IL28B non-CC genotypes (96%), although
SVR12 was higher among patients without (96%) than
among those with (53%) baseline NS5A resistanceassociated polymorphisms (at L31 or Y93H). During the
double-blind phase, aminotransferase elevations were
more common among placebo recipients than among
patients receiving DUAL. During 24 wk of DUAL therapy
(combined arms), the most common adverse events
(≥ 10%) were elevated alanine aminotransferase and
upper respiratory tract infection; emergent grade 3-4
laboratory abnormalities were infrequently observed, and
all grade 3-4 aminotransferase abnormalities (alanine
aminotransferase, n = 9; aspartate transaminase, n =
6) reversed within 8-11 d. Two patients discontinued
DUAL treatment; one due to aminotransferase elevations,
nausea, and jaundice and the other due to a fatal
adverse event unrelated to treatment. There were no
treatment-related deaths.
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CONCLUSION
DUAL was well-tolerated during this phase 3 study,
and SVR12 with DUAL treatment (92%) exceeded the
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historical SVR rate for peg-interferon plus ribavirin of
70%.

2017 became the first all-oral, nonribavirin-containing
combination for chronic HCV infection to gain approval
[21]
in China .
In this study, we evaluated the efficacy and safety
of DUAL in treatment-naïve patients from mainland
China, South Korea and Russia with HCV genotype 1b
infection.

Key words: Asunaprevir; Daclatasvir; Direct-acting
antiviral; Chronic hepatitis C; Liver disease; NS3; NS5A;
Genotype 1b
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: This phase 3, placebo-controlled study
assessed the efficacy and safety of daclatasvir (NS5A
inhibitor) plus asunaprevir (NS3/4A protease inhibitor)
in treatment-naïve patients from mainland China,
Russia and South Korea with hepatitis C virus (HCV)
genotype 1b infection. The rate of sustained virologic
response at posttreatment week 12 among patients
in the immediate treatment arm was 92%, which was
significantly higher than the historical comparator rate
(70%). The combination was well tolerated during
24 wk of treatment. These results demonstrate that
for countries such as China, where interferon-based
combinations are still widely used for the treatment
of HCV genotype 1b, daclatasvir/asunaprevir offers a
more efficacious and tolerable alternative with a shorter
treatment duration.

Study design and treatment

This was a phase 3, double-blind, placebo-controlled
study (ClinicalTrials.gov number, NCT02496078) of
DUAL, conducted between August 2015 and February
2017 in treatment-naïve patients from mainland China,
South Korea and Russia with chronic HCV genotype
1b infection. Patients were randomly assigned (3:1)
to receive DUAL (daclatasvir 60 mg tablet once daily
and asunaprevir 100 mg soft capsule twice daily)
for 24 wk either immediately (immediate treatment
arm) or after 12 wk of matching placebo (placebodeferred treatment arm) via an interactive voice-response
system, and stratified according to the presence or
absence of cirrhosis. Treatment was blinded to patients,
investigators and the sponsor until week 12, and was
open label thereafter.
The study was conducted according to local laws
and regulatory requirements, and in accordance with
Good Clinical Practice, as defined by the International
Conference on Harmonization and the principles of the
Declaration of Helsinki. Written informed consent was
gained prior to study initiation.

Wei L, Wang FS, Zhang MX, Jia JD, Yakovlev AA, Xie W,
Burnevich E, Niu JQ, Jung YJ, Jiang XJ, Xu M, Chen XY, Xie
Q, Li J, Hou JL, Tang H, Dou XG, Gandhi Y, Hu WH, McPhee F,
Noviello S, Treitel M, Mo L, Deng J. Daclatasvir plus asunaprevir
in treatment-naïve patients with hepatitis C virus genotype
1b infection. World J Gastroenterol 2018; 24(12): 1361-1372
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i12/1361.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i12.1361

Patients

The study population comprised male and female pati
2
ents aged ≥ 18 years (body mass index: 18-35 kg/m )
with chronic HCV genotype 1b infection (HCV RNA of
≥ 10000 IU/mL at screening) and no prior exposure to
any IFN formulation, ribavirin or direct-acting antiviral
agent for HCV. Patients with compensated cirrhosis were
included (enrollment capped at approximately 25%).
Cirrhosis status was defined by a hierarchical algorithm
®
®
based on available biopsy, Fibroscan or Fibrotest
(BioPredictive, Paris, France) and aspartate transaminase
(AST):platelet ratio index (APRI) data. Patients were
considered noncirrhotic if they met one of the following
criteria: liver biopsy within 36 mo of screening showing
®
absence of cirrhosis; Fibroscan result of ≤ 9.6 kPa
within 1 year of baseline/day 1; or FibroTest® score of
≤ 0.48 with APRI of ≤ 1 (performed during screening).
Patients were considered cirrhotic if they met one of
the following criteria: liver biopsy showing cirrhosis any
®
time prior to screening; Fibroscan showing cirrhosis
or results of > 14.6 kPa within 1 year of baseline;
®
or FibroTest score of > 0.75 and an APRI of > 2 (at
screening). Both sets of criteria are listed in decreasing
hierarchical order.
Key exclusion criteria included: HCV infection other

INTRODUCTION
Chronic hepatitis C virus (HCV) infection is a significant
[1]
health burden across Asia , and affects 5-7 million
[2]
people in China alone . Without effective treatment,
patients can develop severe complications, such as
[3,4]
hepatocellular carcinoma (HCC) , for which HCV
infection has become one of the most common causes
[5,6]
in Asian and Western countries .
DUAL is an all-oral combination of daclatasvir (pan
genotypic NS5A inhibitor with in vitro activity against
[7,8]
genotypes 1-6)
and asunaprevir (NS3 protease
inhibitor with in vitro activity against genotypes 1
[9]
and 4-6) . This regimen has demonstrated efficacy
in several phase 3 studies of patients infected with
[10-13]
HCV genotype 1b
, the predominant genotype
[14-16]
in East Asia
, including those with characteristics
known to attenuate response to interferon (IFN)-based
[17-19]
treatment
. DUAL also has a superior safety profile
[20]
compared with IFN-based combinations
and in April
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than genotype 1b; evidence of a medical condition
contributing to chronic liver disease other than HCV,
or of decompensated liver disease (e.g., history or
presence of ascites, bleeding varices, or hepatic
encephalopathy); diagnosed or suspected HCC or other
malignancies; uncontrolled diabetes or hypertension;
moderate to severe depression (well-controlled mild
depression was permitted); total bilirubin ≥ 34 µmol/L
(or ≥ 2 mg/dL) unless the patient had a documented
history of Gilbert’s disease; alanine aminotransferase
(ALT) ≥ 5 × the upper limit of normal; albumin <
3.5 g/dL; alpha-fetoprotein > 100 ng/mL (patients
with alpha-fetoprotein 50-100 ng/mL required a liver
ultrasound, and those with findings suspicious of HCC
were excluded); hemoglobin < 8.5 g/dL; absolute
9
neutrophil count < 0.5 × 10 cells/L; and, platelet count
9
< 50 × 10 cells/L.

Study assessments

®

associated with peg-IFN plus ribavirin treatment.
SVR12 in the placebo-deferred treatment arm
was a secondary endpoint. Safety-related secondary
endpoints included the incidence of AEs, serious (S)AEs,
discontinuations due to AEs, deaths, and grade 3-4
laboratory abnormalities observed during the 12-wk
double-blind phase (DUAL vs placebo), and in both
arms during 24 wk of treatment with DUAL. Efficacyrelated secondary endpoints included SVR12 according
to rs12979860 single-nucleotide polymorphisms in
the IL28B gene; the proportion of patients achieving
HCV RNA < LLOQ, TD or TND and TND only, in each
treatment arm at on-treatment weeks 1, 2, 4, 6, 8,
and 12, both on-treatment weeks 4 and 12, EOT, and
post-treatment weeks 4 and 24.

Statistical analysis

The statistical methods used in this study were reviewed
by the biometrics group at Bristol-Myers Squibb. The
primary objective was to determine whether SVR12
among patients in the immediate treatment arm would
be significantly higher than the historical 70% SVR
rate associated with peg-IFN plus ribavirin. The lower
bound of a two-sided 95% confidence interval (CI) for
SVR12 was used to compare to the historical SVR rate;
if it exceeded 70%, it was concluded that the primary
objective was met and SVR12 for patients in the
immediate treatment arm was significantly higher than
the SVR rate associated with peg-IFN plus ribavirin. A
sample size of approximately 150 patients would have
provided a 95%CI with a lower bound exceeding 70%
for a corresponding SVR12 rate of approximately 77.3%
or higher, while an SVR12 rate of 90% would have
provided a lower bound not less than 85%. Missing HCV
RNA data at posttreatment week 12 were imputed using
the next value carried backwards approach, where the
next and closest available HCV RNA measurement after
posttreatment week 12 was utilized instead.

®

HCV RNA was quantified using the COBAS TaqMan
assay v2.0 (Roche Molecular Diagnostics, Pleasanton,
CA, United States) with a lower limit of quantitation
(LLOQ) of 25 IU/mL. HCV genotype and subtype were
determined using the RealTime HCV Genotype II assay
(Abbott Molecular, Des Plaines, IL, United States);
if the results were inconclusive, the Versant HCV
Genotype 2.0 assay (Siemens, Erlangen, Germany)
or population-based sequencing of the NS5A region
was employed. IL28B rs12979860 single-nucleotide
polymorphisms were identified using PCR amplification
and sequencing (TaqMan assay; Applied Biosystems,
Waltham, MA, United States).
Treatment failure comprised: virologic breakthrough,
defined as any confirmed > 1 log10 increase in HCV
RNA from nadir, or increase in HCV RNA ≥ LLOQ
after confirmed HCV RNA < LLOQ target detected
or not detected (TD or TND) during treatment; HCV
RNA < LLOQ but still detectable at end of treatment
(EOT); or, relapse, defined as HCV RNA ≥ LLOQ in any
posttreatment window following HCV RNA < LLOQ TND
at EOT.
Resistance testing was performed using populationbased sequencing (threshold ≥ 20% of a viral popu
lation) of the NS5A and NS3 regions on all available
plasma samples at baseline, and on the samples of
patients experiencing treatment failure with HCV RNA
≥ 1000 IU/mL.
Safety was monitored based on incidence of adverse
events (AEs) and abnormalities in clinical laboratory
assessments, vital signs and physical examinations.

RESULTS
Patient disposition

In total, 229 patients were enrolled, of whom 207
were randomly assigned to the immediate (n = 155)
or placebo-deferred (n = 52) treatment arms.
Of 155 patients assigned to the immediate treat
ment arm, all completed the 12-wk double-blind phase,
148 completed 24 wk of treatment with DUAL, and
151 completed 24 wk of follow-up; seven discontinued
treatment with DUAL due to lack of efficacy (n = 6)
or AEs (n = 1), and four discontinued follow-up after
posttreatment week 12 due to withdrawal of consent (n =
3) or inability to attend the visit due to an accident (n = 1).
Of 52 patients randomly assigned to placebodeferred treatment, 51 completed the 12-wk doubleblind phase, 44 completed 24 wk of treatment with
DUAL, and 48 completed 24 wk of follow-up; one
discontinued placebo due to an SAE (hepatitis E),

Study endpoints

The primary efficacy outcome was the proportion of
patients, randomly assigned to the immediate treat
ment arm, achieving a sustained virologic response
(HCV RNA < LLOQ, TD or TND) at posttreatment week
12 (SVR12), and the primary endpoint was comparison
of this outcome against a historical SVR rate of 70%
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Table 1 Baseline demographics and disease characteristics n (%)
Characteristic
Age, median (range) years
< 65 yr
≥ 65 yr
Male
Race
Asian
White
Country
Mainland China
Russia
South Korea
HCV RNA, median (range) log10 IU/mL
≥ 6 million IU/mL
IL28B genotype
CC
CT
TT
Cirrhosis

1

2

2

Immediate treatment, n = 155

Placebo-deferred treatment, n = 52

Overall, n = 207

49 (18-73)
142 (92)
13 (8)
61 (39)

49 (23-69)
45 (87)
7 (14)
23 (44)

49 (18-73)
187 (90)
20 (10)
84 (41)

132 (85)
23 (15)

45 (87)
7 (14)

177 (86)
30 (15)

119 (77)
23 (15)
13 (8)
6.78 (3.1-7.6)
79 (51)

42 (81)
7 (14)
3 (6)
6.86 (5.6-7.6)
31 (60)

161 (78)
30 (15)
16 (8)
6.79 (3.1-7.6)
110 (53)

107 (69)
43 (28)
5 (3)
19 (12)

34 (65)
17 (33)
1 (2)
7 (14)

141 (68)
60 (29)
6 (3)
26 (13)

Unless otherwise stated; 2Includes one patient from mainland China who was subsequently reclassified as having HCV genotype 1a infection by
phylogenetic analysis of the HCV NS5A sequence. HCV: Hepatitis C virus.
1

seven discontinued treatment with DUAL due to lack of
efficacy (n = 6) or AEs (n = 1), and two discontinued
follow-up after posttreatment week 12 due to with
drawal of consent (n = 1) or initiation of alternative
HCV therapy (n = 1).

(87/94, 92.6%) patients (Figure 2). HCV RNA declined
rapidly from baseline, and by week 4 was undetectable
in 140 (90.3%) patients.
SVR12 rates in the placebo-deferred treatment arm,
overall and according to selected baseline characteristics,
are provided in Figures 3 and 4.

Baseline characteristics

The majority of patients were Chinese (77.8%) and
female (60.6%); among them, 12.6% had compen
sated cirrhosis, 31.9% had IL28B non-CC genotypes,
53.1% had baseline HCV RNA ≥ 6 million IU/mL and
9.7% were aged 65 years or older (Table 1). These data
include six patients who were found not to meet the
study enrollment criteria after treatment initiation; one
of these patients, from mainland China, was reclassified
as having genotype 1a infection, and five had received
prior treatment with ribavirin and/or IFN regimens.

Treatment failure

Efficacy endpoints

Resistance analysis

Thirteen (8.4%) patients in the immediate treatment
arm failed to achieve SVR12. Six patients experienced
virologic breakthrough [mainland China (n = 4), South
Korea (n = 1), and Russia (n = 1)], one patient from
mainland China had detectable HCV RNA at EOT, and
six patients relapsed [mainland China (n = 4) and
South Korea (n = 2)] (Figure 1).
Treatment failure in the placebo-deferred treatment
arm is described in Figure 3.

The study met its primary endpoint, with SVR12
achieved by 142 (91.6%, 95%CI: 87.2-96.0) patients
in the immediate treatment arm (including the patient
with HCV genotype 1a infection), significantly above
the 70% historical comparator (Figure 1). SVR12 was
comparable between patients from mainland China
(110/119, 92.4%) and Russia (22/23, 95.7%), although
lower among the smaller cohort of patients from South
Korea (10/13, 76.9%). SVR12 in this arm was also
comparable between patients with (17/19, 89.5%)
and without (125/136, 91.9%) cirrhosis, with IL28B
CC (96/107, 89.7%) and non-CC genotypes (46/48,
95.8%), aged < 65 (130/142, 91.5%) and ≥ 65
(12/13, 92.3%) years, with baseline HCV RNA < 6
million (72/76, 94.7%) and ≥ 6 million (70/79, 88.6%)
IU/mL, and between male (55/61, 90.2%) and female

WJG|www.wjgnet.com

Resistance analyses were conducted at baseline
for 154 patients in the immediate treatment arm
(excluding the patient with HCV genotype 1a infection)
(Tables 2 and 3). Daclatasvir resistance-associated
polymorphisms at NS5A amino acid positions L31
or Y93H preexisted in 17 (11.0%) patients, 9 of
whom (52.9%) achieved SVR12. By contrast, SVR12
was achieved by 132 of 137 (96.4%) patients
without baseline NS5A-L31 or NS5A-Y93H, and was
comparably high among patients with (17/19, 89.5%)
and without (115/118, 97.5%) cirrhosis who did not
have baseline resistance-associated polymorphisms.
The asunaprevir resistance-associated polymorphism
NS3-D168E preexisted in one (0.6%) patient who did
not achieve SVR12; this patient also had NS5A-Y93H at
baseline. Of the 13 patients in the immediate treatment
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Table 2 SVR12 in hepatitis C virus genotype 1b-infected patients with and without resistance-associated polymorphisms at baseline
(immediate treatment arm) n (%)
All patients - immediate treatment arm
With RAPs at baseline

Without RAPs at baseline

Mainland China

Russia

South Korea

Overall

Mainland China

Russia

South Korea

Overall

1/1 (100)
7/13(53.8)
8/14 (57.1)
0/1 (0)

1/1(100)
0
1/1 (100)
0

0
0/2 (0)
0/2 (0)
0

2/2 (100)
7/15 (46.7)
9/17 (52.9)
0/1 (0)

108/117 (92.3)
102/105 (97.1)
101/104 (97.1)
109/117 (93.2)

21/22 (95.5)
22/23 (95.7)
21/22 (95.5)
22/23 (95.7)

10/13 (76.9)
10/11(90.9)
10/11(90.9)
10/13 (76.9)

139/152 (91.4)
134/139 (96.4)
132/137 (96.4)
141/153 (92.2)

NS5A-L31M/V
Y93H
L31M/V or Y93H
NS3-D168E

RAP: Resistance-associated polymorphism; SVR12: Sustained virologic response at posttreatment week 12.

Table 3 SVR12 in cirrhotic and non-cirrhotic hepatitis C virus genotype 1b-infected patients with and without resistance-associated
polymorphisms at baseline (immediate treatment arm) n (%)
Patients with cirrhosis - immediate treatment arm
With RAPs at baseline
Mainland China
Patients with cirrhosis
NS5A-L31M/V
0
Y93H
0
L31M/V or Y93H
0
NS3-D168E
0
Patients without cirrhosis
NS5A-L31M/V
1/1 (100)
Y93H
7/13 (53.8)
L31M/V or Y93H
8/14 (57.1)
NS3-D168E
0/1 (0)

Without RAPs at baseline

Russia

South Korea

Overall

Mainland China

Russia

South Korea

Overall

0
0
0
0

0
0
0
0

0
0
0
0

15/16 (93.8)
15/16 (93.8)
15/16 (93.8)
15/16 (93.8)

0
0
0
0

2/3 (66.7)
2/3 (66.7)
2/3 (66.7)
2/3 (66.7)

17/19 (89.5)
17/19 (89.5)
17/19 (89.5)
17/19 (89.5)

1/1 (100)
0
1/1 (100)
0

0
0/2 (0)
0/2 (0)
0

2/2 (100)
7/15 (46.7)
9/17 (52.9)
0/1 (0)

93/101 (92.1)
87/89 (97.8)
86/88 (97.7)
94/101 (93.1)

21/22 (95.5)
22/23 (95.7)
21/22 (95.5)
22/23 (95.7)

8/10 (80.0)
8/8 (100)
8/8 (100)
8/10 (80.0)

122/133 (91.7)
117/120 (97.5)
115/118 (97.5)
124/134 (92.5)

RAP: Resistance-associated polymorphism; SVR12: Sustained virologic response at posttreatment week 12.

100

92

92

142/155

110 /119

Overall

Mainland China

96

77

22/23

10/13

SVR12 + 95%CI, %

80

60

40

20
1

0
2

Virologic breakthrough, n
Detectable HCV RNA at EOT, n
3
Relapse, n

6
1
6

4
1
4

Russia

South Korea

1
0
0

1
0
2

Figure 1 SVR12 in the immediate treatment arm. 1Includes the patient with genotype 1a infection; 2On-treatment HCV RNA ≥ LLOQ after < LLOQ, or increased
> 1 log10 over nadir; 3Posttreatment HCV RNA ≥ LLOQ after < LLOQ without detectable target at EOT. EOT: End of treatment; HCV: Hepatitis C virus; LLOQ: Lower
limit of quantitation; SVR12: Sustained virologic response at post-treatment week 12.

arm who failed to achieve SVR12, 8 (61.5%) had the
NS5A-Y93H polymorphism at baseline, including the
patient who also had baseline NS3-D168E. At treatment
failure, all 13 patients had emergent NS5A-L31 and/or
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NS5A-Y93H substitutions, while 10 of these patients
also had emergent NS3-D168 substitutions (A/E/H/V/Y).
The impact of baseline resistance-associated
polymorphisms on SVR12 in the placebo-deferred arm
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100

90

93

55/61

87/94

92

92

95

89

90

70/79

96/107

95

100

41/43

5/5

CT

TT

89

92

SVR12 + 95%CI, %

80

60

40

20
130/142 12/13

72/76

17/19

125/136

0
Male Female
Gender

< 65 ≥ 65
Age (yr)

< 6 million ≥ 6 million
HCV RNA (IU/mL)

CC

IL28B

Yes
No
Cirrhosis

Figure 2 SVR12 according to selected baseline characteristics in the immediate treatment arm. HCV: Hepatitis C virus; SVR12: Sustained virologic response
at posttreatment week 12.

100

82

81

42/51

33/41

86

100

6/7

3/3

SVR12 + 95%CI, %

80

60

40

20

0
Overall
1

Virologic breakthrough, n
Detectable HCV RNA at EOT, n
2
Relapse, n
3
Other, n

7
0
1
1

Mainland China
7
0
1
0

Russia

South Korea

0
0
0
4
1

0
0
0
0

Figure 3 SVR12 in the placebo-deferred treatment arm. 1On-treatment HCV RNA ≥ LLOQ after < LLOQ, or increased >1 log10 over nadir; 2HCV RNA < LLOQ
(TND) at EOT followed by HCV RNA ≥ LLOQ at any follow-up visit; 3Other nonresponders included patients who had HCV RNA < LLOQ (TND) at EOT, but with
missing posttreatment week 12 data; 4Death, not considered related to study therapy (stab wound). EOT: End of treatment; HCV: Hepatitis C virus; LLOQ: Lower limit
of quantitation; SVR12, Sustained virologic response at post-treatment week 12.

is shown in Tables 4 and 5.

during the study.
The most common AEs (any grade) occurring in >
5% of patients in either arm during the initial 12-weeks
of treatment with DUAL (immediate treatment arm)
compared with placebo (placebo-deferred arm) were
elevated ALT (3.2% vs 23.1%), elevated AST (1.3%
vs 15.4%), hypertension (7.1% vs 7.7%), upper
respiratory tract infection (6.5% vs 5.8%), platelet
count decrease (1.9% vs 7.7%) and pyrexia (0.6%
vs 5.8%). The most common grade 3-4 laboratory
abnormalities during this period (DUAL vs placebo)
were related to ALT (0.6% vs 9.6%), AST (0.6% vs
5.8%), total bilirubin (0.6% vs 0%) and hemoglobin
(1.9% vs 0%).
The safety outcomes observed during 24 wk of

Safety and tolerability

The safety outcomes observed during the 12-wk
double-blind phase are summarized in Table 6. Five
(3.2%) patients in the immediate-treatment arm had
SAEs considered related [study drug overdose (n = 2)]
or unrelated to treatment [ventricular extra-systoles
(n = 1), acute cholecystitis (n = 1) and intervertebral
disc protrusion (n = 1)], and three (5.8%) patients in
the placebo-deferred treatment arm had SAEs [ALT
elevation (n = 1), coronary artery disease (n = 1),
and hepatitis E virus infection plus liver injury (n =
1; leading to study discontinuation)] while receiving
placebo. No treatment-related deaths were observed
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Table 4 SVR12 in hepatitis C virus genotype 1b-infected patients with and without resistance-associated polymorphisms at baseline
(placebo-deferred treatment arm) n (%)

Mainland China
NS5A-L31M/V
0
Y93H
2/8 (25.0)
L31M/V or Y93H
2/8 (25.0)
NS3-D168E
0

All patients - placebo-deferred treatment arm
With RAPs at baseline
Russia
South Korea
Overall
Mainland China
0
0
0
33/41 (80.5)
0
0
2/8 (25.0)
31/33 (93.9)
0
0
2/8 (25.0)
31/33 (93.9)
0
0
0
33/41 (80.5)

Without RAPs at baseline
Russia
South Korea
6/6 (100)
3/3 (100)
6/6 (100)
3/3 (100)
6/6 (100)
3/3 (100)
6/6 (100)
3/3 (100)

Overall
42/50 (84.0)
40/42 (95.2)
40/42 (95.2)
42/50 (84.0)

RAP: Resistance-associated polymorphism; SVR12: Sustained virologic response at posttreatment week 12.

Table 5 SVR12 in cirrhotic and noncirrhotic hepatitis C virus genotype-1b-infected patients with and without resistance-associated
polymorphisms at baseline (placebo-deferred treatment arm) n (%)
Patients with cirrhosis - placebo-deferred treatment arm
With RAPs at baseline
Mainland China

Without RAPs at baseline

Russia

South Korea

Overall

Mainland China

Russia

South Korea

Overall

0
0
0
0

0
0
0
0

0
1/3 (33.3)
1/3 (33.3)
0

3/5 (60.0)
2/2 (100)
2/2 (100)
3/5 (60.0)

1/1 (100)
1/1 (100)
1/1 (100)
1/1 (100)

1/1 (100)
1/1 (100)
1/1 (100)
1/1 (100)

5/7 (71.4)
4/4 (100)
4/4 (100)
5/7 (71.4)

0
0
0
0

0
0
0
0

0
1/5 (20.0)
1/5 (20.0)
0

30/36 (83.3)
29/31 (93.5)
29/31 (93.5)
30/36 (83.3)

5/5 (100)
5/5 (100)
5/5 (100)
5/5 (100)

2/2 (100)
2/2 (100)
2/2 (100)
2/2 (100)

37/43 (86.0)
36/38 (94.7)
36/38 (94.7)
37/43 (86.0)

Patients with cirrhosis
NS5A-L31M/V
0
Y93H
1/3 (33.3)
L31M/V or Y93H
1/3 (33.3)
NS3-D168E
0
Patients without cirrhosis
NS5A-L31M/V
0
Y93H
1/5 (20.0)
L31M/V or Y93H
1/5 (20.0)
NS3-D168E
0

RAP: Resistance-associated polymorphism; SVR12: Sustained virologic response at posttreatment week 12.

100

77

86

86

95
63

79

74

88

100

15/17

1/1

84

71

37/44

5/7

SVR12 + 95%CI,%

80

60

40

20
17/22

25/29

37/43

5/8

19/20

23/31

26/33

0
Male Female
Gender

< 65 ≥ 65
Age (yr)

< 6 million ≥ 6 million
HCV RNA (IU/mL)

CC

CT

IL28B

TT

Yes
No
Cirrhosis

Figure 4 SVR12 according to selected baseline characteristics in the placebo-deferred treatment arm1. 1Reasons for patients not achieving SVR12 included
virologic breakthrough (n = 7), relapse (n = 1) or other (n = 1; death, not considered related to study therapy). HCV: Hepatitis C virus; SVR12: Sustained virologic
response at post-treatment week 12.

DUAL treatment in either arm are summarized in Table
7. Two (1.3%) patients in the immediate treatment arm
had SAEs deemed unrelated to treatment [appendicitis
(n = 1) and retinal detachment (n = 1)] in addition to
the five patients with SAEs during the 12-wk doubleblind phase. One (2.0%) patient in the placebo-deferred
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treatment arm (excluding the patient who discontinued
during the 12-wk double-blind phase) discontinued due
to fatality unrelated to treatment (stab wound). One
patient in the immediate treatment arm discontinued
after twice meeting the biochemical criteria for Hy’
s law. On day 118, treatment was interrupted for this
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Table 6 Safety during the 12-wk double-blind period n (%)
Parameter

Immediate treatment, n = 155

Placebo-deferred treatment, n = 52

0 (0)
5 (3)2

1 (2)1
3 (6)1,3

5 (3)
2 (1)
11 (7)
10 (6)
3 (2)
1 (1)

12 (23)
8 (15)
4 (8)
3 (6)
4 (8)
3 (6)

1 (1)
1 (1)
1 (1)
3 (2)

5 (10)
3 (6)
0 (0)
0 (0)

AEs leading to discontinuation
Serious AEs
AEs (any grade), ≥ 5%
ALT elevation
AST elevation
Hypertension
Upper respiratory tract infection
Platelet count decrease
Pyrexia
On-treatment grade 3-4 laboratory abnormalities
ALT
AST
Total bilirubin
Hemoglobin
1

Hepatitis E virus infection and liver injury (n = 1); 2Treatment related: Study drug overdose (n = 2); Unrelated to treatment: Ventricular extrasystoles (n =
1), acute cholecystitis (n = 1) and intervertebral disc protrusion (n = 1); 3ALT elevation (n = 1) and coronary artery disease (n = 1). AE: Adverse event; ALT:
Alanine transaminase; AST: Aspartate transaminase.

Table 7 Safety during 24 wk of daclatasvir plus asunaprevir treatment in either arm n (%)
Immediate treatment, n = 155

Parameter
AEs leading to discontinuation
Serious AEs
Deaths
AEs (any grade), ≥ 5%
ALT elevation
Upper respiratory tract infection
Hypertension
AST elevation
INR elevation6
Blood bilirubin elevation
Fatigue
On-treatment grade 3-4 laboratory abnormalities
ALT
AST
Total bilirubin
Hemoglobin
Platelets
Absolute lymphocyte count
Absolute neutrophil count
Lipase

2

1

Placebo-deferred treatment, n = 51

Overall, n = 206

1 (1)
7 (5)4,5
0 (0)

3

1 (2)
1 (2)3
1 (2)3

2 (1)
8 (4)
1 (< 1)

17 (11)
13(8)
11 (7)
13 (8)
11 (7)
12 (8)
5 (3)

5 (10)
8(16)
6 (12)
3 (6)
2 (4)
0 (0)
6 (12)

22 (11)
21(10)
17 (8)
16 (8)
13 (6)
12 (6)
11 (5)

7 (5)2
5 (3)2
1 (1)
3 (2)
1 (1)
0 (0)
1 (1)
3 (2)

2 (4)7
1 (2)7
0 (0)
0 (0)
0 (0)
1 (2)
0 (0)
0 (0)

9 (4)
6 (3)
1 (< 1)
3 (1)
1 (< 1)
1 (< 1)
1 (< 1)
3 (1)

1

Excludes the patient who discontinued during the double-blind phase; 2Jaundice and nausea, which followed concomitant but reversible treatmentrelated ALT, AST and total bilirubin elevations (patient met the biochemical criteria for Hy’s law; aminotransferases, jaundice and nausea resolved offtreatment and patient achieved SVR12); 3Fatality (stab wound) unrelated to treatment; 4Treatment related: Study drug overdose (n = 2); 5Unrelated to
treatment: Ventricular extrasystoles (n = 1), acute cholecystitis (n = 1), intervertebral disc protrusion (n = 1), retinal detachment (n = 1) and appendicitis (n
= 1); 6No grade 3-4 INR laboratory abnormalities were observed; 7One patient experienced vomiting, decreased appetite and myalgia (all resolved), plus
grade 3 ALT and AST abnormalities (both reversible), and interrupted DUAL treatment for 2 d (patient achieved SVR12). AE: Adverse event; ALT: Alanine
transaminase; AST: Aspartate transaminase; INR: International normalized ratio.

patient until day 124 due to grade 3 ALT (320 U/L) and
AST (237 U/L), grade 2 bilirubin (36.3 μmol/L), and
grade 1 alkaline phosphatase (201 U/L). By day 133,
the patient’s AST level had improved to 195 U/L (grade
3), but levels of ALT (223 U/L) and blood bilirubin (37.6
μmol/L) remained elevated. On day 141, the patient’s
blood bilirubin and ALT levels had improved to 32.5
μmol/L (grade 2) and 155 U/L (grade 2), respectively;
however, he was diagnosed with grade 2 AST (152 U/L)
and grade 2 AEs of jaundice and nausea. Given this
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patient’s already elevated levels of ALT, AST and alkaline
phosphatase, he met the biochemical criteria for Hy’s
law for a second time and discontinued treatment the
next day. All events resolved by day 152 and the patient
achieved SVR12.
The most common AEs (any grade) occurring in >
5% of patients during 24 wk of treatment with DUAL in
either treatment arm were elevated ALT (11%), upper
respiratory tract infection (10%), hypertension (8%),
elevated AST (8%), elevated international normalized
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ratio (6%), elevated blood bilirubin (6%) and fatigue
(5%). The most common grade 3-4 laboratory ab
normalities were related to ALT (4%), AST (3%),
hemoglobin (1%) or lipase (1%) (Table 7).

most of these patients had begun to decrease by week
2 of open-label treatment with DUAL. One patient in
the immediate treatment arm met the criteria for Hy’
s law during treatment with DUAL; however, following
treatment discontinuation, the events resolved and the
patient achieved SVR12.
DUAL was well tolerated during 24 wk of treatment
in both arms, consistent with findings from other phase
[10-12,19]
3 studies
. SAEs (8/206, 3.9%) and AEs leading
to discontinuation (2/206, 1.0%) were infrequently
observed and, except for two cases of study drug
overdose, no SAEs were deemed treatment related.
Emergent grade 3-4 laboratory abnormalities were
similarly uncommon. The most common grade 3-4
laboratory abnormalities were related to ALT (9/206,
4.4%) and AST (6/206, 2.9%), however these reversed
rapidly (median reversal times: 11.0 and 8.5 d for ALT
and AST abnormalities, respectively) during or after
treatment, and their incidences were comparable with
[10,24-26]
those observed in other studies
.
A limitation of this study was the absence of a direct
IFN-based comparator for the primary efficacy endpoint.
However, despite the continuing importance of IFN-based
treatment across much of Asia, it was felt that including
an IFN-based treatment arm in the study design would
have been unethical. Peg-IFN is associated with a high
burden of systemic AEs that include “flu-like” symptoms,
[27]
neutropenia and thrombocytopenia , while ribavirin is
associated with hemolytic anemia, birth defects, nausea,
[28,29]
rash, itching, coughing and hyperuricemia
. The
result is a combination with poor treatment adherence
[30]
and a high rate of study discontinuations due to AEs .
Comparing DUAL, an all-oral combination with superior
efficacy and safety profiles, to peg-IFN plus ribavirin,
a combination containing an injectable drug with
inferior efficacy and safety profiles, would therefore
have lacked clinical equipoise. We also acknowledge
that some patients were denied access to DUAL for 12
wk during the double-blind phase; however, as liver
disease progresses slowly in patients with HCV infection,
we do not believe that giving placebo instead of active
treatment for 12 wk in compensated, treatment-naïve
patients posed any ethical concerns.
In conclusion, the findings of this study showed
that the all-oral DUAL combination of daclatasvir plus
asunaprevir was highly effective and well tolerated in
treatment-naïve patients from mainland China, Russia
and South Korea with HCV genotype 1b infection. For
patients in China, where IFN-based combinations have
been considered the standard of care for HCV infection,
DUAL was the first all-oral, nonribavirin-containing
combination to gain approval, providing patients with
access to a more efficacious and tolerable alternative
for the treatment of HCV genotype 1b infection, with
an easier route of administration and shorter treatment
duration. DUAL is also predicted to be a cost-effective
[31]
treatment alternative for HCV genotype 1b in China .
In addition, in countries such as Japan, where all-

DISCUSSION
In this study, SVR12 was achieved by 91.6% of
patients with HCV genotype 1b infection who were
randomly assigned to receive immediate treatment
with DUAL. With the lower bound of the corresponding
95%CI (87.2%) greater than the prespecified 70%
threshold, the primary endpoint was met, confirming
that DUAL is more efficacious than peg-IFN plus
ribavirin in patients with HCV genotype 1b infection.
SVR12 was comparable between patients from
mainland China (92.4%) and Russia (95.7%). By
contrast, SVR12 was lower among patients from South
Korea (76.9%); however, this was a small cohort and
two of the three patients experiencing virologic failure
had the NS5A-Y93H polymorphism at baseline, which
has been shown to reduce SVR in patients with HCV
[18,22,23]
genotype 1b infection receiving DUAL
. SVR12
was also lower among patients in the placebo-deferred
arm following treatment with DUAL (42/51, 82.4%);
however, again this was a small cohort and six of the
eight patients with virologic failure had the NS5A-Y93H
polymorphism at baseline. Nonetheless, consistent with
the results of other phase 3 studies, SVR12 was high
overall and largely unaffected by characteristics known
to attenuate response to IFN, namely cirrhosis, IL28B
non-CC genotypes, male sex, advanced age, and high
[10-13]
baseline HCV RNA
. Virologic failure in the immediate
treatment arm tended to coincide with the presence
of baseline NS5A polymorphisms at L31M or Y93H,
[18]
consistent with previous observations . Although the
prevalence of NS5A-L31 or NS5A-Y93H was relatively
low in this study (11.0%), the observed SVR12 rates
were, consistent with previous reports, higher among
patients without these baseline polymorphisms
(132/137, 96.4%), including those with cirrhosis (17/19,
89.5%), compared with cirrhotic patients with these
baseline polymorphisms (9/17, 52.9%).
During the 12-wk double-blind phase, SAEs and AEs
leading to discontinuation were infrequently observed
in the immediate (5/155, 3.2% and none) and placebodeferred (3/52, 5.8% and 1/52, 1.9%) treatment
arms. However, although the AE profiles were broadly
comparable between the two arms, elevations of ALT
and AST were more common among patients receiving
placebo (12/52, 23.1% and 8/52, 15.4%) compared
with those receiving DUAL (5/155, 3.2% and 2/155,
1.3%). Consistent with this, grade 3-4 ALT and AST
laboratory abnormalities during the blinded phase
were more common among patients receiving placebo
compared with those receiving DUAL. These elevations
most likely reflected ongoing inflammation from
untreated HCV infection; indeed, ALT and AST levels in
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easier route of administration and shorter treatment duration.

oral regimens are considered the standard of care for
the treatment of HCV genotype 1b infection, DUAL is
expected to be cost-saving compared with sofosbuvir/
[32]
ledipasvir, with similar health outcomes .
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Research background

Chronic hepatitis C virus (HCV) infection is a significant health burden across
Asia, and affects 5-7 million people in China alone. Without effective treatment,
patients can develop severe complications, such as cirrhosis or hepatocellular
carcinoma. Previous therapies for the treatment of chronic HCV infection have
been based on a combination of peg-interferon and ribavirin, both of which are
associated with a high burden of adverse events (AEs) that contribute to poor
treatment adherence and high rates of treatment discontinuations.
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Abstract
Drug-induced liver injury (DILI) has become a major
topic in the field of Hepatology and Gastroenterology.
DILI can be clinically divided into three phenotypes:
hepatocytic, cholestatic and mixed. Although the clinical
manifestations of DILI are variable and the pathogenesis
complicated, recent insights using improved preclinical
models, have allowed a better understanding of the
mechanisms that trigger liver damage. In this review,
we will discuss the pathophysiological mechanisms
underlying DILI. The toxicity of the drug eventually
induces hepatocellular damage through multiple molecular
pathways, including direct hepatic toxicity and innate and
adaptive immune responses. Drugs or their metabolites,
such as the common analgesic, acetaminophen, can
cause direct hepatic toxicity through accumulation of
reactive oxygen species and mitochondrial dysfunction.
The innate and adaptive immune responses play also
a very important role in the occurrence of idiosyncra
tic DILI. Furthermore, we examine common forms of
hepatocyte death and their association with the activation
of specific signaling pathways.
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induced liver injury; cell death; reactive oxygen species

former refers to dose-dependent hepatotoxicity that
is predictable in humans or animal models, while
idiosyncratic DILI (iDILI) is an unpredictable injury that
cannot be explained by the known pharmacological
properties. Recently, the screening of new drugs has
become more stringent and the monitoring of ADRs
improved. Problems associated with DILI have become
a major driver in the development of new medications,
and for the withdrawal, restriction or project termination
of existing drugs and drug compound candidates. In
developed countries, iDILI is less common, occurring
only very rarely among treated patients, while intrinsic
[5,6]
hepatotoxicity is still a main cause of DILI . The
pathogenesis of DILI is a complex process that has
recently attracted much attention. Some researchers
recently proposed a new hypothesis, providing a clear
[7]
framework and direction for the further study of DILI .
According to this hypothesis, drug-induced liver injury
can be divided into three steps: an initial insulting
stimulation causes the mitochondrial dysfunction, and
ultimately leads to cell death. However, until now, the
exact mechanism remains unclear. For the purpose of
preventing DILI and improving clinical management,
the study of the pathogenesis of DILI is particularly
important. In this article, we will review and discuss
recent progress towards understanding the underlying
mechanisms triggering DILI.

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Drug-induced liver injury (DILI) represents
a broad spectrum of clinical manifestations, and
is generally divided into two subtypes: intrinsic and
idiosyncratic hepatotoxicity. Drugs and their reactive
metabolites covalently bind to mitochondria and cause
direct hepatic toxicity through accumulation of oxidative
stress (ROS and RNS), endoplasmic reticulum stress
and mitochondrial dysfunction, ultimately leading to cell
death. The innate and adaptive immune responses also
play an important role in the occurrence of idiosyncratic
immunological reactions towards the drugs. In this
review, we discuss the pathophysiological mechanisms
underlying DILI, specific signaling pathways and the
common forms of hepatocyte death.
Ye H, Nelson LJ, Gómez del Moral M, Martínez-Naves
E, Cubero FJ. Dissecting the molecular pathophysiology
of drug-induced liver injury. World J Gastroenterol 2018;
24(13): 1373-1385 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i13/1373.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i13.1373

INTRODUCTION

DIRECT HEPATIC TOXICITY

Drug-induced liver injury (DILI) is the most common
cause of acute liver failure (ALF) in the United States and
[1]
Europe , and is a leading reason for drug withdrawal
and the high attrition rates in drug development (Table 1).
In addition, the incidence of DILI has continued to rise
and is therefore recognized as a major public health
[2]
concern . DILI is one of the most common and serious
[3]
adverse drug reactions (ADRs) , and is defined as a
[4]
chemical insult resulting in injury to the liver . It can
be triggered by the parent drug and/or its metabolites,
or as a reaction of hypersensitivity to the compound.
A wide variety of drugs can cause DILI, including antitumor chemotherapy drugs, anti-tuberculosis drugs,
antipyretic analgesics, immunosuppressive agents,
hypoglycaemic therapies, or anti-bacterial, anti-fungal
and antiviral drugs. DILI leads to multiple presentations
in the clinic, including elevated liver enzymes, hepatitis,
hepatocellular necrosis, cholestasis, fatty liver and
liver cirrhosis. Occasionally, the clinical symptoms are
not specific and they are indistinguishable from other
hepatic disorders. In some patients, liver injury is easily
detected by blood tests. The wide range of clinical
manifestation, the complication of aetiology and the
lack of effective tests make its diagnosis and treatment
particularly challenging.
DILI is generally divided into two subtypes ac
cording to the hepatotoxicity of the drug: “intrinsic”
hepatotoxicity and “idiosyncratic” hepatotoxicity. The

The liver plays an important role in the metabolism of
drugs or exogenous toxicants, and the majority of drugs
are biologically transformed in the liver. The patholo
gical state of the liver can affect drug metabolism,
thus changing the efficacy and the ADRs, whilst the
metabolic products of drugs can cause liver damage.
The cytochrome P450s (CYP) are a superfamily of
iron porphyrin proteins, which are key factors involved
in drug oxidative and reduction reactions. Through
the P450s, drugs are metabolized and can form ions,
oxygen free radicals and other active substances. The
balance between toxic formation and detoxification
is essential for DILI. Toxins are inactivated by the
detoxification phaseⅠ-Ⅲ pathways of the liver. However,
once the amount of toxins exceeds the capacity of the
hepatic detoxification function, drugs and their reactive
metabolites impact cell function - leading to liver cell
damage - eventually causing apoptotic or necrotic cell
death. At present, the most frequently studied drug,
which causes intrinsic DILI, is acetaminophen (APAP),
[8]
which is also known as paracetamol .
Upon rapid absorption, APAP is mainly metabolized
via Phase-Ⅰ reactions (sulfation or glucuronidation) and
then excreted into the urine. APAP toxicity is caused
mainly by the excess formation of the reactive inter
[9]
mediate, N-acetyl-p-benzoquinone imine (NAPQI) , as
a result of CYP (predominately CYP2E1 and CYP1A2)
metabolism. Under normal circumstances, NAPQI
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Table 1 The incidence of drug-induced liver injury
Country

France

Iceland

South Korea

Spain

United Kingdom

United States

Sweden

0.139

0.191

0.12

0.03

0.007-0.013

0.10-1.50

0.023

DILI incidence (‰)
DILI: Drug-induced liver injury.

is detoxified by rapid conjugation with the hepatic
glutathione (GSH) and excreted into the bile, thus, APAP
usage is nontoxic. Following overdose, APAP saturates
[10]
both the sulfation and the glucuronidation pathways ,
enhanced NAPQI production depletes mitochondrial
GSH, and the excess NAPQI then reacts with sulfhydryl
[11]
groups of proteins to form protein adducts . The
interaction of NAPQI with target DNA and proteins in
the mitochondria and the formation of protein adducts
is thought to be critical for the development of hepatic
[12,13]
toxicity
, leading to oxidative stress, mitochondrial
[14,15]
dysfunction
and mitogen-activated protein kinase
(MAPK) activation (Figure 1). Specific targets in the
mitochondria, including glutathione peroxidase (GPx)
and the alpha subunit of adenosine triphosphate (ATP)
synthase, participate in adduct formation, which was
[16]
identified using proteomic approaches . Furthermore,
some drugs lead to the obstruction of the bile duct
and mediate inhibition of hepatobiliary transporter
[17]
systems . Bile salt export pump (BSEP) is an efflux
transporter of bile acids (BAs) transport and responsible
for the clearance of drugs from liver and the secretion
of bile salts into bile. The inhibition of BSEP expression
[18]
has profound effects on bile acid homeostasis . The
cytotoxic bile acids accumulating in the liver results in
[17]
liver cell damage, and potentially cirrhosis .

antioxidant defense systems. Additionally, LPO can be a
[23]
consequence of tissue injury rather than the cause .
Given a toxic dose of APAP, histological necrosis
is evident in the liver at 4 h, and tyrosine nitration
[24]
occurs, indicating peroxynitrite formation . Enhanced
●production of superoxide radicals (O2 ) reacts with nitric
oxide (NO), produced by inducible nitric oxide synthase
- [25]
(iNOS), forming peroxynitrite (ONOO ) . Since the
●O2 anion scarcely passes through the hepatocyte
cell membrane, this process occurs exclusively within
the mitochondria. The highly reactive and potent
oxidant ONOO also causes nitration of protein tyrosine
[26]
residues which induces damage to mitochondrial DNA
and the opening of the mitochondrial membrane pore.
Mitochondrial oxidative stress alone is not suffi
cient to ultimately trigger mitochondrial membrane
permeability transition (MPT) and induce cell death.
A group of protein kinases known as the mitogenactivated protein kinases (MAPKs), one of the most
actively studied kinases or signaling pathways,
participates in this process. Conventional studies have
shown that MAPK pathways include many proteins
such as the extracellular signal-related kinases (ERK),
[27]
c-Jun N-terminal kinases (JNKs) and p38 . The JNK
genes, JNK1 and JNK2, are expressed in the liver. A
dysregulation of JNK1 and JNK2 protein expression is
characteristic in both human and murine models of DILI,
[28]
and is a potential therapeutic target . JNK activation
occurs early after APAP overdose and is sustained
during the process, inducing hepatocyte death. JNK
activation has been found in both hepatocytes and
infiltrating cells, and is mediated by MAP kinase kinases
[29]
(MAP2K) , which in turn are phosphorylated and
activated by MAP kinase kinase kinases (MAP3K). The
apoptosis signal-regulating kinase-1 (ASK1) is involved
[30]
in APAP-induced JNK elevation
and activated by
the dissociation with thioredoxin-1(Trx-1). The mixedlineage kinase-3 (MLK3), a member of serine/threonine
protein kinases family, mediates the initial phase of
[31]
JNK activation . ASK1 and MLK belong to the MAP3K
group and different MAP3K group members function
cooperatively in the response to oxidative stress. The
role of MAP3K in JNK regulation still requires to be
further investigated; whilst the activation of JNK can
[32]
also be influenced by the dose of APAP . The fact
that RIP3-deficiency prevented oxidant stress suggests
[33]
that RIPK3 acted upstream of JNK activation . After
JNK activation and phosphorylation in the cytosol, JNK
binds to the Sab protein on the outer mitochondrial
[34,35]
membrane
, leading to the inactivation of p-Src

Oxidative and nitrosative stress

Oxidative stress is the result of the generation of ROS,
which are a by-product of normal metabolism and have
roles in cell signaling and homeostasis. Some DILIcausing drugs increase ROS accumulation through a
[19]
variety of mechanisms . Iron overload also amplifies
oxidative stress as a catalyst for ROS formation via
the Fenton reaction, in which H2O2 splits into hydroxyl
•
radicals (OH ) and hydroxide (OH ) (Figure 2). Free
radical metabolites participate in the redox process
and are capable of inducing cell damage by covalently
[20]
binding to macromolecules . Moreover, radical species
can oxidize essential cell components and result in
mutations in genomic and mitochondrial DNA (p21,
p53) and tumor generation.
The role of lipid peroxidation (LPO) remains con
troversial in APAP hepatoxicity, and is often considered
[21]
to be involved in cell death . However, APAP overdose
causes severe liver damage but a minor increase in the
[22]
levels of LPO in normal animals . Thus it seems that
lipid peroxidation is not a critical event in APAP-induced
hepatotoxicity. The cell injury induced by LPO requires
not only oxidant formation but also impairment of the
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Figure 1 Pathophysiology of drug-induced liver injury. Schematic representation of paracetamol toxicology. Metabolism of acetaminophen (APAP) or carbon
tetrachloride (CCl4) catalyzed by CYP2E1 enzyme causes the generation of an intermediate reactive compound which causes covalent bonds, glutathione (GSH)
depletion and increased in oxidative stress. Thioredoxin-1 (Trx-1) normally binds the N-terminal domain of Apoptosis signal-regulating kinase 1 (ASK1) and inhibits
kinase activity. Reactive oxygen species (ROS) accumulation oxidizes and consequently removes Trx-1 from Trx-ASK1 complexes, leading to activation of ASK1 and
subsequent apoptosis signalling cascade. Then c-Jun N-terminal kinases (JNK) translocates into the mitochondria and alters of the mitochondrial membrane potential,
which triggers cell death. DILI: Drug-induced liver injury. MPT: Membrane permeability transition; LPO: Lipid peroxidation; NAPQI: N-acetyl-p-benzoquinone imine.
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Figure 2 The Fenton reaction in liver disease. Oxidative stress produces large amounts of reactive compounds and cytotoxic free radicals (H2O2, O2•- and OH•).
The Fenton reaction generates hydroxyl radicals (OH•) from hydrogen peroxide (H2O2) and superoxide (O2•-) catalyzed by iron. This reaction occurs in cells and free
radicals can attack the double bonds of non-saturated phospholipids in cell membranes which eventually degrade the structural integrity of cell membranes, impair
enzymatic function and cause cross-linking of proteins or strand breaks in DNA. Cells also have an antioxidant enzyme system (catalase, GSH or SOD) is meant to
neutralize free radicals and prevent damage.

on the inner mitochondrial membrane, which inhibits
electron transport and increases ROS generation
[36]
and further mitochondrial injury . Ultimately, the
pJNK translocates to the mitochondria and results in
[34]
downstream signaling events .

oxidative stress can reduce the synthesis of mitoch
ondrial proteins and increase mitochondrial permeability
transition. The induction of MPT increases mitochondrial
membrane permeability allowing the exit of molecules
[37]
less than 1500 Daltons , which causes mitochondria
to become further depolarized, thus reducing the proton
gradient leading to the collapse of the mitochondrial
membrane potential (MMP). The mitochondria then
swell, rupture and release proteins from the inter-

Mitochondrial dysfunction

Mitochondrial dysfunction is the main cause of hepa
tocellular necrosis. The amplification of mitochondrial
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[38]

membrane space , a sequence implicated in cell
[39,40]
death pathways such as apoptosis
. ROS are also
produced because of the opening of the MPT pore, in
turn, exaggerating oxidative stress and inducing DNA
damage. Furthermore, the β-oxidation respiratory chain
is compromised, and the process of ATP production is
[41]
disrupted, resulting in reduced energy .

considered that iDILI is caused by the deficiency or low
activity of drug-metabolizing enzymes and an abnormal
immune response. Non-genetic types include existing
disease states, pregnancy, age and host gender. In
some iDILI reactions, the same mechanisms of intrinsic
DILI are involved: ROS, mitochondrial dysfunction and
altered bile acid homeostasis. The typical drugs are
tacrine and stavudine. Additionally, in some iDILI, after
exposure to certain drugs, neoantigens are produced in
the liver and can mobilize the immune cells and result
in idiosyncratic immunological reactions towards the
drugs.

Endoplasmic reticulum stress

Various cellular stresses such as ROS or alteration in
2+
the cellular calcium (Ca ) concentration can impair
protein folding and initiate the endoplasmic reticulum
(ER) stress, which plays a critical role in APAP-induced
[42]
hepatotoxicity . Efficient protein folding in the ER
requires tight coupling between the subunits of new
[43]
proteins in the ER lumen and the ER folding capacity .
If the demand for protein folding increases, unfolded or
misfolded proteins in the lumen also increase. ER stress
is induced late after APAP intoxication (500 mg/kg) in
murine models, and becomes significant 12 h following
[44]
APAP administration . The mechanisms by which
APAP induces ER stress are poorly understood. One
hypothesis is the alteration in the microsomes secondary
to NAPQI generation. It has been reported that APAP
induces an oxidative shift of the ER oxidoreductases,
Erp72 and protein disulfide isomerase (PDI) in liver
[45]
microsomes . Furthermore, NAPQI can covalently
bind to several microsomal proteins such as PDI and
calreticulin, which have a significant role in protein
folding in the ER, thus inducing ER stress. Another
hypothesis suggests that ER stress might be due to
[46]
ROS overproduction and mitochondrial dysfunction ,
including loss of the MMP and increase in intracellular
2+
Ca concentration. Inhibition of BSEP results in not only
cholestasis in some cases, but importantly, via bile acid
retention, causes mitochondrial and ER stress, which
may amplify injury or sensitize hepatocytes to other
[47]
injury mechanisms .

The innate immune response

As a result of hepatocyte damage, iDILI triggers the
inflammatory reaction, which involves the innate
immune system. The innate immune system in the
human liver is mainly composed of Kupffer cells (KCs),
neutrophils, monocytes and natural killer cells/natural
[52,53]
killer T cells (NK/NKT cells)
. In recent years,
increasingly studies have confirmed that the innate
immune system participates in the pathogenesis
of iDILI, but the specific mechanism is still on the
controversy. The main hypothesis is that neoantigen
stimulates the cells of the innate immune system and
creates inflammation by binding to Toll-like receptors
(TLRs), scavenger receptors (SCRs) and mannitol
receptors (MRs) of macrophages. In patients with iDILI,
a large number of macrophages are mobilized in the
blood and assemble around the damaged hepatocytes
via adhesion factors. The proliferation of macrophages
[54]
is also seen in the bone marrow . The depletion of
KC reduces the expression of IL-10, IL-6 and other
mediators, and increases APAP-induced liver injury.
Overall, the activation of KC is beneficial because the
anti-inflammatory effects outweigh potential toxic
[55]
effects . Antigens derived from damage associated
[56]
molecular patterns (DAMPs) act as signals to activate
innate immune cells. High mobility group box 1 protein
(HMGB1) is one of the previously identified DAMPs.
HMGB1 induces the infiltration of neutrophils, associates
with TLRs and promotes the release of cytokines such
[57]
as TNFα, IFNγ and IL-1, thereby activating the KC
and aggravating iDILI. In addition, the controversy
surrounds the role of NK/NKT cells. Some researchers
believe that NK/NKT cells ameliorate the liver injury
caused by drugs through secreting IFNγ, IL-4 and
other cytokines. However, some authors have reported
no significant differences in the expression level
of protective cytokines from the liver of NKT-cell[58]
deficient mice . In addition, the released cytokines
and chemokines can enhance the adaptive immune
response through a variety of mechanisms.

iDILI
[48]

iDILI is a rare ADR , and occurs with a variable latency
to onset, usually after several weeks or months of
continuous treatment with the offending drug but, more
[49]
importantly, it is unpredictable . The incidence of iDILI
[50]
ranges from 1/1000 to 1/200000 , depending on the
agent. The diagnosis of iDILI relies on the exclusion
of other causes of liver injury and detailed medical
history. The mechanisms of iDILI have not yet been
elucidated. Although it is thought that iDILI is not doserelated, recent studies have supported the prediction
[51]
of dose-response to some extent . In general, it is
associated with host condition, behavioural factors and
drug exposure. Amongst behavioural factors, excessive
alcohol consumption and smoking are very common
triggers of iDILI. The host factors include genetic and
non-genetic-derived iDILI. For example, genetically, it is
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The finding that the liver injury recurs promptly after
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the iDILI patient is re-exposed to the offending drug,
reflects the involvement of an adaptive immune
response. This is in fact predictable, given that the
antigen-specific immunocytes still remain in the body.
During the process of drug metabolism, drug metabolite
covalently binds to hepatic protein or modified proteins
expressed on the surface of hepatocytes and form
protein haptens (essentially an incomplete antigen). The
hapten is released after hepatocyte death or damage
and presented by antigen-presenting cells (APCs) in
complex with major histocompatibility complex (MHC)
+
class II molecules to cluster of differentiation 4 (CD4 )
T cells. When recognized as ‘foreign’ by T cells and
+
following binding to T-cell receptors of CD4 T cells,
+
it then activates cluster of differentiation 8 (CD8 ) T
+
cytotoxic cells via secretion of TNFα and IFNγ. CD8 T
cytotoxic cells mediate cytotoxic reactions though
FasL or perforin and induce hepatocellular apoptosis.
The anaesthetic drug Halothane exactly triggers this
mechanism. Under normal conditions, hapten alone
is not sufficient to activate the immune response,
therefore activation of the adaptive immune system
requires other cell/ tissue threatening events. This is
termed the ‘Hypothesis of danger signalling’. Indeed, it
has been shown that the presence of an inflammatory
background is associated with increased susceptibility to
[59,60]
iDILI
. Infection and inflammation act as the danger
signal and further augment the immune response by
[61]
cell death or cytokine release . However, the specific
mechanisms still need further study.
The “hapten” hypothesis is a dominant mechanism
proposed for the creation of neoantigens after drug
[62]
exposure . More recently, the ‘pharmacological
interaction’ or ‘p-i’ model suggests a new hypothesis for
[63]
activating T-cell-mediated immune responses . The
drug directly binds to either the T-cell receptor (TCR)
or human leucocyte antigen (HLA) without intracellular
[64-66]
antigen processing
, and activates T cells in a
[67]
peptide-independent manner . This hypothesis
might also explain the rapid reaction of T-cells after
drug exposure in vitro, which is inconsistent with the
time-course of antigen processing in vivo. Classic
drugs that are considered to respond in this way are
sulfamethoxazole, lamotrigine and carbamazepine.

(FLUX-DILI) has revealed a strong association with
[73]
the HLA-B*57:01 allele . Flucloxacillin is an effective
antimicrobial drug against staphylococcal infections
and widely used in Europe and Australia. The incidence
of cholestatic hepatitis, which is induced by the use of
flucloxacillin, is estimated to be 8.5 per 100000 in the
[74]
first 1 to 45 d after start of treatment . However, the
incidence in the HLA-B*57:01 allele carriers raises more
than 3-fold, indicating the HLA-B*57:01 have an added
[75]
effect on FLUX-DILI .

Immune tolerance

Hepatocyte stress can be detected in the majority of
individuals exposed to the insulting drug, especially at
high concentrations. However, injury occurs in only a
very small number of individuals. Although the liver
is considered itself to be an immune-tolerant organ,
the variation of susceptibility to the ensuing stress
response(s) still exists; only in individuals with low
tolerance, will DILI occur. The tolerance phenomenon
due to liver immunity can be explained by: apoptosis
of activated T cells, immune deviation and immune
[53]
+
active suppression . Antigen-specific CD8 T-cell
populations accumulate transiently within the liver
[76]
before apoptosis . It is possible that the liver can
induce apoptosis of activated T cells through toxic
[77]
molecules or the deprivation of survival signals .
Hepatocytes can attract apoptotic T cells because
specific markers are expressed in the membrane and
are recognized by KCs or other cells in the liver. During
the hepatic immune responses, there is immune
[78]
deviation occurring. Klugewitz et al , reported that the
liver sinusoidal endothelial cells (LSECs) can selectively
inhibit T helper-1 (Th1) cells and reduce the production
of INF-γ, but LSECs can also activate T helper-2 (Th2)
cells leading to an increase in IL-4 secretion. The third
mechanism is the result of the unique composition of
tolerogenic APCs in the liver. The tolerogenic APCs within
the liver include LSECs, KCs, and hepatic dendritic
cells (DCs). Although recognized as APCs, these cells
are incapable of stimulating antigen-specific T-cell
[79]
responses . On the contrary, they trap and interact
with the inactive T cells in the liver sinusoid, thereby
promoting tolerance. LSECs can act as APCs to some
+
+
extent, but CD4 or CD8 T cells activated by them
cannot further differentiate into Th1 cells or cytotoxic
cells. Moreover, hepatic KCs can also suppress T-cell
[80]
activation through the production of prostaglandins .

The immune genetic polymorphism

A genome-wide association study (GWAS) proved that
iDILI is associated with the HLA region on chromosome
[68,69]
6
. The HLA polymorphism results in the human
body to be more prone to produce adaptive immune
[70]
responses to certain drugs . HLA genotyping of
75 amoxicillin-clavulanate hepatotoxicity cases in
Spain has also demonstrated phenotype-specific HLA
[71]
association . Abacavir, a human immunodeficiency
virus reverse transcriptase inhibitor, induces multi-organ
toxicity exclusively in patients carrying the HLA-B*57:01
[72]
allele . A GWAS on flucloxacillin hepatotoxicity
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hepatocyte death
The traditionally recognized forms of cell death are
apoptosis and necrosis: apoptosis is a highly regulated
and controlled cell death process that does not cause
inflammation, while necrosis is a traumatic mode of
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cell death that induces inflammation and can promote
[81]
tissue fibrosis . Recently, increasing evidence has
shown that there is a specific subtype of necrosis,
[82]
termed necroptosis . Autophagy was first observed
[83]
by Keith R Porter and his student in 1962
and has
become a controversial topic in the occurrence of
DILI, which is not only a protective pathway but also
associated with cell death (discussed below).

liver, the extrinsic and intrinsic pathways are linked,
because hepatocytes require mitochondrial amplification
[90]
activating caspase-3 for cell death execution .

Necrosis

Conventionally necrosis is thought to be ‘unprogrammed’
cell death caused by factors external to the cell or
tissue, such as infection, virus, toxins, drugs or trauma.
This results in the loss of cell membrane integrity with
an uncontrolled release of cellular constituents into
the extracellular space, thus eliciting an inflammatory
[91]
response in the surrounding tissue . The typical
features of necrosis include depletion of ATP, ion
imbalance and mitochondrial dysfunction. Similar to
the intrinsic pathway of apoptosis, mitochondrial injury
is the key factor of early-stage necrosis. The change
of cell size and the formation of membrane “blebs”
are reversible, but once MPT is changed and cellular
constituents are released, the cascade is irreversible,
and leads to cell rupture. Hepatocellular necrosis also
requires the participation of proteases, one of which is
calpain-mediating necrosis. Furthermore, recent work
has demonstrated that necrosis can be regulated by
[92]
MPT inhibitor or caspase inhibitors . RIPK3-mediated
mitochondrial fission seems to be also a feature of
APAP-induced hepatocyte necrosis. Drp1 translocates to
the mitochondria mediated by RIPK3, polymerizes and
[33]
constricts mitochondria to facilitate organelle division .

Apoptosis

Apoptosis is a process of programmed cell death, which
maintains physiological homeostasis in the normal
[84]
human liver . Characteristic apoptotic morphology
includes cell shrinkage, nuclear fragmentation, chro
matin condensation, chromosomal DNA fragmentation
and global mRNA decay. Apoptosis can be initiated
through two pathways: the intrinsic pathway (also called
the mitochondrial pathway), and the extrinsic pathway.
The intrinsic pathway is activated by intracellular
signals generated when cells are stressed and depends
on the release of proteins from the mitochondrial
intermembrane space. The extrinsic pathway is
activated by extracellular ligands binding to cell-surface
death receptors (DRs). Both pathways induce cell death
by activating executioner caspases (caspase 3 and 7)
or enzymes that degrade protein (e.g., non-caspases,
cathepsins, calpains, granzymes, and the proteasome
complex, also have roles in mediating and promoting
cell death).
Death receptors belong to the TNF family, com
prising TNF receptor (TNFR), FAS and TNF-related
[85]
apoptosis-inducing ligand receptor (TRAIL-R) . The
most widely expressed on the hepatocellular membrane
are CD95 (APO-1/FAS) and TNFR1 (CD120a). When
DRs are engaged by their ligands, the death domains of
the receptors are oligomerized and form a membranebound supramolecular structure termed death-inducing
signaling complex (DISC), including TNFR-associated
death domain (TRADD), receptor interacting protein
kinase-1 (RIPK1), cellular inhibitor of apoptosis 1 and
2 (cIAP1 and 2) and TNFR-associated factor 2 (TRAF2)
[86]
[87]
or TRAF5 , thereby recruiting caspase-8 , and
transducing a downstream signal cascade resulting
[88]
in apoptosis . The intrinsic pathway is commonly
triggered via Bid, a protein of the B-cell lymphoma
2 (Bcl-2) family. Caspase-8 mediates the cleavage
of Bid and cleaved Bid (tBid) would translocate to
mitochondria, lead to mitochondrial outer membrane
permeabilization (MOMP) via Bax and Bak and induce
cytochrome C release to the cytoplasm, which binds
to Apaf-1, forming a complex with caspase-9. The
activation of procaspase-9 initiates the caspase
cascade, promoting cell death. Several intracellular
factors can activate this pathway, including ER stress
[89]
and P53 activation . ER stress induces an intrinsic
cell death pathway termed lipoapoptosis mediated by
JNK activation, whereas p53 induces apoptosis though
regulation of specific target genes such as Bax. In the
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Necroptosis

Necroptosis is a “programmed” form of necrosis,
which incorporates features of necrosis and apoptosis
[93]
(Figure 3) . Necroptosis shares the upstream
pathway with apoptosis, and leads to cellular leakage,
as seen in necrosis. Necroptosis can lead to cell death
without the facilitation of caspase, in the presence of
[93]
caspase inhibitors . The typical signaling pathway
of necroptosis is mediated by TNF super family
member receptor. TNFα can stimulate its receptor
TNFR1, and the TNFR-associated death protein TRADD
signals to RIPK1 - which recruits RIPK3, to form the
necrosome through the interaction of RIP-homology
interaction motif (RHIM). RIPK3 then activates mixed
lineage kinase domain like pseudokinase (MLKL) by
phosphorylation, and p-MLKL subsequently drives
oligomerization of MLKL, allowing MLKL to insert into
[94]
and permeabilize plasma membranes and organelles .
The pro-inflammatory factors are then released and
elicit immune responses ensue. The role of necroptosis
in APAP-derived DILI is still controversial. Although TNF
receptor signalling pathway is the best studied initiating
event for necroptosis, there are multiple mechanisms to
trigger this mode of cell death and further studies are
[95]
needed to identify potential activators . Many studies
showed that Nec-1, an inhibitor of RIPK1, protects
[33,96]
against APAP hepatotoxicity in vivo and in vitro
.
However, RIPK3 and MLKL seem to be dispensable in
APAP-derived DILI, whilst RIPK1 is essential for APAP
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Figure 3 Schematic overview of three different modes of cell death: apoptosis, necrosis and necroptosis. When FasL or Tumor necrosis factor-alpha (TNF-α)
bind to their death receptors (DRs), death domains of DRs are oligomerized and form death-inducing signalling complex (DISC), which recruits caspase-8. Active
caspase 8 cleaves Bid into cleaved Bid (tBid), which translocates to mitochondria and cooperates with Bax. Meanwhile, JNKs are activated by Mitogen-activated
protein kinases (MAPKs) and pJNK also translocates to the mitochondria via binding to the Sab protein. ROS accumulation and ATP depletion in the mitochondria
aggravate mitochondrial damage and induce membrane permeability transition (MPT), resulting in release of cytochrome C, in turn promoting the activation of
caspase-9 and caspase-3. Activated caspase-3 then leads to hepatocyte apoptosis. The extrinsic and intrinsic pathways of hepatocyte apoptosis are linked, because
hepatocytes require mitochondrial amplification activating caspase-3 for cell death execution. The mitochondrial injury and MPT are also key factors in cascade of
events leading to necrosis. Necroptosis shares the upstream pathway with apoptosis. When cellular inhibitors of apoptosis (cIAPs) are depleted, Receptor interacting
protein kinase (RIPK)1 and RIPK3 interact with each other via membrane permeability transition (RHIM) domains to form the necrosome, and further recruit and
phosphorylate MLKL to initiate necroptosis.
[97]

toxicity via JNK activation

.

is thought that autophagy activated by 5’-adenosine
monophosphate-activated protein kinase (AMPK),
can lead to adiponectin accumulation, which, in turn,
removes damaged mitochondria, thereby ameliorating
[102]
oxidative stress and hepatotoxicity
. And Parkininduced mitophagy is also a mechanism of protection
against APAP-induced liver injury and necrosis by
[36,103]
negatively regulating JNK activity
and Mcl-1
[104]
degradation and increasing hepatocyte proliferation .
However, chronic deletion and acute knockdown of
Parkin have different regulation towards mitophagy and
liver injury, the mechanism of which is still unidentified
[104]
and need further study
. Autophagy has emerged
as an exciting new field in DILI and warrants further
investigation.

Autophagy

Autophagy functions in a wide variety of physiological
and pathophysiological roles as a complex, destructive
mechanism of the cell that disassembles unnecessary
[98]
or dysfunctional components . Lysosomes are respon
sible for intracellular autophagy and the degradation
of the cell. Autophagy is observable with the formation
of autophagosomes, which are double-membrane
vesicles originating from rough ER and contain part
of the cytoplasm, the organelles and the proteins
need to be degraded. Then autophagosomes fuse
with lysosomes and initiate the orderly degradation
[99]
and recycling of cellular components . In disease,
autophagy is considered to be an adaptive response to
stress, which promotes survival and plays a vital role in
[100]
cellular reconstruction. Ni et al
found that autophagy
is important for the regulation of APAP protein adducts
levels in hepatocytes, and this selective autophagic
[100,101]
removal is mediated by ubiquitin and p62
. It
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Clinical perspectives
The clinical manifestations of DILI are usually nonspecific. Many patients may have no significant sym
ptoms and only present with elevations in the level of
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hepatic biochemical indexes. For about the last half
century, the traditional serum biomarkers for detecting
DILI in clinics are alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase
(ALP) and total bilirubin (TBIL). However, elevations in
these biomarkers take place when hepatocyte injury
has already occurred and cannot be used to identify
a potential for DILI. In recent years, with the further
understanding of the mechanisms of DILI, several new
biomarkers have been reported, including apoptosis[105]
related caspase cleaved keratin 18 (cCK18)
,
[106,107]
necrosis-related HMGB1
and microRNA (especially
[108,109]
microRNA-122)
, specific mitochondrial injury
[110]
biomarker glutamate dehydrogenase (GLDH)
,
biomarkers reflecting cholestasis (e.g. BAs) as well
as genetic biomarkers reflecting the susceptibility to
DILI, such as the genetic polymorphisms of HLA, drug
[2]
metabolizing enzymes and drug transport proteins .
MicroRNA-122 and GLDH have been proposed as
more sensitive and specific biomarkers of liver injury
[111]
than ALT
. APAP-protein adducts and NAPQI are
[112]
specific biomarkers of APAP-mediated DILI
. And
apolipoprotein-A1 and haptoglobin have significant
predictive values for the prediction of recovery in DILI
[113]
patients
. Some of these biomarkers are already
being used in early clinical trials. Though current
biomarker are not specific to DILI and their value for
clinical use still needs to be widely verified, their addition
to conventional measurements could soon transform
DILI prediction and detection, thereby promoting earlier
treatment.

numerous mechanisms remains a challenge, requiring a
considerable investment.
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Transient thrombocytopenia is a common phenomenon
after liver transplantation. After liver transplantation
(LT), platelet count decreases and reaches a nadir on
postoperative days 3-5, with an average reduction
in platelet counts of 60%; platelet count recovers to
preoperative levels approximately two weeks after
LT. The putative mechanisms include haemodilution,
decreased platelet production, increased sequestration,
medications, infections, thrombosis, or combination
of these processes. However, the precise mechanisms
remain unclear. The role of platelets in liver trans
plantation has been highlighted in recent years, and
particular attention has been given to their effects
beyond hemostasis and thrombosis. Previous studies
have demonstrated that perioperative thrombocytopenia
causes poor graft regeneration, increases the incidence
of postoperative morbidity, and deteriorates the graft
and decreases patient survival in both the short and
long term after liver transplantation. Platelet therapies
to increase perioperative platelet counts, such as thro
mbopoietin, thrombopoietin receptor agonist, platelet
transfusion, splenectomy, and intravenous immuno
globulin treatment might have a potential for improving
graft survival, however clinical trials are lacking. Further
studies are warranted to detect direct evidence on
whether thrombocytopenia is the cause or result of
poor-graft function and postoperative complications, and
to determine who needs platelet therapies in order to
prevent postoperative complications and thus improve
post-transplant outcomes.
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and 12.5% and 1-year rates of 10.3% and 15.1% in
[14]
deceased donor LT (DDLT) and in LDLT, respectively .
Post-transplant thrombocytopenia occurs in the
majority of patients immediately after LT, with reported
[15,16]
incidences of up to 90%
. After LT, platelet count
decreases and reaches a nadir on postoperative days
(PODs) 3-5, with an average reduction in platelet counts
of 60%; platelet count recovers to preoperative levels
[17]
approximately two weeks after LT . Thrombocytopenia
in the postoperative period is not simply an academic
observation but can lead to catastrophic events, such
as postoperative bleeding, cerebral hemorrhage,
and infection, which eventually lead to graft failure
and mortality. The putative mechanisms involved
include decreased platelet production, increased
platelet consumption, sequestration in the liver graft
or spleen, dilution, medication, or a combination of
[18-22]
these processes
. However, the precise mechanism
is still unknown. In this review, we aimed to describe
the clinical and experimental evidence of the role
of platelets in LT. This review differs from previous
reviews in the following three points. First, we describe
the role of platelets in LT specifically with a focus on
“post-transplant thrombocytopenia”. Second, the
involvement of platelets in DDLT and LDLT are described
separately, since they are different in many aspects
including the graft quality, the length of ischemia, and
the recovery of portal hypertension after LT. Third, we
delve into the potential mechanisms of post-transplant
thrombocytopenia. We report previous evidence with
consideration for future perspectives.

Core tip: Transient thrombocytopenia is commonly
seen after liver transplantation, and many studies have
demonstrated that perioperative thrombocytopenia is
associated with deterioration of the graft and decreased
patient survival after liver transplantation. The role
of platelets in liver transplantation has recently been
highlighted, and particular attention has been given
to their effects beyond hemostasis and thrombosis.
Platelet therapies that increase platelet count, such
as thrombopoietin, thrombopoietin receptor agonist,
platelet transfusion, splenectomy, and intravenous
immunoglobulin treatment, have a potential role for
improving graft survival; however, clinical trials are still
lacking, and further studies are warranted.
Takahashi K, Nagai S, Safwan M, Liang C, Ohkohchi N.
Thrombocytopenia after liver transplantation: should we care?
World J Gastroenterol 2018; 24(13): 1386-1397 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i13/1386.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i13.1386

INTRODUCTION
Platelets are anucleate cytoplasmic discs derived from
[1-3]
megakaryocytes in the bone marrow . The normal
life span of platelets is 8-10 d, and they are removed
[4]
from circulation by sequestration in the spleen .
Platelets contain three types of secretory granules:
alpha granules, dense granules, and lysosomal
granules. Each granule contains growth factors and
cytokines, such as platelet-derived growth factor,
hepatocyte growth factor (HGF), insulin-like growth
factor-1 (IGF-1), vascular endothelial growth factor
(VEGF), serotonin, epidermal growth factor, and
[5,6]
transforming growth factor-β . Platelets have major
roles in hemostasis, thrombosis, inflammation, and
vascular biology and have recently been discovered
to have additional functions in antimicrobial defense,
[7-10]
angiogenesis, tissue repair and regeneration
.
Orthotopic liver transplantation (LT) is the treatment
of choice for patients with end-stage liver disease and
[11,12]
hepatocellular carcinoma within the Milan criteria
.
The short and long term outcomes of this procedure
have dramatically improved as a result of innovations in
[11]
both immune suppression and surgical techniques .
The total number of adult LTs performed in the world
was 27759 in 2015, of which living donor LT (LDLT)
[13]
accounted for 21% . The number of transplant
candidates on a waiting list has also steadily increased
despite organ shortage being a worldwide issue.
According to the 2015 annual report from the Scientific
Registry of Transplant Recipients, the incidence of graft
failure in the United States continues to decrease;
in 2014, there were 6-mo graft failure rates of 7.8%
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Platelets and DDLT
Post-transplant thrombocytopenia after DDLT has
been reported since the advent of liver transplantation
and has been described in many articles. It was first
[23]
reported by Hutchison et al
in 1968 (Table 1). They
reviewed 8 LT recipients who received DDLT at the
University of Colorado, which included 2 auxiliary and
6 orthotopic LT. An acute drop in platelet count to
3
less than 10 × 10 /μl was observed in most patients
within the first three postoperative days. To better
comprehend this phenomenon, they performed
experimental LT in dogs and found platelets located
in the space of Disse along with Kupffer cells, some
of which were ingesting the platelets. They concluded
that post-transplant thrombocytopenia was primarily
caused by the mechanical entrapment of platelets in
the grafts, which were then destroyed by the Kupffer
cells. The next report of this phenomenon came after
a twenty year interval and was described by Plevak
[16]
et al . They observed that platelet counts dropped
3
from preoperative levels of 137 × 10 /μl to 72 ×
3
111
10 /μl on POD 3. Using In-labeled platelets, they
demonstrated that transplant recipients showed a
delayed recovery of platelet counts after LT.
Since then, several consecutive reports have been
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Table 1 Reports of postoperative thrombocytopenia after liver transplant
Author

Year

Type

Number of patients

Results

Hutchison et al[23]
Plevak et al[16]
Munoz et al[15]

1968
1988
1989

DDLT
DDLT
DDLT

8
76
3

McCaughan et al[17]

1992

DDLT

53

Chatzipetrou et al[24]

1999

DDLT

541

Chang et al[25]
Ben Hamida et al[26]

2000
2003

DDLT
DDLT

50
161

Nascimbene et al[19]

2007

DDLT

8

Kim et al[47]

2010

LDLT

87

Lesurtel et al[28]

2014

DDLT

247

Sonny et al[27]

2015

DDLT

223

Li et al[49]

2015

LDLT

234

Takahashi et al[29]

2016

DDLT

975

Han et al[48]

2016

LDLT

441

Pamecha et al[50]

2016

LDLT

120

Gwiasda et al[31]
Takahashi et al[30]

2017
2017

DDLT
DDLT

134
771

Akamatsu et al[51]

2017

LDLT

445

Platelet count change from 200-400 × 103/μL to 67 × 103/μL on POD 3
Platelet count change from 137 × 103/μL to 72 × 103/μL on POD 3
Three patients with severe postoperative thrombocytopenia were
successfully treated with high-dose gamma-globulin
Patients who died during their hospital stay had lower postoperative
platelet counts at the nadir, and the day of the nadir tended to be delayed
A platelet nadir of < 20 × 103/μL was associated with allograft dysfunction,
graft rejection and poorer patient and graft survival
Fungal infection was frequent in patients with a platelet nadir of < 30 × 103/μL
Patients with a platelet count < 50 × 103/μL for three consecutive days
showed a high mortality rate.
Infusion of high-dose gamma-globulins induced a prompt, complete and
persistent resolution of postoperative severe thrombocytopenia in more
than 70% of patients
A total unit of platelet transfusion was significantly associated with graft
regeneration
A platelet count of < 60 × 103/μL on POD 5 was related to poor graft
survival within 90 d after LT
A preoperative platelet count of < 45 × 103/μL was related with short-term
outcomes in patients ≥ 60 years old
Patients with an immediate postoperative platelet count of < 68 × 103/μL
had a higher chance of developing EAD and severe complications
A platelet count of < 72.5 × 103/μL on POD 5 was related to poor graft
survival
An intraoperative platelet transfusion was also independently associated
with enhanced graft regeneration at 14 ± 2 d after surgery
A platelet count of < 30 × 103/μL on POD 3 was a strong predictor of
complications and EAD
A higher preoperative platelet count was related to graft loss
Persistent thrombocytopenia within 5 d after LT was related to progression
of biliary anastomotic stricture
A Low platelet count on POD 3 was an independent predictor of grade
Ⅲb/Ⅳ complications

LT: Liver transplant; DDLT: Deceased donor liver transplant; LDLT: Living donor liver transplant; POD: Postoperative day; EAD: Early allograft
dysfunction.

published on this topic, and the majority of these
studies indicate that postoperative thrombocytopenia
may influence post-LT outcomes and have a negative
impact on grafts and patient survival in the short
[17,19,24-27]
[17]
and long term after LT
. McCaughan et al
reported a drop in postoperative platelet counts by
63%, which was the only independent predictor of
short-term patient survival post-LT. In their analysis
of a large cohort of 541 patients of DDLT in a single
[24]
institute, Chatzipetrou et al
described that a post3
transplant platelet count nadir of < 20 x 10 /μl was
associated with allograft dysfunction, graft rejection
[25]
and poorer patient and graft survival. Chang et al
reported that the incidence of fungal infection was
more frequent in patients with a platelet nadir of
3
< 30 × 10 /μl, leading to higher mortality rates.
[27]
Sonny et al
focused on the elderly population and
found that the length of intensive care unit (ICU) and
hospital stays were longer in patients with preoperative
3
platelet counts of < 45 × 10 /μl. Factors such as low
preoperative platelet counts, massive intraoperative
platelet transfusions, retransplantation, and poor
general preoperative conditions such as the need
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for dialysis, were found to be associated with post[24,26]
transplant thrombocytopenia
. For the treatment of
[15]
post-transplant thrombocytopenia, Munoz et al
and
[19]
Nascimbene et al separately reported that an infusion
of high-dose gamma-globulins could induce resolution
of severe postoperative thrombocytopenia However,
they could not explain its mechanism of action.
Recently, some groups have focused on platelet
counts particularly on POD 5, when platelet counts
[28]
start to rise after the nadir. In 2014, Lesurtel et al
proposed the 60-5 criteria, in which a platelet count
3
of < 60 × 10 /μl on POD 5 was an independent
risk factor associated for severe postoperative
complications, early graft failure, and patient mortality
[29]
in the short term after DDLT. Takahashi et al
focused on the long term impact after DDLT and noted
3
that a platelet count of < 72.5 × 10 /μl on POD 5
was a predictor for poor graft and patient survival.
[30]
More recently, Takahashi et al
described that low
perioperative platelet counts within 5 d after DDLT
were associated with biliary anastomotic stricture (BAS)
with duct-to-duct biliary reconstruction. They found
that persistent postoperative thrombocytopenia, which
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3

was defined as platelet counts of < 41 × 10 /μl and <
3
53 × 10 /μl on POD 3 and POD 5, respectively, was an
independent risk factor for BAS.
[31]
In contrast, Gwiasda et al
stated that higher
preoperative platelet count was associated with
graft loss because platelets contribute to reperfusion
[32]
injury after graft ischemia. Further, Eldeen et al
described that recipients who experienced early hepatic
arterial thrombosis (HAT) had higher preoperative
platelet counts, but this was not associated with the
development of late HAT.
Clinical studies suggest that increasing postoperative
platelet counts might improve graft and patient survival
[28-30]
after DDLT
. This “protective effect of platelets” may
[33]
be compatible with a study by Hisakura et al
who
showed that thrombopoietin-mediated thrombocytosis
protected the liver from damage after an extended
hepatectomy in a pig model. However, transplant
surgeons prefer relatively low postoperative platelet
counts due to fear of HAT, and this preference has made
it difficult to perform prospective trials.

have two ambivalent roles in LDLT.
[47]
Kim et al were the first to report the positive role
of platelets in LDLT in 2010 (Table 1). They investigated
the relationships between clinical variables and liver
graft regeneration rates in their study population of 87
recipients with adult-to-adult living donor recipients, all
receiving right lobe grafts. They found that total units
of platelet transfusion were significantly associated with
[48]
graft regeneration. Han et al
studied the relationship
between platelets and liver regeneration after LDLT.
They described that intraoperative platelet transfusion
was independently associated with enhanced graft
regeneration at 14 ± 2 d after surgery without increasing
morbidity and mortality rates. Furthermore, platelet
count during the reperfusion phase was identified as a
[49]
prognostic factor for graft regeneration. Li et al focused
on platelet count immediately after transplant and
reported that patients with an immediate postoperative
3
platelet count of < 68 × 10 /μl had a higher chance
of developing early allograft dysfunction and severe
[50]
complications. Pamecha et al
demonstrated that a
3
platelet count of < 30 × 10 /μl on POD 3 was a strong
predictor of major postoperative complications and was
associated with early graft dysfunction, prolonged ascites,
[51]
and sepsis. Akamatsu et al
also focused on POD 3
and described that a low platelet count on POD 3 was an
independent predictor of grade Ⅲb/Ⅳ complications.
Only recently has post-transplant thrombocytopenia
been reported to be associated with LDLT. Lower
platelet counts lead to poor graft regeneration but lower
incidences of ischemia-reperfusion injury in partial
grafts. Overall higher platelets counts are beneficial
because their impact on liver regeneration outweighs
the associated risk of ischemia-reperfusion injury, most
[52]
notably during the early post-LDLT period . Animal
experiments to explain this phenomenon are still
lacking, and basic studies and prospective clinical trials
are warranted.

Platelets and LDLT
After LDLT, the liver undergoes two different processes,
[34-36]
namely, liver regeneration and ischemia-reperfusion
.
The liver regeneration process after LDLT has been
[34]
divided into three phases . The early phase is rapid
regeneration, which occurs during the first two weeks
and is associated with vascular engorgement and tissue
edema. The second phase is volume decline, which
may be attributed to the normalization of transient
vascular engorgement or tissue edema at one to two
months after hepatectomy. The third phase is a slow
increase in volume, which occurs until the volume
[34]
reaches a constant level . Partial liver grafts need
rapid regeneration to meet the functional demands of
recipients; otherwise, liver failure would occur, and the
short- and long-term outcomes would be affected. Liver
regeneration is orchestrated by the interplay of various
cells and mediators, and platelets are understood
[37,38]
to have a role as well
. The role of platelets in
accelerating liver regeneration after partial hepatectomy
[39]
was first reported by Murata in 2004 , and Lesurtel
[40]
et al
reported platelet-derived serotonin-mediated
liver regeneration using transgenic mice. Since then,
many studies have been reported in this field, and it was
implicated by a Japanese group that liver regeneration
after partial hepatectomy is promoted by platelets
through three different mechanisms: (1) a direct effect
on hepatocytes; (2) a cooperative effect with liver
sinusoidal endothelial cells; and (3) a collaborative effect
[41-45]
with Kupffer cells
. On the other hand, in ischemiareperfusion, platelets are generally considered to act
in concert with activated Kupffer cells and leukocytes,
and a triangular interaction between Kupffer cells,
leukocytes, and platelets has been demonstrated to be
[46]
the core mechanism of liver injury . Thus, platelets
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Platelet function and
antiplatelet therapy after LT
In patients with end-stage liver disease (ESLD), platelet
[53]
function is often reported to be compromised . How
ever, recent studies have demonstrated that platelet
function in patients with ESLD was not as compromised
[54]
as it was previously believed . A few observational
studies that evaluated platelet function after LT have
been reported in the past, but these studies involved a
[55]
small number of patients. Himmelreich et al reported
decreased platelet aggregation immediately after re
perfusion in 10 patients after DDLT. The authors consi
dered that a dysfunction in platelet aggregation may
[55]
have been a major cause of intraoperative bleeding .
They also mentioned that administration of a small
amount of University of Wisconsin (UW) solution into
systemic circulation during reperfusion might further

1389

April 7, 2018|Volume 24|Issue 13|

Takahashi K et al . Thrombocytopenia after liver transplantation
[56]

Sequestration in the spleen

[57]

decrease platelet function . Jüttner et al
found
marked depressed GPⅡb/Ⅲa and P-selectin expression
in circulating platelets, and maximum aggregation of
platelets was restored on the third day after reperfusion
among patients with all types of underlying disease.
[58]
Eyraud et al . conducted platelet function testing with
aggregometry using platelet-rich plasma obtained from
15 patients after DDLT. Compared with pre-transplant
conditions, no significant difference was found in platelet
function at 7 and 28 d after DDLT From these reports,
platelet function is temporally impaired immediately after
LT but recovers in 3-7 d.
Regarding the use of antiplatelet therapy, some
studies have indicated favorable effects on LT, including
a reduced incidence of post-transplant hepatic arterial
[59,60]
thrombosis
and the prevention of progression of
liver fibrosis after postoperative recurrence of hepatitis
[61]
C . Antiplatelet therapy has also been described to
prevent the recurrence of hepatocellular carcinoma after
[62]
curative hepatectomy and to suppress hepatocellular
[63,64]
carcinogenesis in patients with chronic hepatitis
.
However, most of these studies were performed at
a single institution or were retrospective in nature.
A randomized clinical trial should be undertaken to
analyze the risks and benefits of the use of posttransplant antiplatelet therapy.

[20]

Richards et al described that patients in a hyposplenic
state exhibit the same pattern of post-transplant
thrombocytopenia as those with intact splenic function.
[19]
Nascimbene et al
also noted that thrombocytopenia
occurred regardless of the presence of hypersplenism.
Thus, the spleen is not considered to be a major site of
[20]
platelet consumption .

Consumption in the liver graft by Kupffer cells
[46]

Sindram et al
demonstrated that reperfusion of
rat livers preserved for 24 h at a cold temperature
resulted in rapid sequestration of platelets in the liver
graft and platelet adherence to the sinusoidal lining,
which induced apoptosis of the sinusoidal endothelial
cells in concert with leukocytes and activated Kupffer
[18]
cells. Cywes et al
detected significantly increased
adherence of platelets to the hepatic endothelium after
[70]
reperfusion of the liver graft. Porte et al reported that
thrombocytopenia started immediately after reperfusion,
and sequestration of platelets was observed as platelets
accumulated in the sinusoids and were phagocytized
by Kupffer cells, which was similar to an earlier study.
[41]
On the other hand, Takahashi et al
suggested that
platelets that accumulate in the liver graft have with
contact with Kupffer cells and release growth factors,
such as HGF, IGF-1, and VEGF, that protect the liver
graft and lead to improved graft survival in patients with
[29]
higher platelet counts after DDLT .

Mechanism of post-transplant
thrombocytopenia

Consumption at the liver graft with local thrombin
generation

Thrombocytopenia, which is defined by a platelet count of <
3
150 × 10 /μl, has been reported to occur in more than 70%
[65-67]
of patients with cirrhosis
. This disorder is considered
to be a result of reduced synthesis of thrombopoietin
[67]
(TPO) and increased sequestration by hypersplenism .
In LT, post-transplantation thrombocytopenia can occur
due to the following: hemodilution; decreased produ
ction of TPO; increased platelet sequestration in the
liver graft or spleen; immunological reactions; platelet
activation and consumption due to thrombosis, such as in
disseminated intravascular coagulation (DIC), thrombotic
microangiopathy, or venous thromboembolism; medication;
[18-22]
infections; or a combination of these processes
.

[20]

Richards et al
found that the levels of fibrin and
fibrinogen degradation products are elevated posto
peratively, which they speculated was due to endothelial
damage in the liver graft during the preservation
period, which lead to hepatic sequestration due to
[71]
local thrombin generation. Nobuoka et al focused on
activity of a disintegrin-like and metalloproteinase with
thrombospondin type-1 motifs member 13 (ADAMTS13),
which is produced by stellate cells. ADAMTS13 is
an enzyme that specifically cleaves multimetric von
Willebrand factor (vWF), which mediates the adhesion of
platelets to the site of vascular damage. They described
that decreased activity of ADAMTS13 accompanied
by elevated vWF levels was associated with throm
bocytopenia 2 wk after LDLT. They considered that
prolonged thrombocytopenia after LDLT was due to
decreased production of ADAMTS13 in the graft with
local thrombin generation and platelet aggregation.
[72]
Nakanuma et al
found that platelet aggregation
was mainly present at zone 3 in the liver graft as
extravasated platelet aggregation (EPA), and peripheral
platelet counts were lower after LDLT in the EPApositive patients than the EPA-negative patients. They
considered that EPA in the zone 3 caused the platelet
consumption, activation, and degranulation, following
the release of negative cytokines by platelets, and

Hemodilution

Hemodilution due to intensive use of blood products,
colloids and crystalloids during the transplant procedure
may lead to a drop in the platelet count immediately
after surgery, but the platelet nadir usually occurs on
days 3-4, which does not validate hemodilution as a
potential cause of postoperative thrombocytopenia.

Preservation solution

A correlation between lower post-transplant throm
bocytopenia and the use of UW solution was implicated
[68]
by Williams et al
However, their study was an ob
servational study that consisted of a small number of
[69]
recipients, and the level of evidence was low .
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might be involved in liver damage and poor outcomes
[72]
after LDLT .

of recipients at a median of POD 6. However, only
one of these patients was positive for anti-platelet
factor 4/heparin IgG antibodies. ATG induces dosedependent T-cell depletion by complement-dependent
cytotoxicity, antibody-dependent cellular cytotoxicity,
[86,87]
and apoptosis
. ATG-induced platelet aggregation
is a specific reaction responsible for thrombocytopenia.
Platelet surface antigen-CD32 has been suggested to
[88]
play a crucial role in ATG-induced thrombocytopenia .
Ganciclovir and valganciclovir are suspected to have
[89]
direct bone marrow toxicity. Gabardi et al
reported
that the incidence of thrombocytopenia with low-dose
valganciclovir, used as prophylaxis for cytomegalovirus
(CMV) infections in post-transplant patients, was
24%. Trimethoprim sulfamethoxazole, when used as
prophylaxis against Pneumocystis jiroveci pneumonia,
causes drug-induced immune thrombocytopenia (ITP)
[90]
by antibody formation .

TPO production

Serum TPO concentration is inversely related to
platelet concentration in patients with hematopoietic
disorders characterized by deceased megakaryocytes
[5]
in the bone marrow . The level of expression of mRNA
for TPO is high in the liver, indicating that the liver is
[73]
the main source of TPO synthesis .
[74]
Richards et al
reported that thrombocytopenia
following LT was accompanied by an increased rate of
thrombopoiesis in the early period after transplantation,
shown by increased reticulated platelets following the
[75]
platelet nadir. Peck-Radosavljevic et al
observed that
serum thrombopoietin levels increased significantly
on the first day after LT, which preceded the increase
in reticulated platelets by 3 d and in peripheral
platelets by 5 d. This delayed rise in platelet count was
compatible with the time lag between the appearance of
reticulated platelets and peripheral platelets after in vivo
administration of a recombinant human thrombopoietin
analogue, and rules out the impaired production of TPO
as a possible cause of post-transplant thrombocytopenia.
[76]
Usui et al
reported the TPO levels in the prolonged
thrombocytopenic group were significantly decreased.
They considered that prolonged post-transplant
thrombocytopenia was secondary to a decrease in TPO
production suggesting graft dysfunction.

ITP and infection

Viral infections, including CMV, Epstein-Barr virus (EBV),
parvovirus B19, herpes zoster, human herpes virus 8,
and some donor-derived viral infections, can induce
[91-97]
ITP
. The early onset of ITP after LT occurs due to
reactivation of CMV, EBV or varicella infection when
patients are receiving high-dose immunosuppression.
[21]
On the other hand, Taylor et al reported 8 cases of ITP
after LT (incidence of 0.7%), in which they could not find
any evidence of infection. The majority of their patients
[98]
developed ITP more than one year post-LT. Maar et al
described that recipients with CMV infection showed
delayed thrombocytopenia, occurring later than 24 d
after LT. They considered that CMV infection induced
systemic endothelial activation with the expression of
tissue factor on the endothelial cell surface and the
release of vWF. These processes activate the clotting
cascade and may augment platelet aggregation.
Considering that post-transplant thrombocytopenia
mostly occurs during the early period after LT, se
questration in the new liver graft has the strongest
potential to explain the temporal drop in platelet counts.
However, the precise mechanism of sequestration is still
unknown. Prolonged thrombocytopenia, which occurs
more than one month after LT, may be attributed to
other causes such as impaired TPO production due to
graft dysfunction, viral infections, and medications.

Medication

Immunosuppressive medications (e.g., azathioprine, myco
phenolate mofetil, cyclosporine and tacrolimus), heparin,
anti-thymocyte globulin (ATG), antiviral drugs (ganciclovir
and valganciclovir), trimethoprim sulfamethoxazole, etc.,
can cause thrombocytopenia after LT. Antimetabolites,
such as azathioprine and mycophenolate mofetil, have
myelosuppressive effects on the bone marrow in a dose[77,78]
[19]
dependent manner
. Nascimbene et al performed
bone marrow aspirates during the early post-LT period
and noticed marked megakaryocytic hyperplasia in all
cases, ruling out drug-induced myelosuppression as a
cause of post-transplant thrombocytopenia. Calcineurin
inhibitors, such as cyclosporine and tacrolimus, may
cause thrombocytopenia. The presentation is similar to
thrombotic thrombocytopenic purpura (TTP), in which renal
[79-81]
dysfunction is accompanied by thrombocytopenia
.
[79]
Lee et al described that the incidence of cyclosporineinduced TTP was low (incidence of 1%) and was seen only
in the pediatric population, occurring at 2 to 30 wk after
LT.
Heparin-induced thrombocytopenia (HIT) after LT
[22,82-85]
has been reported in several articles
. Kaneko
[22]
et al
demonstrated that the percentage of heparininduced thrombocytopenia (HIT) antibody-positive
patients was low (incidence of 5.6%), and none of
[82]
the patients developed HIT. Bakchoul et al
also
described that HIT was clinically suspected in 16%
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Platelets and transfusion
The median blood loss associated with LT has fallen
dramatically with the development of surgical and
anesthetic techniques. However, there are still a number
of patients who require significant amounts of blood
products perioperatively.

DDLT

[99]

In 1989, Miyata et al
described that there was
positive correlation between the number of platelet
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units transfused and endotoxin concentrations at the
end of the anhepatic phase, which they considered to
be the reason for increased pulmonary complications.
[100]
de Boer et al
demonstrated that intraoperative
platelet transfusion was an independent risk factor for
one- and five-year survival after DDLT. A subsequent
[101]
report from Pereboom et al
noted that platelet
transfusion led to an increased one-year mortality
[102]
from acute lung injury. More recently, Chin et al
reported that graft survival was reduced significantly in
patients receiving intraoperative platelet transfusions
at one year, but not at 90 d, and considered that
intraoperative transfusion and not thrombocytopenia
was associated with a poor outcome after LT. They
found a relationship between intraoperative platelet
transfusion and postoperative septicemia as a cause of
[103]
death. Nacoti et al
focused on a pediatric population
and found that platelet transfusion was an independent
risk factor for developing major complications in the
[104]
first year after DDLT. In contrast, Nixon et al
found
that there was no substantiated effect of platelet
transfusion on survival after LT, due to their use of
plateletpheresis. They insisted on using single-donor
platelet transfusions rather than random donor platelet
preparations, along with leucocyte reduction strategies.

randomized clinical trials of a TEG/thromboelastometrybased algorithm compared with standard treatment in
patients with cardiac surgery and LT, and found that the
former had no impact on mortality, the amount of blood
transfused, or the incidence of surgical reinterventions.
There was a significant difference in the impact of
platelet transfusion between DDLT and LDLT, the former
being negative, and the latter being positive. The reason
for this difference could be due to graft type; partial
grafts require postoperative liver regeneration. This
[44]
result is compatible with a report from Matsuo et al
that transfusion of platelet-rich plasma accelerated
liver regeneration, including liver/body weight ratio
and hepatocyte Ki-67 labeling index during the early
phase after hepatectomy in a rat model. However, it
is still unknown how platelets interact with other cells
when under ischemia-reperfusion conditions. The
precise mechanisms need to be clarified by animal
experiments. TEG may be a good option to stratify the
risk of perioperative transfusions. However, it is still
debated whether the use of TEG is realistically efficient
for predicting the need for transfusions.

Platelet, LT and splenectomy
Splenectomy is currently one of the therapeutic
procedures for avoiding small-for-size syndrome, and
it is a choice for preventing postoperative thrombo
[112,113]
cytopenia in LDLT
. It has been indicated for the
completion of post-transplant interferon therapy for
hepatitis C virus (HCV) infection and ABO incompati
[113,114]
ble LT
. However, due to recent advances in
interferon (INF)-free direct-acting antivirals for HCV
infection and rituximab induction for ABO incompati
ble transplantation, the necessity for splenectomy is
[114]
currently decreasing . Partial splenic embolization is
a minimally invasive treatment that can be performed
as an additional treatment after LT; however, its efficacy
may be insufficient, and serious complications, such as
splenic abscess, splenic rupture, and venous thrombosis,
[115]
have been reported . On the other hand, simultaneous
splenectomy in DDLT is not usually performed based on
[116]
historical reports of septic complications after LT .
[112]
Marubashi et al
revealed that 7 patients who
underwent a simultaneous splenectomy showed remar
kable increases in platelet counts 2 wk after LDLT and
found that graft size was positively associated with
[117]
post-transplant thrombocytopenia. Morimoto et al
demonstrated that with simultaneous splenectomy, the
3
platelet count increased to > 100 × 10 /μl one month
post-transplantation in recipients with HCV infection and
achieved better sustained virological response after INF
[114]
therapy. Additionally, a similar report by Chu et al
noted that patients with simultaneous splenectomy
had significantly higher platelet counts at 1 and 6
mo after transplantation, with a higher HCV anti[116]
therapy completion rate. On the other hand, Ito et al
observed that simultaneous splenectomy increased

LDLT

Authors from two different institutes in South Korea
described that platelet transfusion after LDLT was a
[47,48]
protective factor for graft regeneration and survival
.
[105]
Li et al
described that although massive red blood
transfusion led to poor long-term survival, higher
postoperative infection rates and prolonged ICU stays,
platelet transfusion was not a risk factor for long-term
graft survival.

Thromboelastography

With the hope of limiting the use of blood products,
some transplant centers use thromboelastography
[106]
(TEG) to monitor and detect coagulopathies
. TEG
is a viscoelastic test that is performed on whole blood
to analyze complete hemostasis, from platelet plug
formation through coagulation and fibrinolysis. There
is growing evidence to support the use of TEG as a
[107-109]
technique to guide transfusion strategies for LT
.
[109]
Kang et al
prospectively validated the use of TEG
[107]
for reducing total blood product use. Lawson et al
described that the maximum amplitude measured
preoperatively by TEG had high predictability for
[110]
intraoperative massive transfusion. Krzanicki et al
performed a retrospective review of 124 DDLT recipients
and found a higher incidence of a hypercoagulable state
in patients with a background of cholestatic diseases
and an intraoperative hypercoagulable state that
was correlated with early HAT after LT. On the other
[111]
hand, Wikkelsoe et al
performed a systemic review
and meta-analysis including a sequential analysis of
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platelet count more than 2 wk after LDLT but not
during the early postoperative period. In addition, the
incidence of reoperation for postoperative hemorrhage
increased within the first week. The authors further
demonstrated that simultaneous splenectomy was an
independent predictor for postoperative lethal infectious
[118]
complications. On the other hand, Takahashi et al
described the usefulness of pre-transplant splenectomy
in pediatric recipients suffering from biliary atresia.
After splenectomy, the platelet count was significantly
elevated, with an improvement in the PT-INR and
Model for End-Stage Liver Disease score. However, the
complication rate for this procedure was relatively high.
The effect of splenectomy on restoring posto
perative platelet counts during the early post-LT
period may be delayed from the time when a higher
platelet count is necessary. This issue may be resolved
by pre-transplant splenectomy, which can elevate
preoperative platelet counts. However, the decision to
perform pre-transplant splenectomy should be given
much care and consideration due to the poor general
condition of the patients and their bleeding tendencies.

transplant thrombocytopenia as a phenomenon, but
there has been no direct evidence that show whether
thrombocytopenia is a cause or a result of poor graft
function or complications. It is necessary to clarify this
important point with basic animal experiments. Third,
since thrombocytopenia is common after LT, it is still
unclear how to determine which patients need platelet
therapies to prevent postoperative complications and
yield better outcomes. By conducting multi-institutional
prospective trials, it is important to generate a
standardized cut-off value to specify the target patients
for platelet therapies.

Conclusion
We described convincing evidence of post-transplant
thrombocytopenia and the role of platelets in LT and
discussed future perspectives. The mechanisms of
thrombocytopenia and its effect on postoperative
outcomes are still not completely understood. Since
platelets have both beneficial and detrimental effects
on liver grafts, therapeutic strategies to increase
perioperative platelet counts, such as the use of throm
bopoietin, thrombopoietin receptor agonist, platelet
transfusion, splenectomy, and intravenous immuno
globulin treatment, could be targeted to enhance the
beneficial effects while minimizing potential detrimental
effects.

Future perspectives
[33,43,45,119,120]

[121]

TPO
, TPO receptor agonists
, artificial
[122,123]
[124]
platelets
, and freeze-dried platelets
are
developing and beginning to be utilized in various clinical
settings, and the importance of platelets is becoming
more obvious. Additionally, the infusion of high-dose
immunoglobulins may provide a safe, prompt, complete,
and persistent resolution of severe post-transplant
[15,19]
thrombocytopenia
. These platelet therapies, sple
nectomy and intravenous immunoglobulin treatment
may have potential as therapeutic strategies to resolve
post-transplant thrombocytopenia, leading to improved
graft and patient survival after LT. In particular in LDLT,
these strategies may be able to prevent small-for-size
[47,48,112,118]
syndrome by promoting liver regeneration
.
However, decreases in platelet count are sometimes
falsely overestimated by automatic analyzers due to
platelet aggregation. Therefore, manual counting to
confirm a platelet reduction before initiating platelet
therapies and monitoring precise platelet counts after
therapy are necessary.
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Abstract
AIM
To investigate the protective effects of Ampelopsis
grossedentata (AMP) on dextran sulfate sodium (DSS)induced colitis in mice based on systems pharmacology
approach.
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METHODS
Systems pharmacology approach was used to predict
the active ingredients, candidate targets and the
efficacy of AMP on ulcerative colitis (UC) using a
holistic process of active compound screening, target
fishing, network construction and analysis. A DSSinduced colitis model in C57BL/6 mice (n = 10/group)
was constructed and treated with 5-aminosalicylic acid
(100 mg/kg/d) and AMP (400 mg/kg/d) to confirm
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the underlying mechanisms and effects of AMP on UC
with western blot analyses, polymerase chain reaction,
histological staining and immunohistochemistry.

by recurrent abdominal pain, diarrhea and bloody
[1]
purulent stools , is a chronic inflammatory condition
of the intestine, with mucosal inflammation beginning
in the rectum and extending continuously to part of
or the entire colon. Inflammation in UC can lead to
the occurrence of multifocal ulcers on the wall of the
large intestine, causing nausea, cramps, diarrhea,
pus, bleeding and fatigue. In general, patients with UC
may develop varying degrees of extra-intestinal mani
festations, which are attributed to the inflammatory
cascade in the colorectum, including skin, mucosal, joint,
[2,3]
ocular, hepatic and pulmonary disorders . Meanwhile,
the increasing prevalence of UC brings a considerable
[4]
challenge to health care systems worldwide .
Given that UC is a kind of long-term disease with
uncertain etiology, the aim of therapy is to induce
and maintain clinical remission, defined as control
of symptoms, endoscopic mucosal healing and avoi
[1,5]
dance of complications . In addition to dietary con
trol, the available pharmacologic treatments include
5-aminosalicylates, steroids, thiopurines and biological
[6]
agents . However, the routine medical treatments
for UC are not fully curative, and investigations have
shown that compared with standard care, the elevated
cost-utility ratios of biologics reached up to $456979
[7]
(in United States’ dollars) . In addition, as UC mostly
affects young people and takes a lifelong treatment, as
[8,9]
well as has a low mortality
that is not different from
that in the healthy population, the disease poses an
enormous economic burden on individuals, families and
society. Thus, promising and novel therapeutic tactics
are urgently needed to be explored and developed for
UC.
Complementary and alternative medicine, especially
Chinese herbal medicine, is widely used among UC
patients. Recent investigations revealed that many
natural compounds have significant protective efficacies
[10]
in UC patients . Ampelopsis grossedentata (AMP),
which contains a large amount of flavonoid active
ingredients, has been widely consumed as a functional
beverage and may be used consecutively as a
supplementary option to the current standard treatment
of UC. Dihydromyricetin, a major compound of AMP, has
been reported to be highly distributed in the intestinal
[11]
[12]
[13]
tract , and has hepatoprotective , insulin resistant ,
[14]
[15]
antioxidation , anticancer
and antiinflammatory
activities, which are produced by suppression of nuclear
[16,17]
factor kappa-B (NF-κB) activation
. However,
few researchers have investigated the underlying
mechanisms of the potential protective effects of
AMP against UC, although AMP contains much more
flavonoids and deserves further study.
Considering the complex combination and multi
target interactions of Chinese herbal plants, it is quite
difficult to conduct a systematic study of the effects of
AMP on diseases using conventional methods. Whereas,
systems pharmacology, an emerging systems-oriented
approach which has been reported to reveal the

RESULTS
The therapeutic effects of AMP against DSS-induced
colitis were determined in the beginning, and the results
showed that AMP significantly improved the disease
in general observations and histopathology analysis.
Subsequent systems pharmacology predicted 89
corresponding targets for the four candidate compounds
of AMP, as well as 123 candidate targets of UC, and
protein-protein interaction networks were constructed
for the interaction of putative targets of AMP against
UC. Enrichment analyses on TNF-α and RANKL/RANK,
a receptor activator of NF-κB signaling pathways, were
then carried out. Experimental validation revealed that
inflammation-related signaling pathways were activated
in the DSS group, and AMP significantly suppressed
DSS-induced high expression of IRAK1, TRAF6, IκB and
NF-κB, and inhibited the elevated expression levels of
TNF-α, IL-1β, IL-6 and IL-8.
CONCLUSION
AMP could exert protective effects on UC via suppre
ssing the IRAK1/TRAF6/NF-κB-mediated inflammatory
signaling pathways.
Key words: Ulcerative colitis; Ampelopsis grossedentata ;
Traditional Chinese medicine; Systems pharmacology;
Inflammation
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Ulcerative colitis (UC), as one of the major
forms of inflammatory bowel disease, could lead to
various intestinal and extra-intestinal manifestations,
which brings a huge challenge to the health care system.
Given studies have confirmed that the flavonoid bioactive
compounds contained in Ampelopsis grossedentata (AMP)
possess strong antiinflammatory activity, we examined
the potential therapeutic effects of AMP on UC based on
systems pharmacology. Results showed that AMP could
suppress the inflammation-related signaling pathways
in dextran sulfate sodium-induced colitis, indicating
protective effects on UC, which might provide an effective
natural therapy for the treatment and prevention of UC.
Chen YL, Zhang YL, Dai YC, Tang ZP. Systems pharmacology
approach reveals the antiinflammatory effects of Ampelopsis
grossedentata on dextran sodium sulfate-induced colitis. World J
Gastroenterol 2018; 24(13): 1398-1409 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i13/1398.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i13.1398

INTRODUCTION
Ulcerative colitis (UC), which is primarily characterized
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Histopathology and immunohistochemistry

mechanism of a disease and link it to the chemical
[18,19]
network of a drug
, provides new perspectives to
predict the active ingredients and candidate targets
through a holistic process of active compound screening,
[20,21]
target fishing, network construction and analysis
.
To further investigate the potential mechanisms and
effects of AMP on UC, a systems pharmacology analysis
and animal experiments were conducted in this study.

Paraffin-embedded colon samples were stained
with HE for histological evaluation, as well as were
immunostained with anti-NF-κB, anti-tumor necrosis
factor-alpha (TNF-α) and anti-interleukin-1 beta (IL-1β)
for protein expression in intestinal tissues after being
cut into 4 μm sections.

Western blot analysis

Protein extracts were separated using sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and then
transferred to polyvinylidene fluoride membranes
(Millipore, Germany). Protein expression was detected
by western blot analysis. Primary antibodies used were
rabbit monoclonal anti-NF-κB, anti-inhibitor of NF-κB
(IκB), anti-p-IκB, anti-IL-1 receptor associated kinase
(IRAK1), anti-TNF receptor-associated factor 2 (TRAF2)
and anti-TNF receptor-associated factor 6 (TRAF6).
All antibodies were purchased from Cell Signaling
Technology (United States).

MATERIALS AND METHODS
Systems pharmacology

The active compounds and their corresponding putative
targets of AMP were identified by the Traditional Chinese
Medicine Systems Pharmacology (TCMSP) database.
Known UC-related targets were obtained from the
Genetic Association database, Therapeutic Target
database and Online Mendelian Inheritance in Man
database. Protein-protein interaction (PPI) networks
were constructed for the interaction of putative targets
of AMP against UC based on BisoGenet, and the degree
centrality (DC) value, which represents the topological
importance of a node in the intersection network, was
used to filter the candidate targets. Finally, enrichment
analysis was conducted using ClueGO, a Cytoscape
plugin.

RNA isolation and quantitative RT-PCR

Total RNA was extracted using TRIzol reagent
(Invitrogen, United States). RT-PCR was carried out
using SYBR Green PCR Master Mix (Toyobo, Japan) in
an Eppendorf PCR system. The data were analyzed
ΔΔ
by the Ct method and samples were normalized to
β-actin. Primer sequences are shown in Supplementary
Table 2.

Animals

Male C57BL/6 mice aged 6 weeks were obtained from
the SLAC Animal Laboratories (Shanghai, China). All
mice were raised under standard conditions (room
temperature, 24 ± 2 ℃; humidity, 50%-60%; light,
12-h light/12-h dark cycle).

Enzyme-linked immunosorbent assay

The levels of inflammation-related cytokines (TNF-α,
IL-1β, IL-6 and IL-8) were detected using mousespecific ELISA kits (Dakewe Bio-engineering Co. Ltd.,
China), following the manufacturer’s instructions.

Colitis model construction and treatment

Experimental colitis was induced by administration
of 3.5% (w/v) dextran sulfate sodium (DSS, 36-50
kDa; MP Biomedicals, United States) in drinking
water provided ad libitum for 7 d. The DSS solution
was changed every day. For each experiment, the
mice were randomly divided into four groups (n =
10/group): the control group was given normal water
only; the DSS group, 5-aminosalicylic acid (5-ASA)
group and AMP group received a 3.5% DSS solution
for 7 d, respectively. For treatment experiment, the
control group and DSS group were administered
normal saline intragastrically daily. The 5-ASA group
was given 5-ASA solution (100 mg/kg/d) and the AMP
group were administered AMP solution (400 mg/kg/d)
intragastrically. The severity of colitis was calculated
[22]
daily using the disease activity index ; the disease
activity index scores are shown in supplementary
Table 1. After treatment, blood was extracted by
cardiac puncture under anesthesia. Intestinal tissues
were fixed in 4% buffered formalin for hematoxylin
& eosin/immunohistochemistry and the other tissues
were snap-frozen for western blot/RT-PCR.

WJG|www.wjgnet.com

Statistical analysis

All data are presented as the mean ± SD. Statistical
analyses were performed using the Student’s t-test or
one-way ANOVA for group comparisons, and P < 0.05
was considered statistically significant.

RESULTS
AMP improved the DSS-induced inflammatory response
in acute colitis mice

As the flavonoid bioactive compound extracted from
AMP could inhibit inflammatory response in vitro and
[16]
in vivo , the protective effects of AMP in DSS-induced
colitis were examined in this study. Results presented
a reduction of body weight together with an elevation
of disease activity index scores under DSS stimulation
(Figure 1A and B); meanwhile, treatment with 5-ASA
and AMP prominently improved the body weight as well
as the length of colon, with significant difference (Figure
1A and C). Additionally, histological analyses revealed
more neutrophil infiltration, increased ulceration and
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Figure 1 Ampelopsis grossedentata improved dextran sulfate sodium-induced inflammatory response in acute colitis mice. A: Body weight was measured every
day; B: Disease activity index under DSS stimulation in mice; C: Length of colons and statistical graph; D: HE staining of colons. Data are presented as mean ± SD. aP < 0.05,
b
P < 0.01, eP < 0.001. 5-ASA: 5-aminosalicylic acid; AMP: Ampelopsis grossedentata; DSS: Dextran sulfate sodium.

crypt loss in the colon in the DSS group compared with
the control and treatment groups (Figure 1D), indicating
a protective effect of AMP on experimental colitis.

strong antiinflammatory activities for all the selected
[16,23-25]
compounds
, which may be crucially involved
in the improvement of UC, putative target prediction
was subsequently performed to confirm this hypo
thesis. Given that the comprehensive biological and
pharmacological effects of Chinese herbal plants
rely upon their complex compounds and multitarget
interactions, a compound-target network was built
based on massive open-source initiatives and free
web-based tools. A total of 156 potential targets were
collected from TCMSP, and 89 targets were ultimately

Potential pharmacological mechanisms of AMP

Candidate compound screening and putative tar
get prediction for AMP: Four candidate compounds
of AMP were obtained from the TCMSP database,
including dihydromyricetin, myricetin, quercetin and
taxifolin (Figure 2A and Supplementary Table 3).
Since recent research studies have demonstrated
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Figure 2 Candidate compound screening and putative target prediction for ampelopsis grossedentata. A: Chemical structures of active compounds for AMP; B:
Compound-target network for AMP. AMP: Ampelopsis grossedentata.

included after filtering (Figure 2B and Supplementary
Tables 4 and 5). Moreover, 67 targets overlapped in
the 4 compounds, which indicated that most of the
compounds of AMP hit multitargets to exert multifarious
therapeutic effects.

edges) and a known UC-related target network (3824
nodes and 91207 edges) were constructed based on PPI
database (Figure 3A and B). Subsequently, to confirm
the candidate targets of AMP against UC, an intersection
of the above networks was conducted, which consisted
of 2543 nodes and 70816 edges, and the DC values of
35 and 70 were computed by CytoNCA to identify the
putative targets during the process (Figure 3C).
In order to further elucidate the possible effects
of AMP on UC, the biological processes and signaling
pathways were determined through Cytoscape software.
The results showed that the biological processes were
largely related to the nucleic acid metabolic process,
positive regulation of macromolecule metabolic process,
positive regulation of response to stimulus and regu

PPI network constitution and identification of
candidate targets for AMP against UC: To better
understand the mechanisms of AMP in the treatment
of UC, 123 candidate targets of UC were obtained
from Genetic Association database, Therapeutic Target
database and Online Mendelian Inheritance in Man
database (Supplementary Table 6). As PPI maps
[19]
represented physical interactions on a molecular level ,
a putative-target network (4998 nodes and 126594
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Figure 3 Protein-protein interaction network constitution and identification of candidate targets for ampelopsis grossedentata against ulcerative colitis. A: PPI
network was constructed for the putative targets of AMP; B: PPI network was constructed for the known UC-related targets; C: Intersection networks for AMP against UC; D:
Enrichment analysis of biological processes for AMP against UC; E: Enrichment analysis of signaling pathways for AMP against UC. AMP: Ampelopsis grossedentata; PPI:
Protein-protein interaction; UC: Ulcerative colitis.

lation of the innate immune response (Figure 3D),
and the signaling pathways were mainly involved with
the TNF-α signaling pathway, RANKL/RANK (receptor
activator of NF-κB) signaling pathway, oncostatin M
pathway, Rac1/Pak1/p38/MMP-2 pathway and MAPK/
NF-κB signaling pathway (Figure 3E). Based on these
data, we proposed a hypothesis that the protective
WJG|www.wjgnet.com

mechanisms of AMP on UC were possibly related to
inflammatory signaling pathways.

Experimental validation

AMP could suppress the inflammation-related
signaling pathways in DSS-induced colitis: Since
systems pharmacology demonstrated that TNF-α and
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Figure 4 Ampelopsis grossedentata could suppress the inflammation-related signaling pathways in dextran sulfate sodium-induced colitis. A: Representative
western blot analyses of inflammation-related proteins in colon tissues; B: Statistical graph of western blot analyses, relative protein levels of IRAK1, TRAF2, TRAF6 and
NF-κB were determined by normalization to actin, and relative p-IκB level was determined by normalization to IκB; C: mRNA expression of inflammation-related genes in
colon tissues, relative mRNA expression levels of IRAK1, TRAF2, TRAF6, IκB and NF-κB were determined by normalization to actin; D: Representative images of antiNF-κB immunohistochemistry. Data are presented as mean ± SD. aP < 0.05, bP < 0.01, eP < 0.001. AMP: Ampelopsis grossedentata; DSS: Dextran sulfate sodium.

RANKL/RANK (receptor activator of NF-κB) signaling
pathways were involved in the therapeutic effects of
AMP on UC, western blot analyses were performed to
evaluate TRAF2 and TRAF6, the downstream events
of TNFR and RANK. Interestingly, outcomes presented
a significant increase of TRAF6 expression in the DSS
group as well as a mild increase of TRAF2 expression,
compared with the control group, and AMP could
improve this condition (Figure 4A and B). Thus, the
upstream indicator of TRAF6, IRAK1 was determined
next to investigate the further mechanisms in the

WJG|www.wjgnet.com

TRAF6-mediated inflammatory signaling pathway, and
results showed a marked elevation in the DSS group
and that AMP could alleviate this situation, suggesting
that IL-1-mediated proinflammatory signaling might
be involved in the antiinflammatory action of AMP in
UC. Accordingly, the mRNA expression of TRAF6 and
IRAK1 was enhanced, whereas the expression of TRAF2
was not (Figure 4C), indicating that AMP might exert
antiinflammatory effects via IRAK1/TRAF6-mediated
signaling pathway.
Given IκB was the shared core downstream event
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Figure 5 Ampelopsis grossedentata has protective effects on ulcerative colitis by inhibiting inflammation. A: mRNA expression of inflammation-related cytokines
in colon tissues, with actin used as loading control; B: Relative expression levels of inflammation-related cytokines in serum examined by enzyme-linked immunosorbent
assay; C: Representative images of anti-TNF-α immunohistochemistry; D: Representative images of anti-IL-1β immunohistochemistry. Data are presented as mean ±
SD. aP < 0.05, bP < 0.01, eP < 0.001. AMP: Ampelopsis grossedentata; DSS: Dextran sulfate sodium; UC: Ulcerative colitis.
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Figure 6 Schematic diagram of the research methodology and the proposed model of ampelopsis grossedentata acting on ulcerative colitis.
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of TRAF2/6 and IRAK1, and phosphorylation of IκB
could release NF-κB into the nucleus thus initiating the
gene transcription of relevant proinflammatory signals
to result in inflammatory responses in intestine, we
determined the levels of p-IκB and NF-κB consequently.
Western blot analyses manifested significant differences
in p-IκB/IκB and NF-κB between the AMP group and
the DSS group, and these changes were also significant
compared with the control group (Figure 4A and B).
Meanwhile, parallel changes were seen with the PCR
analyses (Figure 4C), suggesting that NF-κB was
activated in the DSS-induced colitis and was inhibited
by AMP. Additionally, immunohistochemical estimation
revealed that the protein expression of NF-κB in
inflamed colon tissue was significantly increased in the
DSS group and was prevented in the AMP group (Figure
4D), confirming the previous findings.

compounds obtained from the TCMSP database were
ultimately included in this study. Meanwhile, another
four compounds, including ambrein, apiin, ampeloptin
and myricomplanoside, were obtained from the
National Scientific Data Sharing Platform database
and Traditional Chinese Medicine Database @Taiwan,
but were excluded due to rare corresponding targets.
Finally, a compound-target network was constructed for
the four selected compounds and their corresponding
targets, indicating synergistic as well as multifarious
effects for each compound of AMP.
PPI maps were next constructed for the functional
analysis, on the basis of putative-target networks of
AMP and UC. Enrichment analyses presented a series
of biological processes and signaling pathways, and
a large number of those were supposed to be tightly
associated with the inflammatory response, including
the nucleic acid metabolic process, positive regulation
of macromolecule metabolic process, positive
regulation of response to stimulus and the regulation
of innate immune response, together with the TNF-α
signaling pathway, RANKL/RANK (receptor activator
of NF-κB) signaling pathway, oncostatin M pathway,
Rac1/Pak1/p38/MMP-2 pathway and MAPK/NF-κB
signaling pathway. Thus, we proposed that the NF-κBrelated inflammatory signaling pathway, which was
highly involved in all the above findings, might be a
pivotal target in the treatment of AMP on UC.
NF-κB, as a central transcription factor of inflam
matory mediators and a key participant in innate
and adaptive immune responses involved in the
[29]
perpetuation of inflammatory cascade , has been
considered as the central molecular pathway for UC
[27]
incidence . Recent investigations revealed that the
activation of proinflammatory cytokines, such as TNF-α
and IL-1β, could induce the translocation of NF-κB from
the cytoplasm to the nucleus, leading to the expression
[30]
of a variety of inflammatory genes . Given that
inflammation was a major factor for the progression
[31]
of UC , we performed the experimental validation to
verify the above assumption.
The TNF-α signaling pathway and RANKL/RANK
(receptor activator of NF-κB) signaling pathway were
the most important parts in the signaling pathways
obtained from enrichment analyses. TRAF2 and TRAF6,
the downstream events of TNFR and RANK, were
detected firstly, and results presented a significant
response on TRAF6 but an insignificant response on
TRAF2, suggesting the activation of TRAF6 in DSSinduced colitis. IRAK1, a protein kinase which is
partially responsible for IL1-induced up-regulation of
NF-κB by combining with TRAF6 and was also detected
[32]
in previous enrichment analyses , was determined
next to further explore the potential antiinflammatory
mechanisms of AMP on UC. Outcomes presented a high
expression of IRAK1 under DSS stimulation, indicating
that IRAK1/TRAF6-mediated proinflammatory signaling
might be participated in the antiinflammatory action of
AMP on UC.

AMP has protective effects on UC by inhibiting
inflammation: As NF-κB was tightly associated with a
great deal of inflammation-related genes, which could
release a series of proinflammatory cytokines, including
TNF-α and IL-1β, thus activating the whole inflammatory
[26,27]
feedback cycle process
, we measured the relative
expression levels of TNF-α, IL-1β, IL-6 and IL-8 with
PCR and ELISA. Results presented that all the indicators
were distinctly elevated under DSS stimulation, being
alleviated with AMP treatment (Figure 5A and B).
Furthermore, immunohistochemical estimation showed
that the expression of secretory proteins TNF-α and IL1β were both prominently increased in the DSS group
and were improved in the AMP group (Figure 5C and
D). Taken together, all the findings indicated that AMP
might exert protective effects on UC via suppressing the
IRAK1/TRAF6/NF-κB-mediated inflammatory signaling
pathway.

DISCUSSION
UC, as one of the major forms of inflammatory bowel
disease, represents an increased risk for progressing
[28]
colorectal cancer . Recent investigations have
confirmed that flavonoid bioactive compounds isolated
from the edible herb AMP have strong antiinflammatory
[16]
activities in macrophages , and may provide effective
natural therapies for the treatment and prevention
of UC. Thus, a systems pharmacology approach was
conducted in this study to explore the underlying
pharmacological mechanisms of AMP on UC. The
schematic diagram of the research methodology and
the proposed model of AMP acting on UC was shown in
Figure 6.
A DSS-induced experimental colitis model was
constructed to verify the therapeutic effects, and
results showed that AMP could significantly improve the
general observations and histopathology analysis. Thus,
systems pharmacology was performed subsequently to
identify the active compounds and their corresponding
targets, and results showed that four candidate
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inflammation-related signaling pathways.

Thus, we validated the downstream proinflammatory
signaling and the therapeutic effects, and results
showed the activation of NF-κB under DSS stimulation
as well as the protective effects of AMP against UC in
mice. Interestingly, in the DSS group compared with
the control group, there was an increased expression
of proinflammatory signaling pathways and also of the
levels of IκB; however, the increased expression of IκB
detected by PCR was in accordance with the western
blot analyses and the p-IκB/IκB ratio was elevated
ultimately, which might be due to the feedback
regulation of activated NF-κB. Together, all the findings
revealed that AMP could exert protective effects on
UC via suppressing the IRAK1/TRAF6/NF-κB-mediated
inflammatory signaling pathway.
Limitations should be acknowledged in regards to
the fact that research studies on AMP have been rare,
resulting in a lack of retrieved compounds, so that the
active compounds of AMP might not be fully predicted.
Furthermore, some selected compounds were also
rejected for the absence of efficient corresponding
targets, which might be due to the relevant databases
still not being well-developed. Besides, since UC is a
chronic inflammatory condition of the intestine combined
with a great deal of other biological processes, which
have also been detected in this study, further studies are
necessary to explore the systematic effects of AMP on
UC.

Research perspectives

Since UC is an inflammatory condition combined with a large amount of
other biological processes, we determined the inflammatory-related signaling
pathways in this study. Other biological processes and signaling pathways as
well as the systematic effects of AMP on UC were still unknown and need to be
explored in further studies.
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Abstract

Institutional review board statement: This study was
reviewed and approved by the ethics committee of the University
Clinic of Essen.

AIM
To investigate potential triggering factors leading to
acute liver failure (ALF) as the initial presentation of
autoimmune hepatitis (AIH).

Informed consent statement: All patients gave their written
informed consent prior to study inclusion.
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METHODS
A total of 565 patients treated at our Department
between 2005 and 2017 for histologically-proven AIH
were retrospectively analyzed. However, 52 patients
(9.2%) fulfilled the criteria for ALF defined by the
“American Association for the Study of the Liver
(AASLD)”. According to this definition, patients with
“acute-on-chronic” or “acute-on-cirrhosis” liver failure
were excluded. Following parameters with focus on
potential triggering factors were evaluated: Patients’
demographics, causation of liver failure, laboratory data
(liver enzymes, MELD-score, autoimmune markers,
virus serology), liver histology, immunosuppressive
regime, and finally, outcome of our patients.

triggering factors of acute liver failure as a first manifestation
of autoimmune hepatitis-a single center experience of 52 adult
patients. World J Gastroenterol 2018; 24(13): 1410-1418
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i13/1410.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i13.1410

INTRODUCTION
Autoimmune hepatitis (AIH) is a complex disease
characterized by immune-mediated destruction of
hepatic parenchyma, female gender bias, presence
of auto-antibodies, hypergammaglobulinaemia,
association with other autoimmune conditions, and
[1]
excellent response to immunosuppressive therapy .
Since its first description by Waldenström in the early
1950’s, AIH was considered to manifest as a chronic
liver disease and its fulminant presentation was not
[2-4]
commonly reported . Over the last decades, it has
become apparent that AIH can occur with diverse
clinical phenotypes and its classical perception of a
chronic inflammatory liver disease that affects mainly
[5-8]
young Caucasian women has been expanded .
However, approximately 20%-30% of the patients
reveal an acute presentation which may be induced
by a triggering agent such as previous viral infections,
toxic injury or treatment with immune-modifying drugs.
Infectious triggers are commonly indicated as being
involved in the induction of autoimmune diseases, with
Epstein-Barr (EBV) or Cytomegalovirus (CMV) being
implicated in several autoimmune liver disorders, such
as typeⅠ autoimmune hepatitis or primary biliary cho
[9]
langitis (PBC) . A remarkable proportion of patients
with acute manifestation can develop acute liver failure
(ALF), particularly in case of delayed diagnosis and
[4,10,11]
treatment
.
ALF is characterized by a rapid onset of severe
hepatocyte injury without prior liver disease that is
[12,13]
associated with significant morbidity and mortality
.
The most widely accepted deﬁnition of ALF includes
evidence of coagulation abnormality, usually an INR
≥ 1.5, and any degree of mental alteration (hepatic
encephalopathy) in a patient without pre-existing chronic
[14]
liver disease with an illness of < 26 wk duration .
Patients with AIH-induced ALF are frequently difficult
to diagnose due to absence of serological markers in
cluding anti-nuclear (ANA), anti-smooth muscle (SMA),
anti-liver kidney microsomal (LKM) antibodies, and
normal immunoglobulin G (IgG)-levels in numerous
[15,16]
cases
. In this setting, determination of major histo
compatibility complex HLA-loci (e.g., HLA-DR3 and
-DR4), which are reported to have a strong association
[1,8,17]
with AIH, might be helpful additional diagnostic tools
.
In the daily clinical setting, the hepatologist is fre
quently faced with patients having unknown elevations
of their liver enzymes for years or even decades.
Most of these asymptomatic patients present only
marginal increased liver enzymes with normal liver

RESULTS
The majority of patients with ALF were female (84.6%)
and mean age was 43.6 ± 14.9 years. Interestingly,
none of the patients with ALF was positive for antiliver kidney microsomal antibody (LKM). We could
identify potential triggering factors in 26/52 (50.0%) of
previously healthy patients presenting ALF as their first
manifestation of AIH. These were drug-induced ALF
(57.7%), virus-induced ALF (30.8%), and preceding
surgery in general anesthesia (11.5%), respectively.
Unfortunately, 6 out of 52 patients (11.5%) did not
survive ALF and 3 patients (5.7%) underwent liver
transplantation (LT). Comparing data of survivors and
patients with non-recovery following treatment, MELDscore (P < 0.001), age (P < 0.05), creatinine (P < 0.01),
and finally, ALT-values (P < 0.05) reached statistical
significance.
CONCLUSION
Drugs, viral infections, and previous surgery may
trigger ALF as the initial presentation of AIH. Advanced
age and high MELD-score were associated with lethal
outcome.
Key words: Acute liver failure; Autoimmune hepatitis;
Drug-induced liver injury; Triggering factors; MELD-score
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Autoimmune hepatitis is considered to mani
fest as a chronic disease. In few cases, the clinician is
challenged with patients revealing acute liver failure
as their first manifestation of autoimmune hepatitis
(AIH). The aim of our study was to investigate features
of especially these patients with focus on potential
triggering factors. We identified triggering factors in half
of our patients (26 out of 52 patients with acute liver
failure within a total cohort of 565 AIH patients). These
were drugs, viral infections, and surgery. Advanced
age and high MELD-score were associated with lethal
outcome. Consequently, the clinician would be welladvised to document these underlying conditions.
Buechter M, Manka P, Heinemann FM, Lindemann M, Baba
HA, Schlattjan M, Canbay A, Gerken G, Kahraman A. Potential
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function. Routine work-up of these cases leads finally
to the diagnosis of underlying AIH and - following
steroid therapy - transaminases often return to normal
ranges. However, in few cases, one is challenged with
patients previously being healthy without any signs of
hepatopathy but rapidly demonstrating a life-threatening
acute liver failure as their first manifestation of AIH with
the necessity of urgent organ transplantation. Therefore,
the aim of our study was to investigate demographic
characteristics and clinical course of especially these
patients presented with ALF as their initial presentation
of AIH with special focus on potential triggering factors
which may activate the “autoimmune machinery” leading
to onset of the disease.

additional examinations were performed (KayserFleischer ring, copper in urine, parameters of hemolysis,
and also determination of cupper in the liver biopsy).

RUCAM instrument

The appropriate diagnosis of drug-induced liver injury
(DILI) vs DILI-AIH involves the collection of historical
and laboratory data, including the latency in onset, the
rate of resolution after discontinuing treatment, and
exclusion of other reasonable causes of liver injury.
The advantage of the RUCAM instrument is that it is
systematic, thorough, and objective. We therefore used
this instrument in our study population as - at present it is considered the best method for assessing causality
in DILI.

MATERIALS AND METHODS

Liver histology

Patients’ characteristics, data collection and ethical
considerations

Liver biopsy was performed in all patients with evidence
of typical histopathological features of AIH, namely
presence of interface hepatitis, lymphoplasmacytic cell
infiltration exceeding the borders of the portal tract,
emperipolesis, and rosette formations, respectively.
Differentiating between drug-induced ALF and AIHinduced ALF is difficult on the basis of histology
alone. In both cases plasma cell rich inflammation
with interface hepatitis can be present. In order to
differentiate DILI from AIH clinical, historical, and
laboratory data have to be considered. If EBV, CMV or
HEV infection was suspected, viral detection by means
of immunohistochemistry, in situ hybridization, and PCR
was also performed.

In this retrospective study between 01/2005 and
04/2017, a total of 565 patients with histologicallyproven AIH were analyzed, from whom 52 previously
healthy patients suffered from ALF as their initial
presentation of autoimmune hepatitis. According to
the criteria defined by the “American Association for
the Study of the Liver (AASLD)”, ALF was diagnosed by
elevation of liver enzymes in combination with hepatic
encephalopathy (HE) and coagulopathy (INR > 1.5) in
[14]
the absence of a pre-existing chronic liver disease .
AIH was diagnosed according to the “Diagnostic Scoring
System of the International Autoimmune Hepatitis
Group” including analysis of auto-antibodies, IgG-levels,
[18,19]
histological features, and exclusion of viral markers
.
Liver histology was available for the whole study
population and was obtained either by percutaneousor laparoscopy-guided biopsy (Figure 1A and B). Only
adult patients (age ≥ 18 years) were included in the
study. The University Clinic of Essen ethics committee
approved the retrospective, anonymous analysis of the
data and the study was conducted according to the
principles expressed in the Declaration of Helsinki. All
patients gave their written informed consent prior to
study inclusion.

Immunosuppressive therapy and definition of nonrecovery

After diagnosis of AIH-induced ALF, each patient
received standard steroid therapy (1 mg per kg body
weight/d) intravenously with consecutive downtapering to a maintenance dose of 7.5 mg daily. Nonrecovery was defined as death or liver transplantation
(LT) within 28 d despite steroid treatment and initiation
of immunosuppressive therapy with azathioprine.

Statistical analysis

Statistical analysis was performed with GraphPad
Prism, version 6.00 for MacOsX (GraphPad Software,
San Diego, CA, United States). For descriptive statistics
medians and IQR were determined. All variables were
tested for normal distribution with the KolmogorovSmirnov test, the Shapiro-Wilk test, and calculation of
skew and kurtosis. The Mann-Whitney U test was used
to compare differences between independent groups.
Categorical data were tested with the chi-square test
and the Kruskal-Wallis test was used for multiple
comparisons. P < 0.05 was considered statistically
significant. The whiskers used in the graphs extend
th
th
down to the 5 percentile and up to the 95 percentile.

Laboratory parameters

At initial presentation, alanine-aminotransferase
(ALT), total bilirubin, serum creatinine, INR, IgG, IgM,
γ-globulins, antibody profile (ANA, AMA, ANCA, SMA,
LKM, SLA), and finally, HLA-loci (HLA- A1, -B8, -DR3,
and -DR4) were analyzed. Each patient was also tested
for viral markers (anti-HAV IgM, HBs-Ag, anti-HBc IgM,
HBeAg, anti-HBe, anti-HBs, anti-HCV, anti-HDV-EIA,
anti-HEV IgM, and PCR’s for HBV, HCV, HEV, HSV, CMV,
EBV), transferrin-saturation, ceruloplasmin, copper in
serum, soluble interleukin-II receptor, α1-antitrypsin,
and finally, GLDH. In suspected cases of Wilson’s disease,
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Figure 1 Mini-laparoscopy of a patient with acute liver failure due to newly diagnosed autoimmune hepatitis exemplarily showing the right liver lobe with
diffuse capsular swelling, regenerative nodules, and rounded lower margin (upper panel) (A), and liver histology of the same patient with AIH-induced ALF
(B). Left panel demonstrating severe inflammation with interface hepatitis (original magnification 200 ×) and the right panel with higher magnification (400 ×) revealing
numerous plasma cells extending from the portal tract into the adjacent parenchyma (lower panel).

grade Ⅳ had poor prognosis and died of acute liver
failure. We found no correlation between grade of
HE and antibody or HLA-profiles. Moreover, we also
did not found a correlation between the triggering
factors with severity of HE (data nor shown). Patients’
demographics and laboratory data are summarized in
Table 1.

RESULTS
Patients’ demographics, laboratory data, and
immunosuppressive regime

Fifty-two out of 565 patients with AIH suffered from
ALF as their initial presentation (9.2%) (Figure 1A
and B) and were included in the study. Mean age of
the study population was 43.6 ± 14.9 (19-76) years
while the majority was of female gender (44/52,
84.6%). Laboratory parameters with median values on
admission were as follows: ALT: 1391.0 (843.5-2154.5)
U/L, total bilirubin: 14.3 (11.7-18.7) mg/dL, serum
creatinine: 0.76 (0.55-0.95) mg/dL, INR: 1.78
(1.64-2.00), immunoglobulin G: 17.2 (13.1-22.8) g/L,
and finally, γ-globulin-fraction: 24.5% (19.5%-29.3%).
Calculated median labMELD-score was 24 (22-26)
points. All patients with AIH-induced ALF received
a pulse therapy with steroids starting with 1 mg/kg
body weight intravenously. A total of 30 patients
(57.7%) continued steroids in a daily dose of 7.5 mg
to maintain remission. Azathioprine (in 27 patients,
51.9%) and also cyclosporine A (in 7 patients,
13.5%) were also used to maintain remission. Hepatic
encephalopathy (HE) was classified using the West
Haven criteria. We found HE gradeⅠ in 46 of our 52
patients (88.4%), HE grade Ⅱ in 2 patients, HE grade
Ⅲ in 2 patients, and finally, HE grade Ⅳ in 2 further
patients, respectively. Unfortunately, patients with HE

WJG|www.wjgnet.com

HLA-typing and auto-antibody profiles

Thirty-six out of 52 patients were positive for ANA
(69.2%), 6/52 for AMA (11.5%), 4/52 for SMA (7.7%),
and 2/52 for SLA (3.8%), respectively. Interestingly,
none of the adult patients with acute liver failure was
either positive for ANCA or LKM. Data on HLA-loci were
available for 34 patients (65.4%) showing the following
results: HLA-A1 positivity in 15/34 (44.1%), HLA-B8
in 6/34 (17.6%), HLA-DR3 in 8/34 (23.5%), and HLADR4 in 11/34 patients (32.4%). HLA- and antibody
profiles of our study population are demonstrated in
Figure 2A and B.

Potential triggering factors for ALF in patients with first
manifestation of AIH

We could identify potential triggering factors for ALF in
patients with their first manifestation of AIH in 26/52
patients (50.0%). These triggers were predominantly
drugs [15/26 (57.7%), namely non-steroidal antiinflammatory drugs (NSAID) (n = 8), antibiotics (n = 5),
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Figure 2 HLA-profile of the study population (n = 34) investigating HLA-A1, -B8, -DR3, and -DR4 status (A), and antibody-profile of the study population
(n = 52) demonstrating positivity for ANA-, AMA-, SMA-, SLA-, ANCA-, and LKM-titers (B). ANA: Anti-nuclear; SMA: Anti-smooth muscle; LKM: Anti-liver kidney
microsomal.

ALF (recovery group), statistical analysis revealed
significant differences in terms of age [median age:
40.0 (28.0-52.0) years for the recovery group vs
median age: 49.0 (44.0-62.5) years, for the nonrecovery group, P = 0.031], serum creatinine [median
for the recovery group: 0.72 (0.51-0.92) mg/dL vs
median for the non-recovery group: 0.98 (0.77-1.61)
mg/dL, P = 0.0069], labMELD-score [median for
the recovery group: 23 (22-25) vs median for the
non-recovery group: 27 (25-30), P = 0.0007, and
finally, median ALT-values for the recovery group
1512 (904-2276) U/L vs median for the non-recovery
group: 711 (324-1391) U/L, P = 0.0157) (Table 2
and Figure 4A-D). None of the remaining AIH patients
of our cohort (n = 513 patients) developed acute
liver failure under therapy with corticosteroids and/or
immunosuppressive therapy. However, no significance
was found for markedly increased bilirubin levels
comparing both groups.

Table 1 Patients’ demographics and laboratory with n =
52 demonstrating autoimmune hepatitis-induced acute liver
failure (9.2%)
Study population (n = 52)
with AIH-induced ALF
Mean age (yr)
Male
Female
Hepatic encephalopathy

Immunosuppressive therapy

ALT (U/L)
Total bilirubin (mg/dL)
Creatinine (mg/dL)
INR
LabMELD-score
Immunoglobulin G (g/L)
γ-globulin-fraction (%)

43.6 ± 14.9 (19-76)
8 (15.4%)
44 (84.6%)
Grade Ⅰ: 46/52 (88.4%)
Grade Ⅱ: 2/52 (3.8%)
Grade Ⅲ: 2/52 (3.8%)
Grade Ⅳ: 2/52 (3.8%)
Steroid induction: 52/52 (100%)
Steroid maintenance: 30/52 (57.7%)
Steroid withdrawal: 20/52 (42.3%)
Azathioprine: 27/52 (51.9%)
Cyclosporine A: 7/52 (13.5%)
1391.0 (843.5-2154.5)
14.3 (11.7-18.7)
0.76 (0.55-0.95)
1.78 (1.64-2.00)
24 (22-26)
17.2(13.1-22.8)
24.5 (19.5-29.3)

DISCUSSION
The etiology of autoimmune hepatitis (AIH) is uncertain
but - in some cases - the disease can be triggered
by external factors such as viruses or drugs. AIH
usually develops in individuals with genetic background.
Many drugs have been linked to AIH phenotypes,
which sometimes persist after drug discontinuation,
suggesting that they awaken latent autoimmunity.
Growing information on the relationship of drugs and
AIH is being available, being drugs and biologic agents
more frequently involved in cases allowing to establish a
[20-23]
causal relationship
. According to current literature,
the frequency of patients with drug-induced AIH (DILIAIH) is reported to range from 9%-17% in overall patients
[24,25]
diagnosed with AIH
.
Drug-induced liver injury (DILI) is the most common
cause of acute liver failure (ALF) and responsible for
approximately 50% of the cases in the United States
and Western Europe. DILI may be dose-dependent and
predictable (e.g., acetaminophen-induced hepatotoxicity)

Data represents median and IQR. AIH: Autoimmune hepatitis; ALF: Acute
liver failure; ALT: Alanine-aminotransferase.

ipilimumab (n = 1), and rivaroxaban (n = 1)] followed
by previous acute viral infections [8/26 (30.8%),
namely Epstein-Barr virus (n = 4), Cytomegalovirus
(n = 3), and hepatitis E virus (n = 1)]. Finally, the
remaining 3 patients underwent previous surgery in
general anesthesia (11.5%) (Figure 3).

Higher age, creatinine, and MELD-score were associated
with lethal outcome or need for liver transplantation,
while elevated liver enzymes indicated recovery

Unfortunately, 6 out of 52 patients did not receive
an organ offer and died due to ALF while 3 further
patients underwent liver transplantation (non-recovery
group). When comparing data of these patients with
patients who responded to steroids and survived
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Table 2 Patients’ data stratified by recovery and non-recovery (n = 52)

Age (yr)
Male/female
ALT (U/L)
Total bilirubin (mg/dL)
Creatinine (mg/dL)
INR
LabMELD-score

Recovery (n = 43)

Non-recovery (n = 9)

P value

40.0 (28.0-52.0)
7/36
1512 (904-2276)
14.0 (11.3-18.7)
0.72 (0.51-0.92)
1.76 (1.63-1.98)
23 (22-25)

49.0 (44.0-62.5)
1/8
711 (324-1391)
16.1 (11.8-23.6)
0.98 (0.77-1.61)
1.96 (1.75-2.79)
27 (25-30)

0.031
NS
0.0157
NS
0.0069
0.0644
0.0007

Data represents median and IQR. ALF: Acute liver failure.

Triggering factors

Drugs

50.0

% of patients

mortality. The most important genetic risk factor is
human leukocyte antigen, especially HLA-DR, whereas
the role of environmental factors is not completely
understood. Immunologically, disruption of the immune
tolerance to autologous liver antigens may be a trigger
of AIH. According to current data, triggering agents
which may lead to this disruption are mainly unknown,
but may include viral infections, environmental toxins,
drugs, and vaccinations. There is growing evidence for
a loss of immune tolerance to self-antigens playing a
[33-38]
part in the development of this condition
. Genetic
risk association studies have identified HLA loci for
the development of disease and providing prognostic
[38,39]
information
. Interestingly, when compared to
published allele frequencies in healthy controls, HLA
genotypes of our cohort did not reach statistical
significance while only HLA-A1 status revealed a positive
[40]
trend . Moreover, none of our adult patients included
in the analyses was diagnosed with LKM-positive AIH
type 2. This observation matches with current literature:
Kessler and colleagues, who analyzed 30 patients with
fulminant hepatic failure as the initial presentation of
[3]
acute AIH, found that only 3% were LKM-positive .
[41]
Likewise, di Giorgio et al
described 46 children with
fulminant hepatic failure of autoimmune etiology, none
was LKM-positive.
In this study, we aimed to check potential triggering
factors which may lead to ALF as the initial presentation
of AIH. However, in 50% of the patients, triggering
factors for ALF as the initial presentation of AIH
were suspected. These were predominantly drugs
(e.g., NSAID and antibiotics), followed by previous
viral infections, and surgery in general anesthesia,
respectively. Non-recovery - defined as death or
liver transplantation within 28 d - was found among
9/52 patients (17.3%). Reviewing current literature,
results of non-recovery in patients with ALF due to AIH
[3,41,42]
differ significantly and range from 10%-60%
.
Risk factors for non-recovery among our patients
were increase in age, MELD-score, and creatinine
levels, while higher liver enzymes (ALT-values) were
associated with improved spontaneous recovery. Our
center previously demonstrated that high ammonia,
low albumin, and low ALT-levels were associated with
[43]
worse outcome in childhood acute liver failure . From
our long-time clinical experience in patients with acute

None

60

Virus
Surgery

40
28.8
20

15.4
5.8

0
None

Drugs

Virus

Surgery

Figure 3 Potential triggering factors for acute liver failure in patients with
their first manifestation of autoimmune hepatitis (n = 52).

or idiosyncratic, unpredictable, and probably independent
[12,26]
of dose
. Autoimmune hepatitis - on the contrary is a relatively rare cause of ALF in developed countries
[27]
with an incidence of approximately 5% . According to
the “Acute Liver Failure Study Group (ALFSG)” registry,
including 2436 patients between 1998 and 2016 in
the United States, 163 (6.7%) were diagnosed with
[28]
ALF due to AIH . In our cohort 9.2% of AIH patients
presented ALF. DILI is reported to have a phenotype of
autoimmunity similar to AIH and distinguishing these
[29]
entities still remains a challenge . However, immunemediated DILI nearly always resolves or becomes
[24,30]
quiescent when drugs are withdrawn
. In contrast, in
patients with drug-induced AIH, it can be assumed that
predisposition for AIH existed before, but the disease
was quiescent and remained undiagnosed until this drug
triggered the autoimmune process. Recently, Licata and
colleagues reported 12 patients from a series of 136
subjects with DILI that were diagnosed as drug-induced
[31]
[32]
AIH (9%) . Accordingly, Kuzu et al
described 82
DILI patients from whom five (6%) were diagnosed with
DILI-AIH.
AIH - in its classical perception - commonly presents
as a chronic hepatopathy. On the one hand, the majority
of patients with AIH are diagnosed due to accidentally
and repeatedly elevated liver enzymes in routine
check-up examinations without having symptoms. On
the other hand, AIH can lead to fulminant acute liver
failure which is associated with high morbidity and
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Figure 4 Higher age, creatinine, and MELD-score were associated with lethal outcome. A: Median alanine-aminotransferase (ALT)-values of patients with
recovery as compared to the non-recovery group, P < 0.05; B: Median serum creatinine levels of patients with recovery and non-recovery, P < 0.01; C: Median
labMELD-score of patients with recovery and non-recovery, P < 0.001; D: Median age of patients with recovery and non-recovery, P < 0.05.
autoimmune disorder. The significance of our study was therefore to investigate
the circumstances leading to acute liver failure and onset of autoimmune
hepatitis.

liver failure, we observed that patients with high ALTvalues recovered better than their counterparts with low
ALT-values indicating that there is still functioning liver
parenchyma despite the fact of acute liver injury. On
the one hand, extreme inflammation may reflect less
grade of already existing hepatic necrosis and higher
proportion of vital hepatocytes while on the other hand,
inflammation may increase the probability of response
to immunosuppressive treatment.
In summary, approximately 9% of our patients
were diagnosed with acute liver failure as their initial
presentation of autoimmune hepatitis which may
be potentially induced by drugs, viral infections, and
surgery in general anesthesia. Consequently, the
clinician would be well-advised to accurately document
these underlying conditions. Increases of age, MELDscore, and creatinine levels may be risk factors for
lethal outcome or need for urgent liver transplantation,
while higher levels of transaminases come along with
improved spontaneous recovery.

Research motivation

In the daily clinical setting, the hepatologist is frequently faced with patients
demonstrating only a mild elevation of their liver enzymes. Routine work-up
of these cases leads finally to the diagnosis of underlying AIH. However, in
few cases, one is challenged with patients without any signs of hepatopathy
but rapidly developing a life-threatening acute liver failure (ALF) as their first
manifestation of AIH. We here presented potential triggering factors which may
activate the “autoimmune machinery” leading to ALF.

Research objectives

The main objective of the present study was to gather more information with
focus on potential triggering factors leading to acute presentation of AIH with
consecutive liver failure. The clinician would be well-advised to accurately
document these underlying conditions.

Research methods

In our retrospective cohort study we investigated patients with histologicallyproven AIH and further analyzed the patients who presented acute liver failure.
Patients’ demographics, laboratory data, immunosuppressive regime, histology,
and outcome were documented and studied.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS

Research results

Research background

We were able to identify potential triggering factors in 26/52 (50.0%) of our
previously healthy patients presenting ALF as their first manifestation of AIH.
These were drug-induced (e.g., non-steroidal anti-inflammatory drugs and
antibiotics) ALF (57.7%), virus-induced (Epstein-Barr, Cytomegalovirus and

Autoimmune hepatitis (AIH) is generally considered to manifest as a chronic
liver disease. So far, only limited data are available investigating patients
presenting a fulminant acute liver failure as a first manifestation of this
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HEV) ALF (30.8%), and surgery in general anesthesia (11.5%), respectively.

12

Research conclusions

13

Approximately 9% of our patients were diagnosed with ALF as their initial
presentation of AIH which may be potentially induced by drugs, viral infections,
and surgery in general anesthesia. Consequently, the clinician would be
well-advised to ask his patients for hepato-toxic drugs and accurately
document these underlying conditions. Increases of age, MELD-score, and
creatinine levels were associated with lethal outcome or need for urgent liver
transplantation.

14

Research perspectives

15

With our study and findings we hope to further attract the physician’s attention
especially in cases of acute liver failure induced by autoimmune hepatitis. In
some cases, these disorders may be triggered by drugs and hepato-tropic
viruses. We hope that more studies investigating acute liver failure as a first
manifestation of AIH will be available in future.
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Abstract
AIM
To investigate the clinicopathological features of the
patients testing negative for high titer serum antiHelicobacter pylori (H. pylori ) antibody.
METHODS
The antibody titers were measured using antigens

1419

April 7, 2018|Volume 24|Issue 13|

Toyoshima O et al . Negative-high titer H. pylori antibody
13

derived from Japanese individuals. C-urea breath
test-positive individuals were defined as having H.
pylori infection. We investigated the demographic
characteristics, laboratory data, endoscopic findings
including Kyoto classification of gastritis, and histology in
negative-high titer patients without H. pylori eradication
therapy. Kyoto classification consisted of scores for
gastric atrophy, intestinal metaplasia, enlarged folds,
nodularity, and redness.

for gastric cancer. Therefore, the International Agency
for Research on Cancer has recommended screening
for and eradication of H. pylori for preventing gastric
[1]
cancer . The main non-invasive methods for diagnosing
H. pylori infection are the serum immunoglobulin G
13
antibody test, C-urea breath test (UBT), and stool
antigen test. Endoscopy, histology, culture, and rapid
urease test have been used as the main invasive
methods. The Maastricht V/Florence consensus report
13
states that the urea breath test using C-urea is the
[2,3]
best test to diagnose H. pylori infection . However,
some of the available serum antibody kits including
E-plate Eiken are excellent kits, with sensitivity and
[4,5]
specificity above 90% . Serology is hardly affected by
the changes in the stomach that result in a low bacterial
load, including gastrointestinal bleeding, atrophic
gastritis, gastric mucosa-associated lymphoid tissue
[2,6]
lymphoma, and gastric carcinoma . Additionally, proton
pump inhibitors and antibiotics have little influence on
[7]
serological tests as well . A serological test, with levels
of serum anti-H. pylori antibody and pepsinogen I and
II, is useful for identifying patients at increased risk of
[2,8,9]
gastric cancer
. These are some of the merits of
serological testing. However, subjects with an E-plate
antibody titer of < 10 U/mL include patients with
spontaneous disappearance of H. pylori from the gastric
mucosa, who are known to have extremely severe
[10]
gastritis and high risk for gastric cancer .
In clinical practice, in addition to evaluating the
results of H. pylori serology as a categorical variable
(i.e., positive or negative), it is also important to
consider the titer of H. pylori antibodies because there
is a relationship between the antibody titer and the
risk of gastric cancer. We mainly use the E-plate Eiken
kit as an anti-H. pylori antibody test in Japan. The cutoff titer of this kit for diagnosing H. pylori infection is ≥
10 U/mL, while the lower sensitivity limit of this kit is 3
U/mL. Previous reports have defined the titer between
3 and 9.9 U/mL as negative-high titer, and the titer
< 3 U/mL as a negative-low titer. Compared with the
negative-low titer, the negative-high titer has been
reported to carry a higher risk, especially for intestinal
[10-12]
gastric cancer in subjects with gastric atrophy
.
There are some false negative results when screening
for current H. pylori infection in patients with an E-plate
antibody titer of < 10 U/mL. H. pylori-infected patients
accounted for 94% of patients with gastric cancer with
an E-plate antibody titer of < 10 U/mL. Additionally, in
patients with gastric cancer with an E-plate antibody
titer of < 10 U/mL, H. pylori infection was associated
[13]
with higher titers of antibodies .
Thus, seronegative-high titer antibody is associated
with gastric cancer. However, the clinicopathological
characteristics of negative-high titer patients, including
the prevalence of H. pylori infection, have not been
studied extensively. This study focused on serum
negative-high titer antibody subjects without history

RESULTS
Of the 136 subjects enrolled, 23 (17%) had H. pylori
infection. Kyoto classification had an excellent area
under the receiver operating characteristics curve
(0.886, 95% confidence interval: 0.803-0.968, P = 3.7
-20
× 10 ) for predicting H. pylori infection with a cutoff value of 2. Further, Kyoto classification, H. pylori
density, and neutrophil activity had high accuracies
(89.7%, 96.3%, and 94.1%, respectively). Kyoto
classification was independent of the demographic and
laboratory parameters in multivariate analysis.
CONCLUSION
Endoscopic Kyoto classification of gastritis is a useful
predictor of H. pylori infection in negative-high titer
antibody patients.
Key words: Kyoto classification; Gastritis; Helicobacter

pylori ; Antibody; Endoscopy

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Compared with negative-low titer (< 3 U/mL
on E-plate Eiken kit), negative-high titer (3-9.9 U/mL)
have been reported to be at higher risk for intestinal
gastric cancer. Helicobacter pylori (H. pylori )-infected
patients accounted for 94% of gastric cancer patients
with an antibody titer of < 10 U/mL. Seventeen percent
of subjects with negative-high titer serum anti-H.
pylori antibody tested positive for H. pylori infection.
Endoscopic Kyoto classification of gastritis was an
excellent predictor of H. pylori infection with large
area under the receiver operating characteristics curve
(0.886), cut-off value of 2, and high accuracy (89.7%),
indicating its high confidence.
Toyoshima O, Nishizawa T, Arita M, Kataoka Y, Sakitani K,
Yoshida S, Yamashita H, Hata K, Watanabe H, Suzuki H.
Helicobacter pylori infection in subjects negative for high titer
serum antibody. World J Gastroenterol 2018; 24(13): 1419-1428
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i13/1419.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i13.1419

INTRODUCTION
Helicobacter pylori (H. pylori) is a group 1 carcinogen
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of H. pylori eradication therapy and investigated the
features of H. pylori-infected patients in the category.

Takemoto classification were scored as 1, and O-Ⅰ
to O-Ⅲ as 2. IM is observed as grayish-whitish and
slightly opalescent patches. IM within the antrum was
scored as 1, and IM extending into the corpus as 2.
The presence of folds enlarged over 5 mm or more
was scored as 1. Nodularity is characterized by the
appearance of multiple whitish elevated lesions mainly
in the pyloric gland mucosa. The presence of nodularity
was scored as 1. Diffuse redness refers to uniform
redness involving the entire fundic gland mucosa. The
presence of redness with regular arrangements of
collecting venules was scored as 1, and that without
regular arrangement of collecting venules as 2. We also
considered the presence of gastric sticky mucus and
gastroduodenal ulcer as positive findings of H. pylori
infection. On the contrary, gastroesophageal reflux
disease, hiatal hernia, and fundic gland polyp were
considered as findings of absence of H. pylori infection.
Sticky mucus refers to grayish or yellowish mucus that
adheres to the mucosal surface prior to washing with
water. Gastroduodenal ulcer scars were included in the
positive group. Grade A or more severe of Los Angeles
classification in gastroesophageal reflux disease was
defined as positive. We defined hiatal hernia of 2 cm or
more as positive. Figure 1A-F shows the representative
endoscopic findings related to H. pylori infection in
negative-high titer patients of this study.
EGDs were performed by 14 expert physicians using
Olympus Evis Lucera Elite system with endoscope: GIFHQ290 or GIF-H290Z (Olympus Corporation, Tokyo,
Japan). We carried out EGDs under conscious sedation
with midazolam and/or pethidine hydrochloride. The
EGD images were retrospectively reviewed by the chief
investigator (OT). Any disagreements were resolved
by consulting a third reviewer (TN). Discrepancies in
diagnoses between the two sets of physicians were
resolved through discussions.
Pathological findings were evaluated using the
updated Sydney system score, including H. pylori
density, neutrophil activity, chronic inflammation, IM,
and glandular atrophy, with hematoxylin and eosin
[20-22]
stains
. The biopsy samples were collected from
the greater curvature of the corpus and antrum. We
defined one or more score in either of the two points as
present. The histological diagnosis was performed by
an expert gastrointestinal pathologist, who was not an
endoscopist, and was from another organization.

MATERIALS AND METHODS
Subjects

We conducted this retrospective case-control study
in patients with negative-high titer serum anti-H.
pylori antibodies, who underwent esophagogastro
duodenoscopy (EGD) and histological evaluation
based on the updated Sydney system at Toyoshima
Endoscopy Clinic between September 2016 to May
2017. EGDs were performed for screening, surveillance
for gastrointestinal diseases, and investigation of
some symptoms or abnormal results of the other
assessments. We did not include subjects with history
of gastric cancer, gastrectomy, H. pylori eradication
therapy, and severe concomitant illnesses, and those
who did not consent to this study. The following
demographic characteristics were collected from the
medical records: age, sex, body mass index (BMI),
first-degree family history of gastric cancer, smoking
[14]
history, and habitual drinking . A score of at least 400
on the Brinkman index was defined as positive smoking
history. Consumption of at least one drink of alcohol per
day was defined as habitual.
This retrospective study was approved by the Ethical
Review Committee of Hattori Clinic on September
7, 2017. Written informed consents were obtained
from the participants. All clinical investigations were
conducted according to the ethical guidelines of the
Declaration of Helsinki.

Diagnosis of H. pylori and related findings

The H. pylori antibody titer was measured in the
blood samples obtained at the time of the first visit
or EGD. The antibody titer was measured using an
enzyme immunoassay kit using antigens derived from
Japanese individuals (E-plate Eiken H. pylori antibody
II; Eiken Chemical, Tokyo, Japan). A negative-high
titer was defined as 3-9.9 U/mL of anti-H. pylori
antibodies.
UBT-positive individuals were defined as subjects
[2,15,16]
with H. pylori infection
. We performed UBT using
13
a 100 mg C-urea tablet (Pylonic; Sumitomo Dainippon
Pharma, Osaka, Japan) after at least 2 wk of cessation
of proton pump inhibitors or antibiotics. The result was
declared negative if it was lower than 3 per mil.
Kyoto classification of gastritis is based on the sum
of scores of the following five endoscopic findings,
which are scored from 0 to 8: atrophy, intestinal
metaplasia (IM), enlarged folds, nodularity, and redness.
A high score represents increased risk for gastric
[13,17]
cancer
. Gastric atrophy was classified according
to the extent of mucosal atrophy as described by
[14,18,19]
Kimura and Takemoto
. C-II and C-III of Kimura-
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Statistical analysis

First, we evaluated the effects of age, sex, BMI,
family history of gastric cancer, smoking, habitual
drinking, serum anti-H. pylori antibody titer, endoscopic
findings, and histological findings on H. pylori infection
in univariate analysis using Fisher’s exact test or
Cochran-Armitage test for categorical variables and
Mann-Whitney U test for quantitative variables. Next,
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Figure 1 Endoscopic findings related to Helicobacter pylori infection. A: Atrophy is diagnosed based on the vascular pattern and rugal atrophy. The dotted line
indicates an atrophic border in the anterior wall of the body (43-year-old woman; antibody titer: 4.3 U/mL; UBT: 55.3 per mil; Kyoto classification score: 2); B: Intestinal
metaplasia is visible as grayish-whitish, slightly opalescent patches. The dotted line indicates the extent of the lesions in the lesser curvature of the antrum (81-year-old
woman; antibody titer: 4.7 U/mL; UBT: 7.3 per mil; Kyoto classification score: 5); C: An enlarged fold is defined as that which is 5 mm or more in diameter. Enlarged
folds are present in the greater curvature of the body (56-year-old man; antibody titer: 3.8 U/mL; UBT: 7.0 per mil; Kyoto classification score: 3); D: Nodularity is
characterized by the appearance of multiple whitish elevated lesions mainly in the pyloric gland mucosa. Nodularity is present in the antrum (28-year-old man;
antibody titer: 9.4 U/mL; UBT: 3.6 per mil; Kyoto classification score: 2); E: Redness refers to uniform redness involving the entire fundic gland mucosa. Redness
is visible in the greater curvature of the body (44-year-old man; antibody titer: 8.7 U/mL; UBT: 26.5 per mil; Kyoto classification score: 3); F: Sticky mucus refers to
grayish or yellowish mucus adhering to the mucosal surface. There is sticky mucus in the greater curvature of the body (70-year-old woman; antibody titer: 6.5 U/mL;
UBT: 26.4 per mil; Kyoto classification score: 4). UBT: Urea breath test.

the values of the area under the receiver operating
characteristic curve (AUC) for predicting H. pylori
infection were compared with the value of 0.5 using the
chi-squared test. The cut-off values for predicting H.
pylori infection were estimated using the Youden index,
which is the farthest point on the receiver operating
[23]
characteristic curve from the positive diagonal . We
compared AUC values with the use of a chi-square
test. Then, the performances of the endoscopic and
histological findings for H. pylori infection, including
accuracy, sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV)
were investigated. The predictors associated with H.
pylori infection were subsequently assessed using
multiple logistic regression analysis to distinguish the
independent factors from other demographic and
laboratory variables. A two-sided P value less than 0.05
was considered as significant. The data were analyzed
using Ekuseru-Toukei 2015 software (Social Survey
Research Information, Tokyo, Japan).

were enrolled. The median age of the subjects was
45 (range: 17-82, interquartile range: 37-56) years,
and 39% were males. The median titer of H. pylori
antibody was 4.7 (interquartile range, 3.7-6.6) U/mL.
Seventeen percent (n = 23) were diagnosed as H.
pylori-infected based on UBT.
On comparing H. pylori-infected and -uninfected
patients regarding the demographic characteristics and
laboratory data, H. pylori-infected patients were older
(53 years vs 42 years, P = 0.0057), and had higher
2
2
BMI (22.7 kg/m vs 21.2 kg/m , P = 0.028) and serum
antibody titer (5.4 U/mL vs 4.7 U/mL, P = 0.048).
No significant differences due to sex, family history of
gastric cancer, habitual smoking, or habitual drinking
were demonstrated. Regarding endoscopic findings, we
found significant differences between them in Kyoto
-13
classification of gastritis score (P = 3.8 × 10 ), gastric
sticky mucus (P = 0.013), and fundic gland polyp (P
= 0.0022). Histologically, H. pylori density (P = 2.8
-18
-10
× 10 ), chronic inflammation (P = 4.5 × 10 ), and
-14
neutrophil activity (P = 1.4 × 10 ) were significantly
different between the two groups (Table 1).
Then, we analyzed AUC for predicting H. pylori
infection based on the variables that had significant
differences between H. pylori-infected and -uninfected

RESULTS
The characteristics of the participants of the present
study are shown in Table 1. A total of 136 subjects
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Table 1 Characteristics of enrolled subjects

n (%)
Demographic characteristics
Age median (IQR), yr
Male sex (%)
Body mass index median (IQR), kg/m2
Family history of gastric cancer, present/absent
Smoking, present/absent
Drinking, present/absent
Laboratory data
Anti-H. pylori antibody median (IQR), U/mL
13
C-urea breath test result median (IQR), per mil
Endoscopic findings
Kyoto classification of gastritis4, 5/4/3/2/1/0
Atrophy, 2/1/0
Intestinal metaplasia, 1/0
Enlarged folds, 1/0
Nodularity, 1/0
Redness, 1/0
Gastric sticky mucus, present/absent
Gastric ulcer, present/absent
Duodenal ulcer, present/absent
Gastroesophageal reflux disease, present/absent
Hiatal hernia, present/absent
Fundic gland polyp, present/absent
Histological findings5
H. pylori density, present/absent
Chronic inflammation, present/absent
Neutrophil activity, present/absent
Intestinal metaplasia, present/absent
Glandular atrophy, present/absent

Total

H. pylori infected1

H. pylori uninfected

P value3

136

23 (17)

113 (83)

45 (37-56)
53 (39)
21.2 (19.6-23.7)
12/124
4/132
25/111

53 (44-68)
7 (30)
22.7 (20.4-25.6)
3/20
0/23
4/19

42 (35-53)
46 (41)
21.2 (19.5-23.3)
9/104
4/109
21/92

0.0057
0.48
0.028
0.43
1.0
1.0

4.7 (3.7-6.6)
0.3 (0.1-0.8)

5.4 (4.2-7.9)
19.3 (9.3-26.3)

4.7 (3.7-6.4)
0.3 (0.1-0.4)

0.048
3.6 × 10-14

1/3/14/9/13/96
15/20/101
14/122
5/131
2/134
19/117
22/114
1/135
3/133
20/116
18/118
41/95

1/3/8/6/2/3
10/4/2009
9/14
4/19
2/21
12/11
8/15
1/22
1/22
2/21
2/21
1/22

0/0/6/3/11/93
6/10/97
5/108
1/112
0/113
7/106
14/99
0/113
2/111
18/95
16/97
40/73

3.8 × 10-13
5.8 × 10-12
2.9 × 10-5
0.0029
0.028
7.3 × 10-7
0.013
0.17
0.43
0.53
0.74
0.0022

18/118
46/90
15/121
4/132
4/132

18/5
21/2
15/8
1/22
1/22

0/113
25/88
0/113
3/110
3/110

2.8 × 10-18
4.5 × 10-10
1.4 × 10-14
0.53
0.53

1 13

C-urea breath test-positive subjects were defined as H. pylori-infected patients; 3Fisher’s exact test, Cochran-Armitage test, or Mann-Whitney U test was
used as appropriate; 4Kyoto classification of gastritis was estimated by gastric atrophy, intestinal metaplasia, enlarged folds, nodularity, and redness[13];
5
We defined one or more score classified by the updated Sydney system in either the great curvature of the corpus or the antrum as present. H. pylori:
Helicobacter pylori; IQR: Interquartile range.
-20

95%CI: 0.803-0.968, P = 3.7 × 10 ) and endoscopic
-15
atrophy (0.848, 95%CI: 0.760-0.936, P = 7.7 × 10 ).
There was no significant difference between the three
AUC values. The cut-off value of Kyoto classification
of gastritis score for correlation with H. pylori infection
was 2 and that of endoscopic atrophy was 1. The
receiver operating characteristic curves based on Kyoto
endoscopic classification, serum antibody titer, and age
in 136 patients with negative-high titer antibody are
shown in Figure 2.
The performances of endoscopic and histological
findings for H. pylori infection are shown in Table 3.
The highest accuracy was found in histological H. pylori
density (96.3%), and its specificity and PPV were
100%. H. pylori density also had the second highest
NPV (95.8%). The second highest accuracy was in
neutrophil activity (94.1%), and its specificity and
PPV were 100%. With regards to endoscopic findings,
Kyoto classification of gastritis showed the highest
accuracy (89.7%). The accuracies of redness, IM,
atrophy (1 or more score as positive), enlarged folds,
and nodularity followed that of Kyoto classification in
order. The highest sensitivity (91.3%) and highest

1.0

Sensitivity

0.8

0.6

0.4
Kyoto classification of gastritis
Serum antibody titer
Age

0.2

0.0
0.0

0.2

0.4
0.6
1-specificity

0.8

1.0

Figure 2 Receiver operating characteristics curves for predicting
Helicobacter pylori infection. Receiver operating characteristics curves were
based on endoscopic Kyoto classification of gastritis score, serum antibody
titer, and age in 136 patients with negative-high titer antibody. Positive UBT was
defined as H. pylori infection. UBT: Urea breath test.

patients (Table 2). AUC of H. pylori density (0.891,
-19
95%CI: 0.805-0.977, P = 5.6 × 10 ) was the largest
followed by those of Kyoto classification (0.886,
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Table 2 Area under the receiver operating characteristic curve for predicting Helicobacter pylori infection

Age
Body mass index
Serum antibody titer
Kyoto classification of gastritis
Endoscopic atrophy
Endoscopic intestinal metaplasia
Enlarged fold
Nodularity
Redness
Gastric sticky mucus
Fundic gland polyp
H. pylori density
Chronic inflammation
Neutrophil activity

AUC

95%CI

P value

0.684
0.646
0.631
0.886
0.848
0.674
0.583
0.543
0.730
0.612
0.655
0.891
0.846
0.826

0.564-0.804
0.518-0.774
0.500-0.763
0.803-0.968
0.760-0.936
0.570-0.777
0.503-0.662
0.485-0.602
0.623-0.837
0.508-0.716
0.594-0.717
0.805-0.977
0.776-0.916
0.727-0.926

0.0027
0.026
0.051
3.7 × 10-20
7.7 × 10-15
0.0010
0.042
0.15
2.4 × 10-5
0.035
7.4 × 10-7
5.6 × 10-19
5.3 × 10-22
1.3 × 10-10

Positive urea breath test was defined as H. pylori infection. The values of the AUC were compared with the value of 0.5 using the chi-square test. AUC: Area
under the receiver operating characteristics curve; CI: Confidence interval; H. pylori: Helicobacter pylori.

A

B

C

D

E

F

Figure 3 Representative endoscopic findings of negative-high titer antibody cases. A case with Helicobacter pylori infection; 81-year-old woman with antibody
titer of 4.7 U/mL, UBT of 7.3 per mil, and Kyoto classification score of 5 (A-C). A: Greater curvature of the body of the stomach. Enlarged folds and redness are
present; B: Lower body of the stomach. Endoscopic atrophic border lies in the anterior wall and greater curvature. Redness is present in the greater curvature; C:
Antrum. Intestinal metaplasia is present in the lesser curvature. The mucosa is atrophic. A case without H. pylori infection; 31-year-old man with antibody titer of 5.7 U/mL,
UBT of 1.2 per mil, and Kyoto classification score of 0 (D-F); D: The greater curvature of the body of the stomach. Regular arrangement of collecting venules and
fundic gland polyps are present; E: Lower body of the stomach. Atrophy and redness are absent; F: Antrum. Intestinal metaplasia and atrophy are absent. UBT: Urea
breath test.

NPV (97.8%) were shown with histological chronic
inflammation.
Lastly, Kyoto classification was assessed using
multivariate logistic regression analysis to identify any
association with the variables such as age, BMI, and
serum antibody titer. Kyoto classification was identified
as an independent predictor of H. pylori infection (P =
-6
2.2 × 10 , Table 4).
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Representative endoscopic findings of negativehigh titer cases with or without H. pylori infection are
demonstrated in Figure 3A-F.

DISCUSSION
We found that 17% of subjects with negative-high
titer serum anti-H. pylori antibody were positive for H.
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Table 3 Performance of endoscopic and histological findings for Helicobacter pylori infection

Endoscopic findings
Kyoto classification of gastritis1
Atrophy2
Intestinal metaplasia
Enlarged folds
Nodularity
Redness
Gastric sticky mucus
Gastric ulcer
Duodenal ulcer
Gastroesophageal reflux disease
Hiatal hernia
Fundic gland polyp
Histological findings
H. pylori density
Chronic inflammation
Neutrophil activity
Intestinal metaplasia
Glandular atrophy

Accuracy

Sensitivity

Specificity

PPV

NPV

89.7
85.3
86.0
85.3
84.6
86.8
78.7
83.8
82.4
71.3
72.8
54.4

78.3
82.6
39.1
17.4
8.7
52.2
34.8
4.3
4.3
8.7
8.7
4.3

92.0
85.8
95.6
99.1
100
93.8
87.6
100
98.2
84.1
85.8
64.6

66.7
54.3
64.3
80.0
100
63.2
36.4
50.0
33.3
10.0
11.1
2.4

95.4
96.0
88.5
85.5
84.3
90.6
86.8
83.7
83.5
81.9
82.2
76.8

96.3
80.1
94.1
81.6
81.6

78.3
91.3
65.2
4.3
4.3

100
77.9
100
97.3
97.3

100
45.7
100
25.0
25.0

95.8
97.8
93.4
83.3
83.3

1

A score of 2 or more was defined as positive; 2A score of 1 or more was defined as positive. The data are presented as %. Positive urea breath test was
defined as H. pylori infection. PPV: Positive predictive value; NPV: Negative predictive value; H. pylori: Helicobacter pylori.

was significantly higher than in gastritis-alone group
(3.8 ± 1.1; P < 0.001). In subgroup analysis within
the cancer group, the mean Kyoto classification score
in the H. pylori-uneradicated subgroup was 4.8 ±
1.1, which was significantly higher than that in the
eradicated subgroup (4.2 ± 1.2; P < 0.001). Our study
showed that Kyoto classification score might be useful
for not only estimating the risk of gastric cancer but
also the prediction of H. pylori infection in negativehigh titer patients.
Cases with negative-high titer antibodies with
negative UBT could include not only subjects who
have never been infected but also patients in whom
[10,30]
infections resolved spontaneously
. Patients with
spontaneous resolution are known to be at very high
risk for gastric cancer. In this study, nine patients with
Kyoto classification score 2 or more had negative results
with UBT. These cases might be after spontaneous
disappearance of H. pylori infection. Such patients
would need careful surveillance.
Histological H. pylori density was the strongest
contributing factor to H. pylori infection with the largest
AUC and highest accuracy (96.3%). Neutrophil activity
had the second highest accuracy (94.1%). Several
investigators have inferred significant associations of
anti-H. pylori antibody titers with H. pylori density and
[25,31-33]
neutrophil activity
. Our findings are in accordance
with their reports. Chronic inflammation had the highest
sensitivity and NPV. Chronic inflammation has been
reported to progress in parallel with increases in serum
anti-H. pylori antibodies, and our results are consistent
[25,28,32]
with this observation
.
H. pylori-infected patients were older than the
uninfected patients among negative-high titer antibody

Table 4 Multivariate analysis for independent predictors of

Helicobacter pylori infection

Age
Body mass index
Serum antibody titer
Kyoto classification of gastritis

Odds ratio

95%CI

P value

0.98
1.06
1.21
4.23

0.93-1.03
0.90-1.24
0.87-1.68
2.33-7.67

0.49
0.50
0.26
2.2 × 10-6

pylori infection. Higher bacterial counts induce intense
immune responses, resulting in subsequent higher
antibody titers, while genetic differences between
human hosts may affect the antibody levels in response
[24]
to pathogens . Precise diagnosis in patients with
seronegativity is necessary to reduce the false negative
[13]
estimation of gastric cancer risk . We should identify H.
pylori-infected cases in negative-high titer patients and
carefully examine them.
Endoscopic Kyoto classification of gastritis proved
to be an excellent predictor of H. pylori infection with
large AUC (0.886), cut-off value of 2, high accuracy
(89.7%), and was comparable to histological H.
pylori density, indicating its high confidence. Kyoto
classification also demonstrated to be independent of
demographic and laboratory data. These results show
that Kyoto classification is useful in the diagnosis of
H. pylori infection among negative high-titer serum
antibody patients. Endoscopic atrophy and nodularity
have been attributed to H. pylori infection consistently,
[25-28]
as was also seen with our results
.
Kyoto classification score is believed to provide
an estimate of the risk of gastric cancer. Sugimoto
[29]
et al
showed that the mean Kyoto classification
score in gastric cancer group was 4.6 ± 1.2, which
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[13]

characteristics, laboratory data, endoscopic findings including Kyoto
classification of gastritis, and histology in negative-high titer patients without
history of H. pylori eradication therapy.

participants. Kiso et al
reported that in serum H.
pylori antibody-negative subjects, those with H. pylori
infection and gastric cancer were older than those with
gastric cancer but without the infection. Our results
were concordant with their results. In this study, the
BMI of H. pylori-infected patients was higher than that
of -uninfected patients. Our results are in agreement
with the results of a report that concluded a positive
association between being overweight and serum H.
[34]
pylori antibody .
There are some limitations to this study. We used
UBT as the gold standard for H. pylori infection;
however, its accuracy is not 100%. Better performance
in serological screening depends on the use of
the appropriate antigens and adjustment of cut-off
[35]
values . As we used antibodies against the Japanese
strain, further investigation of the other antibodies is
needed. Non-H. pylori Helicobacter species, including
H. suis and H. felis, could provoke serum anti-H. pylori
[36]
antibody positivity , and anti-H. pylori antibody
correlates with the presence of cytotoxin associated
[37]
gene A-positive strains ; however, we did not assess
them. Furthermore, we did not analyze the longterm outcomes in 17% of the patients with negativehigh titer anti-H. pylori antibodies without history of
eradication therapy who had H. pylori infection. Further
studies should be performed to analyze the long-term
outcomes and the association between the presence of
CagA positive H. pylori infection and Kyoto classification.
In conclusion, 17% of the patients with negativehigh titer serum anti-H. pylori antibodies without
history of eradication therapy had H. pylori infection.
Endoscopic Kyoto classification of gastritis with a score
of 2 or more could predict H. pylori infection in negative
high-titer patients. Further examination including UBT
should be considered in these patients with Kyoto
classification score 2 or more.

Research results

Of the 136 subjects enrolled, 23 (17%) had H. pylori infection. Kyoto
classification had an excellent area under the receiver operating characteristics
curve (0.886) for predicting H. pylori infection, with a cut-off value of 2. Further,
Kyoto classification had high accuracy (89.7%). Kyoto classification was
independent of the demographic and laboratory parameters in multivariate
analysis.

Research conclusions

In this study, 17% of patients with negative-high titer had H. pylori infection.
Endoscopic Kyoto classification of gastritis with a score of 2 or more could
predict H. pylori infection in negative high-titer patients. Further investigations
including UBT should be considered in these patients.

Research perspectives

Long-term prospective studies are expected to investigate the role of serum
antibody titer and Kyoto classification of gastritis in predicting not only H. pylori
infection but also the risk of gastric cancer.
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Abstract
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AIM
To compare prognostic relevance of postoperative
tumour/node/metastasis (TMN) stages between patients
with and without neoadjuvant treatment.
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METHODS
Data from patients with adenocarcinoma of the gastrooesophageal junction (AEG) who had undergone
surgical resection at a single German university centre
were retrospectively analysed. Patients with or without
neoadjuvant preoperative treatment were selected
by exact matching based on preoperative staging.
Standard assessment of preoperative (c)TNM stage
was based on endoscopic ultrasound and computed
tomography of the thorax and abdomen, according
to the American Joint Committee on Cancer/Union
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for International Cancer Control classification system.
Patients with cT1cN0cM0 and cT2cN0cM0 stages
were excluded from the study, as these patients are
generally not recommended for pretreatment. Longterm survival among the various postoperative TNM
stages was compared between the groups of patients
with or without neoadjuvant treatment. For statistical
assessments, a P -value of ≤ 0.05 was considered
significant.

Thomaschewski M, Hummel R, Petrova E, Knief J, Wellner UF,
Keck T, Bausch D. Impact of postoperative TNM stages after
neoadjuvant therapy on prognosis of adenocarcinoma of the
gastro-oesophageal junction tumours. World J Gastroenterol
2018; 24(13): 1429-1439 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i13/1429.htm DOI: http://
dx.doi.org/10.3748/wjg.v24.i13.1429

INTRODUCTION

RESULTS
The study included a total of 174 patients. The group
of patients who had received preoperative neoadjuvant
treatment included more cases of AEG (Siewert) type
1 carcinoma (P < 0.001), and consequently oesop
hagectomy was performed more frequently among
these patients (P < 0.001). The two groups (with or
without preoperative neoadjuvant treatment) had
comparable preoperative T stages, but the group of
patients with preoperative neoadjuvant treatment
presented a higher rate of preoperative N-positive
disease (P = 0.020). Overall long-term survival was not
different between the two groups of patients according
to tumours of different AEG classifications, receipt of
oesophagectomy or gastrectomy, nor between patients
with similar postoperative TNM stage, resection margin
and grading. However, an improvement of long-term
survival was found for patients with nodal down-staging
after neoadjuvant therapy (P = 0.053).

Adenocarcinoma of the gastro-oesophageal junction
(AEG) is one of the most common cancers worldwide,
[1,2]
with a global incidence of 0.7 per 100000 . It re
presents an aggressive disease with poor prognosis,
and diagnosis is often delayed due to a lack of early
disease-specific symptoms. Moreover, these tumours
tend to spread to (local) lymph nodes even in early
[3,4]
stages .
Today, curative treatment options involve multi
disciplinary approaches including endoscopy, surgery,
chemotherapy and radiotherapy. These treatments have
led to improvements in clinical management and patient
[4,5]
outcome over the last years . In particular, effective
neoadjuvant chemotherapy and/or radiotherapy appro
aches have been established for patients with locally
advanced adenocarcinoma of the distal oesophagus and
the gastro-oesophageal junction. When applied prior to
surgery, these pretreatments provide a survival benefit,
improve the potential for down-staging of the primary
tumour and/or lymph node metastasis, and yield higher
rates of complete tumour resection (R0) in contrast to a
[6-10]
surgery-alone approach
. However, whether a patient
benefits from neoadjuvant therapy depends on tumour
biology, individual patient-related risk factors and stage
[6,8,9]
of disease
.
The American Joint Committee on Cancer (AJCC)
and the Union for International Cancer Control (UICC)
tumour/node/metastasis (TNM) system has been
established as an international standard of classification
of local, regional and distant extension/spread for many
solid tumours, including AEG, and proven a powerful
[10-14]
tool for prediction of prognosis of cancer patients
.
th
For the first time, the recently published 8 edi
tion of AJCC staging of cancers of the oesophagus
and oesophago-gastric junction introduced the post
neoadjuvant (yp)TNM stage groupings in addition to
[12]
the clinical (c)TNM and pathological (p)TNM stagings .
Whereas the separate definitions from the previous
th
7 AJCC/UICC edition for depth of wall infiltration
by the primary tumour (the T staging), lymph node
involvement (the N staging) and presence of distant
metastases (the M staging) of AEG were not changed,
stage grouping for neoadjuvant categories (i.e., ypTNM)
was newly classified with separate stage grouping
for squamous cell carcinoma and adenocarcinoma,
to account for the different prognostic implications

CONCLUSION
The prognostic relevance of postoperative TNM stages is
similar for AEG in patients with or without neoadjuvant
preoperative treatment, but treatment-related nodal
down-staging prognosticates longer-term survival.
Key words: Adenocarcinoma of the gastro-oesophageal
junction; American Joint Committee on Cancer/Union for
International Cancer Control; TNM system; Neoadjuvant
therapy; Oesophageal cancer
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Neoadjuvant therapy is the standard treatment
for locally advanced adenocarcinoma of the gastrooesophageal junction (AEG). Prognosis of AEG is based
mainly on postoperative tumour/node/metastasis (TNM)
stages, using the American Joint Committee on Cancer/
Union for International Cancer Control classification
system. Yet, whether prognostication based on posto
perative TNM stage is affected by preoperative neoad
juvant therapy is unclear. Retrospective analysis of
174 patients showed that the prognostic relevance of
postoperative TNM stage is independent of preoperative
neoadjuvant therapy. However, nodal down-stage
response following neoadjuvant therapy was found to
result in improvement of survival.
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between ypTNM (postneoadjuvant) and pTNM cancer
[12,13]
categories
.
Based on data derived from the Worldwide Eso
phageal Cancer Collaboration (WECC), involving 7723
patients from different countries and continents, survival
for neoadjuvant groups (ypTNM patients) differed
from that for equivalent-stage patients that underwent
[13]
surgery alone (pTNM patients) . In detail, survival for
node-negative (ypN0) patients and early-stage disease
(ypTNM groupsⅠ and Ⅱ) patients is significantly
lower than for equivalently categorised patients that
[13,15]
underwent surgery alone (pTNM)
. However, two
other retrospective analyses showed that the prog
nostic relevance of postoperative AJCC/UICC TNM stag
ing is similar for patients with or without neoadjuvant
[16,17]
treatment
.
In summary, the data available on the actual
prognostic relevance of postoperative TNM stages of
AEG patients who underwent neoadjuvant treatment
are still limited and heterogeneous. The objective of
this study, therefore, was to retrospectively analyse
data from our University Cancer Center to compare
the prognostic relevance of postoperative TMN stages
between patients with and without preoperative
neoadjuvant treatment, following surgery for tumours
of the gastro-oesophageal junction.

resection margin status (R)], long-term survival (defined
as time in months from the day of hospital discharge)
and pathologic down-staging/response in T and N
stages after neoadjuvant therapy. For this study, we
defined any pathologic down-staging/improvement in
T and N stages after neoadjuvant therapy as ‘downstaged’, in contrast to ‘unchanged’ or ‘up-staged’ T and
N stages.

Preoperative and postoperative tumour staging

Standard assessment of diagnosis and preoperative
TNM stage (cTNM) was based on findings from en
doscopy with biopsy, including endoscopic ultrasound
and computed tomography of the thorax and abdomen.
The postoperative staging was based on the resec
tion specimen (according to the AJCC/UICC Cancer
th
[11]
Staging Manual 7 edition
and including G and R
parameters). In this context, the resected specimens
were re-evaluated by an independent pathologist for
the purpose of this study.

Neoadjuvant / perioperative treatment

From the year 2005 onward, neoadjuvant chemotherapy
has been used as standard treatment in the context of a
multidisciplinary approach for locally advanced cancers.
Our local standard protocol for neoadjuvant/perioperative
tretment is based on the German National Guidelines for
Diagnostics and Treatment of Adenocarcinomas of the
Stomach and the Gastroesophageal Junction (http://
www.awmf.org/uploads/tx_szleitlinien/ 032009l_S3_M
agenkarzinom_Diagnostik_Therapie_Adenokarzinome_
oesophagogastraler_Uebergang_2012abgelaufen.pdf).
Generally, patients are deemed eligible for neoadjuvant/
perioperative treatment if the tumour is locally advanced.
In detail, we recommend neoadjuvant/perioperative
treatment for patients with locally advanced tumour
stages (cT2 node-positive disease as well as cT3/4),
and patients with cT1 cN0 cM0 or cT2 cN0 cM0 are
not recommended for pretreatment. Prior to 2005,
patients received neoadjuvant/perioperative treatment
on an individual basis based on recommendations of
the local interdisciplinary tumour board. Neoadjuvant/
perioperative therapy mainly consisted of cisplatin and
fluorouracil (5-FU)-based regimens and included, over
the time, different protocols such as cisplatin/5-FU,
ECX, FLOT or ECF. For better presentation of results,
neoadjuvant/perioperative treatment is referred to as
‘neoadjuvant treatment’ throughout the rest of the
manuscript. In 26 cases, patients without neoadjuvant
pretreatment had received adjuvant therapy (if recom
mended according to the local interdisciplinary tumor
board). The decision was based on postoperative tumour
stages and individual patient-specific risk factors.

MATERIALS AND METHODS
Patient selection and study parameters

Between 1996 and 2014, a total of 254 consecutive
patients underwent curative surgery for AEG at the
University Medical Center Schleswig-Holstein, Campus
Lübeck. Data of all these patients were obtained from
the institutional database and selected according to the
following inclusion criteria: age > 18 years; histological
confirmation of AEG (Siewert typesⅠ to Ⅲ) on the
basis of postoperative resection specimen analysis;
curative intent of surgery/treatment; and, formal eligi
bility for neoadjuvant/perioperative treatment based
on preoperative cTNM stages (according to AJCC
th
[12]
Classification 8 edition ; for details, please see the
“Neoadjuvant/perioperative treatment” section below).
Exclusion criteria were in-hospital death (as we aimed
to analyse long-term outcome) and early-stage cancers
(cT1cN0cM0 and cT2cN0cM0). After identification of
eligible patients, we applied exact matching techniques
to select the final retrospective study population of
patients for the “neoadjuvant treatment” and “no
neoadjuvant treatment” groups. Local ethics board
approval was obtained (Ethik-Kommission Universität zu
Lübeck/Aktenzeichen: 17-379A).
Study parameters included sex, age, AEG (Siewert)
[18]
classification , surgical procedure (see below),
preoperative staging (including cT, cN and cM categories
th
according to the AJCC Cancer Staging Manual 8
[12]
edition ), postoperative staging [including T, N and M
categories according to the AJCC/UICC Cancer Staging
th
[11]
Manual 7 edition , grade of differentiation (G) and
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Surgical procedures

The type of surgical resection for the AEG tumours was
selected in accordance with tumour location and extent,
and was chosen from among either oesophagectomy
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Table 1 Demographics of the study population
All, n = 174
Male sex
Age, median
Siewert stage
I
II
III
cT stage
T2
T3
T4
cN stage
Negative
Positive
Surgery
Oesophagectomy
Gastrectomy
pT stage
T0
T1/2
T3/4
pN stage
N0
N1
N2
N3
pM stage
M0
M1

No neoadjuvant tx

Neoadjuvant tx

85.1%
61.5

81.7
64

87.4
58

35.1%
51.7%
13.2%

16.9
67.6
15.5

47.6
40.8
11.7

7.5%
74.7%
17.8%

8.5
74.6
16.9

6.8
74.8
18.4

17.2%
82.8%

28.2
72.8

9.7
90.3

54.0%
46.0%

26.8
73.2

72.8
27.2

11%
26%
63%

21.4
78.6

20.0
30.0
50.0

37%
17%
21%
25%

24.3
18.6
20
37.1

48.8
15
21.2
15

94%
6%

94.3
5.7

93.8
6.2

P value
0.387
0.043
< 0.001

0.9

0.02

< 0.001

Data represent the entire study population (“All”), and the subgroups of patients with (“Neoadjuvant tx”) or without (“No neoadjuvant tx”) neoadjuvant
pretreatment. Tx: Treatment.

techniques (open/hybrid/totally minimally invasive
oesophagectomies), gastrectomy techniques (transhiatal
extended gastrectomy) or combined oesophagectomyand-total-gastrectomy techniques. For the purpose
of this study, patients treated with the combined
oesophagectomy-and-total-gastrectomy technique were
included in the oesophagectomy group. The standard
surgical procedure in our hospital included two-field
lymphadenectomy for oesophagectomies and D2lymphadenectomy for gastrectomies.

operative staging (cTNM)], Pearson’s chisquare and
Fisher´s exact tests were used. Long-term survival
was analysed using the Kaplan-Meier method. Logrank test was used for statistical comparison. For
all statistical analyses, a P-value of ≤ 0.05 was con
sidered significant.

RESULTS
Demographics and overall survival

Following the exact matching patient selection,
we identified 174 out of the 254 patients for study
inclusion. Table 1 presents an overview of the two
study groups: “neoadjuvant treatment (tx)” vs “no
neoadjuvant tx”. The patients who underwent neoadju
vant treatment were significantly younger than their
nontreated counterparts (58 years vs 64 years, P =
0.043) and presented significantly more often with
Siewert type 1 AEG tumours (P < 0.001) mandating
oesophagectomy rather than gastrectomy (P < 0.001).
While patients in both groups presented comparable
preoperative T stages, patients in the neoadjuvant
treatment group presented higher preoperative rates
of N-positive disease (P = 0.02). Rates of N-positive
disease were 90% for neoadjuvant tx and 73% for no
neoadjuvant tx. Analysis of overall survival of the entire
patient population based on postoperative T and N

Follow-up

The Department of Surgery includes an Outpatient
Cancer Clinic for follow up of cancer patients. Most of
the cancer patients in our study are receiving their
follow-up care in this outpatient clinic. However, for
those patients who requested follow up with their
general practitioner (e.g., based on the location of their
residence), we obtained their follow-up information via
telephone and entered the respective information into
our database.

Statistical analysis

Statistical analyses were performed using SPSS software
(version 22; IBM Corp., Armonk, NY, United States).
For analysis of categorical variables [sex, age, AEG
(Siewert) classification, surgical procedure and pre
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Figure 1 Overall survival. The graphs present an overview of the long-term survival of the entire study cohort based on tumour (A) and nodal (B) stages.
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Figure 2 Impact of American Joint Committee on Cancer/Union for International Cancer Control stage on survival of patients with or without neoadjuvant
pretreatment. The graphs show the long-term survival of patients with or without neoadjuvant pretreatment and with the same postoperative UICC stage. Tx:
treatment; UICC: Union for International Cancer Control.

stages confirmed that long-term survival depended on
disease stages (Figure 1).

of patients with or without neoadjuvant treatment who
had equivalent postoperative AJCC/UICC TNM stages
th
(stagesⅠ-Ⅳ according to the 7 edition AJCC/UICC
staging). We found no significant differences in longterm survival according to receipt of neoadjuvant treat
ment for the four AJCC/UICC stage subgroups (Figure 2).

Survival of patients with or without neoadjuvant
treatment who had equivalent postoperative TNM stages
First, we compared long-term survival between groups
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Figure 3 Impact of tumour stage on survival of patients with or without neoadjuvant pretreatment.The graphs present the long-term survival of patients with or
without neoadjuvant pretreatment and with similar postoperative tumour stages (early stage cancers: pT1/2; advanced stage cancers: pT3/4). Tx: Treatment.
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Figure 4 Impact of nodal stage on survival of patients with or without neoadjuvant pretreatment.The graphs show the long-term survival of patients with or
without neoadjuvant pretreatment and with the same postoperative nodal stages (pN0/pN1/pN2/pN3). Tx: Treatment.

Furthermore, analysis of patients with either pT1/
pT2 diseases or advanced pT3/pT4 diseases showed
no significant difference in long-term survival related
to receipt (or no receipt) of neoadjuvant pretreatment
(Figure 3).
Subgroup analyses on all tumour (pT) stages se
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parately showed that only neoadjuvant-pretreated
patients with pT1 stage had slightly better long-term
survival (P = 0.046). However, the statistical comparison
of these groups included only 8 vs 5 patients. With
regards to postoperative N stages (pN), we did not find
any differences in outcome between patients with or
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Figure 5 Impact of T and N down-staging on outcome after neoadjuvant treatment. A: The long-term survival of patients with either T “down-staging” or
“unchanged/up-staging” after neoadjuvant treatment; B: The long-term survival of patients with either N “down-staging” or “unchanged/up-staging” after neoadjuvant
treatment. N: Nodal; T: Tumour; Tx: Treatment.

without neoadjuvant therapy who represented the same
postoperative pN stages (Figure 4).
Further subgroup analyses investigating effects of
surgical procedure, postoperative G, positive/negative
R and Siewert typeⅠ/Ⅱ/Ⅲ AEG tumours on outcome
showed that long-term survival rates were comparable
between patients with the same G stage or R stage
regardless of neoadjuvant pretreatment (G2: P = 0.580;
G3: P = 0.417; R0: P = 0.389; R1: P = 0.825). With
regards to the Siewert classification, only patients with
pT1 tumours in Siewert type 2 AEG showed a better
survival after neoadjuvant therapy (P = 0.017; 7 patients
with neoadjuvant tx vs 3 patients with no neoadjuvant
tx); otherwise, the location of the tumour classified
by Siewert classification did not impact outcome of
patients with or without neoadjuvant pretreatment.
Similarly, patients with pT1 tumours who received
gastrectomy showed a significantly better survival rate
after neoadjuvant therapy (P = 0.020; 3 patients with
neoadjuvant tx vs 4 patients with no neoadjuvant tx);
otherwise, surgical procedures (oesophagectomy vs
gastrectomy) did not impact outcome.

borderline significant improvement in long-term survival
(P = 0.053) (Figure 5).

DISCUSSION
The development of new therapeutic approaches
and strategies for AEG within recent years has led to
a multidisciplinary approach involving neoadjuvant/
perioperative chemotherapy and/or radiotherapy. In
contrast to the surgery-alone approaches, the multidis
ciplinary approaches have resulted in a relevant overall
[7,19-22]
survival benefit to patients
and have become part
of standard treatment for AEG tumours. In addition to
a survival benefit, neoadjuvant pretreatment further
showed potential for down-staging of the primary
tumour and/or lymph node metastasis, and finally in
[7,19-22]
improving rates of complete tumour resection (R0)
.
While there is a broad consensus that neoadjuvant
treatment affects outcome and prognosis of patients with
AEG tumours, data are scarce on the exact prognostic
relevance of postoperative AJCC/UICC TNM staging in
the era of neoadjuvant treatment.
With this current study, we showed that there
were no significant differences in the overall long-term
survival of patients with or without neoadjuvant treat
ment, if they presented similar postoperative AJCC/
th
UICC stages (stagesⅠ-Ⅳ, according to the 7 edition
AJCC/UICC), T stages (early pT1/2 and advanced pT3/4
cancers) or N stages (pN0/pN1/pN2/pN3). Furthermore,
we could show that surgical procedure, postoperative G,
positive/negative R and location (Siewert classification
of AEG the tumour) did not affect outcome between
patients with or without neoadjuvant treatment, except
in some cases of patients with pT1 tumours.
In summary, in our opinion, these results provide
an interesting contribution towards answering the
question of whether the AJCC TNM staging system
can predict or estimate individual prognosis of patients
with AEG tumours, regardless of whether they received

Effect of T and N down-staging after neoadjuvant
therapy on long-term survival

Finally, we analysed if T or N down-staging after
neoadjuvant treatment impacted outcome by comparing
preoperative and postoperative T and N stages
only for those patients that underwent neoadjuvant
pretreatment. We found that T down-staging after
neoadjuvant therapy did not affect long-term survival
(P = 0.488; Figure 5). Subgroup analysis on patients
with either unchanged or up-staged disease showed a
trend towards worse survival for patients with up-staged
T stage (P = 0.628; Supplementary Figure 1). However,
these results are limited by the very low number of
patients included (n = 30 vs n = 4). In contrast, N
down-staging after neoadjuvant treatment resulted in
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neoadjuvant pretreatment or not. Oesophageal cancer
th
staging in the 7 edition AJCC/UICC TNM is based on
[11,14]
pTNM of patients that had undergone surgery alone
.
Our data provide evidence that this system might also
be applicable to patients who receive neoadjuvant
treatment, and that prognosis of patients with similar T
and N stages might indeed be comparable regardless of
neoadjuvant treatment.
[12,13]
However, Rice et al
recently published the
th
8 edition of AJCC TNM, which includes, for the first
time, neoadjuvant pretreatment stage groupings (i.e.
ypTNM). A retrospective comparison of actual WECC
survival data of patients with neoadjuvant treatment
th
(ypTNM from the 8 edition) with data of patients who
th
underwent surgery-alone (pTNM from the previous 7
edition) indicated that survival for the neoadjuvanttreated patients (ypTNM data) was lower than that
found for patients of equivalent pathological staging
[13,15]
that underwent surgery alone (pTNM data)
.
However, these data only partly contradict our results,
[13,15]
as Rice et al
described a worse prognosis of ne
oadjuvant categories (ypTNM) for adenocarcinoma
patients compared to corresponding pTNM data alone
for early-stage disease (stagesⅠ and Ⅱ); advanced
stage adenocarcinoma patients (stages Ⅲ-Ⅳ) showed
[13,15]
no differences in survival
.
We did not find any significant difference in survival
for either early or advanced stage disease, apart from
limited pT1 cases as discussed below. Our data are
further supported by a retrospective analysis published
[16]
by Davies et al
that showed prognostic relevance of
postoperative pTNM stage was similar between patients
with or without neoadjuvant pretreatment. Similarly,
[17]
in another series, Swisher et al
demonstrated that
pTNM-specific survival was similar for patients with
down-staged disease but not for those with unchanged
disease. We must acknowledge in this context that our
study did not include analysis of patients with complete
tumour regression (ypT0N0), as this subgroup of
patients did not exist among the patients without
neoadjuvant treatment. This caveat might impact our
results for early-stage cancer patients and might lead
to differences in results compared to the data of Rice
[13]
et al . On the other hand, WECC data represents a
fairly heterogeneous patient population as well as of
different treatment standards in different countries and
continents, which is reflected in the heterogeneous
[13]
survival rate . In contrast, the patient population in
our study might be more homogenous since all data
were collected from a single cancer centre. Of note, in
our study cohort, patients with ypT0N0 showed longterm survival similar to that of patients with pT1N0 (data
not shown).
We found that T down-staging did not affect longterm outcome, whereas N down-staging appeared to
improve survival (borderline significance; P = 0.053). This
observation is supported by the fact that N involvement
is one of the most important and strongest prognostic
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factors of AEG tumours. Recent data, for example,
show that lymph node involvement is more important
[23,24]
than regional anatomic location for prognosis
. The
th
7 edition AJCC TNM has already heralded the era of
data-driven cancer staging and the incorporation of
[25]
nonanatomic cancer characteristics . And, indeed,
factors beyond those included in the AJCC TNM system
(e.g., down-staging of the primary tumour and/or
lymph node metastasis after neoadjuvant treatment)
have been shown to represent independent prognostic
[7,16,17,19-22,26]
factors for overall survival
. However, for
prognostication, T or/and N down-staging were still
th
not considered in the currently used 8 AJCC TNM
[12]
edition .
In order to improve prognostication, some authors
have suggested modification of the pTNM staging
system to incorporate the extent of pathologic response
following neoadjuvant treatment, rather than developing
[17]
separate ypTNM stages . This idea is supported by
our data, which indicate that it might be necessary
to include information on T or/and N down-staging
in the AJCC TNM staging system in order to improve
prognostic assessment of patients with AEG tumours.
There are, however, a number of aspects and
limitations of the current study that must be considered
for proper interpretation of the presented data. First,
and most importantly, our study embodies all the
known disadvantages of a retrospective study, including
potential inhomogeneity of data acquisition and quality,
single-centre data, changes of treatment protocols
over time, etc. Second, we have to acknowledge that
the patients without neoadjuvant treatment had been
mainly recruited from the years 1996 to 2004, and
patients with neoadjuvant treatment were from the
year 2005 onward. This is based on the development
and introduction of neoadjuvant treatment protocols
into daily clinical practice since 2005. We are fully
aware that inclusion of historical cohorts of patients
[27]
might impact outcome of the respective groups ;
however, it will be very difficult to recruit a significant
number of patients in the current era who qualify for
but do not receive any neoadjuvant treatment, as this
treatment is part of standard protocols nowadays in
most parts of the world.
It is also important to note that our two study
groups (neoadjuvant tx vs no neoadjuvant tx) are not
completely homogenous. In fact, there are significant
differences between the groups in regards to age,
location (Siewert classification), N involvement and
surgical technique. This fact is based on the use of
the method of exact matching that allowed for us to
include different numbers of patients into both groups
as long as the selected parameters (preoperative TNM
stages) were identical. However, the aim of this study
was to analyse if similar postoperative T and N stages
indicate similar prognosis in patients with or without
neoadjuvant pretreatment; such a question might
not be highly affected by this selection of patients. We
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found in our analyses that patients with postoperative T1
stages showed differences in survival between groups
in limited cases. This observation, in our opinion, needs
very careful interpretation, as the number of patients
with pT1 stage in our study cohort was extremely
low (n = 24 patients in total). These findings warrant
further confirmation, and clinical relevance remains
unclear. Furthermore, in our study, 26 patients without
neoadjuvant pretreatment received adjuvant therapy;
yet, subgroup analysis excluding this patient cohort
produced no difference in the results (data not shown).
A number of studies have found that prognosis and
tumour biology differs between AEG tumours at different
locations according to the Siewert classification (types
Ⅰ to Ⅲ), supporting the concept that Siewert type Ⅲ
carcinoma represents true gastric adenocarcinoma,
having a worse prognosis than Siewert types Ⅰ and Ⅱ
[28,29]
th
carcinoma
. Interestingly, the 7 edition AJCC/UICC
TNM classification did not include Siewert classification
for prognostication, and instead classified all tumours
within 5 cm of the gastro-oesophageal junction as
oesophageal carcinoma.
Based on the discrepancy of available data, we
performed subgroup analyses with regards to out
come of tumours in different locations according to
the Siewert classification. Our data showed that, in
general, location of the tumour classified by Siewert
classification did not impact outcome of patients with or
without neoadjuvant pretreatment. Only patients with
pT1 tumours in Siewert type 2 AEG tumours showed a
better survival after neoadjuvant therapy (P = 0.017),
but this analysis was based on only 7 vs 3 patients,
casting suspicion on the final significance of these
findings. We can only hypothesize that our study might
be underpowered for answering the question of whether
location of tumours impacts outcome. Further studies
are needed to elucidate this specific and highly relevant
question in more detail.
In summary, our retrospective analysis of patients
with AEG tumours demonstrated that there were no
significant differences in the overall long-term survival
of patients with or without neoadjuvant treatment,
if they presented similar postoperative AJCC/UICC
stages (stagesⅠ -Ⅳ ), T stages (early pT1/2 and
advanced pT3/4 cancers) or N stages (pN0/pN1/pN2/
pN3). Furthermore, we showed that N down-staging,
especially, affected long-term survival of patients
undergoing neoadjuvant treatment. Collectively, our
data indicate that the pTNM staging system is reliable
for assessment of individual prognosis for patients
with AEG tumours, regardless of whether neoadjuvant
treatment has been received or not. Furthermore, our
data support the inclusion of T and/or N down-staging
information, rather than separate pTNM and ypTNM
stages, as independent risk factors for survival in the
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next edition of the AJCC TNM staging system.
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HIGHLIGHTS
Research background

Adenocarcinoma of the gastro-oesophageal junction (AEG) has a poor
prognosis. Neoadjuvant chemotherapy and radiotherapy have significantly
improved clinical management and outcome of patients, leading to a major
evolution in treatment of oesophageal cancer. Neoadjuvant therapy provides a
survival benefit to patients with AEG, through its elimination of micrometastatic
disease and potential for down-staging of the primary tumour and/or lymph
node metastasis, ultimately leading to higher rates of complete resections
(R0). For prediction of prognosis of cancer patients, the American Joint
Committee on Cancer (AJCC) and the Union for International Cancer Control
(UICC) system has been established. The 8th edition of AJCC staging of
cancers of the oesophagus and oesophagogastric junction includes, for the
first time, postneoadjuvant tumour/node/metastasis (ypTNM) stage groupings;
the previous editions only referred to patients that underwent surgery alone.
This raises the question of whether prognosis according to the postoperative
pTNM/ypTNM stages is similar between patients that receive neoadjuvant
pretreatment (ypTNM) or patients that undergo surgery alone (pTNM).
According to the 8th edition AJCC, there are different prognostic implications
between postneoadjuvant (ypTNM) and pathologic (pTNM) AEG categories. In
detail, prognosis of node-negative (ypN0) and early-stage diseases (ypTNM
groups Ⅰ and Ⅱ) is worse compared to patients with similar stages who
underwent surgery alone. In contrast, for advanced stage AEG, there is no
difference of prognosis among patients with identical pTNM/ypTNM stages.
Other studies, however, have shown contradictory results. In these studies, the
prognostic relevance of postoperative AJCC/UICC TNM staging did not differ
between patients with or without neoadjuvant pretreatment.

Research motivation

Due to limited and heterogeneous data, the prognostic relevance of
postoperative TNM staging in the era of neoadjuvant therapy of AEG remains
unclear. However, due to the generally poor prognosis of AEG and the relevant
risk of recurrence, an exact assessment of prognosis according to the TNM
staging system is extremely important for the individual patient and for further
treatment decision-making.

Research objectives

The main objective of this study was to compare the prognostic relevance of
similar postoperative TNM stages between patients with or without neoadjuvant
pretreatment. The results were expected to clarify the need of a separate
postneoadjuvant stage grouping (ypTNM) for prognostication of AEG patients.
Furthermore, in the era of neoadjuvant treatment, other prognostic factors may
be relevant for prognostication of survival of patients with AEG.

Research methods

We conducted a retrospective study analysing 254 patients that underwent
curative surgical treatment at our University Medical Center SchleswigHolstein, Campus Lübeck. After excluding patients with preoperative tumour
stages that preclude neoadjuvant pretreatment (cT1cN0cM0 and cT2cN0cM0),
we performed exact matching to identify patients with or without neoadjuvant
pretreatment who would be eligible for the study. Additionally, in-hospital
deaths were excluded since we aimed to analyse long-term survival. Study
parameters included sex, age, AEG (Siewert) classification, surgical procedure,
preoperative staging (including cT, cN and cM categories according to the
AJCC Cancer Staging Manual 8th edition), postoperative staging (including
T, N and M categories according to the AJCC/UICC Cancer Staging Manual
7th edition, grade of differentiation (G) and resection margin status (R)), longterm survival (defined as time in months as from the day of hospital discharge)
and pathologic down-staging/response in tumour (T) and nodal (N) stages
after neoadjuvant therapy. Pearson’s chi-square and Fisher´s exact tests were
used for statistical analyses of categorical variables (sex, age, AEG (Siewert)
classification, surgical procedure and preoperative staging (cTNM)). Longterm survival was analysed using the Kaplan-Meier method. For statistical
comparisons, log-rank test was used. A P-value of ≤ 0.05 was considered

1437

April 7, 2018|Volume 24|Issue 13|

Thomaschewski M et al . Prognosis of AEG TNM stages
significant for all statistical analyses.

Research results

After patient selection and exact matching, 174 of the 254 patients were
included in the study. Regarding demographics of both groups (no neoadjuvant
treatment vs neoadjuvant treatment), patients who received neoadjuvant
treatment were significantly younger (58 years vs 64 years, P = 0.043) and
presented Siewert type I AEG tumours significantly more often (P < 0.001),
resulting in significantly more oesophagectomies than gastrectomies (P <
0.001) for surgical treatment in this group. Patients who received neoadjuvant
treatment presented higher preoperative rates of lymph node-positive disease
(P = 0.020). Regarding overall survival of the entire study cohort, survival
worsened at advanced postoperative AJCC/UICC TNM stages. Comparing
long-term survival between patients with or without neoadjuvant pretreatment
with identical postoperative TNM stages, no difference could be found. In
addition, no difference was found in long-term survival of patients with or
without neoadjuvant pretreatment for identical pT, pN or pM stages, G or R.
Investigation of other prognostic markers for patients who received neoadjuvant
pretreatment involved analysis of the effect of T and N down-staging on longterm survival. Here, we found that T down-staging did not have an impact
on long-term survival (P = 0.488), while N down-staging after neoadjuvant
treatment provided a significant but borderline improvement in long-term
survival (P = 0.053).

8

9

10

11

Research conclusions

12

Our retrospective study demonstrated that the prognostic relevance of
equivalent postoperative AJCC/UICC TNM stages is similar between patients
with or without neoadjuvant pretreatment. Our data provide evidence that the
pTNM staging system can be applied for assessment of individual prognosis
of patients with AEG, regardless of whether or not they received neoadjuvant
treatment. Furthermore, our study showed that N down-staging following
neoadjuvant treatment positively affects long-term outcome, emphasizing the
need of novel markers for prognostication in the era of neoadjuvant therapy.

13

Research perspectives

Our data support the idea of modifying the pTNM staging system by incorporating
the extent of pathologic response following neoadjuvant treatment, rather than
developing separate ypTNM stages. Prognostic factors or markers that reflect
tumour biology, rather than the anatomical extent of growth, are promising for the
development of new assessments for prognostication of survival of patients with
AEG.

14
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Abstract
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AIM
The impact of mild drinking habit (less than 20 g/d of
ethanol) on the clinical course of non-alcoholic fatty
liver disease (NAFLD) has not been determined. We
examined the influence of a mild drinking habit on liver
carcinogenesis from NAFLD.

Informed consent statement: Informed written consent was
obtained from all patients.
Conflict-of-interest statement: The authors declare that no
conflict of interest exists.

METHODS
A total of 301 patients who had been diagnosed as
having NAFLD by liver biopsy between 2003 and 2016
[median age: 56 years, 45% male, 56% with nonalcoholic steatohepatitis, 26% with advanced fibrosis
(F3-4)] were divided into the mild drinking group with
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reviewers. It is distributed in accordance with the Creative
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ethanol consumption of less than 20 g/d (mild drinking
group, n = 93) and the non-drinking group (n = 208).
Clinicopathological features at the time of liver biopsy
and factors related to hepatocellular carcinoma (HCC)
occurrence were compared between the groups.

that non-alcoholic fatty liver disease (NAFLD) and its
advanced form non-alcoholic steatohepatitis (NASH)
[1,2]
are major chronic liver diseases worldwide . The
prevalence rate of NAFLD has doubled during the last
20 years, while those of other chronic liver conditions
[3]
have remained stable or even decreased . Recent
evidence has confirmed that NAFLD and NASH inci
[4]
dence is increasing in Japan as well .
The etiology of NAFLD/NASH has not been fully
elucidated. The most widely accepted theory involves
insulin resistance as an important mechanism leading to
[5]
liver steatosis and perhaps steatohepatitis . Others have
proposed that “multiple hits” of additional oxidative stress
and lipotoxicity are necessary for the necro-inflammatory
[6]
component of steatohepatitis and carcinogenesis .
Liver iron, leptin, anti-oxidant deficiency, and intestinal
microbiota have also been suggested as potential factors
[6-9]
in the progression from steatosis to steatohepatitis .
However, research on NAFLD/NASH pathogenesis and
carcinogenesis is ongoing.
Although it is widely accepted that more than 60
g/d of ethanol consumption may lead to alcoholic liver
disease and steatosis, steatohepatitis, and hepatic
[10]
fibrosis , there is in uncertainty on the influence of
a mild drinking habit (< 20 g/d of ethanol) on human
health. For example, mild habitual drinking improved
insulin resistance and hepatic steatosis but either
[11-14]
worsened or improved hepatic fibrosis
. Since
NAFLD/NASH is defined as fatty liver disease with
[10]
average ethanol intake of less than 20 g daily , some
NAFLD patients may habitually consume small amounts
of ethanol while others abstain completely. There are
no reports to date investigating the influence of a mild
drinking habit on NAFLD/NASH patients despite a
growing number of reports on hepatocellular carcinoma
(HCC). To investigate the influence of a mild drinking
habit on liver carcinogenesis from NAFLD, we compared
clinicopathological features and outcomes between
NAFLD patients with a mild drinking habit and the nondrinking NAFLD patients.

RESULTS
We observed significant differences in male prevalence
(P = 0.01), platelet count (P = 0.04), and gammaglutamyl transpeptidase (P = 0.02) between the
test groups. Over 6 years of observation, the HCC
appearance rate was significantly higher in the mild
drinking group (6.5% vs 1.4%, P = 0.02). Multivariate
survival analysis using Cox’s regression model revealed
that hepatic advanced fibrosis (F3-4) (P < 0.01, risk
ratio: 11.60), diabetes mellitus (P < 0.01, risk ratio:
89.50), and serum triglyceride (P = 0.04, risk ratio:
0.98) were factors significantly related to HCC in all
NAFLD patients, while the effect of a drinking habit was
marginal (P = 0.07, risk ratio: 4.43). In patients with
advanced fibrosis (F3-4), however, a drinking habit (P
= 0.04, risk ratio: 4.83), alpha-fetoprotein (P = 0.01,
risk ratio: 1.23), and diabetes mellitus (P = 0.03, risk
ratio: 12.00) were identified as significant contributors
to HCC occurrence.
CONCLUSION
A mild drinking habit appears to be a risk factor for
hepatocarcinogenesis in NAFLD patients, especially
those with advanced fibrosis.
Key words: Non-alcoholic fatty liver disease; Ethanol;
Hepatocellular carcinoma; Risk factor
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study focused on the impact of a mild
drinking habit on liver carcinogenesis in 301 biopsyproven non-alcoholic fatty liver disease (NAFLD)
patients. Multivariate analysis revealed that mild
drinking of < 20 g/d might increase the risk of hepato
cellular carcinoma in NAFLD patients, particularly those
with advanced fibrosis (F3-4). NAFLD patients with
severe fibrosis should abstain from even small amounts
of regular alcohol consumption.

MATERIALS AND METHODS
Ethics

This study was carried out in accordance with the
World Medical Association Helsinki Declaration and
was approved by the ethics committee of Shinshu
University School of Medicine (approval ID: 2802).

Kimura T, Tanaka N, Fujimori N, Sugiura A, Yamazaki T, Joshita S,
Komatsu M, Umemura T, Matsumoto A, Tanaka E. Mild drinking
habit is a risk factor for hepatocarcinogenesis in non-alcoholic
fatty liver disease with advanced fibrosis. World J Gastroenterol
2018; 24(13): 1440-1450 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i13/1440.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i13.1440

Patients

We enrolled 301 patients who were diagnosed as having
NAFLD by liver biopsy between 2003 and 2016 [median
age: 56 years, 45% male, 56% with NASH, 26% with
advanced fibrosis (F3-4)] at Shinshu University Hospital
in Matsumoto, Nagano, Japan. These patients originally
referred to our department from local hospitals in
Nagano prefecture to confirm the diagnosis by liver
biopsy.

INTRODUCTION
Over the past several decades, it has become clear
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The diagnosis of NAFLD was based on the criteria of:
(1) the presence of hepato-renal contrast and increased
hepatic echogenicity on abdominal ultrasonography
(US), (2) an average daily consumption of < 20 g of
ethanol, and (3) the absence of other causes of liver
dysfunction, such as viral hepatitis, drug-induced liver
injury, autoimmune liver diseases, primary sclerosing
cholangitis, Wilson’s disease, hereditary hemochro
[15,16]
matosis, and citrin deficiency
. The diagnosis of
NAFLD was confirmed based on histological findings
of biopsied specimens. Pathology details are described
below.
All patients were followed by US or computed tomo
graphy with measurements of serum alpha-fetoprotein
every 6 mo. HCC was identified radiologically in all
affected patients (n = 9). The radiological diagnosis
of HCC was based on the American Association for
the Study of Liver Diseases practice guidelines on the
management of HCC as either: (1) the presence of a
hepatic lesion > 2 cm in diameter with typical vascular
pattern for HCC on one dynamic imaging technique or
alpha-fetoprotein > 200 ng/mL; or (2) the presence of
a lesion 1-2 cm in diameter with typical vascular pattern
[17]
for HCC on two dynamic imaging techniques . Followup time was defined as the number of days from biopsy
to HCC diagnosis or from biopsy to the last follow-up
visit when protocol surveillance confirmed no HCC.
Patient drinking habits were confirmed as remaining
unchanged during follow-up.

blinded manner according to the NAFLD scoring system
[21]
proposed by Kleiner et al . Steatosis grade was scored
as 0 to 3 by the fat degeneration rate of hepatocytes (<
5%, 5%-33%, 33%-66%, and > 66%, respectively).
Lobular inflammation grade was also scored as 0 to 3
by overall assessment of all inﬂammatory foci (none, <
2 foci/200 × field, 2-4 foci/200 × field, and > 4 foci/200
× field, respectively). Ballooning grade was determined
by the number of degenerating hepatocytes as 0 to 2,
corresponding to none, few, and many, respectively.
NAFLD activity score was the total of steatosis, lobular
inflammation, and ballooning scores. Fibrosis was staged
as 0 to 4 depending on the degree of fibrosis (F0,
none; F1, perisinusoidal or periportal; F2, perisinusoidal
and portal/periportal; F3, bridging ﬁbrosis; and F4,
[21]
cirrhosis) .

Statistical analysis

Clinical and histological data were expressed as a
number (percentage) or median (range). Chi-square
and Mann-Whitney U tests were used for comparisons
between the groups. Kaplan-Meier analysis was per
formed to estimate HCC cumulative incidence from the
time of liver biopsy, and plots of cumulative events vs
years of follow-up were constructed. Receiver operating
characteristic curves were plotted, and optimal cutoff points were determined as the values showing
maximum sensitivity plus specificity. In order to assess
which factors were associated with the development of
HCC after liver biopsy, univariate and multivariate Cox’s
proportional hazard regression analysis was employed.
Variables revealed as significant by univariate analysis
were further tested by multivariate analysis. P < 0.05
was considered to be statistically significant. Data were
analyzed using a statistical software package (SPSS for
Windows, SPSS Inc., Chicago, IL, United States).

Clinical data collection

All laboratory data in a fasting state on the day of liver
biopsy were obtained from our medical database. Past
and current drinking habit data were collected by selfreported questionnaires and interviews with doctors
performing the liver biopsy. We divided the subjects
into two groups: the mild drinking group with ethanol
consumption of less than 20 g/d (mild drinking group,
n = 93) and the non-drinking group (n = 208). Patients
were considered to be hypertensive if their systolic/
diastolic pressure was > 140/90 mmHg or if they were
[18]
taking anti-hypertensive drugs . Patients were judged
as having hyperlipidemia if their fasting serum levels of
cholesterol or triglyceride were ≥ 220 mg/dL or ≥ 150
mg/dL, respectively, or if they were taking lipid-lowering
[19]
drugs . Patients were considered to be diabetic if
they had a fasting glucose level of ≥ 126 mg/dL or
hemoglobin A1c (HbA1c) was ≥ 6.5%, or if they were
[19]
taking insulin or oral hypoglycemic agents .

RESULTS
Overall HCC occurrence rate

HCC appeared in 9 subjects (3%) within a median of
6 years of follow-up from liver biopsy. Kaplan-Mayer
analysis revealed the HCC occurrence rate in our cohort
to be 0.9/2.6/6.0% in 3/5/10 years, respectively (Figure 1).

Comparison of clinicopathological features at the time
of biopsy between the mild drinking and non-drinking
groups

Comparisons of clinicopathological features at the
time of biopsy between the mild drinking and nondrinking groups revealed significant differences for
male prevalence (P = 0.01), platelet count (P = 0.04),
and gamma-glutamyl transpeptidase (P = 0.02) (Table
1). No differences were observed between the groups
for co-existing disease rate, serum albumin, bilirubin,
or alpha-fetoprotein, HbA1c, or pathological features,
such as grades for steatosis, lobular inflammation,
ballooning, or NAFLD activity score (Table 1). The

Histological findings

Liver specimens of at least 1.5 cm in length were
obtained from segment 5 or 8 using a 14-gauge needle,
as described previously, and immediately fixed in 10%
[20]
neutral formalin . Sections of 4 μm in thickness were
stained by means of the hematoxylin and eosin and
Azan-Mallory methods. The histological activity of NAFLD
was assessed by an independent expert pathologist in a
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Kaplan-Meier analysis was carried out for the HCC
and non-HCC groups (Figure 3). Factors associated
with higher HCC occurrence included age ≥ 63 years
at the time of biopsy (P = 0.04, Figure 3A), a mild
drinking habit (P < 0.01, Figure 3B), diabetes mellitus
(P < 0.01, Figure 3C), hypertension (P < 0.01, Figure
3D), albumin ≤ 4.0 g/dL (P < 0.01, Figure 3E), HbA1c
≥ 6.6% (P = 0.01, Figure 3G), triglyceride < 133
mg/dL (P = 0.02, Figure 3I), platelet count < 13.3 ×
4
10 /μL (P < 0.01, Figure 3J), type Ⅳ collagen 7S ≥ 5.0
ng/mL (P = 0.01, Figure 3K), alpha-fetoprotein ≥ 6.0
ng/mL (P < 0.01, Figure 3L), steatosis grade 1 (P =
0.01, Figure 3M), and F3-4 (P < 0.01, Figure 3N).
Multivariate survival analysis using Cox’s regression
model revealed that hepatic advanced fibrosis (F3-4)
(P < 0.01, risk ratio: 11.60), diabetes mellitus (P <
0.01, risk ratio: 89.50), and serum triglyceride (P =
0.04, risk ratio: 0.98) were factors significantly related
to HCC, while a mild drinking habit appeared to be
marginally related (P = 0.07, risk ratio: 4.43) (Table 3).
The result of all HCC patients having advanced
hepatic fibrosis (F3-4) at the time of biopsy corro
borated the close association between HCC and hepatic
fibrosis. To elucidate the additional impact of mild
drinking on HCC development in the HCC high-risk
group, we evaluated the clinicopathological features of
the HCC and non-HCC groups in NAFLD patients with
advanced fibrosis (Table 4). Compared with the nonHCC group (n = 68), the HCC group (n = 9) had a
significantly higher rate of a drinking habit (P = 0.03),
diabetes mellitus (P = 0.02), and hypertension (P =
0.01), higher alpha-fetoprotein (P = 0.04), and lower
cholinesterase (P = 0.02), triglyceride (P = 0.02), and
platelet count (P < 0.01) (Table 4). There were no
differences in pathological findings between the groups
(Table 4).
In NAFLD cases with advanced fibrosis, multivariate
survival analysis using Cox’s regression model revealed
that a mild drinking habit (P = 0.04, risk ratio: 4.83),
alpha-fetoprotein (P = 0.01, risk ratio: 1.23), and
diabetes mellitus (P = 0.03, risk ratio: 12.00) were
factors significantly associated with HCC (Table 5).
Accordingly, a mild drinking habit appeared to be a risk
factor for hepatocarcinogenesis in NAFLD patients with
advanced fibrosis.

1.0
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Figure 1 Cumulative incidence rate of hepatocellular carcinoma by
Kaplan Meier analysis. The horizontal and vertical axes show days from liver
biopsy and cumulative incidence rate of hepatocellular carcinoma, respectively.

%
7
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2
1
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(n = 208)
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Figure 2 Comparison of incidence rates of hepatocellular carcinoma
between mild drinking and non-drinking groups. The vertical axis shows
incidence rate (percentage) of hepatocellular carcinoma during follow-up time.

prevalence of liver cirrhosis (F4) was higher in the mild
drinking group compared to non-drinking groups (9
vs 8 cases: 10% vs 4%, P = 0.04) (Table 1), while
the rate of hepatic advanced fibrosis (F3-4) was not
different between the groups. Interestingly, the HCC
appearance rate was higher in the mild drinking group
(6 vs 3 cases: 6.5% vs 1.4%, P = 0.02) (Figure 2).

Comparison of clinicopathological features at the time
of biopsy between the HCC and non-HCC groups

In comparisons of clinicopathological features at the
time of biopsy between HCC and non-HCC patients
(Table 2), those with HCC had significantly higher age
(P < 0.01), higher prevalence of a drinking habit (P =
0.02), diabetes mellitus (P < 0.01), and hypertension
(P < 0.01), higher HbA1c (P = 0.01), type Ⅳ collagen
7S (P = 0.03), and alpha-fetoprotein (P < 0.01), and
lower albumin (P < 0.01), cholinesterase (P < 0.01),
total cholesterol (P = 0.02), triglyceride (P = 0.02),
and platelet count (P < 0.01) (Table 2). In pathological
findings, the HCC group had a lower steatosis score
(P = 0.01) and significantly higher fibrosis stage (P <
0.01) (Table 2).
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DISCUSSION
Although continuous and excessive ethanol consumption
is harmful to the liver, a mild drinking habit reportedly
improves insulin sensitivity and decreases cardiovascular
[22]
mortality in the general population . One question
arises on whether mild drinking is similarly beneficial
for NAFLD patients, but there are few studies on NAFLD
regarding the impact of light ethanol consumption. This
study demonstrated that a mild drinking habit may be
associated with HCC occurrence in NAFLD patients with
advanced fibrosis. We therefore propose the abstinence
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Table 1 Comparison of clinicopathological features at the time of biopsy between mild drinking and non-drinking groups

Age (yr)
Male
Body mass index (kg/m2)
Co-existing disease
Diabetes mellitus
Hypertension
Hyperlipidemia
Laboratory data
Albumin (mg/dL)
Total bilirubin (mg/dL)
Aspartate aminotransferase (IU/L)
Alanine aminotransferase (IU/L)
Gamma-glutamyl transpeptidase (IU/L)
Cholinesterase (IU/L)
Fasting blood sugar (mg/dL)
HOMA-IR
HbA1c (%)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
Platelet (×104/μL)
Hyaluronic acid (ng/mL)
Type Ⅳ collagen 7s (ng/mL)
Alpha-fetoprotein (ng/mL)
Pathology
Steatosis
1
2
3
Lobular inflammation
0
1
2
3
Ballooning
0
1
2
NAFLD activity score
1
2
3
4
5
6
7
8
Fibrosis
0
1
2
3
4
Fibrosis 3-4 (Advanced fibrosis)
Fibrosis 4 (Cirrhosis)

Mild drinking group (n = 93)

Non-drinking group (n = 208)

P value

55 (19-77)
52 (56)
26.5 (18.3-40.0)

56 (10-84)
84 (40)
26.2 (17.8-41.0)

0.50
0.01
0.53

32 (34)
41 (44)
55 (59)

78 (38)
81 (39)
135 (66)

0.57
0.44
0.29

4.5 (3.2-5.4)
0.91 (0.40-2.20)
44 (20-175)
68 (22-237)
69 (19-400)
363 (171-586)
106 (84-215)
3.4 (1.0-42.6)
5.9 (5.1-9.8)
205 (138-336)
115 (42-404)
21.1 (5.3-45.4)
43 (12-320)
4.3 (2-20)
3.3 (0.7-13.5)

4.5 (3.0-5.2)
0.86 (0.38-2.64)
47 (13-263)
67 (13-522)
54 (7-544)
384 (189-591)
108 (77-221)
3.3 (0.3-24.5)
6.0 (4.9-12.3)
208 (70-295)
133 (32-801)
22.1 (7.2-40.7)
49 (9-1611)
4.5 (2-11)
3.0 (0.7-20.3)

0.48
0.12
0.80
0.74
0.02
0.05
0.63
0.58
0.21
0.68
0.14
0.04
0.57
0.93
0.41

33 (36)
36 (39)
24 (26)

64 (31)
90 (43)
54 (26)

5 (5)
47 (51)
37 (40)
4 (4)

8 (4)
83 (40)
95 (46)
22 (11)

18 (19)
50 (54)
25 (27)

41 (20)
118 (57)
49 (24)

4 (4)
8 (9)
16 (17)
17 (18)
25 (27)
14 (15)
9 (10)
0 (0)

5 (2)
16 (8)
34 (16)
32 (15)
62 (30)
36 (17)
18 (9)
5 (2)

17 (18)
39 (42)
10 (11)
18 (19)
9 (10)
27 (29)
9 (10)

40 (19)
93 (45)
25 (12)
42 (20)
8 (4)
50 (24)
8 (4)

0.86

0.14

0.82

0.79

0.39

0.36
0.04

Data are expressed as median (range) or n (%). HbA1c: Hemoglobin A1c; HOMA-IR: Homeostasis model assessment for insulin resistance.

of ethanol, even in small amounts, in such individuals.
Mild to moderate alcohol consumption has been
shown to decrease insulin resistance and improve
[23]
[12]
components of metabolic syndrome . Dunn et al
[13]
and Kwon et al
reported a positive association
between moderate alcohol intake and decreased
steatosis/ballooning and fibrosis grades in NAFLD
patients, which might explain the protective effects
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of moderate alcohol intake on preventing histological
injury. In our cohort, however, the mild and non-drinking
groups did not differ with regard to steatosis/ballooning
grade and the rate of liver cirrhosis was higher in the
mild drinking group. The reason for these discrepancies
is unknown, along with why there were no significant
reductions in body mass index or homeostasis model
assessment for insulin resistance score between our
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Table 2 Comparison of clinicopathological features at the time of biopsy between hepatocellular carcinoma and non- hepatocellular
carcinoma groups

Age (yr)
Male
Body mass index (kg/m2)
Drinking habit
Co-existing disease
Diabetes mellitus
Hypertension
Hyperlipidemia
Laboratory data
Albumin (mg/dL)
Total bilirubin (mg/dL)
Aspartate aminotransferase (IU/L)
Alanine aminotransferase (IU/L)
Gamma-glutamyl transpeptidase (IU/L)
Cholinesterase (IU/L)
Fasting blood sugar (mg/dL)
HOMA-IR
HbA1c (%)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
Platelet (×104/μL)
Hyaluronic acid (ng/mL)
Type Ⅳ collagen 7s (ng/mL)
Alpha-fetoprotein (ng/mL)
Pathology
Steatosis
1
2
3
Lobular inflammation
0
1
2
3
Ballooning
0
1
2
NAFLD activity score
1
2
3
4
5
6
7
8
Fibrosis
0
1
2
3
4

HCC group (n = 9)

Non-HCC group (n = 292)

P value

65 (56-84)
3 (33)
26.0 (18.3-28.7)
6 (67)

55 (10-81)
133 (46)
26.2 (17.8-41.0)
87 (30)

< 0.01
0.52
0.23
0.02

8 (89)
9 (100)
3 (33)

102 (35)
113 (39)
187 (65)

< 0.01
< 0.01
0.06

4.0 (3.7-4.6)
0.91 (0.44-1.61)
52 (32-95)
53 (16-132)
65 (28-192)
249 (190-434)
133 (84-172)
5.8 (1.2-9.8)
6.6 (6.0-7.0)
176 (153-264)
85 (64-140)
11.0 (6.4-18.6)
42 (17-263)
5.6 (4.7-8.4)
6.0 (3.7-20.3)

4.5 (3.0-5.4)
0.88 (0.38-2.64)
46 (13-263)
68 (13-522)
56 (7-544)
380 (171-591)
106 (77-221)
3.3 (0.3-42.6)
5.9 (4.9-12.3)
208 (70-336)
130 (32-801)
22.0 (5.3-45.4)
42 (9-1180)
4.4 (2.0-20.0)
3.0 (0.7-13.2)

< 0.01
0.75
0.71
0.11
0.48
< 0.01
0.13
0.18
0.01
0.02
0.02
< 0.01
0.96
0.03
< 0.01

7 (78)
2 (22)
0 (0)

90 (31)
124 (43)
78 (27)

0 (0)
2 (22)
7 (78)
0 (0)

13 (4)
128 (44)
125 (43)
26 (9)

1 (11)
6 (67)
2 (22)

58 (20)
162 (56)
72 (25)

0 (0)
0 (0)
3 (33)
2 (22)
4 (44)
0 (0)
0 (0)
0 (0)

9 (3)
24 (8)
47 (16)
47 (16)
83 (28)
50 (17)
27 (9)
5 (2)

0 (0)
0 (0)
0 (0)
4 (44)
5 (56)

57 (20)
132 (45)
35 (12)
56 (19)
12 (4)

0.01

0.21

0.76

0.53

< 0.01

Data are expressed as median (range) or n (%). HCC: Hepatocellular carcinoma; HOMA-IR: Homeostasis model assessment for insulin resistance; HbA1c:
Hemoglobin A1c; NAFLD: Non-alcoholic fatty liver disease.

test groups. We presume that ethnic differences may
account for differences in ethanol consumption effects
on steatosis, ballooning, and fibrosis.
[24]
In 2010, Ascha et al
described that a mild
drinking habit was associated with an increased risk of
carcinogenesis in a NASH-associated cirrhosis cohort.
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Here, we focused on the impact of a mild drinking
habit on liver carcinogenesis originating from NAFLD.
All HCC-developing patients (n = 9) had advanced
fibrosis (F3-4). Among all NAFLD patients, multivariate
analysis revealed that fibrosis, diabetes mellitus, and
serum triglyceride were factors significantly related to
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Table 3 Factors related to hepatic carcinogenesis by multivariate survival analysis using Cox's regression model for all patients

Fibrosis
Diabetes mellitus
Triglyceride
Drinking habit

P value

Relative risk

95%CI

< 0.01
< 0.01
0.04
0.07

11.6
89.5
0.98
4.43

2.36-56.9
6.01-1331.2
0.95-0.99
0.88-22.4

Table 4 Comparison of clinicopathological features at the time of biopsy between hepatocellular carcinoma and non- hepatocellular
carcinoma groups in non-alcoholic fatty liver disease patients with advanced fibrosis (F3-4)

Age (yr)
Male
Body mass index (kg/m2)
Drinking habit
Co-existing disease
Diabetes mellitus
Hypertension
Hyperlipidemia
Laboratory data
Albumin (mg/dL)
Total bilirubin (mg/dL)
Aspartate aminotransferase (IU/L)
Alanine aminotransferase (IU/L)
Gamma-glutamyl transpeptidase (IU/L)
Cholinesterase (IU/L)
Fasting blood sugar (mg/dL)
HOMA-IR
HbA1c (%)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
Platelet (×104/μL)
Hyaluronic acid (ng/mL)
Type Ⅳ collagen 7s (ng/mL)
Alpha-fetoprotein (ng/mL)
Pathology
Steatosis
1
2
3
Lobular inflammation
0
1
2
3
Ballooning
0
1
2
NAFLD activity score
1
2
3
4
5
6
7
8

HCC group (n = 9)

Non-HCC group (n = 68)

P value

65 (56-84)
3 (33)
26.0 (18.3-28.7)
6 (67)

64 (30-81)
14 (21)
27.7 (20.1-41.0)
21 (31)

0.32
0.39
0.05
0.03

8 (89)
9 (100)
3 (33)

32 (47)
38 (56)
35 (52)

0.02
0.01
0.31

4.0 (3.7-4.6)
0.91 (0.44-1.61)
52 (32-95)
53 (16-132)
65 (28-192)
249 (190-434)
133 (84-172)
5.8 (1.2-9.8)
6.6 (6.0-7.0)
176 (153-264)
85 (64-140)
11.0 (6.4-18.6)
42 (17-263)
5.6 (4.7-8.4)
6.0 (3.7-20.3)

4.3 (3.2-5.0)
0.91 (0.48-2.15)
63 (20-200)
71 (19-298)
65 (25-205)
345 (171-467)
110 (82-215)
4.3 (1.1-15.6)
6.1 (5.0-10.9)
201 (131-294)
119 (42-351)
16.6 (5.3-32.6)
59 (11-1180)
6.8 (3.5-20.0)
5.0 (1.1-11.3)

0.07
0.99
0.13
0.09
0.75
0.02
0.30
0.54
0.14
0.10
0.03
< 0.01
0.45
0.61
0.04

7 (78)
2 (22)
0 (0)

26 (38)
32 (47)
10 (15)

0 (0)
2 (22)
7 (78)
0 (0)

1 (2)
17 (25)
37 (54)
13 (19)

1 (11)
6 (67)
2 (22)

1 (2)
34 (50)
33 (49)

0 (0)
0 (0)
3 (33)
2 (22)
4 (44)
0 (0)
0 (0)
0 (0)

1 (2)
1 (2)
5 (7)
10 (15)
26 (38)
16 (24)
8 (12)
1 (2)

0.07

0.45

0.76

0.25

Data are expressed as median (range) or n (%). HCC: Hepatocellular carcinoma; HOMA-IR: Homeostasis model assessment for insulin resistance; HbA1c:
Hemoglobin A1c; NAFLD: Non-alcoholic fatty liver disease.

HCC, while a mild drinking habit appeared to be only
marginally related to carcinogenesis. On the other hand,
in NAFLD cases with F3-4, multivariate survival analysis
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showed a mild drinking habit, alpha-fetoprotein, and
diabetes mellitus to be factors significantly associated
with HCC. Our results indicated that mild drinking may
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Figure 3 Cumulative incidence rate of hepatocellular carcinoma based on data at the time of liver biopsy. A: Age; B: Drinking habit; C: Diabetes mellitus; D:
Hypertension; E: Albumin; F: Cholinesterase; G: HbA1c, H: Total cholesterol; I: Triglyceride; J: Platelet; K: Type Ⅳ collagen 7S; L: Alpha-fetoprotein; M: Steatosis; N:
Fibrosis. The horizontal and vertical axes show days from liver biopsy and cumulative incidence rate of hepatocellular carcinoma, respectively. DM: Diabetes mellitus;
HT: Hypertension; Alb: Albumin; CHE: Cholinesterase; TC: Total cholesterol; TG: Triglyceride; Plt: Platelet; T4C7S: Type Ⅳ collagen 7S; AFP: Alpha-fetoprotein; F:
Fibrosis.

Table 5 Factors related to hepatic carcinogenesis by multivariate survival analysis using Cox's regression model for patients with
advanced fibrosis (F3-4)

Drinking habit
Alpha-fetoprotein
Diabetes mellitus

P value

Relative risk

95%CI

0.04
0.01
0.03

4.83
1.23
12.00

1.01-23.00
1.04-1.44
1.20-119.66

increase the risk of HCC in NAFLD patients with not only
cirrhosis (F4), but also advanced fibrosis.
The International Agency for Cancer Research
(WHO) has certified that alcohol intake is carcinoge
[25]
nic for humans . Indeed, alcohol consumption has
been associated with increased risks of head and
neck, oral cavity, pharynx, larynx, esophagus, bowel,
[25]
breast, and liver cancers . Ethanol is metabolized
into acetaldehyde by alcohol dehydrogenase and
cytochrome P450 2E1 (CYP2E1) in the liver, which is
then oxidized to acetate by aldehyde dehydrogenase
[26]
(ALDH) . Although the underlying causes of cancers
related to ethanol consumption are not yet clear, various
factors have been proposed as key contributors of
hepatocarcinogenesis, including the direct genotoxicity
of ethanol and its metabolite acetaldehyde, malnutrition,
chronic inflammation, oxidative stress, interactions with
retinoids, methylation level alterations, immunological
[27]
surveillance, and angiogenesis . Ethanol also reduces
the levels of glutathione S-transferase, a detoxifier of
oxidative stress, and increases the expression of CYP2E1,
[28-32]
a generator of oxidative stress
. The net increases
in oxidative stress by long-term ethanol consumption
may lead to hepatocarcinogenesis in the presence of
steatosis, while it is undetermined which factor is most
[33-36]
affecting this oncogenic process
. The impact of
ethanol per hepatocyte might be greater in cirrhotic
patients because of the decreases in the number and
[37]
function of hepatocytes. Actually, Vidal et al reported
that ALDH activity was significantly reduced in patients
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with advanced liver fibrosis compared with those having
mild fibrosis. Therefore, we presume that increased
acetaldehyde and resultant DNA damage may induce
pro-carcinogenic gene mutations and/or epigenetic
changes, even with mild drinking, in NAFLD patients
with advanced fibrosis.
Based on the results of the present study, mild
ethanol consumption should be abandoned for NAFLD
patients, especially those with advanced fibrosis, due
to the possible risk of liver tumorigenesis. The main
limitation of this study was its retrospective design;
there remains a need for future large-scale longitu
dinal studies that evaluate the outcomes of NAFLD
patients with mild ethanol intake. Prospective studies
investigating the effect of ethanol cession in NAFLD
patients with a mild drinking habit are also required
to confirm the impact of mild drinking on the clinical
course of NAFLD.
In conclusion, in NAFLD patients, especially those
with advanced fibrosis, a mild drinking habit is a
risk factor for hepatocarcinogenesis that should be
discouraged.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

The prevalence rate of non-alcoholic fatty liver disease (NAFLD) has doubled
during the last 20 years.

Research motivation

The impact of mild drinking habit (less than 20 g/d of ethanol) on the clinical
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course of NAFLD has not been determined. We examined the influence of a
mild drinking habit on liver carcinogenesis from NAFLD.
7

Research objectives

A total of 301 patients who had been diagnosed as having NAFLD by liver
biopsy between 2003 and 2016 (median age: 56 years, 45% male, 56% with
non-alcoholic steatohepatitis, 26% with advanced fibrosis (F3-4) were divided
into the mild drinking group with ethanol consumption of less than 20 g/d (mild
drinking group, n = 93) and the non-drinking group (n = 208).

8

Research methods

Clinicopathological features at the time of liver biopsy and factors related to
hepatocellular carcinoma (HCC) occurrence were compared between the
groups.

9

Research results

We observed significant differences in male prevalence (P = 0.01), platelet
count (P = 0.04), and gamma-glutamyl transpeptidase (P = 0.02) between
the test groups. Over 6 years of observation, the HCC appearance rate
was significantly higher in the mild drinking group (6.5% vs 1.4%, P = 0.02).
Multivariate survival analysis using Cox’s regression model revealed that
hepatic advanced fibrosis (F3-4) (P < 0.01, risk ratio: 11.60), diabetes mellitus
(P < 0.01, risk ratio: 89.50), and serum triglyceride (P = 0.04, risk ratio: 0.98)
were factors significantly related to HCC in all NAFLD patients, while the effect
of a drinking habit was marginal (P = 0.07, risk ratio: 4.43). In patients with
advanced fibrosis (F3-4), however, a drinking habit (P = 0.04, risk ratio: 4.83),
alpha-fetoprotein (P = 0.01, risk ratio: 1.23), and diabetes mellitus (P = 0.03,
risk ratio: 12.00) were identified as significant contributors to HCC occurrence.

10

11

Research conclusions

A mild drinking habit appears to be a risk factor for hepatocarcinogenesis in
NAFLD patients, especially those with advanced fibrosis.

12

Research perspectives

Prospective studies investigating the effect of ethanol cession in NAFLD
patients with a mild drinking habit are also required to confirm the impact of mild
drinking on the clinical course of NAFLD.

13

14
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Abstract
AIM
To investigate the prognostic value of the combination
of preoperative plasma fibrinogen and CA199 in pati
ents with gallbladder carcinoma (GBC).

Informed consent statement: All patients and their families
signed informed consent statements before surgery, and the type
of surgical procedure was performed according to the approved
guidelines.

METHODS
The clinicopathological data of 154 GBC patients were
retrospectively reviewed after surgery. A receiver

Conflict-of-interest statement: We declare that the authors
have no conflict of interest.
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operating characteristic (ROC) curve was plotted to
verify the optimum cut-off values for plasma fibrinogen
and CA199. Univariate and multivariate survival
analyses were performed to identify the factors
associated with GBC prognosis. Based on the HRs
calculated via multivariate survival analyses, patients
with elevated plasma fibrinogen and CA199 levels
were allocated a score of 2.1; those with an elevated
plasma fibrinogen level only were allocated a score
of 1, those with an elevated CA199 level only were
allocated a score of 1.1, and those with neither of
these abnormalities were allocated a score of 0.

INTRODUCTION
Primary gallbladder carcinoma (GBC) is relatively rare
worldwide, but is the most common malignancy of
[1]
the biliary tract system . GBC is the seventh most
[2]
common gastrointestinal cancer and is attributable
[3]
to approximately 1% of all cancer cases in China .
The incidence of this malignancy was recently reported
[4]
to be approximately 2.5 per 100000 persons . The
prognosis of GBC is still typically poor due to nonspecific
symptoms, late diagnosis, lack of treatment options,
and the absence of effective prognostic markers.
According to epidemiological studies, the overall survival
(OS) of GBC patients is 6 mo, with a 5-year survival
[1,5-7]
rate of less than 10%
. Therefore, investigations on
the prognostic factors of GBC are especially important.
The association between hemostasis and cancer,
and the influence of hemostatic factors on cancer
[8,9]
development, growth, and metastasis are evident .
Fibrinogen is a 340-kDa plasma glycoprotein that
is upregulated during systemic inflammation and
tissue injury. Fibrinogen is synthesized in the liver and
transformed into fibrin through the activity of activated
thrombin, which is a key coagulation factor in platelet
aggregation, clot formation, wound healing, and
[10-12]
coagulation
. A number of studies have shown that
plasma fibrinogen levels are upregulated in various
[13,14]
cancer types, such as respiratory system tumors
,
[15-18]
[19-22]
digestive system tumors
, gynecological tumors
,
[23,24]
[25,26]
head and neck cancer
and genitourinary tumors
,
and may indicate cancer progression, metastasis and
[17,22,27-29]
recurrence
. However, to our knowledge, studies
on the prognostic value of plasma fibrinogen levels in
[30]
GBC are very rare .
In addition, CA199 has been traditionally used for
[31]
the diagnosis and prognosis of GBC ; however, the
reported results on its prognostic value in GBC patients
[30,32,33]
are inconsistent and controversial
. Therefore, we
hypothesized that the combination of plasma fibrinogen
and CA199 levels may avoid inconsistent results and
increase the prognostic accuracy for GBC.
Hence, the aim of the current study was to investi
gate the prognostic value of the combination of plasma
fibrinogen and CA199 levels in patients with GBC.
Additionally, we aimed to determine whether the
combination of plasma fibrinogen and CA199 levels can
serve as a more efficient predictive factor than either
parameter alone in patients with GBC.

RESULTS
ROC curve analysis showed that the optimum cut-off
values for preoperative plasma fibrinogen and CA199
were 3.47 g/L and 25.45 U/mL, respectively. Multivariate
analysis indicated that elevated preoperative plasma
fibrinogen and CA199 levels were significantly correlated
with worse overall survival (OS) (HR = 1.711, 95%CI:
1.114-2.627, P = 0.014, and HR = 1.842, 95%CI:
1.111-3.056, P = 0.018). When we combined these two
parameters, the area under the ROC curve increased
from 0.735 (for preoperative plasma fibrinogen only)
and 0.729 (for preoperative CA199 only) to 0.765. When
this combined variable was added to the multivariate
analysis, the combination of plasma fibrinogen and
CA199 (P < 0.001), resection margin (P < 0.001) and
TNM stage (P = 0.010) were independent prognostic
factors for GBC.
CONCLUSION
The combination of plasma fibrinogen and CA199
may serve as a more efficient independent prognostic
biomarker for postoperative GBC patients than either
parameter alone.
Key words: Prognostic factor; Plasma fibrinogen;
CA199; Survival; Gallbladder cancer
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Elevated plasma fibrinogen and CA199 levels
are associated with poor prognosis in patients with
gallbladder carcinoma (GBC). The prognostic value of
the combination of plasma fibrinogen and CA199 for
GBC has not been reported. The most important finding
in this study was that the combination of preoperative
plasma fibrinogen and CA199 levels was a better
independent prognostic indicator for GBC than either
parameter alone.

MATERIALS AND METHODS
Study population

Xu WY, Zhang HH, Yang XB, Bai Y, Lin JZ, Long JY, Xiong
JP, Zhang JW, Sang XT, Zhao HT. Prognostic significance of
combined preoperative fibrinogen and CA199 in gallbladder
cancer patients. World J Gastroenterol 2018; 24(13): 1451-1463
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i13/1451.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i13.1451
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From January 2005 to May 2017, a retrospective
analysis of 154 GBC patients was conducted following
surgery in the Department of Liver Surgery at the Peking
Union Medical College Hospital of the Chinese Academy
of Medical Sciences and Peking Union Medical College
(CAMS & PUMC). The patients included in the analysis

1452

April 7, 2018|Volume 24|Issue 13|

Xu WY et al. prognostic biomarker and gallbladder cancer
met the following criteria: (1) GBC diagnosis confirmed
by histopathology and cancer stage determined in
accordance with the American Joint Committee on
th
Cancer staging system, 8 Edition (AJCC-8), and the
histopathologic postoperative pathologic tumor-nodemetastasis (pTNM) categorization system (International
th
Union against Cancer Staging Manual, 7 Edition;
UICC-7); and (2) no adjuvant chemotherapy and/or
radiotherapy before gallbladder resection surgery.
Patients with the following characteristics were excluded:
(1) other tumors; (2) inflammatory conditions, including
infections, collagen diseases, anemia, other diseases
concerning the hematological system, and absolute
cardiovascular and cerebrovascular disorders; (3) liver
disease; (4) oral administration of anticoagulants or
acetylsalicylic acids within 3 mo before surgery; (5)
lack of adequate clinical data or loss to follow-up. This
study was approved by the Medical Ethics Committee of
the Peking Union Medical College Hospital of the CAMS
& PUMC, and all participants signed written informed
consent forms.

surgery marked the beginning of the follow-up period,
which ended at the last follow-up visit (December
2017) or death.

Statistical analysis

Continuous variables are expressed as means ±
standard deviation for normally distributed variables
(Kolmogorov-Smirnov test, P > 0.05) or as medians
(range) for non-normally distributed variables, and
categorical variables were expressed as frequencies and
percentages. OS was defined as the time from surgery
to death from any cause or the last follow-up. A receiver
operating characteristic (ROC) curve for OS prediction
was constructed to estimate the optimal cut-off value
for plasma fibrinogen, which allowed us to treat this
parameter as a binary variable. The optimal cut-off value
was determined as the point on the ROC curve that
maximizes the Youden index. The area under the ROC
curve (AUC) was used to calculate discrimination ability.
The associations between clinicopathological variables
and pretreatment plasma fibrinogen levels were
assessed using either the chi-square test or the trend
version of the chi-square test, as appropriate. Survival
curves were generated using the Kaplan-Meier method,
and the log-rank test was used to evaluate survival
differences between groups. A univariate analysis using
the log-rank test was performed to screen variables
that could potentially predict prognosis. The statistically
significantly predictive variables were then included in
a multivariate Cox regression model to determine the
independent prognostic risk factors. Statistical analysis
of the data was performed using Statistical Package for
the Social Sciences (SPSS®, version 24.0; IBM Corp.,
Armonk, NY, United States). Statistical significance was
defined as a two-sided P < 0.05.

Data collection

Patient characteristics were obtained via a retrospective
medical record review using a standardized data
collection form. Based on the medical records, the
following data were collected for each patient: age,
gender, plasma fibrinogen concentration, CA199
level, tumor size (defined as the longest diameter of
the general postoperative pathological specimens),
gallstone history, jaundice, comorbidity (diabetes),
resection margin, tumor differentiation (categorized as
poorly differentiated, moderately differentiated and well
differentiated), T stage, N stage, M stage, pTNM stage
(as defined by AJCC-8), pathological type and other
miscellaneous characteristics.

RESULTS

Plasma fibrinogen concentration and CA199 level

Patient characteristics

The plasma fibrinogen concentration and CA199 level
were measured within 3 d before surgery as part of
a routine workup in these patients. The fibrinogen
concentration was measured based on the Clauss
[34]
method as previously described , and the CA199
level was determined via an electrochemiluminescence
immunoassay at the Department of Liver Surgery of
the Peking Union Medical Hospital affiliated to Peking
Union Medical College, Beijing, China. According to the
assay protocols, the normal reference values were as
follows: serum fibrinogen concentration ≤ 4.0 g/L and
CA199 level ≤ 39 U/mL.

The detailed baseline clinicopathological characteristics
of the 154 GBC patients are displayed in Table 1. There
were 91 (59.1%) women and 63 (40.9%) men, and
98 (63.6%) of the patients were > 60 years old. The
median age at diagnosis was 64 years (range: 29-85
years). There were 75 (48.7%) patients with a history
of gallstones before surgery. Thirty-eight (24.7%)
patients had diabetes before surgery. The entire cohort
comprised 150 (97.4%) adenocarcinoma carcinoma
patients, 3 (1.9%) adenosquamous carcinoma patients
and 1 (0.6%) papillary carcinoma patient. The majority
of patients had moderately or well differentiated
cancer [94 (61.0%) patients with moderately or well
differentiated cancer, 60 (39.0%) patients with poorly
differentiated cancer]. Fifty-eight (37.7%) patients
had a positive resection margin. Tumor invasion
depths of Tis-T1a, T1b-T2b, T3, and T4 were observed
in 10 (6.5%), 29 (18.8%), 103 (66.9%), and 12
(7.8%) patients, respectively. In terms of lymph node
metastasis, 98 (63.6%) patients were N0, 47 (30.5%)

Clinical treatment and follow-up assessments

All patients were treated by modified radical cholecy
stectomy or radical cholecystectomy and received
systemic therapy in the adjuvant setting. All patients
were followed via telephone interviews. The patients
were carefully followed at 3-mo intervals for the first 2
years after surgery, at 6-mo intervals during the third
year, and at 1-year intervals thereafter. The date of
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Association between plasma fibrinogen levels and
patient clinicopathological characteristics

Table 1 Baseline characteristics of 154 patients who
underwent potential curative cholecystectomy n (%)
Characteristic
Age (yr)
≤ 60
> 60
Sex
Male
Female
Cholecystolithiasis
Absent
Present
Diabetes
Absent
Present
Jaundice
Absent
Present
Blood groups
A
B
AB
O
Pathological types
Adenosquamous carcinoma
Adenocarcinoma
Papillocarcinoma
Degree of differentiation
Poor
Moderate-well
Resection margin status
Negative
Positive
Maximum tumor diameter (cm)
≤ 2.45
> 2.45
T stage
Tis-T1a
T1b-T2b
T3
T4
N stage
0
1
2
Distant metastasis
Absent
Present
TNM stage
0-Ⅰ stage
ⅡA-ⅡB stage
ⅢA-ⅢB stage
ⅣA-ⅣB stage
CA199 (U/mL)
≤ 25.45
> 25.45
Fibrinogen concentration (g/L)
≤ 3.47
> 3.47

The median plasma fibrinogen concentration in all
patients was 3.54 g/L (range: 1.71-7.47 g/L). The
optimum cut-off value for plasma fibrinogen according
to the ROC curve was 3.47 g/L, with a sensitivity of 0.709
and a specificity of 0.721 (Figure 1A); the AUC was 0.735
(95%CI: 0.654-0.816). The entire cohort was stratified
into 2 groups for further analysis: group A, with a
plasma fibrinogen concentration > 3.47 g/L, included
79 patients (51.3%); group B, with a plasma fibrinogen
concentration ≤ 3.47 g/L, included 75 patients (48.7%)
(Table 1). As shown in Table 2, an elevated plasma
fibrinogen level was significantly correlated with
resection margin (P = 0.003), degree of differentiation
(P = 0.048), jaundice (P = 0.003), T stage (P < 0.001),
CA199 level (P = 0.003) and TNM stage (P = 0.011),
but was not significantly correlated with gender, age,
gallstone history, comorbidity (diabetes), pathological
type, N stage, distant metastasis, ABO blood group, or
tumor size (P > 0.05).

Patients (n = 154)
64 (29-85)
56 (36.4)
98 (63.6)
63 (40.9)
91 (59.1)
79 (51.3)
75 (48.7)
116 (75.3)
38 (24.7)
129 (83.8)
25 (8.9)
43 (27.9)
56 (36.4)
9 (5.8)
46 (29.9)
3 (1.9)
150 (97.4)
1 (0.6)

Association between CA199 levels and patient
clinicopathological characteristics

The median CA199 level in all patients was 69.3 U/ml
(range: 0.6-10524 U/ml). The optimum cut-off value
for CA199 according to the ROC curve was 25.45
U/mL, with a sensitivity of 0.791 and a specificity
of 0.574 (Figure 1B); the AUC was 0.729 (95%CI:
0.650-0.808). The entire cohort was stratified into 2
groups for further analysis: group A, with a CA199
level > 25.45 U/mL, included 97 patients (63.0%);
group B, with a CA199 level ≤ 25.45 U/mL, included
57 patients (37.0%) (Table 1). As shown in Table 3, an
elevated CA199 level was significantly correlated with
resection margin (P = 0.001), jaundice (P = 0.022),
T stage (P < 0.001), plasma fibrinogen concentration
(P = 0.003) and TNM stage (P < 0.001), but was not
significantly correlated with other factors (P > 0.05).

60 (39.0)
94 (61.0)
96 (62.3)
58 (37.7)
3 (0.2-13)
68 (44.2)
86 (55.8)
10 (6.5)
29 (18.8)
103 (66.9)
12 (7.8)
98 (63.6)
47 (30.5)
9 (5.8)
142 (92.2)
12 (7.8)

Analysis of factors influencing prognosis

The median follow-up time was 17 mo. One hundred
and three patients died during the follow-up period, with
an estimated median OS duration of 14.5 mo (range:
0.5-153.0 mo). The 1-year and 2-year survival rates
were 55.8% and 35.7%, respectively.
A Cox univariate analysis of OS showed that
resection margin (HR: 3.683, 95%CI: 2.468-5.496,
P < 0.001), distant metastasis (HR = 2.550, 95%CI:
1.388-4.684, P = 0.003), jaundice (HR = 2.598,
95%CI: 1.644-4.106, P < 0.001), CA199 level (HR =
3.570, 95%CI: 2.213-5.760, P < 0.001), lymph node
metastasis (P < 0.001), degree of differentiation (HR =
1.527, 95%CI: 1.031-2.261, P = 0.035), T stage (P <
0.001), TNM stage (P < 0.001), and plasma fibrinogen
level (HR = 2.795, 95%CI: 1.853-4.214, P < 0.001)
were significantly associated with unfavorable OS (Table
4). The OS curve stratified by plasma fibrinogen level

16 (10.4)
16 (10.4)
92 (59.7)
30 (19.5)
69.3 (0.6-10524)
57 (37.0)
97 (63.0)
3.54 (1.71-7.47)
75 (48.7)
79 (51.3)

patients were N1 (1-3 positive lymph nodes), and 9
(5.8%) patients were N2 (≥ 4 positive lymph nodes).
The majority [142 (92.2%)] of patients did not have
distant metastasis. Of the 154 patients, 16 (10.4%) had
stage 0-Ⅰdisease, 16 (10.4%) had stage ⅡA-ⅡB, 92
(59.7%) had stage ⅢA-ⅢB, and 30 (19.5%) had stage
ⅣA-ⅣB.
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Figure 1 Receiver operating characteristic curve analysis based on fibrinogen for overall survival. A: The area under the ROC curve (AUC) indicates the
diagnostic power of preoperative plasma fibrinogen concentration. In this model, the optimum cut-off point for fibrinogen concentration was 3.47 g/L, AUC was 0.735
(95%CI: 0.654-0.816), with a sensitivity of 0.709 and a specificity of 0.721 by the Youden index. B: AUC indicates the diagnostic power of preoperative CA199 level. In
this model, the optimum cut-off point for CA199 level was 25.45 U/mL, AUC was 0.729 (95%CI: 0.650-0.808), with a sensitivity of 0.791 and a specificity of 0.574 by
the Youden index. AUC: Area under curve. ROC: Receiver operating characteristic curve.

analyses of survival revealed that the combination of
plasma fibrinogen and CA199 was an independent
prognostic factor for survival in GBC patients following
surgery (Table 6). The results of the OS curve are
presented in Figure 3. Finally, a ROC curve was gen
erated to assess the prognostic accuracy of the combi
nation of plasma fibrinogen and CA199. The results
showed that for OS, the AUC of the combination of
plasma fibrinogen and CA199 was 0.765 (95%CI:
0.688-0.841) (Figure 4), which was higher than that
of plasma fibrinogen (0.735, 95%CI: 0.654-0.816)
(Figure 1A) and that of CA199 (0.729, 95%CI:
0.650-0.808) (Figure 1B). These results indicated that
the combination of plasma fibrinogen and CA199 may
serve as a significant prognostic biomarker that is
superior to either plasma fibrinogen or CA199 alone.

showed that GBC patients with a plasma fibrinogen
level ≤ 3.47 g/L had longer OS durations than those
with a plasma fibrinogen level > 3.47 g/L (Figure 2A).
In addition, the OS curve stratified by CA199 showed
that GBC patients with a CA199 level ≤ 25.45 U/ml
had longer OS durations than those with a CA199
level > 25.45 U/ml (Figure 2B). Next, we selected
the risk factors identified by the univariate analysis
described above for multivariate Cox regression analysis
of survival. Resection margin (HR = 1.971, 95%CI:
1.288-3.017, P = 0.002), TNM stage (P = 0.003),
CA199 level (HR = 1.842, 95%CI: 1.111-3.056, P
= 0.018) and plasma fibrinogen level (HR = 1.711,
95%CI: 1.114-2.627, P = 0.014) were identified as
independent prognostic factors for GBC patient survival
(Table 5).

Prognostic significance of the combination of plasma
fibrinogen and CA199 in predicting the long-term
survival of GBC patients

DISCUSSION
The incidence of GBC appears to be increasing world
wide, creating an enormous public health and eco
nomic burden. Due to a lack of effective prognostic
biomarkers, the prognosis of GBC is typically poor. In
the present study, we investigated the correlations
between biomarkers, clinicopathological character
istics, and survival in patients with GBC undergoing
surgical resection. Our results showed that plasma
fibrinogen, CA199, resection margin and TNM stage
were independent prognostic factors associated with OS
in patients with GBC. Elevated plasma fibrinogen and
CA199 levels were significantly correlated with worse
OS. Moreover, to the best of our knowledge, the current
study indicated for the first time that the combination
of plasma fibrinogen and CA199 was more efficient
than plasma fibrinogen or CA199 alone in predicting the
prognosis of GBC patients who have undergone surgical
resection.

As shown by the above results of multivariate analysis,
plasma fibrinogen and CA199 were independent pro
gnostic biomarkers in GBC patients, but whether the
combination of plasma fibrinogen and CA199 had
the same efficacy remained unclear. As the HR for
CA199/the HR for plasma fibrinogen = 1.842/1.711
approximately 1.10, patients with elevated plasma
fibrinogen and CA199 levels were allocated a score
of 2.1, those with an elevated plasma fibrinogen
level only were allocated a score of 1, those with an
elevated CA199 level only were allocated a score of
1.1, and those with neither of these abnormalities were
allocated a score of 0. We then used the Kaplan-Meier
method and a Cox regression model to investigate the
prognostic significance of the combination of plasma
fibrinogen and CA199 in these GBC patients.
Both the univariate and multivariate Cox regression
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Table 2 Correlation between fibrinogen concentration and clinicopathological characteristics in gallbladder carcinoma patients n (%)
Characteristics
Age (yr)
≤ 60
> 60
Sex
Male
Female
Cholecystolithiasis
Absent
Present
Diabetes
Absent
Present
Jaundice
Absent
Present
Blood groups
A
B
AB
O
Pathological types
Adenosquamous carcinoma
Adenocarcinoma
Papillocarcinoma
Degree of differentiation
Poor
Moderate-well
Resection margin status
Negative
Positive
Maximum tumor diameter (cm)
≤ 2.45
> 2.45
T stage
Tis-T1a
T1b-T2b
T3
T4
N stage
N0
N1
N2
Distant metastasis
Absent
Present
TNM stage
0-Ⅰ stage
ⅡA-ⅡB stage
ⅢA-ⅢB stage
ⅣA-ⅣB stage
CA199 (U/mL)
≤ 25.45
> 25.45

> 3.47 g/L (n = 79)

31 (20.1)
44 (28.6)

25 (16.2)
54 (35.1)

0.243

33 (21.4)
42 (27.3)

30 (19.5)
49 (31.8)

0.513

38 (24.7)
37 (24.0)

41 (26.6)
38 (24.7)

0.878

57 (37.0)
18 (11.7)

59 (38.3)
20 (13.0)

0.850

68 (44.2)
7 (4.5)

61 (39.6)
18 (11.7)

0.029

19 (12.3)
33 (21.4)
2 (1.3)
21 (13.6)

24 (15.6)
23 (14.9)
7 (4.5)
25 (16.2)

0.145

0 (0)
75 (48.7)
0 (0)

3 (1.9)
75 (48.7)
1 (0.6)

0.142

23 (14.9)
52 (33.8)

37 (24.0)
42 (27.3)

0.048

56 (36.4)
19 (12.3)

40 (26.4)
39 (25.3)

0.003

34 (22.1)
41 (26.6)

34 (22.1)
45 (29.2)

0.871

8 (5.2)
22 (14.3)
43 (27.9)
2 (1.3)

2 (1.3)
7 (4.5)
60 (39.0)
10 (6.5)

< 0.001

50 (32.5)
21 (13.6)
4 (2.6)

48 (31.2)
26 (16.9)
5 (3.2)

0.748

69 (44.8)
6 (3.9)

73 (47.4)
6 (3.9)

0.925

12 (7.8)
12 (7.8)
39 (25.3)
12 (7.8)

4 (2.6)
4 (2.6)
53 (34.4)
18 (11.7)

0.011

37 (24.0)
38 (24.7)

20 (13.0)
59 (38.3)

0.003

Due to the low incidence of GBC, few studies have
examined the correlations between inflammationrelated factors and GBC prognosis. The inflammationrelated factors explored in previous studies include
[35]
platelet count (PLT) , platelet to lymphocyte ratio
[32,33]
[36,37]
(PLR)
, neutrophil to lymphocyte ratio (NLR)
[30]
and plasma fibrinogen level .
[35]
9
Wang et al
showed that a PLT > 178 × 10 /L
was significantly correlated with worse prognosis of
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P value

Fibrinogen concentration
≤ 3.47 g/L (n = 75)

GBC (HR = 1.541, 95%CI: 1.038-2.287, P = 0.032)
9
and identified 178 × 10 /L as the optimal cut-off value
(AUC = 0.798, 95%CI: 0.737-0.858, sensitivity:
0.746, specificity: 0.722). The prognostic accuracy of
PLT for GBC was higher than that of plasma fibrinogen
in our study (AUC = 0.735, 95%CI: 0.654-0.816,
sensitivity: 0.709, specificity: 0.721). However, Pang
[32]
[33]
et al
and Zhang et al
indicated that PLT was not
associated with the prognosis of GBC (HR = 1.013,
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Table 3 Correlation between CA199 level and clinicopathological characteristics in gallbladder carcinoma patients n (%)
Characteristics
Age (yr)
≤ 60
> 60
Sex
Male
Female
Cholecystolithiasis
Absent
Present
Diabetes
Absent
Present
Jaundice
Absent
Present
Blood groups
A
B
AB
O
Pathological types
Adenosquamous carcinoma
Adenocarcinoma
Papillocarcinoma
Degree of differentiation
Poor
Moderate-well
Resection margin status
Negative
Positive
Maximum tumor diameter (cm)
≤ 2.45
> 2.45
T stage
Tis-T1a
T1b-T2b
T3
T4
N stage
N0
N1
N2
Distant metastasis
Absent
Present
TNM stage
0-Ⅰ stage
ⅡA-ⅡB stage
ⅢA-ⅢB stage
ⅣA-ⅣB stage
Fibrinogen concentration (g/L)
≤ 3.47
> 3.47

> 25.45 U/mL (n = 97)

24 (15.6)
33 (21.4)

32 (20.8)
65 (42.2)

0.299

23 (14.9)
34 (21.1)

40 (26.0)
57 (37.0)

0.914

32 (20.8)
25 (16.2)

47 (30.5)
50 (32.5)

0.406

45 (29.2)
12 (7.8)

71 (46.1)
26 (16.9)

0.447

53 (34.4)
4 (2.6)

76 (49.4)
21 (13.6)

0.022

19 (12.3)
21 (13.6)
1 (0.6)
16 (10.4)

24 (15.6)
35 (22.7)
8 (5.2)
30 (19.5)

0.303

0 (0)
57 (37.0)
0 (0)

3 (1.9)
93 (60.4)
1 (0.6)

0.299

33 (21.4)
24 (15.6)

61 (39.6)
36 (23.4)

0.069

45 (29.2)
12 (7.8)

51 (33.1)
46 (29.9)

0.001

30 (19.5)
27 (17.5)

38 (24.7)
59 (38.3)

0.131

7 (4.5)
18 (11.7)
32 (20.8)
0 (0.0)

3 (1.9)
11 (7.1)
71 (46.1)
12 (7.8)

< 0.001

43 (27.9)
11 (7.1)
3 (1.9)

55 (35.7)
36 (23.4)
6 (3.9)

0.056

53 (34.4)
4 (2.6)

89 (57.8)
8 (5.2)

0.783

11 (7.1)
12 (7.8)
27 (17.5)
7 (4.5)

5 (3.2)
4 (2.6)
65 (42.2)
23 (14.9)

< 0.001

37 (24.0)
20 (13.0)

38 (24.7)
59 (38.3)

0.003

95%CI: 0.647-1.594, P = 0.956, and HR = 1.172,
95%CI: 0.794-1.731, P = 0.423). These results may
be related to the different cut-off values chosen (300 ×
9
9
10 /L and 200 × 10 /L) and different sample sizes (316
patients and 145 patients). Therefore, the prognostic
significance of PLT in GBC patients requires further
validation.
[33]
[36]
Zhang et al
and Zhang et al
demonstrated
that NLR was significantly associated with an un
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P value

CA199 level
≤ 25.45 U/mL (n = 57)

favorable prognosis of GBC (HR = 2.059, 95%CI:
1.253-3.384, P = 0.004, and HR = 1.65, P < 0.001),
but the prognostic accuracy of NLR for GBC according
[36]
to Lingqiang Zhang et al
(AUC = 0.637, 95%CI:
0.556-0.718, sensitivity: 0.713, specificity: 0.565) was
not higher than that of plasma fibrinogen in our study
(AUC = 0.735, 95%CI: 0.654-0.816, sensitivity: 0.709,
specificity: 0.721).
[32]
Pang et al
showed that PLR was a negative
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Table 4 Univariate analysis of overall survival in gallbladder cancer patients
Characteristics
Age (yr)
≤ 60
> 60
Sex
Male
Female
Cholecystolithiasis
Absent
Present
Diabetes
Absent
Present
Jaundice
Absent
Present
Blood groups
A
B
AB
O
Pathological types
Adenosquamous carcinoma
Adenocarcinoma
Papillocarcinoma
Degree of differentiation
Poor
Moderate-well
Resection margin status
Negative
Positive
Maximum tumor diameter (cm)
≤ 2.45
> 2.45
T stage
Tis-T1a
T1b-T2b
T3
T4
N stage
N0
N1
N2
Distant metastasis
Absent
Present
TNM stage
0-Ⅰ stage
ⅡA-ⅡB stage
ⅢA-ⅢB stage
ⅣA-ⅣB stage
CA199 (U/mL)
≤ 25.45
> 25.45
Fibrinogen concentration (g/L)
≤ 3.47
> 3.47

HR (95%CI)
1.473 (0.973-2.230)

0.067

0.995 (0.670-1.477)

0.981

1.198 (0.814-1.764)

0.360

1.028 (0.651-1.623)

0.906

2.598 (1.644-4.106)

< 0.001

-

0.113

-

0.165

1.527 (1.031-2.261)

0.035

3.683 (2.468-5.496)

< 0.001

1.101 (0.744-1.630)

0.631

-

< 0.001

-

< 0.001

2.550 (1.388-4.684)

< 0.003

-

< 0.001

3.570 (2.213-5.760)

< 0.001

2.790 (1.853-4.214)

< 0.001

prognostic factor for GBC patients (HR = 2.02, 95%CI:
1.24-3.28, P < 0.001), although the prognostic
accuracy of PLR for GBC (AUC = 0.620, 95%CI:
0.542-0.698, P = 0.040, sensitivity: 0.736, specificity:
0.532) was not superior to that of plasma fibrinogen
in our study (AUC = 0.735, 95%CI: 0.654-0.816,
sensitivity: 0.709, specificity: 0.721). However, Zhang
[33]
et al
showed that PLR was not associated with
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P value

the prognosis of patients with GBC. Therefore, the
prognostic significance of PLR in GBC patients requires
further validation.
To date, the only study to explore the prognostic
significance of plasma fibrinogen in GBC patients was
[30]
conducted by Shu et al . Consistent with the results
of our study, their results indicated that an elevated
preoperative plasma fibrinogen level, poorer margin
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Figure 2 Survival curve according to the preoperative fibrinogen concentration (A) and CA199 level (B). A: Data compares fibrinogen concentration > 3.47 g/L
vs ≤ 3.47 g/L group (P < 0.05). The number 1 for ≤ 3.47 g/L group, number 2 for > 3.47 g/L group. B: Data compares CA199 level > 25.45 U/mL vs ≤ 25.45 U/mL (P
< 0.05). The number 1 for ≤ 25.45 U/mL group, number 2 for > 25.45 U/mL group.

Table 5 Multivariate analysis of overall survival in gallbladder cancer patients
Characteristics
Resection margin status
Negative
Positive
TNM stage
ⅡA-ⅡB stage/0-1 stage
ⅢA-ⅢB stage/0-1 stage
ⅣA-ⅣB stage/0-1 stage
Fibrinogen concentration (g/L)
≤ 3.47
> 3.47
CA199 (U/mL)
≤ 25.45
> 25.45

HR (95%CI)

P value

Wald

1.971 (1.288-3.017)

1.336 (0.317-5.627)
3.831 (1.167-12.571)
5.204 (1.497-18.093)
1.711 (1.114-2.627)

0.002

11.299
0.156
4.907
6.730

0.003
0.693
0.027
0.009
0.014

1.842 (1.111-3.056)

0.018

Table 6 Univariate and multivariate analysis of overall survival in gallbladder cancer patients according to the combination of
fibrinogen and CA199
Characteristics
Univariate analysis
Combined fibrinogen and CA199
0
1
1.1
2.1
Multivariate analysis
Resection margin status
Negative
Positive
TNM stage
IIA-IIB stage/0-1 stage
ⅢA-ⅢB stage/0-1 stage
ⅣA-ⅣB stage/0-1 stage
Combined fibrinogen and CA199
1/0
1.1/0
2.1/0

HR (95%CI)

Wald

P value

-

< 0.001

1.973 (1.289-3.020)

0.002

11.299
1.342 (0.318-5.659)
3.812 (1.158-12.545)
5.189 (1.491-18.055)
14.218
1.784 (0.775-4.104)
1.895 (0.943-3.806)
3.195 (1.676-6.090)

0.160
4.848
6.699
1.854
3.222
12.454

0.011
0.689
0.028
0.010
0.003
0.173
0.073
0.000

The number 0 for fibrinogen concentration > 3.47g/L with CA199 level > 25.45 U/mL group, number 1 for fibrinogen concentration > 3.47 g/L with CA199
level ≤ 25.45 U/mL group, number 1.1 for fibrinogen concentration ≤ 3.47g/L with CA199 level > 25.45 U/mL group, and number 2.1 for fibrinogen
concentration ≤ 3.47 g/L with CA199 level ≤ 25.45 U/mL group.
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as N1, 4 or more positive lymph nodes as N2, and no
positive lymph nodes as N0.
The prognostic significance of plasma fibrinogen
[30]
in the study conducted by Shu et al
(AUR = 0.751,
95%CI: 0.653-0.848) was slightly superior to that
observed in our study (AUC = 0.735, 95%CI:
0.654-0.816, sensitivity: 0.709, specificity: 0.721)
and had a positive predictive value of 92.73%. This
difference may be related to the different optimal cutoff values between the two studies (4.02 g/L and 3.47
g/L) and the different methods used to determine the
optimal cut-off values. In their study, the dichotomous
variable that was used to determine the optimal cut-off
value on the ROC curve was TNM stage, whereas the
dichotomous variable used in our study was OS. Our
method is accepted by most researchers. Nonetheless,
the results of their study support the conclusion
reached in our study that the prognostic accuracy of
the combination of plasma fibrinogen and CA199 (AUC
= 0.765, 95%CI: 0.688-0.841) is higher than that
of plasma fibrinogen alone (AUR = 0.751, 95%CI:
0.653-0.848).
Many recent studies have demonstrated that an
elevated plasma fibrinogen level, as a marker of coagu
lation and fibrinolytic activation, is a strong predictor of
[13,15,19,23,25]
poor prognosis for various malignant tumors
.
Additionally, it was found that fibrinogen synthesis is
[38]
significantly upregulated by inflammation . However,
the molecular mechanisms underlying the association
between plasma fibrinogen and cancer prognosis is
[30]
still uncertain. In an in vitro study, Shu et al
found
that plasma fibrinogen at a high concentration induced
epithelial-mesenchymal transition (EMT), thus incre
asing the migration, invasion, and metastatic capacity
of co-cultured GBC cells by increasing the expression
of vimentin (a mesenchymal marker) and reducing the
expression of E-cadherin (an epithelial marker). EMT
is known to confer migration, invasion, and metastatic
[38,39]
capacity and multidrug resistance to cells
. However,
this explanation needs to be verified through basic
research in the future.
One of the methodological innovations of our
study is that we assigned different scores to patients
according to the HR for elevated plasma fibrinogen
levels and elevated CA199 levels, instead of assigning
all patients a score of 1 as in the previous scoring
system. This new scoring method further distinguished
the difference in prognostic efficiency between plasma
fibrinogen and CA199, rather than simply assigning
a score of 1 to each parameter, considering that the
HRs for the two parameters are not the same (CA199:
1.842, plasma fibrinogen: 1.711). From the OS curve
(Figure 3) and ROC curve (Figure 4), we observed
that the new scoring system effectively improved the
prognostic accuracy of the biomarkers.
This study is the first to investigate the prognostic
significance of the combination of plasma fibrinogen

Survival functions
Combined fibrinogen and
CA199 score system

1.0

0.00
1.00
1.10
2.10

Overall survival

0.8
0.6
0.4
0.2
0.0
0.00

20.00 40.00 60.00 80.00 100.00

t /mo

Figure 3 Survival curve according to the combined fibrinogen and CA199
scoring system. Data compares the fibrinogen concentration > 3.47 g/L with
CA199 level > 25.45 U/mA group, fibrinogen concentration > 3.47 g/L with
CA199 level ≤ 25.45 U/mL group, fibrinogen concentration ≤ 3.47 g/L with
CA199 level > 25.45 U/mL group and fibrinogen concentration ≤ 3.47 g/L with
CA199 level ≤ 25.45 U/mL group. The number 0 for fibrinogen concentration
> 3.47 g/L with CA199 level > 25.45 U/mL group, number 1 for fibrinogen
concentration > 3.47g/L with CA199 level ≤ 25.45 U/mL group, number 1.1
for fibrinogen concentration ≤ 3.47 g/L with CA199 level > 25.45 U/mL group,
number 2.1 for fibrinogen concentration ≤ 3.47 g/L with CA199 level ≤ 25.45
U/mL group.
ROC curve
1.0

Sensitivity

0.8

0.6

0.4

0.2

0.0
0.0

0.2

0.4

0.6

0.8

1.0

1-Specificity

Figure 4 Receiver operating characteristic curve analysis based on the
combination of fibrinogen and CA199 for overall survival. AUC indicates
the diagnostic power of the combination of fibrinogen and CA199. In this model,
AUC was 0.765 (95%CI: 0.688-0.841). AUC: Area under curve.

status and higher TNM stage were independently
associated with worse OS. They also showed that
lymphatic metastasis was a negative prognostic factor
for GBC, but in our study, lymphatic metastasis was
not identified as a prognostic factor. This difference
may be related to the TNM stage classification
standard used in the present study. The newly
published AJCC-8 indicated that the number of positive
lymph nodes rather than the location of lymph node
metastasis is closely related to the prognosis of GBC.
The new N stage defined 1-3 positive lymph nodes
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for gallbladder cancer patients. Furthermore, the combination of preoperative
plasma fibrinogen and CA199 was a more efficient prognostic factor than either
parameter alone in patients with gallbladder cancer. These findings not only
provide a further example which proves the relationship between hemostasis
and tumor, but also provide powerful clinical evidence for related basic research
in the future.

and CA199 in GBC patients. Inevitably, our study has
some limitations that should be acknowledged. First,
this study was performed using a retrospective design.
Second, although this new scoring method distinguished
the prognostic value of different biomarkers and
improved prognostic accuracy, the validity and predi
ctive value of this scoring method still require further
verification. Third, the data were obtained from a single
institution and the sample size was relatively small,
which may have influenced the final conclusions. Fourth,
to obtain more data, we did not distinguish between
patients who underwent radical surgery and those
who received palliative cholecystectomy or extended
resection. Therefore, our results should be validated by
prospective, multicenter studies with a large sample
size.
In conclusion, elevated preoperative levels of both
plasma fibrinogen and CA199 are independent prognostic
factors for GBC. Additionally, the combination of plasma
fibrinogen and CA199 showed superior prognostic
accuracy compared with either parameter alone.
Therefore, the combination of plasma fibrinogen and
CA199 can facilitate the identification of GBC patients
with poorer survival prognosis before surgery. We
hypothesize that the combination of plasma fibrinogen
and CA199 could be used as an inexpensive, simple,
reliable and reproducible method to determine GBC
prognosis in clinical practice.

Research methods

We used an Excel table to organize research-related clinical data, and imported
these variables into SPSS 24.0 statistical software. We then assigned the
different types of variables appropriately. We determined the optimal cut-off
values for fibrinogen and CA199 by plotting ROC curves, and then determined
the association of fibrinogen and CA199 with other clinicopathological variables
using the R × C table. Finally, univariate and multivariate analyses were
performed to determine the independent prognostic factors in patients with
gallbladder cancer.
Given the different HRs of the two parameters (CA199: 1.842, plasma
fibrinogen: 1.711), one methodological innovation of this study was that we
assigned different scores to elevated plasma fibrinogen levels and elevated
CA199 levels, instead of assigning the same score as in the previous scoring
system. This scoring approach further differentiates the difference in the
prognostic efficiency between plasma fibrinogen and CA199, rather than simply
assigning each parameter with 1 point. Based on the overall survival curve
(Figure 3) and the ROC curve (Figure 4) in the text, we observed that the new
scoring system effectively improved the prognostic accuracy of the biomarkers.

Research results

Our study demonstrated that the best cut-off values for pretreatment fibrinogen
and CA199 were 3.47 g/L and 25.45 U/mL, respectively, in patients with
gallbladder cancer. After single factor and multivariate analysis, it was shown
that elevated pretreatment fibrinogen, elevated pretreatment CA199, resection
margin and TNM stage were independent risk factors for gallbladder cancer
patients. When the elevated pretreatment fibrinogen and elevated pretreatment
CA199 were combined with different assigned scores according to their
different HRs, the prognostic accuracy and power was significantly improved
(the AUROC increased to 0.765, a relatively high value). These research
findings confirm the relationship between hemostatic factors and cancer, in this
case gallbladder cancer. How does the hemostatic factor fibrinogen influence
the development, growth, and metastasis of gallbladder cancer cells? The
underlying mechanism is still unknown, and further studies are required to
identify and confirm the mechanism involved.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Gallbladder cancer is a rare hepatobiliary tumor with a relatively low incidence.
Due to the lack of significant specific symptoms at the early stage, the
prognosis of gallbladder cancer is poor and can be fatal. Therefore, determining
a convenient and cost-effective prognostic biomarker is urgently required for
patients with gallbladder cancer. Elevated fibrinogen has been demonstrated
to be associated with poor prognosis in multiple malignancies, while CA199
is considered a widely accepted diagnostic and prognostic marker of
gallbladder cancer. There have been very few studies on the role of fibrinogen
in the prognosis of patients with gallbladder cancer. To date, studies on the
combined use of fibrinogen and CA199 to predict the prognosis of patients with
gallbladder cancer have not been conducted. The combined use of fibrinogen
and CA199 avoids inconsistencies caused by the use of a single indicator and
enhances predictive efficacy.

Research conclusions

In the present study, we found that the combination of preoperative plasma
fibrinogen and ca199 is a more efficient prognostic factor than either parameter
alone in patients with gallbladder cancer. We proposed that the combination
of hemostatic factor and specific oncology markers can better predict the
prognosis of gallbladder cancer, as hemostatic and oncology markers can
compensate for each other’s inconsistency in predicting tumor prognosis and
thus enhance overall prognostic efficacy. Fibrinogen is associated with the
development, growth, and metastasis of cancer cells, and CA199 is a product
of tumor cell growth and metabolism. However, from our study findings, we
observed that they had different prognostic efficacy (as they had different HRs)
in gallbladder cancer patients; therefore, we assigned different scores to them
which differed from the previous traditional scoring system. Using this new
method, the prognostic efficacy of these two prognostic biomarkers combined
was significantly improved, and this combination was used to screen potential
high-risk gallbladder cancer candidates, identify appropriate surgical patients,
and adopt the best follow-up strategy.

Research motivation

The main aim of this study was to validate and identify a convenient and
inexpensive combination of biomarkers with a higher prognostic value for
patients with gallbladder cancer. From our research, we found that the
combination of preoperative plasma fibrinogen and CA199 was a more efficient
prognostic factor than either parameter alone in patients with gallbladder
cancer. Due to this finding, we can screen potential high-risk candidates for
gallbladder cancer and provide prognostic guidance for surgical patients with
gallbladder cancer. In addition, this study also provides clinical evidence and
preconditions for the future study of how fibrinogen promotes the proliferation
and metastasis of malignant tumor cells.

Research perspectives

In this study, we found that the combination of a hemostatic factor and oncology
factor could compensate for each other’s inconsistency in predicting tumor
prognosis and improve the overall prognostic efficacy. The combination of
these factors was more efficient than either parameter alone in predicting the
prognosis of gallbladder cancer patients. These factors are inexpensive, easyto-use and highly accurate for determining the prognosis of gallbladder cancer

Research objectives

The main objective of this study was to identify a convenient and more efficient
prognostic biomarker for gallbladder cancer patients. From this study, we found
that both elevated fibrinogen and elevated CA199 were independent risk factors
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patients. Further large-scale, well-designed and prospective studies to verify
the findings and conclusions of this investigation are required.
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Abstract

Institutional review board statement: This study was
reviewed and approved by the Ethics Committee of the First
Affiliated Hospital of Nanjing Medical University.

AIM
To analyze the alterations of fecal microbiota in Chinese
patients with inflammatory bowel disease (IBD).

Informed consent statement: All study participants provided
informed written consent prior to study enrollment.

METHODS
Fecal samples from 15 patients with Crohn’s disease
(CD) (11 active CD, 4 inactive CD), 14 patients with
active ulcerative colitis (UC) and 13 healthy individuals
were collected and subjected to 16S ribosomal DNA
(rDNA) gene sequencing. The V4 hypervariable regions
of 16S rDNA gene were amplified from all samples and
sequenced by the Illumina MiSeq platform. Quality
control and operational taxonomic units classification
of reads were calculated with QIIME software. Alpha
diversity and beta diversity were displayed with R
software.
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RESULTS
Community richness (chao) and microbial structure in
both CD and UC were significantly different from those
in normal controls. At the phyla level, analysis of the
microbial compositions revealed a significantly greater
abundance of Proteobacteria in IBD as compared to
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that in controls. At the genera level, 8 genera in CD
and 23 genera in UC (in particular, the Escherichia
genus) showed significantly greater abundance as
compared to that in normal controls. The relative
abundance of Bacteroidetes in the active CD group was
markedly lower than that in the inactive CD group. The
abundance of Proteobacteria in patients with active CD
was nominally higher than that in patients with inactive
CD; however, the difference was not statistically
significant after correction. Furthermore, the relative
abundance of Bacteroidetes showed a negative
correlation with the CD activity index scores.

alone; an accumulating body of evidence indicates
that environmental factors play a key role in the
development of IBD by triggering intestinal microbiota
[2]
dysbiosis .
Currently available data from experimental models
and clinical studies suggest that intestinal microbiota
[3]
plays an important role in the pathogenesis of IBD .
The alterations in intestinal microbiota related to IBD
include decrease in Bacteroides, Firmicutes, Clostridia,
Ruminococcaceae, Bifidobacterium, Lactobacillus, and
Faecalibacterium prausnitzii, but increase in Gamma
Proteobacteria and presence of Fusobacterium and
Escherichia coli, especially adherent-invasive E.
coli (AIEC). In addition, IBD is also associated with
alterations in the microbial metabolic functions, including
decrease of short-chain fatty acids (SCFAs) and amino
acid biosynthesis, and increase of auxotrophy, amino
acid and sulfate transport, oxidative stress, and type II
[4-7]
secretion system .
With respect to changes (increase or decrease) in
intestinal microbiota in IBD patients, some conflicting
findings have been reported for several bacteria, including
Bifidobacterium, Clostridiales, Clostridium difficile,
Campylobacter, Helicobacter and Faecalibacterium
[8]
prausnitzii . For example, the levels of F. prausnitzii
in IBD patients were found to be reduced in several
[9-11]
studies
. However, one study of de novo pediatric
IBD revealed an increase in F. prausnitzii in CD, but not
[12]
in UC . Another study of twins showed an increase in F.
prausnitzii in patients with colonic CD, but a decrease of
[13]
F. prausnitzii in patients with ileal CD .
The intestinal microbiota of Western IBD patients
has been extensively studied. However, the intestinal
microbial profiles of Chinese IBD patients are not well
[14]
characterized . In the present study, we profiled
and compared the fecal microbial community of
IBD patients at different disease stages and healthy
controls by using 16S rDNA amplicon-based analysis.

CONCLUSION
Our study profiles specific characteristics and microbial
dysbiosis in the gut of Chinese patients with IBD.
Bacteroidetes may have a negative impact on inflammatory
development.
Key words: Crohn’s disease; Ulcerative colitis; Chinese;
Microbial dysbiosis; 16S ribosomal DNA
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Intestinal microbiota plays an important role
in the pathogenesis of inflammatory bowel disease.
However, there are few data on global alteration of
microbiota in Chinese patients. In this study, fecal
samples were subjected to 16S ribosomal DNA se
quencing. Community richness and microbial structure in
inflammatory bowel disease were significantly different
from those in normal controls. The relative abundance
of Bacteroidetes in the active Crohn’s disease group
was significantly lower than that in the inactive Crohn’
s disease group, and it showed a negative correlation
with Crohn’s disease activity index, which indicates
that Bacteroidetes may have a negative impact on
inflammatory development.
Ma HQ, Yu TT, Zhao XJ, Zhang Y, Zhang HJ. Fecal microbial
dysbiosis in Chinese patients with inflammatory bowel disease.
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MATERIALS AND METHODS
Study population

Twenty-nine IBD patients (11 active CD, 4 inactive CD
and 14 active UC patients) who regularly visited the
First Affiliated Hospital of Nanjing Medical University
(Jiangsu, China) from 2014 to 2016 were recruited to
the study. The diagnosis of IBD was based on standard
clinical, endoscopic, radiological and histological
[15]
criteria . The control group consisted of sex- and
age-matched healthy subjects. Patients with IBD who
met any of the following criteria were excluded: (1)
use of antibiotics, probiotics or prebiotics in the 3-mo
period immediately preceding the sampling time point;
(2) current infectious diarrhea; and (3) malignancy.
[16]
UC activity was evaluated using the Mayo score ;
active UC was defined as UC disease activity index >
2. Activity of CD was scored by Crohn’s disease activity

INTRODUCTION
Inflammatory bowel disease (IBD) is characterized by
chronic relapsing inflammation of the gastrointestinal
tract and includes two main clinical phenotypes:
Crohn’s disease (CD) and ulcerative colitis (UC). The
etiopathogenesis of IBD is not completely understood.
Several disease susceptibility genes, such as NOD2,
ATG16L1 and IRGM, have been implicated in its
[1]
pathogenesis . However, the rapid increase in the
incidence of IBD cannot be explained by genetic factors

WJG|www.wjgnet.com

1465

April 7, 2018|Volume 24|Issue 13|

Ma HQ et al. Fecal microbial dysbiosis in IBD
[17]

index (CDAI) ; active CD was defined as a CDAI >
150. Written informed consent was obtained from all
subjects prior to their enrollment and the study was
approved by the Ethics Committee at the First Affiliated
Hospital of Nanjing Medical University, Jiangsu, China.

were called raw tags. Quality filtering of the raw tags
was performed under specific filtering conditions to
[19]
obtain high-quality clean tags
according to the
[20]
QIIME (V1.7.0, http://qiime.org/index.html) quality
controlled process. The tags were compared with the
reference database (Gold database, http://drive5.
com/uchime/uchime_download.html) using UCHIME
algorithm (UCHIME Algorithm, http://www.drive5.
[21]
com/usearch/manual/uchime_algo.html) to detect
chimera sequences, and then the chimera sequences
[22]
were removed . Finally, the effective tags were
obtained. Analysis of sequences was performed with
Uparse software (Uparse v7.0.1001, http://drive5.
[23]
com/uparse/) . Sequences with ≥ 97% similarity
were assigned to the same operational taxonomic
units (OTUs). Representative sequence for each
OTU was screened for further annotation. For each
representative sequence, the GreenGene Database
[24]
(http://greengenes.lbl.gov/cgi-bin/nph-index.cgi)
was used based on the RDP classifier (version 2.2,
[25]
http://sourceforge.net/projects/rdp-classifier/)
algorithm to annotate taxonomic information.
In order to study the phylogenetic relationship of
different OTUs, and the difference of the dominant
species in different samples (groups), multiple sequence
alignment was conducted using the MUSCLE software
[26]
(version 3.8.31, http://www.drive5.com/muscle/) .
OTUs’ abundance information was normalized using
a standard sequence number corresponding to the
sample with the least sequences. Subsequent analysis
of alpha diversity and beta diversity were all performed
based on this output normalized data. Alpha diversity
and beta diversity were calculated with QIIME (version
1.7.0) and displayed with R software (version 2.15.3).
Statistical analysis was performed using Statistical
Package for Social Sciences version 19.0 (SPSS Inc.,
Chicago, IL, United States). The microbiota data and
community estimates were analyzed by Kruskal-Wallis
one-way analysis of variance to compare median va
lues of microbiota data between CD, UC and controls.
Spearman correlation analysis was used to analyze the
correlation between intestinal bacterial abundance and
intestinal inflammatory status. P values were corrected
for multiple comparisons using false discovery rate
(FDR); P < 0.05 was considered statistically significant.

Fecal sample collection and extraction of genomic DNA

Fecal samples were collected from all subjects and
subsequently stored at -80 ℃ within 2 h to prevent
exposure of anaerobic bacteria to oxygen and to avoid
bacterial overgrowth prior to DNA extraction. Genomic
DNA was extracted from fecal samples using the
QIAamp DNA Stool Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. Feces
(200 mg) was added to a 2-mL screw cap vial
containing 300 mg of 0.1-mm glass beads (Sigma, St.
Louis, MO, United States) which was maintained on
ice. The samples were added of 1.4 mL ASL buffer and
then subjected to bead beating (45 s, speed 6.5) twice
using a FastPrep-24 machine (MP Biomedicals, Solon,
Oh, United States) before the initial incubation for heat
and chemical lysis at 95 ℃ for 5 min. Subsequent DNA
extraction was performed following the QIAamp kit
protocol for pathogen detection.

Sequencing

16S rDNA genes of V4 regions were amplified using
specific primer with the barcode. All PCR reactions were
carried out with Phusion® High-Fidelity PCR Master Mix
(New England Biolabs, Ipswich, MA, United States).
The same volume of 1 × loading buffer (containing
SYB green) was mixed with PCR products and
electrophoresis on 2% agarose gel was carried out for
detection. Samples with the bright main band between
400-450 bp were chosen for further experiments.
PCR products were mixed in equidensity ratios. The
mixture of PCR products was subsequently purified
with Qiagen Gel Extraction Kit. Sequencing libraries
were generated using TruSeq®DNA PCR-Free Sample
Preparation Kit (Illumina, San Diego, CA, United States)
following manufacturer’s recommendations, and index
codes were added. The library quality was assessed
on the Qubit@ 2.0 Fluorometer (Thermo Scientific,
Waltham, MA, United States) and Agilent Bioanalyzer
2100 system. Finally, the library was sequenced on an
Illumina MiSeq platform and 250 bp paired-end reads
were generated.

RESULTS
Patients’ characteristics and sequencing data

Data analysis

Fecal samples from patients with active CD (n =
11), inactive CD (n = 4), active UC (n = 14), and 13
healthy individuals were analyzed in the current study.
The median disease duration in patients with CD and
UC was 10 mo (range: 3-48 mo) and 30 mo (range:
2-93 mo), respectively. Detailed clinical characteristics
of the study subjects are presented in Table 1.
Paired-end reads were generated with the Illumina
MiSeq platform. The reads with sequencing adapters,

Paired-end reads were assigned to samples based on
their unique barcode and truncated by cutting off the
barcode and primer sequence. Paired-end reads were
merged using FLASH (V1.2.7, http://ccb.jhu.edu/
[18]
software/FLASH/) , which was designed to merge
paired-end reads when at least some of the reads
overlapped the read generated from the opposite end
of the same DNA fragment, and the splicing sequences
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Table 1 Clinical characteristics of enrolled patients

n
Age, mean ± SD, yr
Sex, male/female
Disease duration in months, median (range)
Smoking habits
Abdominal surgery
Montreal A (age of onset)
A1 (< 17)
A2 (17-40)
A3 (> 40)
Montreal L (location)
L1 (ileal)
L2 (colonic)
L3 (ileocolonic)
L4 (upper gastrointestinal tract)
Montreal B (behavior)
B1(nonstricturing, nonpenetrating)
B2 (stricturing)
B3 (penetrating)
p (perianal disease)
Montreal
E1 ulcerative proctitis
E2 left sided ulcerative colitis
E3 extensive ulcerative colitis
CDAI score
< 150
150-220
221-450
> 450
Mayo score
0-2
3-5
6-10
11-12
Therapy
5-ASA
Azathioprine
Steroids
Infliximab

CD

UC

Control

15
37.7 ± 13.0
11/4
10 (3-48)
4 (26.7)
4 (26.7)

14
37.5 ± 17.1
7/7
30 (2-93)
1 (7.1)
0

13
39.8 ± 14.3
10/3
2 (15.4)
0

1 (6.7)
7 (46.7)
7 (46.7)

-

-

8 (53.3)
1 (6.7)
6 (40)
0

-

-

8 (53.3)
6 (40)
1 (6.7)
4 (26.7)

-

-

-

4 (28.6)
5 (35.7)
5 (35.7)

4 (26.7)
5 (33.3)
6 (40)
0

-

-

-

-

0
7 (50.0)
5 (35.7)
2 (14.3)

-

14 (93.3)
2 (13.3)
1 (6.7)
0

14 (100)
0
6 (42.9)
0

-

Data are presented as n (%). 5-ASA: 5-aminosalicylic acid; CD: Crohn’s disease; CDAI: CD activity index; SD: Standard deviation; UC: Ulcerative colitis.

N base, poly base, and low quality were filtered out
with default parameters. High quality paired-end
reads were combined to tags based on overlaps. A
total of 1747775 tags were obtained with an average
of 41613 tags per sample; the average length was
252 bp. Filtered tags were clustered into OTUs at 97%
similarity and a total of 878 OTUs were generated from
42 samples (see supplementary file 1).

those of controls; however, the differences were not
statistically significant (P > 0.05). Moreover, the pattern
of richness was found to be similar in CD and UC. When
considering the species diversity of microbiota (Shannon
and Simpson), the differences between each group
were not statistically significant.
We subsequently surveyed the alpha diversity in IBD
patients at different disease stages (see supplementary
Figure 1). Generally, the richness indices in IBD patients
showed a decreasing trend (controls > inactive CD >
active CD), but the between-group differences were not
statistically significant. However, the diversity indices in
IBD patients were not significantly different from those
in controls.

Characteristics of the microbial community in IBD
patients and controls

When comparing bacterial alpha diversity, including
community richness (observed species, chao, and ace)
and diversity (Shannon and Simpson) between CD, UC
and control groups, we found overall differences with
respect to each diversity index (Figure 1). Significant
differences (P < 0.05) with respect to community
richness (chao) were observed both between CD and
controls and between UC and controls. The observed
species and ace indices of CD patients were lower than

WJG|www.wjgnet.com

Microbial community structures in IBD are distinct from
those in normal controls

We used principal component analysis (PCA) to investigate
the community structure of microbiota in CD, UC and
controls. We found that samples tended to cluster together
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individual sample. A: Disease phenotype group; B: Stages of disease group. CD: Crohn’s disease; CD.A: Active CD; CD.I: Inactive CD; UC: Ulcerative colitis; UC.A:
Active UC.

based on disease; however, to a certain extent, there was
an overlap between all groups. IBD samples were mostly
distinct from those of normal controls, which indicated
differences with respect to community structure of the
microbiota between IBD and controls (Anosim: CD vs
control, P = 0.02; UC vs control, P = 0.001). However,
samples of CD and UC were located closely, which

WJG|www.wjgnet.com

suggested a similar bacterial community structure in
the context of both CD and UC (Anosim: P = 0.133)
(Figure 2A).
Next, we visualized the PCA to compare the
microbial structure in patients at different disease
stages (Figure 2B). The results showed that samples
could be well separated between active CD and controls
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Table 2 Significant differences in microbial distribution of taxa (phylum and genus) in patients with inflammatory bowel disease
CD
Firmicutes
Abiotrophia1
Butyricicoccus
RFN201
Pseudoramibacter_Eubacterium1
Holdemania1
02d06
Lachnobacterium
Megamonas
Mitsuokella
Granulicatella
Peptostreptococcus
Schwartzia1
Moryella1
Staphylococcus1
Epulopiscium
Sarcina
Bacteroidetes
Alistipes
Butyricimonas
Capnocytophaga1
Prevotella
Proteobacteria
Escherichia
Haemophilus
Desulfovibrio
Oxalobacte1
Janthinobacterium1
Campylobacter
Cardiobacterium1
Lautropia1
Lupinus1
Shewanella1
Actinobacteria
Actinomyces
Eggerthella1
Corynebacterium1
Slackia1
Synergistetes
Pyramidobacter1
Synergistes1
TG51
Spirochaetes
Lentisphaerae
Victivallis1

UC

↑c
↓c
↑c
↑b

↓c

CD/UC

CD.A/CD.I

c3
c2
c2
↓c
↓c
↓c
↓c
↓c
↑b
↑b
↑b

c2
c2

2

c

c3
c3

b3

↑b
↑c
↓c

↓c
↓c
↑c
↓c
↑b
↑b
↓c
↓c
↑b
↑b

↑c
↑b
↑b

↓c
↓c

↓c

↑c
↓c
↓c

CD.A/UC.A

c3
c2
c2

c3

c3

b3
b2

b3
c2

b3
c3
c3
c3
b3

c3
b2

c3

b3
c2

c3
c2

↑ and ↓ relative to controls; 1Relative abundance of genera < 0.01%; 2Increase in value; 3Decrease in value. aP < 0.05; bP < 0.01; cP < 0.001. CD: Crohn’s
disease; CD.A: Active CD; CD.I: Inactive CD; IBD: Inflammatory bowel disease; UC: Ulcerative colitis; UC.A: Active UC.

(Anosim: P = 0.016) as well as between active CD and
active UC (Anosim: P = 0.01). However, there were no
distinct microbiota structural patterns apparent between
active CD and inactive CD groups, although the samples
seemed to be clearly separated (Anosim: P = 0.719).
There was also no separation between inactive CD
and controls (Anosim: P = 0.564) based on the PCA.
Our results indicated that the bacterial community
structure in active CD was different from that in active
UC; however, there was no difference with respect to
the alterations of bacterial community structure in fecal
samples of the total UC and CD patients.

sample were summarized at the phyla level (Figure
3A). The dominant sequences belonged to four bacterial
phyla (Bacteroidetes, Firmicutes, Proteobacteria and
Fusobacteria), which accounted for over 97% of ta
xonomy generally (Figure 3B). Among all the relatively
abundant dominant strains in IBD and normal controls,
Bacteroidetes was, as a rule, the most abundant
bacterial phylum.
Phylum-level analysis (Figure 3B, Table 2) revealed
a nominal decrease in the relative abundance of
Bacteroidetes in both CD and UC patients (CD vs
control, 47.49% vs 66.85%, P = 0.015; UC vs control,
48.94% vs 66.85%, P = 0.019); however, these
differences were not significant after adopting the
FDR. On the contrary, Proteobacteria was significantly

Overall taxonomic analysis of IBD patients and controls

Taxonomic composition distribution histograms of each
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Figure 3 Taxonomic composition distribution in samples of phylum level. A: Individually; B: Integrally. CD: Crohn’s disease; CD.A: Active CD; CD.I: Inactive CD;
UC: Ulcerative colitis; UC.A: Active UC.
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Figure 4 A: The taxonomic composition distribution in samples of genus level; B: Genera shown represent the 10 most abundant genera of CD, UC and
control. aP < 0.05 vs control, cP < 0.05 vs CD. CD: Crohn’s disease; UC: Ulcerative colitis.

increased in both CD and UC, as compared to that
in controls (CD vs control, 26.79% vs 7.34%, P =
0.002; UC vs control, 17.48% vs 7.34%, P = 0.005).
In addition, no Spirochaetes phylum was detected in
CD and controls but it was observed in UC (0.015%).
Similarly, Lentisphaerae phylum was found in the
control group (accounting for 0.031%), but almost none
was found in patients with IBD.
At the genus level, the relative abundance of all
genera varied between different samples (Figure 4A).
The top 10 abundant genera in UC, CD and controls
were Bacteroides, Escherichia, Faecalibacterium,
Fusobacterium, Haemophilus, Lachnospira, Prevotella,
Roseburia, Streptococcus, and Sutterella (Figure 4B).
Among these, the relative abundance of Escherichia
in CD and UC was significantly higher than that in
controls. In addition, abundance of Haemophilus in
CD and Prevotella in UC patients were both markedly
lower than that in normal controls. Moreover, the
abundance of Haemophilus in CD was dramatically
lower than that in UC. Besides the top 10 abundant
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genera, the relative abundance of remaining genera
was comparable between IBD patients and normal
controls (Table 2). The abundance of 12 genera,
Butyricicoccus, Mitsuokella, 02d06, Actinomyces,
Alistipes, Butyricimonas, Campylobacter, Desulfovibrio,
Granulicatella, Lachnobacterium, Megamonas and
Peptostreptococcus, was significantly different after
correction among each group within the community;
the sequence percentages for each of these 12 genera
were more than 0.01%.

Taxonomic comparisons in IBD patients at different
disease stages

On analysis of the alterations at the phyla level between
active CD and inactive CD, we found that the dominant
bacterial phyla were the same as described earlier
(accounting for over 99% of taxonomy), with the excep
tion that Fusobacteria was replaced by Actinobacteria in
inactive CD (Figure 3B, Table 2). However, the abundance
of Bacteroidetes was dramatically decreased in active CD
group, as compared to that in the inactive CD group (CD.A
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Figure 5 Correlation of the relative abundance of Bacteroidetes and Proteobacteria with Crohn’s disease activity index scores (A). Bacteroidetes (r = -0.538,
P = 0.039); Proteobacteria (r = 0.250, P = 0.369); B: Microbial composition of Bacteroidetes in patients with inactive/mild/moderate CD and in control; C: Microbial
composition of Proteobacteria in patients with inactive/mild/moderate CD and in controls. aP < 0.05 vs control; cP < 0.05 vs CD.mild; eP < 0.05 vs CD.moderate. CDAI:
CD activity index; CD.I: Inactive CD; CD.mild: Mild CD; CD.moderate: Moderate CD.

vs CD.I, 38.79% vs 71.41%, P = 0.001). The abundance
of Proteobacteria was just nominally increased in active
CD, as compared to that in inactive CD (P = 0.023),
which did not hold significance after correction. Similarly,
no differences were detected with respect to the
remaining dominant bacteria between active CD and
inactive CD. Microbiota in active CD and active UC were
found to be similar at the phyla level.
We then investigated the genera with percentages of
sequences > 0.01% of community in different phases
of IBD and found that the abundance of Bacteroides
and Prevotella in active CD were only nominally diffe
rent from that in inactive CD. However, Desulfovibrio,
02d06, Epulopiscium, and Sarcina detected in active
CD were markedly higher than that in active UC, while
Haemophilus was markedly lower than that in active UC
(Table 2).

= 0.250, P = 0.369); however, the correlation was not
statistically significant.
Next, we analyzed the correlation between microbial
composition and disease severity. Patients with mild
and moderate CD had notably decreased levels of
Bacteroidetes as compared to that in patients with
inactive CD; however, no significant difference in this
respect was noted between patients with mild and
moderate CD (Figure 5B). Interestingly, Proteobacteria
exhibited a noteworthy trend (controls < inactive CD <
mild CD < moderate CD); however, the trend did not
attain statistical significance (Figure 5C).

Effect of age and sex on intestinal microbial
compositions

Although IBD mostly occurs in young adults (20- to
30-years-old), it can happen at any age. In the present
research, no correlation was observed between microbial
composition and age (see supplementary Figure 2).
Considering that most participants in our study (with
the exception of one patient aged 14 years with UC)
were adults, we divided the participants into two
groups: age < 40 years and age > 40 years. However,
no significant difference in microbial compositions was
observed between the two groups (see supplementary
Table 1). On subgroup analysis based on sex, no notable

Association between the inflammatory index of CD
patients and microbiome

We assessed the correlation between the relative
abundance of Bacteroidetes and CDAI scores of each
CD patient; surprisingly, we found a negative correlation
between the two (r = -0.538, P = 0.039) (Figure 5A).
On the contrary, there was a trend of positive correlation
between the abundance of Proteobacteria and CDAI (r
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differences were observed between male and female
patients in either subject subgroup (see supplementary
Table 2).

colon mucosa can be aggravated by alpha-hemolysin
secreted by Escherichia coli, which can damage host cell
[36]
membranes and epithelial barrier .
Moreover, both E. coli and Campylobacter (affiliated
with Proteobacteria) are known to release cytolethal
distending toxins, which leads to cell cycle arrest,
chromatin fragmentation and apoptosis, all of which
[37]
are involved in the pathogenesis of IBD .
In the present study, patients with IBD exhibited
relatively less number of Bacteroidetes compared to that
in controls. The lower proportion of Bacteroidetes was
mainly attributable to notably reduced abundance of
Prevotella genus. The results were largely similar to those
of another study which employed 16S rDNA sequencing
[38]
analysis . Actually, alterations in Bacteroidetes in CD still
[39]
remain controversial. Rehman et al reported increased
Bacteroidetes in CD patients and even demonstrated a
notable increase in transcriptional activity, as compared
to that in controls. Further studies are needed to clarify
this issue. To minimize potential confounding factors,
future studies should define gut dysbiosis in detail.
Moreover, prospective cohort studies on newly diagnosed
treatment-naïve patients will provide more definitive
evidence in this respect.
In the present study, we documented increased
abundance of Haemophilus and decreased Desulfovibrio
(affiliated with Proteobacteria) in patients with UC.
These findings were not observed in a previous study
[14]
on fecal microbiota dysbiosis conducted by Chen et al
in Chinese patients with IBD. Recently, Haemophilus
has been reported to contribute to oral dysbiosis in
[40]
patients with IBD
and Haemophilus spp., like the
Enterobacteriaceae, are well adapted to survive under
[41]
conditions of increased oxidative stress . To our
[42]
knowledge, Rowan et al demonstrated an increase of
Desulfovibrio (sulfate-reducing bacteria) in patients with
UC. In vitro studies have shown that 5-aminosalicylic
acid (5-ASA) inhibits fecal sulfide production and
fecal samples from patients not treated with this drug
[43]
revealed higher levels of sulfide . It is conceivable that
all participants in the present study were treated with
5-ASA, which may have contributed to the opposite
phenomenon.
In addition, the study found an abundance of
Butyricicoccus, Mitsuokella, 02d06, Lachnobacterium
and Megamonas (all affiliated with Clostridia class,
Firmicutes phylum), which are obligate anaerobes.
These were found significantly decreased in IBD patients
in the current study. Dysanaerobiosis in patients with UC
[44]
was observed recently and there seems to be a shift
from anaerobiosis in healthy state to dysanaerobiosis
[45]
in IBD, with an elevated oxygen level in the gut .
Furthermore, studies conducted on experimental
colitis models showed decrease in obligate anaerobes
of Firmicutes and increase in facultative anaerobes
of Proteobacteria, which indicates a role of oxygen in
[46]
gut dysbiosis . In fact, both Butyricicoccus (affiliated

DISCUSSION
IBD is one of the most frequently studied human
diseases linked to the gut microbiota. Distinctive
microbial composition and its interaction with the host
immunological response are believed to play a critical
[27,28]
role in the pathogenesis of IBD
; however, several
aspects of the relationship are not well-characterized.
In this study, we demonstrated differences with respect
to fecal microbiota between Chinese IBD patients
and healthy controls based on 16S rDNA sequencing
analysis.
The dominant dysbiosis pattern unraveled by the
present study was the decrease in community abundance
of fecal microbiota both in CD and UC patients; while
microbial diversity in CD patients was lower than that in
controls, the difference was not statistically significant.
Previous studies have shown reduced diversity of fecal
[29,30]
microbiota in both Western
and Chinese patients
[14]
with IBD , as compared to that in healthy controls.
These inconsistencies are likely attributable to differences
with respect to study design, stage of disease, or
technique employed to survey the gut microbiota. The
reasons for the changes of diversity in these conditions
are still not known. Indeed, despite general trends such
as a reduction in diversity, the response to IBD may, to
some extent, be subject-specific.
We analyzed the bacterial community structure of
microbiota in IBD patients and healthy individuals. The
results showed distinct differences both in CD and UC,
as compared to controls; however, the microbiota were
similar within CD and UC groups or within active CD
and inactive CD groups, which were not structurally
distinguishable according to PCA. These data were
also consistent with the previous studies conducted in
[14,31]
Chinese and Western populations
. However, Forbes
[32]
et al found a difference in the structure of microbiota
between CD and UC. This result differed from those
of other studies, as this study involved analysis of
intestinal mucosa, while other studies were based on
fecal analysis.
Detailed compositional alterations in fecal microbiota
in IBD patients were detected at distinct taxonomic
levels. The principle finding in our study was that the
phylum Proteobacteria was significantly increased in
IBD patients, which was in agreement with a consistent
[33,34]
finding across published literature
. The genus
Escherichia, especially Escherichia coli (data not shown),
was also found to be notably higher in IBD patients, as
compared to that in normal controls. Escherichia coli,
particularly AIEC, as an important pathobiont that may
play a role in IBD development, has been isolated from
[35]
ileal CD biopsy specimens . The initial lesions in the
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In conclusion, we presented a comprehensive ana
lysis of fecal microbiota in Chinese patients with IBD.
Significant differences in microbial composition of patients
with IBD and controls were observed. Additionally, the
negative correlation between Bacteroidetes and CDAI
suggested that Bacteroidetes might have a negative
impact on development of inflammation.

with Ruminococcaceae family) and Lachnobacterium
(affiliated with Lachnospiraceae family) produce SCFAs,
which are known as the primary energy source for
[47]
colonic epithelial cells
and were shown to induce
[48]
the expansion of colonic regulatory T cells . These
alterations in microbial composition suggested that
reduction in beneficial microbiota (Clostridia class and
SCFA-producing bacteria) is more associated with IBD
patients compared to the increment of pathobionts
(Escherichia and Campylobacter).
When analyzing the fecal microbiota at different
disease stages of IBD, only the abundance of
Bacteroidetes was dramatically decreased in active
CD, as compared to that in inactive CD. About the
relationship between microbiome and disease activity,
we also found a negative correlation between the
relative abundance of Bacteroidetes and CDAI in the
present study. The relative abundance of Bacteroidetes
in active CD patients was lower than that in inactive CD
or controls, but the relative abundance of Bacteroidetes
was similar between mild and moderate CD. All these
findings suggest that Bacteroidetes may have a
negative impact on inflammatory development.
Potential links between age or sex and microbial
[49]
compositions have been suggested recently . Gut
microbiota vary in different age groups: infants,
adults or the elderly. The microbiota in infants is often
affected by the birth route, feeding patterns and illness
[50]
history . Not until adulthood does the microbiota
become stable, complex and shows improved resilience
[51]
against perturbations . Then, the stability decreases
[52]
in the elderly (≥ 65 years of age) . However, we did
not find the effect of age and sex on microbiota in the
current study. So, a different role for the microbiota in
disease initiation and progression should be researched.
Our study faces several limitations. First of all, due to
the small sample number and relatively high variability
of microbial composition in each group, some of the
relative abundances of specific bacteria between groups
could not reach statistical significance after adopting the
FDR. Secondly, 16S rDNA sequencing mainly focuses
on the taxonomic profiling rather than providing greater
insight into the function of the intestinal microbiota in
[53,54]
disease
. Thirdly, the nature and extent of difference
between the fecal microbiota and mucosa-associated
microbiota in IBD remains unclear. Controversy still
exists between them because of different techniques
[55]
used in separate studies . Several studies indicated that
the fecal microbiota and mucosa-associated microbiota
[13,56,57]
were similar
. However, some studies have found
[14,58,59]
a significant difference between them
. It seems
that the fecal microbiota represents a combination
of a separate nonadherent luminal population and
[59]
shed mucosal bacteria . Further study with a large
population is required to confirm our data and mucosaassociated microbiota needs to be researched in Chinese
patients with IBD.
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ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Inflammatory bowel disease (IBD) is generally defined by two nonspecific
inflammatory disorders, Crohn’s disease (CD) and ulcerative colitis (UC), which
are characterized by chronic persistent inflammation of the intestinal mucosa
lining the intestinal tract. Recently, distinctive microbial composition and its
interaction with the host immunological response are believed to play critical
roles in the pathogenesis of IBD. Although the intestinal microbial composition
of Western IBD patients has been extensively studied, there are conflicting
reports about changes of the bacterial abundance. What’s more, the intestinal
microbial profiles of Chinese IBD patients are not well characterized. In the
present study, we use 16S rDNA amplicon-based analysis to analyze the
alterations of fecal microbiota in Chinese patients with IBD.

Research motivation

Although the microbial community is gaining increasing attention for its
influence on IBD, there is a lack of data on global alteration of microbiota
in Chinese patients and the relationship is poorly understood. This study
would characterize the important differences of fecal microbiota between
Chinese IBD patients and healthy controls based on a 16S rDNA sequencing
analysis, hoping to explore which kinds of the microbiota could be involved
in the pathogenesis of IBD or providing important references for diagnosis or
treatment of IBD.

Research objectives

The research aimed to investigate the differences in quantity, diversity and
similarity of the fecal bacterial population taken from Chinese IBD patients at
different stages of disease and healthy individuals.

Research methods

Twenty-nine IBD patients (11 active CD, 4 inactive CD and 14 active UC
patients) from the First Affiliated Hospital of Nanjing Medical University (Jiangsu,
China) and 13 sex and age well-matched healthy individuals were enrolled in
the study. 16S rDNA amplicon-based sequencing was used to analyze the fecal
microbiota of each sample.

Research results

In this study, community richness (chao) and microbial structure in IBD were
significantly different from those in normal controls. The relative abundance of
Bacteroidetes in the active CD group was significantly lower than that in the
inactive CD group, and it showed a negative correlation with Crohn’s disease
activity index (CDAI). At the phyla level, the abundance of Proteobacteria was
significantly higher in IBD than in controls. At the genera level, 8 genera in CD
and 23 genera in UC (in particular, the Escherichia genus) showed significantly
greater abundance as compared to that in normal controls.

Research conclusions

Our study presented a comprehensive analysis of fecal microbiota in the gut
of Chinese patients with IBD. Significant differences in microbial composition
of patients with IBD and controls were observed. Additionally, the negative
correlation between Bacteroidetes and CDAI suggested that Bacteroidetes
might have a negative impact on development of inflammation.

Research perspectives

Fecal microbial examination is noninvasive and easily collected compared
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with the mucosal biopsy, which may increase the risk of unexpected bleeding.
However, the mucosa-associated microbiota is believed to directly affect
epithelial and mucosal function. In the future, both the fecal and mucosaassociated microbiota should be investigated together to better understand the
role of the intestinal microbiota in health and disease.
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Abstract

Institutional review board statement: The study protocol
conformed to the ethical guidelines of the 1975 Declaration
of Helsinki, as reflected in a priori approval by the Ethics
Committee of Iizuka Hospital (Approve No. 26282).

AIM
To investigate the real-world efficacy and safety of
sofosbuvir/ribavirin (SOF/RBV) therapy for Japanese
patients with genotype 2 hepatitis C virus (GT2-HCV).

Informed consent statement: Written informed consent was
obtained from all patients.

METHODS
A total of 182 patients with GT2-HCV infection who
received SOF/RBV therapy for 12 wk at our hospital
were enrolled. The patients comprised 122 men and
60 women (age range: 17-84 years; mean age ± SD:
60.1 ± 12.1 years). Relationships between virological
response and clinical data were examined by logistic
regression analyses.
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RESULTS
The proportions of patients with liver cirrhosis and
history of hepatocellular carcinoma (HCC) were 29.0%
and 17.3%, respectively. The proportion of patients
with prior interferon (IFN)-based therapy was 25.6%.
SOF/RBV therapy rapidly decreased HCV RNA levels.
Several patients required RBV dose reduction because
of anemia or fatigue. Four patients discontinued the
therapy. The rates of sustained virological response at
12 wk after the end of treatment were 87.9% (intention
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to treat: 160/182) and 94.1% (per protocol: 159/169).
Multivariate analyses showed that history of HCC or
IFN-based therapy independently reduced the efficacy
of SOF/RBV therapy.

in 2013. Patients received TVR (750 mg, every 8 h)
for 12 wk and PEG-IFN/RBV for 24 wk. The sustained
virological response (SVR) rate in patients receiving
triple therapy (TVR/PEG-IFN/RBV) was reported to be
[4]
85% .
Subsequently, combination therapy with NS5B RNAdependent RNA polymerase inhibitor sofosbuvir (SOF)
and RBV for patients with GT2-HCV infection was
approved for clinical use in June 2015. This therapy
showed improved efficacy and was well tolerated in a
[5]
phase 3 trial . We conducted a prospective study to
investigate the efficacy and safety of SOF/RBV therapy
for Japanese patients with GT2-HCV infection in a realworld clinical setting.

CONCLUSION
SOF/RBV therapy for GT2-HCV is safe, highly tolerated,
and effective. History of HCC or IFN-based therapy
independently reduces the efficacy of this treatment.
Key words: Sofosbuvir; Ribavirin; Genotype 2; Hepatitis
C virus; Interferon-based therapy; Hepatocellular
carcinoma
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: The real-world efficacy of sofosbuvir/ribavirin
therapy for genotype 2 hepatitis C virus infection in
Japan is high. Sofosbuvir/ribavirin therapy is safe and
highly tolerated. History of hepatocellular carcinoma
or interferon-based therapy independently reduces the
efficacy of sofosbuvir/ribavirin therapy. Progressive liver
fibrosis may attenuate the antiviral effect of sofosbuvir/
ribavirin therapy.

Patients

A total of 182 patients with chronic GT2-HCV infection
who received SOF/RBV therapy at Iizuka Hospital from
September 2015 to January 2017 were enrolled. The
patients comprised 122 men and 60 women with an
age range of 17-86 years (mean ± SD: 60.1 ± 14.1
years). HCV genotype was determined by sequencing
the NS5B region of the HCV genome. The results
revealed 109 patients with genotype 2A and 70 patients
with genotype 2B. Genotype was not determined in 3
patients. Presence of resistance-associated substitution
(RAS) was analyzed by sequence determination around
S282 in the NS5B region of the HCV genome. Two
single nucleotide polymorphisms (SNPs), rs8099917
in the interleukin-28B (IL28B) locus associated with
[6]
interferon (IFN) therapy and rs1127354 in the inosine
triphosphate pyrophosphatase (ITPA) locus associated
[7-9]
with RBV-induced hemolytic anemia , were analyzed.
fibrosis (FIB)-4 index was calculated as a noninvasive
marker of liver fibrosis: FIB-4 index = age (years) ×
aspartate aminotransferase (IU/L)/[platelet count ×
9
1/2
10 /L × (alanine aminotransferase IU/L) ]. FIB-4 index
of > 3.25 was defined as progressive fibrosis, based on
[10]
a previous report .

Yada M, Miyazaki M, Tanaka K, Masumoto A, Motomura K.
Hepatocellular carcinoma or interferon-based therapy history
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C virus. World J Gastroenterol 2018; 24(13): 1478-1485
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i13/1478.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
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INTRODUCTION
Hepatitis C virus (HCV) infection is a leading cause of
chronic hepatitis, liver cirrhosis (LC), and hepatocellular
[1]
carcinoma (HCC). In Global hepatitis report 2017 ,
World Health Organization (WHO) described that 71
million persons were living with chronic HCV infection
in 2015 (the global prevalence of HCV infection was
1.0%). Approximately 399000 people died each
year from HCV, mostly from LC and HCC. In 2011,
Japanese estimated number of persons with chronic
HCV infection was 1.25 million containing 64% with
[2]
genotype 1B and 35% with genotype 2, respectively .
WHO targets 80% of persons with HCV will be treated
[1]
by 2030 . Combination therapy with peg-interferon
(PEG-IFN) and ribavirin (RBV) was the first-line
therapy for genotype 2 HCV (GT2-HCV) infection,
but only 80% of patients achieved elimination of HCV
[3]
with this treatment . The introduction of direct-acting
antiviral agents has drastically improved the efficacy
of treatments for chronic HCV infection. In Japan,
telaprevir (TVR), a first-generation NS3/4A protease
inhibitor for GT2-HCV, was approved for clinical use

WJG|www.wjgnet.com

Treatment regimen
®

SOF (Sovaldi , Gilead Sciences Inc., Durham, NC,
United States) was administered orally at a dose of
®
400 mg once daily, and RBV (Rebetol , MSD, Tokyo,
®
Japan or Copegus , Chugai, Shizuoka, Japan) was
administered orally at a dose of 200-1000 mg for 12
wk. The starting RBV dose was determined by body
weight (600 mg for < 60 kg; 800 mg for 60-80 kg;
1000 mg for > 80 kg) (Figure 1).

Evaluation of virological response

HCV RNA levels were measured by a COBAS TaqMan
test (Roche Diagnostics, Tokyo, Japan) with a lower
limit of quantitation of 1.2 logIU/mL. HCV RNA was
measured at screening, at day 1 and weeks 4, 8,
and 12 of treatment, and at 12 wk after the end of
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compared by Chi-squared test. To identify independent
factors predicting non-SVR, sex, age, liver cirrhosis,
and variables with values of P < 0.05 in univariate
analyses were entered into a multiple logistic regression
analysis. Values of P < 0.05 were considered statistically
significant.

Table 1 Pretreatment characteristics of the patients (n = 182)
Pretreatment characteristics

Values

Age1, yr
Age ≥ 70 yr
Sex, M : F
Body height1, cm
Body weight1, kg
Liver cirrhosis
History of HCC
FIB-4 index2
FIB-4 index > 3.25
Wisteria floribunda agglutinin+-Mac-2
binding protein2
Hyaluronic acid2, ng/mL
History of IFN-based therapy
IL28B-SNP rs8099917 TT/non TT
ITPA-SNP rs1127354 CC
HCV genotype 2A/2B/ND
HCV RNA2, logIU/mL
HCV RNA > 6 logIU/mL
White blood cell count2, /mm3
Hemoglobin2, g/dL
Platelet count2, /mm3
Aspartate aminotransferase2, IU/L
Alanine aminotransferase2, IU/L
Albumin2, g/dL
Total bilirubin2, mg/dL
Blood urea nitrogen2, mg/dL
Creatinine2, mg/dL
Estimated glomerular filtration rate2,
mL/min/1.73 m2

60.1 ± 14.1
27.40%
122:60
163.0 ± 8.9
62.3 ± 12.1
26.60%
15.90%
2.63 (0.45-19.03)
40.70%

RESULTS
Patient characteristics

The pretreatment characteristics of all patients enrolled
in the study are presented in Table 1. There were 48
patients (26.4%) with LC, 43 (23.7%) with history
of IFN-based therapy, and 28 (15.4%) with history
of HCC. Presence of the SNPs in IL28B (rs8099917)
and ITPA (rs1127354) was examined in 174 of 182
patients. HCV RAS of S282 in the NS5B domain was
not detected in the 138 patients examined by the RAS
test.

1.94 (0.20-18.51)
97.4 (10.0-2750.0)
23.60%
136/38/8
129/45/8
109/70/3
6.1 (1.2-7.6)
58.80%
4575 (1700-12010)
13.7 (10.1-17.6)
165 (38-389) × 103
41 (14-336)
40 (5-391)
4.0 (2.6-5.0)
0.8 (0.3-3.0)
13 (5-28)
0.71 (0.32-1.23)

Treatment outcomes

Of the 182 patients, 178 (97.8%) completed the
treatment. The causes of treatment discontinuation
were fatigue (n = 1; 0.5%) and self-withdrawal (n =
3; 1.6%). The rates of SVR12 were 87.9% [intention
to treat (ITT): 160/182] and 94.1% [per protocol (PP):
159/169]. SVR12 was not evaluated in 12 patients
(6.7%) because of dropout from the study (Figure 2).
Hemoglobin levels during the treatment period
were significantly reduced until 4 wk after the start of
administration (Figure 3A). CC of the ITPA allele strongly
contributed to anemia (Figure 3B). Twenty-nine (15.9%)
of 182 patients needed RBV dose reduction because
of anemia, but no patients discontinued the treatment
for this reason. Although SOF and RBV cannot be used
in patients with decreased renal function and we were
concerned about SOF/RBV therapy decreasing the
renal function of our patients, the estimated glomerular
filtration rate did not change significantly during the
treatment period (Figure 3C).

78.9 (42.6-164.2)

1

Mean ± SD; 2Median (range). M: Male; F: Female; HCC: Hepatocellular
carcinoma; FIB: Fibrosis; IL28B: Interleukin-28B; SNP: Single nucleotide
polymorphisms; ITPA: Inosine triphosphate pyrophosphatase; HCV: Hepatitis
C virus.
Follow-up

SOF 400 mg
RBV 200-1000 mg
Start

EOT (12 wk)

12 wk after EOT

Figure 1 Treatment regimen of sofosbuvir and ribavirin. SOF: Sofosbuvir;
RBV: Ribavirin; EOT: End of treatment.

treatment. The primary endpoint was the rate of SVR
at 12 wk after the end of treatment (SVR12), defined
as undetectable serum HCV RNA at this time point.
Relapse and breakthrough were defined based on the
guidelines of the American Association for the Study of
[11]
Liver Diseases .

Factors contributing to SVR in the PP analysis

In the PP analysis, 13 of 182 patients who discontinued
treatment and/or were not evaluated for SVR12 were
excluded (Figure 2A). One hundred twenty three
of 169 patients (72.8%) achieved rapid virological
response (RVR), defined as undetectable serum HCV
RNA after 4 wk of treatment. In univariate analyses,
history of IFN-based therapy, LC, and history of HCC
reduced the virological response, while age (≥ 70
years), sex, FIB-4 index, IL28B SNP, ITPA SNP, HCV
genotype, pretreatment viral load, RBV dose reduction,
and RVR had no effect on the treatment efficacy
(Figures 4 and 5). The SNPs of IL28B and ITPA were
determined for 161 patients in the PP analysis. The
HCV viral genotype was determined in 166 patients.
Multivariate analysis showed that history of HCC or
IFN-based therapy was independently related to non-

Safety assessments

Safety evaluations included reported adverse events
and serious adverse events, clinical laboratory tests,
and physical examinations.

Statistical analysis

Statistical analyses were performed using JMP software
version 8.0.2 (SAS Institute Inc., Cary, NC, United
States). Hemoglobin levels and estimated glomerular
filtration rate were compared by the Tukey honestly
significant difference test. Categorical data were
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Table 2 Factors contributing to sustained virological response in the per protocol analysis
Univariate

Age, ≥ 70 yr
Sex, male
History of IFN-based therapy
Liver cirrhosis
FIB-4 index, > 3.25
History of HCC
IL28B-SNP, non TT
ITPA-SNP, non CC
HCV genotype, 2A
Viral load, ≥ 6 logIU/mL
RBV dose reduction
Rapid virological response

Multivariate

Odds ratio

95%CI

P value

2.61
4.76
5.12
6.72
2.11
8.87
1.21
0.45
2.78
1.53
2.29
0.86

0.70, 9.82
0.85, 88.89
1.39, 20.98
1.78, 32.29
0.58, 8.54
2.36, 37.04
0.17, 5.55
0.02, 2.63
0.67, 18.84
0.41, 7.31
0.47, 8.89
0.22, 4.15

0.1494
0.0781
0.0147a
0.0048a
0.2546
0.0015a
0.8214
0.4177
0.1687
0.5478
0.2757
0.8401

Odds ratio

95%CI

P value

7.05
2.13

1.65, 36.08
0.31, 14.34

0.0084a
0.4315

7.67

1.30, 60.30

0.0233a

a

P < 0.05, significant difference. IFN: Interferon; FIB: Fibrosis; HCC: Hepatocellular carcinoma; IL28B: Interleukin-28B; SNP: Single nucleotide
polymorphisms; ITPA: Inosine triphosphate pyrophosphatase; HCV: Hepatitis C virus; RBV: Ribavirin.

Table 3 Assessment of patients with history of hepatitis C virus

Alpha fetoprotein
Latest treatment for HCC
Surgical resection or Radiofrequency ablation
Transcatheter arterial chemoembolization
Radiation for bone metastasis
Recurrent HCC within 1 yr from the end of SOF/RBV

SVR (n = 23)

Non SVR (n = 6)

P value

9.6 (1.7-348.9)

5.3 (2.6-65.7)

0.2815
0.2558

73.9% (17)
26.1% (6)
0% (0)
65. 2% (15)

66.6% (6)
16.7% (1)
16.7% (1)
83.3% (5)

0.6328

SVR: Sustained virological response; HCC: Hepatocellular carcinoma; SOF/RBV: sofosbuvir/ribavirin.

A

B

182 patients
enrolled

178 patients
completed

169 patients
PP analysis

SVR12

87.9
(160/182)

94.1
(159/169)

ITT

PP

4 patients discontinued

3 patients dropout

9 patients dropout

Figure 2 Flow sheet of this study (A) and virological response rates for combination therapy with sofosbuvir and ribavirin (B). The rates of sustained
virological response at 12 wk after the end of treatment are shown for intention to treat and per protocol analyses. PP: Per protocol; ITT: Intention to treat; SVR12:
Sustained virological response at 12 wk after the end of treatment.

and also tended to have no HCC recurrence.

SVR (Table 2).

Assessment of patients with history of HCC

DISCUSSION

We assessed 29 patients with history of HCC. We
ascertained that their HCC was not detected by dynamic
computed tomography or dynamic magnetic resonance
imaging before initiation of SOF/RBV therapy. We
compared alpha fetoprotein (AFP), latest therapy for
HCC, and HCC recurrence within 1 year after the end of
SOF/RBV therapy according to SVR or non-SVR (Table
3). The AFP level did not differ significantly between
the two groups. Patients achieving SVR tended to be
treated by surgical resection or radiofrequency ablation,

WJG|www.wjgnet.com

Combination therapy with SOF/RBV was the first
IFN-free therapy for GT2-HCV infection approved
for clinical use in Japan. In a phase 3 trial, 97% of
patients achieved SVR12 and no patients discontinued
[5]
the treatment . Thus, we expected high efficacy and
tolerability, and conducted a prospective study in a
real-world clinical practice setting to investigate the
efficacy and safety of this combination therapy for
Japanese patients with GT2-HCV infection.
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A

B
P < 0.0001a

Hb (g/dL)

14
13

14

P = 0.8811
P = 0.9875

13.8
12.7

12

12.6

12.5

13

13.3

13.2

P < 0.001a P < 0.001a P < 0.001a

12

12.1

11.9

11.9

10

10
Start

4 wk

8 wk

EOT

Start

4 wk

8 wk

EOT

P = 0.9875
120

P = 0.9989

2

eGFR (mL/min/1.73 m )

13.4

11

11

C

13.9
13.8

Hb (g/dL)

15

CC
nonCC

15

100

P = 0.9960

80
78.91

78.27

78.91

79.44

4 wk

8 wk

EOT

60
40
Start

Figure 3 Hemoglobin levels in all patients during combination therapy with sofosbuvir and ribavirin (A), hemoglobin levels in 175 patients categorized
by inosine triphosphate pyrophosphatase single nucleotide polymorphism rs1127354 (CC or non CC) (B), and estimated glomerular filtration rate levels
in all patients during sofosbuvir/ribavirin therapy (C). Hb: Hemoglobin; EOT: End of treatment; eGFR: Estimated glomerular filtration rate. aP < 0.05, significant
difference.

Hemoglobin levels rapidly reduced until 4 wk after
the start of treatment. ITPA CC allele significantly
contributed to anemia in this therapy, similar to the
[7-9]
case for combination therapy of PEG-IFN and RBV .
Therefore, patients with the ITPA CC allele should be
monitored frequently for their hemoglobin levels until
4 wk after the start of treatment. Despite our concern
that SOF and RBV may decrease renal function of
the patients, renal function degeneration was not
observed in any of the patients. Many elderly patients
(27.4% were aged ≥ 70 years) and cirrhotic patients
(26.6% had liver cirrhosis) were enrolled in this study.
Thus, the present findings demonstrate that SOF/RBV
therapy is safe and highly tolerated regardless of age
and LC.
The ITT rate in this study was low compared with the
[5]
rates in phase 3 clinical trials of SOF/RBV for Japanese
[12]
and European
patients with GT2-HCV infection. The
reason for the difference was that SVR12 could not be
evaluated in 12 patients (6.7%) because of dropout
from the study. It is important to monitor carcinogenesis
after virus elimination, and it is therefore necessary to
provide patients with instructions that promote periodic
examinations. Meanwhile, the PP rate was almost equal
to the rates in the phase 3 clinical trial of SOF/RBV
[5]
for Japanese patients with GT2-HCV infection and
[13]
in real-world cohorts in North America and Europe .
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This finding shows that SOF/RBV therapy for Japanese
patients with GT2-HCV infection is highly effective in
real-world clinical practice.
[14]
In a meta-analysis, Rangnekar et al
reported
that IL28B SNP was predictor of SVR in Caucasian
patients with GT2-HCV infection receiving PEG-IFN/RBV
for 24 wk. In contrast, IL28B SNP was not associated
with SVR in Asian patients with GT2-HCV infection.
This study also showed Japanese IL28B SNP had no
relation to efficacy of SOF/RBV for GT2-HCV infection.
[15]
Morisco et al reported RVR was the only independent
predictive factor of SVR in triple therapy (TVR/PEG-IFN/
RBV) regardless of LC. In the present study, RVR did
not affect efficacy of SOF/RBV for GT2-HCV infection.
The multivariate regression analysis showed that
history of HCC or IFN-based therapy was independently
related to non-SVR. LC also reduced the efficacy in
univariate analyses. It was previously reported that
the efficacy of IFN-based therapy was inferior in LC
[16,17]
patients
. Furthermore, it was reported that patients
with progressive liver fibrosis have a high probability
[18-21]
[22]
of hepatocellular carcinogenesis
. Prenner et al
reported that presence of active HCC at the start of
direct acting antivirals, including SOF/RBV therapy,
decreased the SVR rate. In our study, the proportion
of non-SVR patients treated by surgical resection or
radiofrequency ablation tended to be lower than the
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Figure 5 Virological response in patients with sofosbuvir and ribavirin
combination therapy categorized by single nucleotide polymorphisms
related to anti-hepatitis C virus therapy, pretreatment viral status,
ribavirin dose, and rapid virological response. A: IL28B single nucleotide
polymorphisms rs8099917 (TT or non TT); B: ITPA single nucleotide
polymorphisms rs1127354 (CC or non CC); C: Hepatitis C virus genotype (2A
or 2B); D: Pretreatment viral load (< 6 logIU/mL or ≥ 6 logIU/mL); E: ribavirin
dose reduction (− or +); F: Rapid virological response (− or +). aP < 0.05:
Significant difference. IL28B: Interleukin-28B; ITPA: Inosine triphosphate
pyrophosphatase; RBV: Ribavirin; RVR: Rapid virological response.

Figure 4 Virological response in patients with sofosbuvir and ribavirin
(SOF/RBV) combination therapy categorized by patient characteristics. A:
Age (< 70 or ≥ 70 yr); B: Sex (male or female); C: History of interferon-based
therapy (− or +); D: Liver cirrhosis (− or +); E: Fibrosis-4 index (≤ 3.25 or > 3.25);
F: History of hepatocellular carcinoma (− or +). aP < 0.05: Significant difference.
M: Male; F: Female; IFN: Interferon; LC: Liver cirrhosis; FIB: Fibrosis; HCC:
Hepatocellular carcinoma.

proportion of non-SVR patients treated by transcatheter
arterial chemoembolization or radiation for bone
metastasis. Meanwhile, the rate of HCC recurrence
within 1 year tended to be higher in non-SVR patients
than that in SVR patients. These findings show a high
probability that active HCC was not detected by dynamic
computed tomography or dynamic magnetic resonance
[22]
imaging at the start of SOF/RBV therapy. Prenner et al
discussed that a putative biological explanation could
be inadequate drug delivery by decreased blood flow or
local fibrosis arising from HCC treatment. The present
results suggested that liver fibrosis attenuated the
antiviral effect of SOF/RBV in patients with history of
IFN-based therapy or HCC. Although the FIB-4 index,
[10]
a fibrosis marker , had no effect on efficacy in the
present study, the reason was unclear. History of IFNbased therapy and LC had no significant effect on SOF/
RBV therapy in the phase 3 clinical trial for European
[12]
patients with GT2-HCV infection . However, it was
reported that LC and lower serum albumin decreased
the SVR rate in the real-world cohorts in North America
[13]
and Europe . Treatment-experienced patients tended
to have ineffective outcomes in that study. These
findings were similar to those in the present study. The
real-world studies included larger populations of LC
(26.6% in the present study and 26.8% in the North
American and European study) than the phase 3 trials
[5]
(11% in the Japanese trial and 15% in the European
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trial . Our study also enrolled patients with history of
HCC (15.9%) and elderly patients aged ≥ 70 years
(27.4%). It is suggested that the real-world studies
enrolled more patients with severe fibrosis than the
phase 3 clinical trials. As viral breakthrough did not
occur in any of the non-SVR patients and all of these
patients had relapses, it is suggested that SOF/RBV
therapy was not ineffective for these patients. Extension
of the treatment period for patients with history of IFNbased therapy, HCC, or LC should be considered to
increase the efficacy of the therapy. As active HCC not
detected by imaging was probably related to non-SVR,
monitoring is required for carcinogenesis and recurrence
of HCC after the end of SOF/RBV therapy, especially in
non-SVR patients.
In conclusion, SOF/RBV therapy for Japanese pati
ents with GT2-HCV infection is safe, highly tolerated,
and effective. History of HCC or IFN-based therapy
independently reduces the efficacy of the treatment.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Combination therapy with peg-interferon (PEG-IFN) and ribavirin (RBV) was the
first-line therapy for genotype 2 hepatitis C virus (HCV) infection, but only 80%
of patients achieved elimination of HCV with this treatment. The introduction of
direct-acting antiviral agents has drastically improved the efficacy of treatments
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for chronic HCV infection. Combination therapy with NS5B RNA-dependent RNA
polymerase inhibitor sofosbuvir (SOF) and RBV for patients with genotype 2
hepatitis C virus (GT2-HCV) infection was approved for clinical use in June 2015.

Research motivation

This therapy showed improved efficacy and was well tolerated in a phase 3
trial. However, predictive factor of sustained virological response (SVR) is not
unclear.

Research objectives

We conducted a prospective study to investigate the efficacy and safety of
sofosbuvir/ribavirin (SOF/RBV) therapy for Japanese patients with GT2-HCV
infection in a real-world clinical setting.

Research methods

A total of 182 patients with GT2-HCV infection who received SOF/RBV therapy
for 12 wk at our hospital were enrolled. The patients comprised 122 men and
60 women (age range: 17-84 years; mean age ± SD: 60.1 ± 12.1 years).
One hundred sixty nine of 182 patients completed 12 wk treatment and were
examined their virological response. To investigate predictive factors of SVR,
we examined the relationships between virological response and clinical data
by logistic regression analyses.

3

Research results

The rates of SVR at 12 wk after the end of treatment were 87.9% (intention
to treat: 160/182) and 94.1% (per protocol: 159/169). Multivariate analyses
showed that history of hepatocellular carcinoma (HCC) or IFN-based therapy
independently reduced the efficacy of SOF/RBV therapy.

4

Research conclusions

5

This study showed Japanese IL28B single nucleotide polymorphisms had no
relation to efficacy of SOF/RBV for GT2-HCV infection. Morisco et al[15] reported
rapid virological response (RVR) was the only independent predictive factor
of SVR in triple therapy (Telaprevir/PEG-IFN/RBV) regardless of cirrhosis.
In the present study, RVR did not affect efficacy of SOF/RBV for GT2-HCV
infection. The multivariate regression analysis showed that history of HCC or
IFN-based therapy was independently related to non-SVR. In our study, the
proportion of non-SVR patients treated by surgical resection or radiofrequency
ablation tended to be lower than the proportion of non-SVR patients treated
by transcatheter arterial chemoembolization or radiation for bone metastasis.
Meanwhile, the rate of HCC recurrence within 1 year tended to be higher in
non-SVR patients than that in SVR patients.

6

Research perspectives

Prenner et al reported that presence of active HCC at the start of direct acting
antivirals, including SOF/RBV therapy, decreased the SVR rate. As active
HCC not detected by imaging was probably related to non-SVR, monitoring is
required for carcinogenesis and recurrence of HCC after the end of SOF/RBV
therapy, especially in non-SVR patients.

7
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Abstract
This case highlights a patient with Gilbert syndrome
who underwent endoscopic retrograde cholangio
pancreatography (ERCP) with removal of bile duct
stones, who then experienced an unexplained increase
in bilirubin, with total bilirubin (TBIL) levels increasing
from 159.5 µmol/l to 396.2 µmol/l and to a maximum
of 502.8 µmol/l after 9 d. Following the decrease
in the TBIL level, enhanced magnetic resonance
cholangiopancreatography (MRCP) was performed to
exclude any possible remaining choledocholithiasis.
Nevertheless, the serum bilirubin level increased again,
with TBIL levels rising from 455.7 µmol/l to 594.8
µmol/l and a maximum level of 660.3 µmol/l with no
remaining bile duct stones. A liver biopsy showed severe
bile duct cholestasis with no inflammation. Based on the
exclusion of other potential causes of hyperbilirubinemia
and the fact that both instances of increased bilirubin
occurred after ERCP and MRCP, the contrast agents
iopromide and gadoterate meglumine were suspected
to be the causes of the hyperbilirubinemia. As of the
writing of this report, the patient’s bilirubin levels have
spontaneously returned to baseline levels. In summary,
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ERCP and MRCP utilizing the contrast agents iopromide
and gadoterate meglumine may possibly induce prolonged
hyperbilirubinemia.

he reported dark urine and generalized itching for
more than 1 mo. The liver test results at the onset
of the disease were as follows: total bilirubin (TBIL)
268.7 µmol/l, direct bilirubin (DBIL) 114.4 µmol/l,
alanine aminotransferase (ALT) 155 IU/l, aspartate
aminotransferase (AST) 71 IU/l, alkaline phosphatase
(ALP) 172 IU/l, and gamma-glutamyl transpeptidase
(GGT) 424 IU/l. Abdominal computed tomography
showed the presence of cholecystolithiasis with
features of cholecystitis and dilation of the common
bile duct (CBD) and intrahepatic ducts, due to a distal
CBD obstruction. MRCP showed a low signal of the
distal CBD and bile duct expansion.
The patient had undergone ERCP with sphin
cterotomy and extraction of a CBD stone 2 wk before
presenting to our hospital, and the contrast agent used
was iopromide (370 mg/mL). After ERCP, the patient’
s ALT and GGT levels had significantly decreased and
quickly returned to normal; although, the bilirubin
levels had increased markedly, with the TBIL level
increasing from 159.5 µmol/l to 396.2 µmol/l and the
DBIL level increasing from 94.2 µmol/l to 186.9 µmol/l,
and with the ALP level increasing markedly from 135.6
IU/l to 192 IU/l (Figures 1 and 2). The amylase and
lipase levels had been normal. ursodeoxycholic acid
(UDCA) had been prescribed at a dose of 250 mg
three times daily, but the bilirubin levels continued to
increase, resulting in levels of TBIL up to 442.5 µmol/l
and DBIL up to 334.9 µmol/l. Prednisolone (30 mg
daily) had been added, although the hyperbilirubinemia
did not improve, at which point the patient presented
to our hospital for further diagnosis and treatment.
On the day the patient presented to our hospital,
his TBIL level was 502.8 µmol/l and his DBIL level
was 295.51 µmol/l. Prednisolone was continued at a
dose of 30 mg daily. The fourth day after he presented
to our hospital, his bilirubin level decreased slightly,
with the TBIL level decreasing from 502.8 µmol/l
to 455.7 µmol/l and the DBIL level decreasing from
295.51 µmol/l to 277.44 µmol/l. Once his bilirubin
levels decreased, he underwent enhanced-MRCP with
gadoterate meglumine as the contrast agent to exclude
the possibility of any remaining choledocholithiasis.
However, after the enhanced-MRCP, the patient’s
bilirubin levels increased again, with the TBIL level
increasing from 455.7 µmol/l to 594.8 µmol/l and
finally to a maximum of 660.3 µmol/l; meanwhile,
the patient’s DBIL level increased from 277.44 µmol/l
to 359.63 µmol/l and then to a maximum of 396.46
µmol/l (Figure 1). The enhanced-MRCP did not show
any positive findings.
The markers of infection for hepatitis A, B and C,
and other viruses (cytomegalovirus, Epstein-Barr virus)
were all negative. Immunological tests for antinuclear
antibody, smooth muscle antibody, antimitochondrial
antibodies, anti-M2 and antibody to liver kidney
microsomal antigen were also negative, with the
exception of an increase in IgG-4 values (110 mg/dl).
The patient’s ferritin level, complete blood count and

Key words: Contrast agent; Iopromide; Gadoterate
meglumine; Gilbert syndrome; Jaundice
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Over the past years, only few cases of
prolonged postendoscopic retrograde cholangiopan
creatography jaundice caused by toxicity of the contrast
agent iobitridol have been reported in the world. Up
to now, no case of postenhanced magnetic resonance
cholangiopancreatography-related jaundice has been
reported. Persistent jaundice affects the patient’s quality
of life, even seriously to life-threatening. Because of the
high rarity, treatment experience is not sufficient and
more cases need to be accumulated for further analysis.
Qian JD, Hou FQ, Wang TL, Shao C, Wang GQ. Gilbert
syndrome combined with prolonged jaundice caused by
contrast agent: Case report. World J Gastroenterol 2018;
24(13): 1486-1490 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i13/1486.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i13.1486

INTRODUCTION
Gilbert syndrome is a liver disorder caused by a genetic
mutation of the bilirubin UDP-glucuronosyltransferase
(UGT1A1) gene, which results in elevated levels of
unconjugated bilirubin. The elevation of serum bilirubin
is usually mild, typically less than 102.6 µmol/l.
Most cases of Gilbert syndrome are detected due to
mild jaundice after pubescence or a mild elevation of
unconjugated bilirubin found by chance during a blood
[1]
examination .
Both endoscopic retrograde cholangiopancrea
tography (ERCP) and magnetic resonance cholangio
pancreatography (MRCP) can be used for the diagnosis
of cholelithiasis. The major complications related to
ERCP involve acute pancreatitis, bleeding, sepsis and
perforation. Prolonged postERCP jaundice has been
described as a rare postERCP complication due to
[2]
the known toxicity of the contrast agent iobitridol .
However, no cases of postenhanced MRCP-related
jaundice have been reported. We report here a case
of postERCP and postenhanced-MRCP prolonged
hyperbilirubinemia due to toxicity from the contrast
agents iopromide and gadoterate meglumine.

CASE REPORT
A 35-year-old man presented with intermittent upper
abdominal pain associated with eating greasy food
for more than 4 mo. His eyes became yellow, and
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Figure 2 Liver enzyme concentrations from onset until the end of follow up. ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; AST: Aspartate
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inflammatory markers were normal. Gilbert gene
sequencing was performed, and the analysis revealed
7
6
the A(TA) TAA heterozygote [wild type: A(TA) TAA] in
the promoter region (UGT1A1*28) and an UGT1A1.80:364C>T, UGT1A1.112:-1352A>C heterozygote. A liver
biopsy showed marked bilirubinostasis in zones 3 and 2,
canaliculi with no evidence of portal tract inflammation
or interphase hepatitis, no lesions or paucity of bile
ducts, and no bile infarcts or leaks (Figures 3 and 4).
Since the age of 17, the patient had experienced
intermittent yellow discoloration of the eyes with no
other symptoms. Laboratory examinations revealed
normal hemoglobin, reticulocyte, aminotransferases
and cholestatic enzymes, while the serum TBIL level
fluctuated by 32.8 µmol/l to 66.7 µmol/l, and the
ratio of DBIL to TBIL was 32%. The diagnosis of
congenital nonhemolytic bilirubin metabolic disorder
was confirmed. The patient’s family had no history of
similar disorders, but his son had physiologic jaundice
at birth. Before onset of the disease, the patient did
not take any medications and had no history of alcohol
abuse.

WJG|www.wjgnet.com

Combined with his history of nonhemolytic bilirubin
metabolic disorder and genetic test results, the
diagnosis of Gilbert syndrome was clear. Because the
other potential causes of hyperbilirubinemia were ruled
out and the two instances of increased bilirubin occurred
postERCP and postMRCP, the use of the contrast agents
iopromide and gadoterate meglumine were suspected
to be the cause of the hyperbilirubinemia.
The patient was prescribed phenobarbital (60
mg three times daily) and UDCA (500 mg two times
daily); prednisolone (30 mg daily) was continued,
while cholestyramine (5 g three times daily) was used
for symptomatic relief. In addition, with the worsening
of cholestasis, bilirubin serum adsorption treatments
were performed a total of four times; after each
treatment, the serum bilirubin concentration decreased
by 11%-23% and clinical symptoms were relieved, but
the bilirubin level slightly increased again 1 to 2 d after
the bilirubin serum adsorption treatment. Because
the bilirubin level declined slowly, the patient was
discharged after a 1-mo stay in our hospital.
In the outpatient setting, the oral prednisolone was
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The patient’s liver biopsy features were consistent
with BRIC; however, genetic sequencing indicated no
mutation in ATP8BI. In addition, the patient had no
history of recurrent conjugated hyperbilirubinemia;
therefore, the diagnosis of BRIC was not established.
Because the two instances of increased bilirubin
occurred after ERCP and MRCP, the use of the contrast
agents iopromide and gadoterate meglumine was
suspected to be the cause of the hyperbilirubinemia.
Prolonged cholestasis is a very rare complication of
ERCP, and few cases of this complication are reported
[2,4-6]
in the English literature
. The exact mechanism of
this complication, however, remains unknown. Some
articles consider that it may be associated with iodine
[2,4]
contrast agents (diatrizoate or iobitridol) , while
others posit that it may be caused by cefuroxime,
which is one of the cephalosporins used after ERCP
[6]
to prevent infections . Our patient did not receive
cephalosporins postERCP; therefore, the prolonged
jaundice was associated with the contrast agents.
Additionally, the cause-result time connection between
the use of the contrast agents and bilirubin increases
supported this possibility.
Gadolinium-based contrast agents (GBCAs) play
an important role in enhanced-MRCP examinations.
The common side effects of GBCAs include nausea,
chest tightness, rash and vascular edema. Gadolinium
is mainly renally excreted, although it may also be
[7]
deposited in the liver, brain, muscle and other organs .
No cases of gadolinium-induced cholestasis have been
reported in the literature. Although our patient’s bilirubin
level increased again after enhanced-MRCP, after his
first instance of elevated bilirubin had decreased,
we speculated that the gadolinium may have been
involved in the cholestasis. The gadolinium used in our
patient is ionic, which can lead to high osmotic pressure
and dehydration of tissue cells, suggesting that the
mechanism of gadolinium-induced hyperbilirubinemia
may be due to the high permeability, which further
aggravated the damage to the bile duct cells and
affected the secretion and excretion of bile.
PostERCP jaundice has been reported to resolve
after 2-4 mo, although it took approximately 1 year
for this patient’s bilirubin level to return to baseline
levels, which may be related to the second incident of
damage due to gadolinium.
The general treatment for cholestasis caused by
contrast agents is UDCA, and cholestyramine can
be used to relieve symptoms. If a trial of these two
agents proves unsuccessful, corticosteroids may be
[8]
[9]
added with or without plasmapheresis . In our
case, UDCA (500 mg two times daily), cholestyramine
(5 g three times daily) and prednisolone (30 mg
daily) failed to relieve the patient’s symptoms until
bilirubin serum adsorption was performed, which effi
ciently stabilized the bilirubin level. Therefore, in the
case of a poor response to traditional drug treatment
methods, providers may try plasma exchange or bilirubin

Figure 3 Cholestasis of liver tissue (hematoxylin-eosin stain, original
magnification × 4).

Figure 4 Liver lobular capillary bile duct cholestasis, slight inflammation,
undamaged hepatocytes, and some ground-glass cytoplasm degeneration
(D-PAS stain, original magnification × 60).

tapered regularly, and phenobarbital and UDCA were
discontinued. At his 11-mo follow-up visit, the serum
bilirubin level had slowly decreased, and as of the
writing of this report, the patient’s bilirubin levels had
spontaneously returned to baseline levels (Figure 1).

Discussion
Due to the presence of Gilbert syndrome, the patient
showed prolonged jaundice postERCP, and enhancedMRCP accentuated this effect. A liver biopsy revealed
marked intrahepatic cholestasis, which may be
attributed to large bile obstruction, benign recurrent
intrahepatic cholestasis (BRIC) or drug-induced liver
toxicity. Enhanced-MRCP had already excluded bile
obstruction by stones. BRIC is a rare genetic disorder
characterized by intermittent episodes of jaundice and
pruritus; each episode can last for several weeks to
months. A completely asymptomatic phase occurs in
between attacks that can last from months to years.
Liver biochemistry is characterized by conjugated
hyperbilirubinemia and increased ALP levels. Serum
GGT, AST and ALT levels are either normal or mildly
elevated. Liver biopsy shows intrahepatic and canalicular
[3]
cholestasis predominantly involving zone 3 .

WJG|www.wjgnet.com

1489

April 7, 2018|Volume 24|Issue 13|

Qian JD et al . Contrast agent-related prolonged jaundice
however, remains unknown. No cases of post enhanced magnetic resonance
cholangiopancreatography (MRCP)-related jaundice have been reported.

adsorption, which can prevent damage to liver cells
due to long-term elevated bilirubin levels.
Our patient’s case illustrates a rare drug-induced
liver injury due to contrast agents, which presented as
prolonged cholestasis following “successful” therapeutic
ERCP for an obstructing distal CBD stone and an
enhanced-MRCP that excluded residual stones. Clinicians
must be aware that ERCP and MRCP with the contrast
agents iopromide and gadoterate meglumine may have
the possibility of inducing prolonged hyperbilirubinemia.

Term explanation

ERCP: endoscopic retrograde cholangiopancreatography, which can be used
for the diagnosis of cholelithiasis.

Experiences and lessons

Our patient’s case illustrates a rare drug-induced liver injury due to contrast
agents, which presented as prolonged cholestasis following “successful”
therapeutic ERCP for an obstructing distal CBD stone and an enhanced-MRCP
that excluded residual stones. Clinicians must be aware that ERCP and MRCP
with the contrast agents iopromide and gadoterate meglumine may have the
possibility of inducing prolonged hyperbilirubinemia.
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Abstract
Nonalcoholic fatty liver disease/nonalcoholic steato
hepatitis (NAFLD/NASH) is a challenging and multisystem
disease that has a high socioeconomic impact. NAFLD/
NASH is a main cause of macrovesicular steatosis and
has multiple impacts on liver transplantation (LT), on
patients on the waiting list for transplant, on posttransplant setting as well as on organ donors. Current
data indicate new trends in the area of chronic liver
disease. Due to the increased incidence of metabolic
syndrome (MetS) and its components, NASH cirrhosis
and hepatocellular carcinoma caused by NASH will soon
become a major indication for LT. Furthermore, due to an
increasing incidence of MetS and, consequently, NAFLD,
there will be more steatotic donor livers and less high
quality organs available for LT, in addition to a lack of
available liver allografts. Patients who have NASH and
are candidates for LT have multiple comorbidities and are
unique LT candidates. Finally, we discuss long-term grafts
and patient survival after LT, the recurrence of NASH
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and NASH appearing de novo after transplantation. In
addition, we suggest topics and areas that require more
research for improving the health care of this increasing
patient population.

Swedish retrospective study was the largest biopsyproven NAFLD study to provide insight on the longterm prognosis and outcomes of the disease, with a
[4]
follow-up period of up to 40 years . In that report,
NAFLD patients had an increased risk for mortality
and liver-related morbidity (12% of the patients
developed severe liver disease, which is defined as
liver failure, compensated or decompensated liver
cirrhosis and HCC). Interestingly, the presence of
NASH did not significantly increase the risk for liverrelated morbidity or overall mortality. The fibrosis
stage was highly predictive of the risk of developing
sever liver disease, with a hazard ratio that ranged
from 1.9 in F0 to 104.9 in F4. The primary high fibrosis
[4]
stages (F3-F4) predicted overall mortality , which is
[5,6]
similar to previous published research . Compared
to other etiologies of chronic liver disease, NAFLD has
a slower fibrosis progression, with an estimated time
for developing severe liver disease at 22-26 years for
F0-1, 9.3 years for F2, 2.3 years for F3 and 0.9 years
[4]
for F4 (for decompensation) . The clinical burden
of NAFLD extends beyond the liver, with evidence
indicating that NAFLD is a multisystem disease that is
closely related to cardiovascular disease (CVD), chronic
kidney disease (CKD) and T2DM. It is still not clear
whether NAFLD is only a risk factor or is an important
component of the pathophysiological mechanisms in
[7]
the development and progression of those diseases .
In addition, a major cause of morbidity and mortality
in NAFLD patients is CVD, followed by malignancies
and liver-related diseases (cirrhosis and HCC) as the
[7]
third cause . HCC is the sixth most common cancer
in the world that is predisposed with the presence
of cirrhosis, but emerging data suggest that HCC
can evolve in non-cirrhotic NAFLD and is strongly
[8]
associated with metabolic syndrome (MetS) . The
HCC that is associated with NAFLD/NASH has a distinct
phenotype. It is often diagnosed at an older age and in
the advanced stages of liver disease, and, compared
with the HCC in viral hepatitis, is less aggressive and
therefore more commonly missed on routine scans for
[9]
malignancies . With the continuous increase in the
incidence of obesity, T2DM and MetS in United States
(US) and Europe, it is predicted that NAFLD/NASH
will become the most common cause of HCC in the
Western world. NAFLD/NASH has already become
the second leading cause of liver transplantation (LT)
in the US and, importantly, the number of patients
who have NAFLD/NASH and are on the waiting list
for transplantation increased by 170% from 2004 to
2013. Thus, end-stage liver disease (ESLD) due to
NAFLD/NASH will become the most common indicator
[10]
for LT in the near future .
We expect groundbreaking changes in the area
of LT. Therefore, this review discusses the multiple
impacts of NAFLD on LT. First, due to the aging of the
population and an increasing incidence of MetS and

Key words: nonalcoholic steatohepatitis; chronic liver
disease; liver transplantation; nonalcoholic fatty liver
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Core tip: Nonalcoholic fatty liver disease/nonalcoholic
steatohepatitis (NAFLD/NASH) is a challenging and
multisystem disease that has a high socioeconomic
impact. NAFLD/NASH is a primary cause of macro
vesicular steatosis and has several impacts on liver
transplantation (LT), which is transmitted to transplant
recipients and organ donors. Current data indicate a
new trend in the area of chronic liver disease. Due to
the increased incidence of metabolic syndrome (MetS)
and its components, NASH cirrhosis and hepatocellular
carcinoma caused by NASH will soon become a major
indication for LT.
Mikolasevic I, Filipec-Kanizaj T, Mijic M, Jakopcic I, Milic
S, Hrstic I, Sobocan N, Stimac D, Burra P. Nonalcoholic
fatty liver disease and liver transplantation - Where do
we stand? World J Gastroenterol 2018; 24(14): 1491-1506
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i14/1491.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i14.1491

INTRODUCTION
Parallel to the increasing prevalence of diabetes
mellitus type 2 (T2DM) and obesity and a close
relationship with insulin resistance (IR) and metabolic
risk factors, nonalcoholic fatty liver disease (NAFLD)
has become the most common chronic liver disease
(CLD) in the world over the past 30 years, with
[1,2]
an estimated prevalence of 10%-40%
. NAFLD
is characterized by increased fat depositions in
the liver with clinical-histological phenotypes that
range from a simple steatosis (present in > 5% of
hepatocytes, as shown in histological analysis or
magnetic resonance spectroscopy) to nonalcoholic
steatohepatitis (NASH). NASH is a more aggressive
form of the disease and includes a histological
presentation of steatosis, ballooning hepatocytes and
lobular inflammation that leads to advanced fibrosis
and, finally, cirrhosis and hepatocellular carcinoma
[1,3]
(HCC) . Given the growing prevalence of NAFLD,
several studies have attempted to determine the
clinical course and progression of the disease, but the
exact prognosis remains unclear. A recently published
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of this Review.

MetS

Steatotic
livers

NAFLD RELATED END-STAGE LIVER
DISEASE AND HCC AS INDICATIONS
FOR LIVER TRANSPLANTATION

NAFLD/NASH

Less available
organs

NAFLD patients can necessitate the need for LT in two
primary ways: developing cirrhosis that manifests with
decreased synthetic/excretion function(s) and signs
of portal hypertension and HCC development. It is
estimated that approximately one-third of the current
population in industrialized countries has NAFLD as a
consequence of the liver’s involvement in the context
of MetS. As mentioned above and according to many
authors, it is clear that over the next ten or twenty
years, the prevalence of NAFLD will increase due to the
epidemic rise in obesity, T2DM, arterial hypertension
and the prevalence of MetS, as well as people living
[10-13]
longer
. Consequently, NAFLD-related liver disease
is currently the most rapidly increasing indication
for LT in the US, and it is anticipated that NAFLDrelated liver disease will become the leading indication
[14,15]
for LT in the near future
. In the context of the
increasing incidence of NAFLD as an indication for LT,
it is important to highlight several facts. First, due to
the development of direct antiviral agents (DAA) for
hepatitis C (HCV), the incidences of cirrhosis and HCC
due to HCV as indications for LT will decrease over time.
[10]
Three years ago, Wong et al
analyzed the United
Network for Organ Sharing and Organ Procurement
and Transplantation Network’s (UNOS/OPTN) registry
data from 2004 to 2013. There were four groups of
registrants who were on the liver transplant waitlist:
patients who had an HCV infection, NASH, alcoholic
liver disease (ALD), or a combination of HCV infection
and ALD. Over a period of nine years, the numbers of
new patients on the waitlist who had NASH, ALD, and
HCV increased by 170%, 45% and 14%, respectively.
Moreover, the percentage of registrants who had HCV
[10]
and ALD decreased by 9% (from 880 to 803) .
[16]
A recent study by Goldberg et al
analyzed the
prevalence of HCV from 2010 to 2014 from National
Health and Nutrition Examination Survey (NHANES)
data. They also collected data from patients who had
cirrhosis and chronic liver failure (LF) from 2006 to
2014 and were in the Health Core Integrated Research
Database. In addition, they analyzed data from liver
transplant recipients from UNOS from 2003 to 2015.
By combining data from these three databases, the
study investigated current changes in liver disease(s);
HCV, alcoholic liver disease (ALD) and NAFLD/NASH
through the course of liver disease; CLD - compensated
cirrhosis, decompensated cirrhosis and HCC; and the
waiting list for LT and LT recipients. The study authors
found that there were significant changes in CLD
etiology that were associated with important alterations

ESLD

Higher
demand for LT
pre-LT related
comorbidities

post-LT MetS
post-LT reccurent NAFLD
de novo NAFLD
CVD; CKD

Figure 1 Higher incidence of metabolic syndrome and its complications
leads to a higher incidence of nonalcoholic steatohepatitis/nonalcoholic
fatty liver disease and, consequently, to more patients who have endstage liver disease. At the same time, due to MetS and its components, we will
have more steatotic livers, i.e., more organs of lower quality that are available
for LT. Therefore, in the future, since NAFLD will affect both the demand for
LT and the supply of available organs. Patients who have NASH and are
candidates for LT have several comorbidities and are unique LT candidates.
Post-LT, there are several challenging issues for NAFLD: recurrent NAFLD,
de novo NAFLD and the risk for CVD and CKD. MetS: Metabolic syndrome;
NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis;
ESLD: End-stage liver disease; LT: Liver transplantation; CVD: Cardiovascular
diseases; CKD: Chronic kidney disease.

its liver manifestation (i.e., NAFLD/NASH), ESLD as a
consequence of NASH will become a primary driver
of LT in the near future. Furthermore, due to the
increasing incidence of obesity, and, consequently MetS,
the prevalence of NAFLD in the population will also
[1,2]
increase
As such, owing to the growing incidence of
NAFLD, we can expect that there will be more steatotic
donor livers and fewer high quality organs available
for LT. Therefore, NAFLD affects both the demand
for LT and the supply of available donors.Moreover,
patients who have NASH and are candidates for LT have
several comorbidities, such as obesity, T2DM and other
MetS components, as well as CVD and CKD. These
patients are uniquely challenging LT candidates, and
transplantation specialists are continuously exposed to
the challenges of transplantation from obese donors,
as well as the NASH recipients with their often multiple
comorbidities. Finally, we discuss long term grafts and
patient survival after LT, the recurrence of NASH and
[11,12]
NASH appearing de novo after transplantation
figure 1. In addition, we suggest topics and areas
for further research for improving health care for this
increasing patient population.
For this Review, we identified references using
PubMed and the terms “NAFLD”, “NASH”, and “liver
transplantation.” We only reviewed articles that were
published in English. The references were selected
based on originality and their relevance to the domain
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in the occurrence of HCV, ALD and NAFLD/NASH as
indications for liver transplantation. They demonstrated
that active HCV infection decreased as an indication for
LT after DAA use. Subsequently, there was a decrease
in the incidence of cirrhosis due to HCV in the larger
[16]
population with CLD . In contrast, among patients
who were on the waiting list and LT recipients, NAFLD
became more common. Another interesting finding
from this study was that the incidence of ALD as an
[16]
indication for LT increased more than NASH . A
[17]
retrospective study by Cholankeril et al
had similar
findings after analyzing the UNOS/OPTN database from
2003 to 2014. The authors discovered that the number
of LT that is secondary to NASH increased by 162%
from 2003 to 2014, while the number of LT secondary
to HCV increased by 33%, and the number of LT
[17]
secondary to ALD increased by 55% .
Recently, there has been a trend of an increased
incidence of HCC in developed countries, and according
to the literature, this increase is most likely due to an
[8,18]
increased incidence of MetS
. The large Bridge study
included 18031 HCC patients from 2005-2012. NAFLD
was one of the major risk factors for HCC development,
and NAFLD was the cause of chronic liver disease for
[19,20]
approximately 10%-12% of patients
. Similarly,
a recently published US study found that HCC as a
consequence of NASH is the fastest growing indication
for LT. The authors of this study reported that NASH
related HCC as an indication for LT had an almost
fourfold increase since 2002; on the other hand, HCC
[13,21]
that results from HCV, doubled
.
In the context of LT and NAFLD, it is concerning
that a recent discovery found that HCC may appear
in NAFLD patients who do not have liver cirrhosis or
[8]
[22]
advanced liver fibrosis . Mittal et al
published data
on 13% of patients who had HCC and, at the time
of diagnosis, did not have cirrhosis. The primary risk
factor for developing HCC was the presence of NAFLD
or MetS. In addition, in a study by a group of German
authors, 41.7% of the patients with NAFLD/NASH HCC
[23]
previously had no diagnosis of cirrhosis . Similar
[24,25]
findings were also reported by other authors
.
Another concerning issue in the context of NASH and
LT is the increase in the incidence of NAFLD in children
[26]
and young adults (up to age 40). Feldstein et al
analyzed long-term outcomes and survival for children
who had NAFLD. In this study, children who had NAFLD
had a 13.8-fold higher risk of requiring LT or dying than
[26]
the general population of the same age and sex .
[27]
Recently, Alkhouri et al
analyzed LT in children and
young adults and the frequency of NASH as an indicator
for LT. They found an increased incidence of NASH as
an indicator for LT in young patients. More than 100
recipients had LT before they were 34 years old, while
most patients received their liver transplant closer to
[27]
the age of 40 years .
Current guidelines do not recommend regular
screenings for HCC in NAFLD patients who have no
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signs of liver cirrhosis or advanced fibrosis. According
to recent research, NAFLD patients who have not
developed cirrhosis have a risk of developing HCC;
however, there are no studies that examine the costbenefit of screening in this population of patients.
However, the current data on the increasing incidence
of NAFLD combined with the growing incidence of
MetS and NAFLD in young people indicate that there
will be a need for LT in the context of NAFLD related
[13,20,21]
decompensated cirrhosis and NAFLD related HCC
.
Due to the substantial increase in the proportion
of transplants due to NAFLD, as well as new waitlist
registrants with NAFLD cirrhosis complications, NAFLD/
NASH cirrhosis and related HCC are the most rapidly
growing indications for LT.

NAFLD PATIENTS ON THE WAITLIST
FOR LIVER TRANSPLANTATION
Every CLF patient has unique characteristics and needs
an individual approach in the context of LT, and the
same individual approach is necessary for patients who
have NASH. The risk factors for poor postoperative
and long-term outcomes are age the presence of MetS
components (especially T2DM and obesity), coronary
artery disease (CAD) and chronic kidney disease (CKD).
Patients who have NASH on the waitlist often have
several or all of these risk factors. For NASH patients
on the waiting list there are two problems: patient
comorbidities and lower MELD than other etiologies of
[28]
CLD .
First, NAFLD is the liver manifestation of MetS and
NAFLD patients on the LT waiting list frequently have
one or more components of MetS. They are often obese
and have T2DM, hypertension and hyperlipidemia.
In addition, NASH recipients are older than recipients
[28]
[10]
who have a different CLD . According to Wong et al
compared to patients who had an alcoholic, viral or
alcoholic/viral etiology of CLD who were on the waitlist
for LT, patients with NASH had decreased renal function,
were more obese and were more likely to have T2DM.
There was higher morbidity and mortality in obese
patients who underwent surgical procedures. However,
in the context of obesity and LT, the results were not
consistent. Several studies reported worse outcomes
for obese patients, while other authors found similar
risks and outcomes for both obese and non-obese
[28]
[29]
patient groups . For example, Leonard at al
had
similar results for all body mass index (BMI) cate
gories for early and late patients and graft survival. In
[30]
contrast, La Mattina et al
found that obese patients
had a longer operative time, intensive care unit length
of stay, and more infectious and biliary complications
that required intervention. There was no significant
difference in patient or graft survival for overweight
ClassⅠ and obese Class Ⅲ recipients compared to
normal weight recipients. However, patients who had
Class Ⅱ obesity experienced decreased patient and
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[29]

[31]

[35,36]

allograft survival . Not long ago, Conzen et al
found that morbid obesity had negative effects on longterm outcomes regardless of the short-term results.
In other words, there were no differences in operative
time, intensive care unit or hospital length of stay or
perioperative complications. Over 3 years, recipient
and graft survival rates were similar across groups.
Compared to the non-obese, recipients who had a BMI
2
> 40 kg/m experienced a significantly decreased 5-year
graft (49.0% vs 75.8%; p < 0.02) and recipient (51.3%
vs 78.8%; p < 0.01) survival. Although between group
comparisons is difficult given the different endpoints
and BMIs between cohorts, in general, obese patients
have increased complication rates and more resource
[19]
utilization compared to non-obese recipients . Given
the increase in the incidence of overweight patients
and MetS, we can expect an increase in the number
of patients with NASH cirrhosis or HCC in NASH with
high BMI who are on the transplant list in the future.
In addition, the bariatric surgery (BS) methods will
become more important in the context of treating
obesity for the morbid obesity of NASH patients. There
are promising research findings for BS in these patients.
There are studies with a small number of patients who
[28]
were experiencing LT and some form of BS . For
[32]
example, Heimbach et al
conducted a small study
that combined LT with a sleeve gastrectomy, which
resulted in significant weight loss for patients who were
not successful with medical treatment. In addition,
[32]
there were less post-LT metabolic complications .
Recently, 11 studies with 56 patients were analyzed
[33]
in a systematic review . Two studies reported that
BS had been previously performed, while two studies
performed it during and seven after LT. The most
common procedure was the sleeve gastrectomy, while
the Roux-en-Y gastric bypass, biliopancreatic diversion
and gastric banding were performed in a slightly smaller
number of patients. There was no mortality in the early
postoperative period, with a 5.3% rate during the first
postoperative year. The reoperation rate was 12.2%.
Although mortality and morbidity are higher in this
population, the authors agreed that BS appears to be
[33]
possible .
In the future, there is a need for randomized studies
to determine which patients on the transplant list will
benefit from BS, the optimal time for BS (before, during
or after LT) and the optimal type of BS. It is important
to note that patients who have decompensated cirrhosis
have a higher mortality rate after BS than those who
have compensated cirrhosis or no chronic liver disease;
thus, it is extremely important to optimize the time at
[28,34]
which patients should undergo BS
. Future studies
are also needed to demonstrate the long-term impact of
[28]
BS on liver transplant recipients and graft outcomes .
Patients who have NASH and are on the waitlist for
LT often have T2DM. Pre-transplant T2DM is a strong
predictor of poor short and long-term patient and graft
survival. The poor outcomes are primarily attributed
to an increased incidence of postoperative infectious
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complications, CVD complications and kidney failure
.
[36]
A recent study by Hoehn et al indicated that recipients
with pre-LT diabetes in the post-transplant period had
a longer hospital length of stay, as well as higher peritransplant mortality and 30-d readmission rates. In
addition, they are less likely to be discharged home
and, finally, have lower graft and patient survival than
[36]
recipients who do not have diabetes .
For the above observations, NASH recipients often
have one or more and often multiple, comorbidities that
significantly affect the CVD risk in these patients so CVD
risk assessment in NAFLD recipients is one of the largest
problems in context of LT. According to the guidelines
from European Association for the Study of the Liver
(EASL), aside from obligatory electrocardiogram and
transthoracic echocardiography in pre-LT evaluation,
further tests need to be done to exclude asymptomatic
ischemic heart disease (cardiopulmonary exercise test
and if necessary in high risk patients even coronary
[37]
[38]
angiography) . Wray et al
showed that if coronary
artery disease (CAD) is treated effectively before LT,
survival after LT is not significantly different between
patients with or without obstructive CAD.
Currently, many authors agree that NAFLD is a liver
as well as a multisystem disease that is commonly
[39]
associated with CVD, T2DM and CKD . Research has
shown that NAFLD is associated with an increased risk
[39-42]
of adverse CVD events
. It is not clear whether
the risk for CVD is increased in NAFLD patients due
to coexisting dysmetabolic traits or whether NAFLD is
actively involved in the pathogenesis of cardiovascular
[35,39]
disease
. Previous research has shown that patients
who have NASH related ESLD, compared to other
ESLD recipients, have a higher CVD risk, specifically
[36]
[43]
soon after LT . For example, Patel et al analyzed
420 ESLD patients that were assessed for LT: 125 had
alcohol-related ESLD, and 295 had non-alcohol-related
ESLD. The incidence of severe coronary artery disease
(CAD) (defined by a > 70% diameter stenosis) was
13% in the non-alcohol-related ESLD group (p < 0.005)
and 2% in the alcohol-related ESLD group. Moreover,
[44]
a retrospective cohort study by Vanwagner et al
analyzed 242 LT recipients (127 alcohol-related and 115
NASH ESLD) at a post-transplant follow-up that was
more than 12 mo. After controlling for recipient sex,
age, smoking status, CVD, pre-transplant diabetes and
the presence of MetS, the multivariate analyses shown
that NASH patients were more likely to have a CVD
event than alcohol-related ESLD recipients in the first
year after LT. Most of the (70%) CVD events occurred
in the perioperative period, and 50% of the mortality
was related to the occurrence of a CVD event. However,
there were no differences between the two groups in
[44]
graft and patient survival .
According to these observations, it is important to
screen all LT candidates for the presence of MeS and/or
risk of CVD, especially when they have NASH related
ESLD. Prospective studies are needed to answer these
important questions and to provide a foundation for a
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standardized approach to CVD risk assessment in the
[35]
population of LT candidates .
An additional risk factor in the context of NAFLD is
CKD, which is also a well-known CVD risk factor. Previous
research has shown that patients who have NAFLD
have a higher prevalence of CKD than patients who do
[39,45]
[46]
not have NAFLD
. A recent study by Singal et al
confirmed that the most rapidly increasing indication for
simultaneous liver-kidney (SLK) transplantation is NASH,
which has poor renal outcomes. The authors of this
study found that SLK significantly increased in the group
of patients who had NASH and cryptogenic cirrhosis
compared to ESLD that was related to other etiologies;
the incidence increased from 6.3% from 2002 to 2003
to 19.2% from 2010 to 2011. Five-year LT recipient and
graft survival rates did not differ between recipients who
had NASH or cryptogenic cirrhosis and those with other
etiologies of ESLD. On the other hand, in the group of
patients who had NASH and cryptogenic cirrhosis, the
risks for a kidney graft loss was more than 1.5-fold
higher. Compared to recipients who had ESLD that was
related to alcohol, primary biliary cirrhosis or primary
sclerosing cholangitis, the estimated glomerular filtration
rate remained lower in in the recipients who had NASH/
[46]
cryptogenic ESLD .
When selecting LT candidates who have NASH,
the largest challenge is merging these risk factors into
one risk stratification tool. As such, a multi-disciplinary
approach is needed to evaluate these candidates for
LT.
Importantly, in the context of NASH related ESLD
candidates for LT, there is an association between NASH
and macrovascular venous thrombosis, especially
[47]
portal vein thrombosis (PVT) . In NASH patients who
have cirrhosis, there is a hypercoagulable state that
is characterized by increased levels of plasminogen
activator inhibitor 1 and factor VIII, while anticoagulant
levels of protein C are decreased in patients with
[47,48]
[47]
cirrhosis due to NASH
. Stine et al
recently
analyzed 33368 patients who have ESLD and received
LT. Of these, 2096 (6.3%) patients had PVT and
12% had NASH. A comparison of NASH related ESLD
recipients with all other causes of cirrhosis revealed
a higher prevalence of PVT, with 10.1% in the first
group versus 6% for those without NASH (p < 0.001).
NASH cirrhosis was the strongest risk factor that was
independently related to PVT in a multivariable analysis.
Although the clinical significance of PVT is not entirely
clear, especially whether anticoagulant therapy should
be used, individual studies have shown that PVT is
associated with adverse outcomes in patients who have
ESLD. Specifically, several authors have shown that PVT
is associated with increased pre- and post-transplant
mortality, as well as with technical challenges during the
[47,49-51]
transplant procedure
. However, the connections
among NASH and PVT with hypercoagulation state is
an ever-expanding field of clinical research. Additional
studies on this topic are needed because there will be a
significantly higher number of patients who have ESLD
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due to NASH on the waitlist for LT in the future, and,
possibly, a higher number of thromboembolic incidents
[47]
in these patients, including PVT .
The second important issue in the context of NASH
patients who are on the waitlist for LT is competition for
liver allograft allocations due to a lower MELD than other
etiologies of CLD. According to current reports, patients
who have ESLD due to NASH and are on the waitlist for
LT have better liver functioning and, consequently, lower
MELD scores than other etiologies of liver cirrhosis. In
addition, these patients have a slower progression of
[18,28]
[52]
disease
. A study by O´Leary et al compared the
data for 218 patients who had NASH or cryptogenic
cirrhosis (CC) and underwent LT between 2002 and
2008, with 646 patients transplanted due to ESLD that
resulted from HCV infection. Among patients who had
NASH and CC, the median progression rate was 1.3
MELD points per year, and in the group of patients who
[52]
had HCV, it was 3.2 MELD points per year (P = 0.003) .
Compared to patients who have HCV-related cirrhosis,
patients who had NASH/CC and MELD scores ≤ 15 had
fewer chances of receiving LT. They also had a higher
risk of dying and a two-times higher risk of rejection
or removal from the waiting list due to no suitable
operative procedure given the progression of the liver
disease or complications with their comorbidities.
However, all patients who had MELD scores that were
higher than 15 were more likely to undergo LT despite
[52]
their diagnosis . According to the findings from
this study, the aggressive treatment of associated
comorbidities is highly important; the components of
MetS (hypertension, T2DM, dyslipidemia and obesity)
in patients who have low MELD scores can prevent the
progression of their comorbid conditions that are likely
[52]
to cause death or make the patient ineligible for LT . In
[10]
addition, a recent study by Wong et al demonstrated
that NASH patients, compared to HCV, ALD or HCV/ALD
related ESLD, are less likely to receive LT in the first 90
days on the waitlist. Another interesting finding from
this study is that the one-year waiting list survival rate
for ESDL patients due to NASH declined over the study
period from 42.8% to 25.6%. In contrast, patients who
had HCC due to NASH, compared to other etiologies of
CLD with HCC, had better liver functioning and lower
[18]
MELD or Child Pugh scores . Taken together, these
data suggest that LT candidates who have NAFLD/NASH
related ESLD pose a specific challenge for the transpl
ant community given their longer LT waiting time and
associated comorbidities.

NAFLD IN DONOR LIVERS
Another challenge in the context of NASH in LT is liver
allograft steatosis. Specifically, the epidemic increase in
the incidence of NAFLD/NASH in the general population
has a direct influence on the increased prevalence of
[11,28]
NAFLD in deceased and living liver donors
. Based
on predictions that the prevalence of MetS and its liver
manifestations (i.e., NAFLD) will increase in coming
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years, we can expect more donors with NAFLD/NASH.
We know that the availability of donor livers depends
the success of the LT program. There is a global lack of
organs for transplantation, as the gap between patient
[53]
“demand” and organ “supply” continues to grow . As
such, transplant centers must use livers from “extended
criteria donors” (ECD). Due to higher risk for ischemiareperfusion injury (IRI), the severity of liver steatosis is
related to a higher risk for graft failure and/or impaired
graft function. Upon reperfusion, steatosis can cause
microcirculatory and cellular changes in the liver graft
that can lead to hepatocyte necrosis. In contrast, there
is an impaired potential for regenerating steatotic
[11,28,54-56]
livers
. For donors whose livers are more than
60% steatotic, this is almost a universal scenario;
however, for those who are 30%-60% steatotic, there
[11,28,54,55]
are controversial outcomes for donor livers
. For
[57]
example, Spitzer et al have shown that macrovesicular
steatosis is an independent risk factor for graft survival.
[55]
Recently, Chu et al published a systematic review that
analyzed 34 articles. The authors found that steatotic
grafts that were > 60% were associated with an
increased risk for poor graft functioning, while grafts that
were > 30% of steatosis were related to decreased graft
[55]
survival rates . The lack of a standardized definition for
primary non-functioning or impaired primary functioning
and descriptions of the types of steatosis in research are
the primary flaw in these studies. With more common
utilization of ECD livers, using liver allografts that have
less than 30% macrovesicular steatosis should be
[11,28,54,55]
harmless for recipients
.
There is no standardized procedure for estimating
liver steatosis in potential donors; thus, evaluation
procedures of liver grafts for steatosis and the use of
steatotic livers for LT differ across transplant centers.
Although some centers perform liver biopsies in high
risk donors (abnormal liver tests, associated comorbi
dities, diabetes mellitus, high body mass index, older
age, hepatitis B or C infections), others evaluate all
[11,54,58]
potential donors
. Liver biopsies are the “gold
standard” for detecting and assessing for steatosis. As
an invasive procedure, liver biopsies can damage the
organ. Moreover, it can only sample 1/50000 of the
liver; thus, there is the potential for significant sampling
error and limits in the numbers and sizes of biopsies. In
addition, there is significant inter-observer variability for
evaluating the degree of steatosis. These disadvantages
place the procedure in the “silver standard” position;
however, because there is not a better referential
method, biopsy is still viewed as the “gold standard”.
Additionally, waiting for the liver biopsy results before
deciding whether to accept the organ extends the
cold ischemia time. Therefore, there is a need for
simple, rapid and non-invasive methods for detecting
[11,54,59]
steatosis in the donor
. Imaging methods such as
ultrasonography, magnetic resonance and computed
tomography are not sensitive or exact in detecting
steatosis that is below 30%. Moreover, these methods
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cannot differentiate between micro-vesicular and macro[11,54,58,59]
vesicular steatosis
. Recently, elastographic
methods have been intensively investigated in the
context of the noninvasive assessment of liver steatosis
and fibrosis. One of the most investigated is transient
elastography (TE), with a controlled attenuation
parameter (CAP). In the context of donor livers, Mancia
[60]
et al
examined 23 brain-dead potential donors.
They analyzed TE with its CAP and reviewed liver stiff
ness measurements (LSM) to objectively assess liver
steatosis and fibrosis. The implementation of TE with
both CAP and LSM demonstrated good preoperative
assessment for the histological condition and stage of
[60]
[61]
the donors’ liver steatosis . Recently, Hong et al
investigated the usefulness of CAP as a screening tool
for detecting liver steatosis in living donor livers. The
author found that area under the receiver operator
characteristic curve for diagnosing steatosis (≥ S2)
with CAP was 0.88, with a cutoff value of 276 dB/m.
According to the findings from this study, CAP could
be an adequate noninvasive method for excluding
[61]
significant liver steatosis (> 33%) in liver donors .
There is a need for more research on using TE with CAP
to evaluate steatosis and fibrosis in possible donors.
A higher incidence of NAFLD/NASH in the general
population will lead to a higher risk of donors who have
NAFLD, which will influence on number of suitable
organs from both living and deceased donors. Given
the increasing incidence of NAFLD, we will face an even
greater lack of LT organs or will be forced to accept liver
donors that have NAFLD/NASH and are lower quality,
[15,54]
with a high risk for poor outcomes after LT
.

LIVER TRANSPLANTATION OUTCOMES
FOR NAFLD PATIENTS
Although patients who are transplanted because of
ESLD that is related to NASH have several comorbidities
and are often older in age, post-LT survival is
comparable to other etiologies of ESLD. Multiple, singlecenter studies of survival in ESLD related to NASH
patients who had an LT, as well as several large studies
[28]
were conducted over the years . The studies that
assess post-LT outcomes for NASH are summarized in
Table 1.
One of the first studies to report outcomes for NASH
[62]
patients after LT was conducted by Malik et al
and
was published almost 10 years ago. This was the first
study to analyze patients who had a histopathological
diagnosis of NASH in the context of LT. The authors
analyzed the post-LT outcomes for 98 NASH patients
vs 686 with other etiologies, including primary biliary
cirrhosis/primary sclerosing cholangitis (PBC/PSC),
ALD, HCV and cryptogenic cirrhosis (CC). In 71 NASH
patients, the diagnosis of NASH was based on pre-LT
biopsies, and in 27 patients, the diagnosis of NASH was
confirmed upon explant. The five-year survival rates
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Table 1 Post liver transplantation outcomes for patients who have nonalcoholic fatty liver disease
Ref.

Study size

NASH group survival (%)

Non-NASH group survival (%)

Study period

Malik et al[62]

98 NASH
686 Non-NASH group (PBC/PSC, ALD, HCV, CC)
71 NASH
83 ALD

Barritt et al[64]

21 NAFLD
83 Non-NAFLD (ALD, HCV, HBV, PBC/PSC, AIH)

Agopian et al[65]

144 NASH
1150 Non-NASH (HBV, HCV, ALD, CC, PBC/PSC)

Kennedy et al[66]

129 NASH
775 Non-NASH - etiologies not defined

30-d - 94.4-98.0
1-yr - 81.6-87.2
5-yr - 65.3-80.6
1-yr - 92
5-yr - 86
9-yr - 76
30-d - 97
1-yr - 89.5
3-yr - 83.5
90-d - 90-96
1-yr - 79-87
5-yr - 54-70
1-yr - 92
3-yr - 86
5-yr - 80
1-yr - 87
2-yrs - 85
1-yr - 88.1
3-yr - 85.3
5-yr - 68.8
Variable

1997-2008

Bhagat et al[63]

30-d - 93.9
1-yr - 79.6
5-yr - 72.4
1-yr - 82
5-yr - 75
9-yr - 62
30-d - 80.9
1-yr - 76.2
3-yr - 76.2
90-d - 90
1-yr - 84
5-yr - 75
1-yr - 90
3-yr - 88
5-yr - 85
1-yr - 78
2-yr - 78
1-yr - 81.3
3-yr - 73.3
5-yr - 60.3
1-yr - 87.6
3-yr - 82.2
5-yr - 76.7
1-yr - 84
3-yr - 78

1-yr - 87
3-yr - 78

2001-2009

Park et al[67]
Vanwagner et al[44]

Afazali et al[68]

Charlton et al[14]

71 NASH
472 Non-NASH
115 NASH
127 ALD
1810 NASH
3843 CC
48.085 Non-NASH
1959 NASH
33822 Non-NASH

1997-2007

2004-2007

1993-2011

1999-2009

1998-2008
1993-2010

1997-2010

NAFLD: Nonalcoholic fatty liver disease; ALD: Alcoholic liver disease; HCV: Hepatitis C virus; HBV: Hepatitis B virus; CC: Cryptogenic cirrhosis; PBC:
Primary biliary cirrhosis; PSC: Primary sclerosing cholangitis.

after the LT were similar between the patients who
were transplanted for NASH and the patients who were
transplanted for other etiologies of ESLD. On the other
hand, there was a tendency for higher mortality soon
after the LT (30-d mortality was 6.1%), and one year
after the LT (21.4%). NASH patients who were older
2
(≥ 60 years), obese (BMI > 30 kg/m ), and had preLT hypertension and pre-LT T2DM had a higher risk for
poor post-LT outcomes. Another important finding was
that infection was the most common cause of death
[62]
in the NASH patients compared to the controls . In
[63]
2009, Bhagat et al
published a retrospective study
that reported the post-LT outcomes for the NASH
and ALD groups of patients who underwent LT. The
authors found that overall survival and death rates
due to CVD events was higher in the NASH group, but
this difference was not significant. Interestingly, acute
rejection crises and recurrent steatohepatitis occurred
significantly more often in the NASH group but did not
[63]
lead to higher rates of re-transplantation . Two years
[64]
later, Barritt et al
published another retrospective,
but small, study. The primary finding of this study was
that NASH, as an indication for LT, was the independent
[28,64]
factor that influenced early post-LT mortality
. In
[65]
2012, Agopian et al
published a large, single-center
study and found that the frequency of ESLD due to
NASH as an indication for LT increased from 3% in
2002 to 19% in 2011. They reported that patients who
were transplanted for NASH had a longer operative
time, more operative blood loss and a longer postLT length of stay. On the other hand, recipient and
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graft survival rates at one, three and five years were
comparable to patients who were transplanted for other
causes of ESLD. The predictors of poor outcomes for
the recipient and its graft were pre-LT obesity and pre[28,65]
LT hemodialysis
. Early postoperative mortality
due to infections and CVD events in the recipients who
were transplanted for ESLD due to NASH was reported
[66]
in Kennedy et al . This study also highlighted that an
older age (> 60 years), pre-LT obesity, hypertension
and T2DM were associated with lower five-year survival
rates after LT. However, the overall survival rates at
one, three and five years were comparable to other
[28,66]
[44]
etiologies of ESLD
. VanWagner et al discovered
that NASH recipients had an increased risk for adverse
CVD events in the first year after the LT compared
to recipients who had ALD. The presence of MetS
[42]
before LT was the most important risk factor . One
of the largest national US studies that addressed the
outcomes of LT for ESLD due to NASH was published
[67]
by Afazali et al . The author used the UNOS database
and analyzed 1810 LT recipients who had ESLD due to
NASH, 3843 recipients who had ESLD due to CC, and
48085 recipients who had ESLD due to other etiologies
of ESLD. The author reported an increased proportion of
LTs for NASH patients; from 1.2% in 1997-2003 to 7.4%
in 2010. NASH and CC recipients had good survival
rates that were comparable to other etiologies of CLD.
Consistent with other studies, there was a higher rate of
early mortality in the NASH patients. In addition, in line
with earlier, small studies, an older age, pre-LT T2DM,
obesity and pre-LT hypertension were risk factors
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[68]

for higher mortality rates in the first year after LT .
Another large national US study that used the SRTR
[14]
database and was performed by Charlaton et al had
similar findings.
Finally, a meta-analysis that was published four
[69]
years ago by Wang et al showed that similar number
of patients with and without NASH survived for 1, 3,
and 5 years after LT; however, those who had NASH
were more likely to die due to adverse CVD events or
[69]
sepsis .
In most studies, patients who were transplanted
for ESLD related to NASH had very good survival rates.
One-year survival rates were between 85% and 90%,
while five-year survival ranged from 70% to 80% in
most studies. In addition, patients who underwent
LT due to NASH-related ESLD had almost the same
outcomes as other etiologies of CLD. It is interesting
that NASH recipients, despite multiple comorbidities,
have survival comparable to that of other etiologies of
CLD. One possible explanations is that the rate of NASH
and cirrhosis recurrence is lower than the recurrence
[35,68]
of HBV or HCV
. Another consideration is that these
patients undergo a very extensive pre-transplantation
screening for risk evaluation and cardiovascular
status, thus; those who have significant cardiovascular
morbidity are excluded from the transplant list.
However, according to the results, overall survival after
LT is good in the NASH recipient group, and a higher
incidence of post LT CVD events are noted in NASH
recipients. However, infections (sepsis) were observed
more frequently in this group of recipients. When
selecting NASH patients for LT, there is a need for more
attention and careful consideration combined with the
radical management of sepsis and CVD complications
[11,68,69]
after LT
.

and hyperlipidemia, immunosuppressant drugs, such as
corticosteroids, calcineurin inhibitors (CNIs) (cyclosporine
(CSA), tacrolimus (TAC)) and mammalian target of
rapamycin inhibitors (mTORs) (such as sirolimus (SIR)
and everolimus), have a crucial role. Corticosteroids
stimulate gluconeogenesis. CNI stimulates the postLT occurrence of new-onset diabetes (NOD) that is
more likely related to TAC use compared to CSA. CNI
also initiates the development of post-LT hypertension,
and it appears that CSA is highly related to the
development of hypertension after LT. For dyslipidemia,
CSA has a higher risk of causing dyslipidemia than
TAC. Finally, for dyslipidemia, mTORs are the most
unfavorable immunosuppressive drugs. These groups
of immunosuppressive drugs may, to an extent,
affect the development of CVD through metabolic
[70-72]
complications
. Most transplanted patients become
obese after LT, with the highest increase in weight
occurring after the first six months, as well as one
[70,72,73]
and three years after LT
. Of the liver recipients,
10%-64% develop T2DM, 45%-69% experience
hyperlipidemia, and approximately 50%-100% develop
[70-72]
hypertension after LT
. Thus, a significant number
of liver recipients met the criteria for MetS, which
indicates that these patients have a higher risk for
[70-72]
CVD
. Based on the literature, MetS is present in
[71]
approximately 50%-60% of transplant patients .
Therefore, MetS is an important post transplantation
problem. Because NAFLD is a liver manifestation of
MetS, it is not surprising that both recurrent and de
[70-72]
novo NAFLD can be found after LT
. According to
the abovementioned observations, MetS components
(i.e., NAFLD risk factors) may persist or worsen after
LT due to the high incidence of MetS after LT. NAFLD
can affect the post-LT course in two ways. First, posttransplant NAFLD can develop as a recurrence of a preLT condition, and can progress to cirrhosis and lead to
ESLD when re-transplantation is necessary. Second,
due to the high incidence of MetS components after
LT, NAFLD can also occur de novo and complicate
the course of the recipients who are transplanted for
[28,70-72,74]
other etiologies of CLD
. More than 25 years
[75]
ago, Burke et al
were the first to describe recurrent
NAFLD, and authors from San Francisco, CA, United
States, reported the first case series of de novo NAFLD
[76]
in 2003 .
According to the literature, recurrent NAFLD is a
relatively common diagnosis after LT. Across reports,
the rates of recurring steatosis and NASH range from
[28]
[70]
30%-100% . For example, Bhagat et al found that
33% of patients who were transplanted due to NASH
cirrhosis had steatohepatitis in biopsy specimens
during the first six months after the LT. On the other
hand, none of these patients developed cirrhosis or
required re-transplantation during the 10-year follow[70]
[77]
up period . A group of Dallas authors
conducted a
retrospective study and analyzed post-LT outcomes for
257 patients undergoing LT for CC or NASH cirrhosis.

NONALCOHOLIC FATTY LIVER DISEASE
AFTER LIVER TRANSPLANTATION
Progress in surgical techniques for transplant surgery,
as well as the development of immunosuppressive
therapy, led to decreased early post-LT mortality and,
consequently, to improved survival rates after LT, with
a 90% survival rate at the first year and a survival rate
of more than 70% five years after LT. The development
of metabolic comorbidities, combined with this higher
post-LT survival, contributes to morbidity and mortality
rates. Subsequently, the focus of research is changing
[70-72]
to long-term complications, such as CVD
. CVD
can be initiated with every insulin resistance (IR)
associated component of MetS. Furthermore, the
clinical features and prevalence of MetS, such as T2DM,
hypertension, rapid weight gain and dyslipidemia,
often deteriorate in the post-LT period based on
transplant specific factors, for example, adverse events
in immunosuppression. They are also related to the
[70,72]
recipients’ morbidity and mortality
. For metabolic
balance, for hyperglycemia, weight gain, hypertension
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After comparing patients who had NASH/CC with
patients who underwent LT due to other etiologies
of CLD, they found that more NASH/CC patients
developed graft steatosis at one, two, five and 10
years post-LT (8.2%, 13.6%, 24.9% and 32.9%) than
those who were transplanted for other etiologies (3.1%,
5.9%, 9.6% and 10%). Of the 257 NASH/CC patients,
13 developed NASH, and 5% and 10% developed
bridging fibrosis or cirrhosis after 5 and 10 years. This
outcome was more common in patients who had NASH
than in those who developed steatosis per se or had no
fat (3%). The survival rate during the 10-year followup was similar for patients who underwent LT for CC or
NASH or LT for other indications. However, the cause of
death differed between those two groups, as the NASH
[77]
group had more adverse CVD events . Moreover,
[78]
Dureja et al
evaluated 88 liver transplant recipients
that underwent LT due to NAFLD-related cirrhosis from
1993 to 2007. There was recurrent NAFLD in 34 liver
transplants, isolated steatosis in 9 and steatohepatitis
in 25 recipients, while there was advanced fibrosis in 3
recipients. The survival rate after LT was not affected
by NAFLD recurrence, but a higher number of CVD
and infectious complications were reported in this
[78]
[79]
group . Recently, Sourianarayanane et al published
a retrospective study and analyzed data from NASH
and ALD transplant recipients between 2001 and
2006. The authors found that NASH recipients had a
higher incidence of steatosis and inflammation after
LT; however, the progression of fibrosis was slower in
[79]
[80]
NASH than in ALD recipients . Recently, Bhati et al
analyzed 103 patients who were transplanted for NASH
in whom TE and liver biopsies were used to assess
steatosis and fibrosis. Of 103 total patients, 56 had
TE, while 34 had a liver biopsy. Implementing TE with
CAP demonstrated that 87.5% of the patients who had
steatosis also had recurrent NAFLD. Most patients had
LSM with no fibrosis (42.9%) or F1-F2 fibrosis (30.4%).
Overall, 26.8% of the patients had advanced fibrosis,
while 5.4% developed cirrhosis. Of the patients who
underwent a liver biopsy, 88.2% had recurrent NAFLD,
while almost half (41.2%) had NASH. Bridging fibrosis
was noted in 20.6% of patients; however, none of the
patients had cirrhosis. In most patients, cancer (25%)
or infectious complications (25%) were the cause
of death in combination with CVD (21.9%). Graft
cirrhosis only caused 9% of the deaths. According to
this recent study, recurrent NAFLD commonly occurs
after LT (88% of all patients), while nearly a quarter
[80]
of the patients developed advanced fibrosis . An
interesting observation was published on the genetic
predisposition for NAFLD recurrence. The presence of
the rs738409-G allele of the Patatin-like phospholipase
in LT recipients is an independent risk factor for post[72,81]
LT steatosis, as well as obesity and T2DM
.
Most research that investigates the prevalence of
recurrent NASH in post-LT patients have shown that the
incidence of recurrent NASH is between 20% and 40%,
while the incidence largely depends on NASH detection
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methods, including liver enzymes, imaging techniques
or liver biopsies. Most of the studies that investigated
the incidence of recurrent NASH were retrospective,
without a standard post-LT interval biopsy protocol.
In addition, the histological criteria that was used for
defining the diagnosis of recurrent NAFLD varied among
[74,81,82]
published studies
. Therefore, there is a need for
prospective studies that show the actual incidence and
progression for recurrent NAFLD after LT. Also, it is not
clear is NAFLD a primitive process, to which follows
MetS, or is it just the opposite. Further research on this
topic are needed.
A recently published study investigated the incidence
of NASH in children and young adults as indications for
LT in addition to post-LT patients and graft outcomes.
[27]
Alkhouri et al
found that approximately 4% (13)
of patients who were transplanted for NASH cirrhosis
needed re-transplantation due to NASH recurrence.
Based on the literature, approximately one-third of
patients who were transplanted for non-NASH indications
developed IR and MetS (risk factors for NAFLD) in the
three years post-LT. As such, researchers have attended
to understanding the development of de novo NAFLD in
recipients who underwent LT for indications other than
[11]
[83]
NASH . Ten years ago, Seo et al
retrospectively
analyzed data from 68 recipients who experienced LT
due to ESLD that was related to non-NASH indications.
They reported that 18% of the recipients developed de
novo NAFLD, while 9% developed de novo NASH. The
data analysis showed that the utilization of angiotensinconverting enzyme inhibitors (ACE-I) was related to
a decreased risk for developing NAFLD after LT. In
contrast, an increased BMI of more than 10% after LT
[83]
was a risk factor for NAFLD after LT . The observation
related to the protective effect of ACE-I in the context of
de novo NAFLD after LT is interesting given preliminary
findings that renin-angiotensin (RAAS) inhibitors have
a beneficial effect on the regression of NAFLD in non[84]
transplanted patients . Recently, we have shown that
using the RAAS inhibitor is associated with a lower rate
of NAFLD as defined by TE with CAP in the population
[85]
of renal transplant recipients . However, additional
research is needed on the benefits of using RAAS
inhibitors to prevent the occurrence or progression
[85]
of NAFLD in post-LT patients . A few years ago,
[86]
Dumortier et al
published a retrospective study
that analyzed the prevalence of NAFLD in post-LT liver
biopsies from 421 recipients who were transplanted
for non-NASH indications. Histological evidence of
steatosis occurred in 131 (31.1%) patients; and 53%
had grade 1, 31% grade 2 and 16% grade 3 steatosis.
Interestingly, 51.1% of those with steatosis had normal
liver enzymes. There was perisinusoidal fibrosis in
38 patients (29.0%), while 5 patients (3.8%) were
diagnosed with NASH. In contrast, there was cirrhosis
or extensive fibrosis in 2.25% of recipients at the
end of the follow-up. The authors noted that post-LT
obesity, tacrolimus-based regimen, hyperlipidemia,
hypertension, diabetes mellitus, and alcoholic cirrhosis
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[28,70,72]

were the primary indications for the LT and, combined
with pre-transplant liver graft steatosis, were risk factors
[86]
for steatosis after transplantation . This is the first
study that showed an association between the presence
of steatosis in the donor liver and the development
[28,86]
[87]
of new NAFLD after the LT
. Recently, Kim et al
showed that preexisting donor graft steatosis is asso
ciated with a threefold increased risk for developing
post-LT NAFLD (OR = 3.147, p = 0.022). Although the
impact of donor steatosis on graft and patient outcomes
remains an insufficiently explored area, the growing
incidence of NAFLD in general population indicates an
[13]
urgent need for further investigations on this topic .
Another interesting topic in the context of NAFLD
after LT is the difference between recurrent and de
[88]
novo NAFLD after LT. Vallin et al published the first
longitudinal study four years ago with a small number
of patients. The authors analyzed the characteristics
of 91 patients who experienced LT between 2000
and 2010. They compared biological, clinical, and
histological markers for patients who had recurrent
NAFLD and patients who had de novo NAFLD. During
the study, 91 patients were given a diagnosis of postLT NAFLD: 11 cases were classified as recurrent
NAFLD, and 80 cases were classified as de novo
NAFLD. There were no differences in sex, age and
the prevalence of obesity, hypercholesterolemia or
hypertension. However, in patients with recurrent
NAFLD, there was a higher prevalence of diabetes
mellitus (100% vs 37.5%). Severe fibrosis (stage
3 or 4) and steatohepatitis at 5 years had a higher
incidence in patients who had recurrent NAFLD than in
patients with de novo NAFLD [71.4% vs 12.5% (p <
0.01) and 71.4% vs 17.2% (p < 0.01), respectively].
Additionally, after 1 year, NAFLD was diagnosed in
67% of patients who had de novo NAFLD, while it was
present in all patients who had recurrent NAFLD. For
the liver biopsy, steatosis disappeared in 18 patients
(22.5%) who had de novo NAFLD and in no patients
[88]
who had recurrent NAFLD . Although this was a
small study, it is important to note that recurrent
and de novo NAFLD after LT are different entities and
recurrent NAFLD appears to be a more severe and
[88]
irreversible condition with an earlier onset .
Although many drugs have been examined for
treating NAFLD/NASH in the general population, there
is still no efficient therapy for NAFLD. Thus, there are no
studies that examine treatment options for preventing
or treating the development or recurrence of NAFLD/
NASH after LT. Because NAFLD is a liver manifestation
of MetS, we need to prevent and treat all MetS
components in post-LT patients. Given the metabolic
effects of immunosuppressive drugs that are used in
liver transplant recipients, this can often be challenging.
For now, we can attempt to prevent and manage
hypertension, dyslipidemia, diabetes and obesity, as well
as individualize immunosuppressive therapy in post-LT
patients to prevent NAFLD recurrence/development and
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CVD complications in all recipients

.

NAFLD AND CHRONIC KIDNEY DISEASE
AFTER LIVER TRANSPLANTATION
CKD is another important area and potential challenge
in the context of NAFLD and LT. The survival of the
graft and patient as well as the success of LT directly
depends on kidney functions. Unfortunately, it is almost
impossible to prevent the development of CKD after
LT. For the occurrence of CKD after LT, there are three
primary risk factors: pre-LT kidney disease, using
immunosuppressive drugs and recipient comorbidities.
Several authors reported that a risk factor for the
development and progression of CVD and CKD is
[70,72,89-91]
[89]
NAFLD
. Musso et al
performed a metaanalysis that included 33 studies 4 years ago. The
study showed that NAFLD was related to an increased
incidence and prevalence of CKD. There is a close
relation between NAFLD and risk factors for CVD and
CKD, which makes it difficult to determine whether
NAFLD is only a risk marker for CVD and/or CKD or
[71,90,91]
[67]
a causal factor
. Park et al
reported similar
results for NASH patients who were on the waitlist.
Patients who had ESLD due to NASH on the waiting
list had significantly higher levels of serum creatinine
than patients who had other etiologies of ESLD,
[67]
despite similar MELD scores . Moreover, NASH is also
important in the context of CKD for the post-LT setting.
The first study that highlighted this association was
[91]
by Houlihan et al . They demonstrated that patients
who underwent LT for ESLD related to NASH developed
worse renal functioning than patients who had ESLD
due to other etiologies. Compared to non-NASH
patients, three months after LT, NASH patients had a
significantly lower estimated glomerular filtration rate
(eGFR). During the next two years 31.2% of the NASH
patients (15/48) developed stage IIIb CKD, which only
[91]
occurred in 8.3% of the non-NASH patients (4/48) .
[92]
Three years later, Fussner et al reported that female
gender and NASH were independent predictors of ≥
stage 3 CKD development at 5 years post-LT.
Given the increase in the incidence of ESLD due
to NASH, and based on the MELD allocation system,
which favors LT for patients with higher creatinine
(kidney injury), the incidence of CKD after LT is also
likely to increase. In order to prevent pre- and post-LT
CKD, more effective methods of treatment are needed,
such as, delayed usage of CNIs or immunosuppres
sive protocols without CNIs which may be effective
way for saving kidney function after LT. Therefore,
immunosuppressive protocols should be considered in
the context of LT and NASH, and more pro-perspective
[28,91,93]
studies are needed on this topic
.

CONCLUSION
NAFLD/NASH is a challenging and multisystem disease
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that has a high socioeconomic impact. NAFLD/NASH,
as a primary cause of macrovesicular steatosis, has
several impacts on LT; on patients on the waiting list
for transplant, on post-transplant setting as well as
on organ donors. Current data indicate a new trend in
the area of CLD. Because of the increased incidence of
T2DM and obesity, i.e., the growing incidence of MetS,
[13,19,25,54,94]
there is a parallel rise in the HCC incidence
.
Consequently, NASH cirrhosis and HCC due to NASH will
soon become the major indications for LT. Importantly,
recent investigations and observations indicate that
HCC can occur in patients who have NAFLD without
liver cirrhosis. Because screening for HCC is not a part
of standard approach for a patient with NAFLD without
cirrhosis, HCC is often diagnosed in advanced stages.
One of the primary goals of health care practitioners
should be to increase awareness of NAFLD/NASH and to
develop and conduct useful screening programs for this
[13,19,25,54]
increasing patient population
.
An increased incidence of MetS and, consequently,
NAFLD/NASH effects the demand for LT and the supply
of available donors. Thus, we can expect that there
will be a higher number of steatotic livers for LT in the
future. The lack of organs is a global problem and could
result in one of two possible scenarios. We will either
choose low quality organs that have a greater risk for
post-transplantation complications and, consequently, a
higher risk for worse outcome of LT. The second option
is that we will decrease steatotic livers but the time on
the waiting list will become longer and, consequently,
there will be an increase in wait-list mortality. To develop
appropriate method for optimizing the allocation of
steatotic grafts prior to LT, research needs to examine
procedures to protect it from IRI or primary graft nonfunctioning and to expand the pool of available donors.
Moreover, future research should identify new noninvasive diagnostic methods for the exact detection and
quantification of steatosis in donor organs. In addition,
more data on other potential risk factors that are
associated with the development of steatotic livers is
[28,54]
necessary
.
There are two problems with keeping NASH patients
on the waiting list: their comorbidities and lower MELD
scores compared to other etiologies of CLD. These
patients often have different metabolic risk factors and
coexisting CVD and/or CKD, which makes managing
these patients complicated and demanding. As such,
there is a need for more detailed and personalized
screening and evaluations of NAFLD/NASH patients,
particularly for assessing CVD. According to available
research, there are no universal guidelines or clear
recommendations for the optimal screening method
for CVD in patients who have NASH related ESLD and
are candidates for LT. We need new prospective studies
that will answer this important question and provide a
basis for a standardized approach to assessing CVD risk
[13,28,35]
in this population of LT candidates
In addition,
randomized studies are needed to determine which
NASH patients on the transplant list will benefit from
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treatment with BS, the optimal time for BS (before LT,
[28,34]
during LT, after LT) and the type of BS to apply
.
Future research is also needed to demonstrate the long[28]
term impact of BS on LT recipients .
Patients who have ESLD due to NASH and un
derwent LT have similar post-transplant outcomes as
[35,68]
other etiologies of CLD
. However, according to
research, the total survival rates after LT are good, but
NASH recipients have a higher incidence of CVD events
after LT. Interestingly, infections (sepsis) were also more
frequently observed in this group of recipients. The
NASH LT recipients should be viewed as population at
high risk for CVD, thus, there is a need for more studies
[11,68,69]
on how to follow and treat these patients
.
The prevalence of MetS clinical features, such as
T2DM, hypertension, rapid weight gain and dyslipidemia,
are often higher in the period after LT, are frequently
caused by transplant specific factors, including immu
nosuppression, and can be valuable predictors of re
cipients’ morbidity and mortality. Immunosuppressant
drugs, such as corticosteroids, CNIs and mTORs,
have a specific role in metabolic balance and favor
hyperglycemia, weight gain, hypertension and hyper
lipidemia. These groups of immunosuppressive drugs
may, to an extent, contribute to the formation of CVD
[70,72]
by affecting metabolic complications
. Most studies
that examine the prevalence of recurrent NASH in
the post-LT setting have shown that the incidence of
recurrent NASH is between 20% and 40%, but the
incidence largely depends on NASH detection methods,
such as liver enzymes, imaging techniques or liver
biopsies. Most of the studies that investigated the
incidence of recurrent NASH have been retrospective,
without the standard Post-LT interval biopsy protocol.
In addition, the histological criteria that are used for the
diagnosis of recurrent NAFLD varied in the published
[74,81]
studies
. Therefore, prospective studies with welldefined biopsy protocols are needed to show the actual
incidence and progression of recurrent NAFLD after
LT. According to the literature, in one-third of patients
who were transplanted for non-NASH indications, IR
and MetS developed within three years post-LT. As
such, more research has focused on understanding
the development of de novo NAFLD in recipients who
[11]
underwent LT for indications other than NASH .
Another interesting topic in the context of NAFLD after
LT is the difference between recurrent and de novo
NAFLD after LT. Although the results from previous
studies were conducted with a small number of
patients, it is important to note that recurrent NAFLD
and de novo NAFLD after LT are different entities and
that recurrent NAFLD appears to be much more severe
[88]
and irreversible and has an earlier onset .
Preliminary data indicated that preexisting donor
graft steatosis is associated with a threefold increase
in the risk for developing post-LT NAFLD. However, the
influence of donor steatosis on the graft and patient
outcomes has been minimally explored, and given the
growing incidence of NAFLD in the general population,
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there is an urgent need for further investigations on
[13,87]
this topic
.
NASH is important in the context of CKD and in the
post-LT setting. Preliminary data outline that NASH is an
independent predictor of ≥ stage 3 CKD development
[91,92]
after LT
. Given the increase in the incidence of
ESLD due to NASH, there is also likely to be an increase
in the incidence of CKD after LT. The transplant society
will have to identify a more useful approach to these
patients to prevent pre- and post-LT CKD. The delayed
use of CNIs or immunosuppressive protocols without
CNIs may be an effective way for saving kidney function
after LT. Therefore, immunosuppressive protocols should
be considered in the context of LT and NASH, and more
[28,91,93]
pro-perspective studies are needed on this topic
.
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Hepatitis B virus pre-S/S variants in liver diseases
Bing-Fang Chen
asymptomatic carrier state, chronic hepatitis (CH), liver
cirrhosis (LC), and hepatocellular carcinoma (HCC).
Because of the spontaneous error rate inherent to
viral reverse transcriptase, the hepatitis B virus (HBV)
genome evolves during the course of infection under
the antiviral pressure of host immunity. The clinical
significance of pre-S/S variants has become increasingly
recognized in patients with chronic HBV infection. Pre-S/
S variants are often identified in hepatitis B carriers
with CH, LC, and HCC, which suggests that these
naturally occurring pre-S/S variants may contribute
to the development of progressive liver damage and
hepatocarcinogenesis. This paper reviews the function of
the pre-S/S region along with recent findings related to
the role of pre-S/S variants in liver diseases. According
to the mutation type, five pre-S/S variants have been
identified: pre-S deletion, pre-S point mutation, pre-S1
splice variant, C-terminus S point mutation, and pre-S/
S nonsense mutation. Their associations with HBV
genotype and the possible pathogenesis of pre-S/S
variants are discussed. Different pre-S/S variants cause
liver diseases through different mechanisms. Most cause
the intracellular retention of HBV envelope proteins and
induction of endoplasmic reticulum stress, which results
in liver diseases. Pre-S/S variants should be routinely
determined in HBV carriers to help identify individuals
who may be at a high risk of less favorable liver disease
progression. Additional investigations are required
to explore the molecular mechanisms of the pre-S/S
variants involved in the pathogenesis of each stage of
liver disease.
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Core tip: Naturally occurring hepatitis B virus (HBV)
pre-S/S variants have been identified and associated
with progressive liver diseases. In this review, the
author discusses five pre-S/S variants: pre-S deletion,

Abstract
Chronic hepatitis B is a global health problem. The
clinical outcomes of chronic hepatitis B infection include
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pre-S point mutation, pre-S1 splice variant, C-terminus
S point mutation, and pre-S/S nonsense mutation.
Their associations with HBV genotype and the possible
pathogenesis of pre-S/S variants are also discussed.
Different pre-S/S variants cause liver diseases through
different mechanisms. Most cause the intracellular
retention of HBV envelope proteins and induction of
endoplasmic reticulum stress, resulting in liver diseases.
The exact pathogenesis of pre-S/S variants requires
further investigation.
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INTRODUCTION

pS1

Hepatitis B virus (HBV) infection, which causes acute
and chronic liver diseases, is a global health concern.
The majority of acute HBV infections are self-limited,
whereas chronic HBV infection usually results in a
lifelong course. Chronic HBV infection can result in
numerous clinical conditions, including asymptomatic
HBV carrier (ASC), chronic hepatitis (CH), liver cirrhosis
[1,2]
(LC), and hepatocellular carcinoma (HCC) . More
than 350 million people worldwide are estimated to
have chronic HBV infection, and more than 25% of the
chronically infected patients in Asia die because of HBVrelated chronic diseases. The outcomes of HBV infection
vary, which is likely because of differences in the host
and viral factors.
To date, 10 HBV genotypes, designated as
genotypes A to J, have been identified based on a
divergence of > 8% over the entire genomic sequence.
These 10 HBV genotypes are distributed in specific
[3,4]
geographical locations . Genotypes A (HBV/A) and
D (HBV/D) are prevalent in Africa, Europe, and the
Americas; genotypes B (HBV/B) and C (HBV/C) in Asia;
genotype E (HBV/E) in sub-Saharan Africa; genotypes
F and H in Southern and Central America; genotype G
in France, Germany, and the United States; genotype
I in Vietnam and Laos; and genotype J in Japan’s
Ryukyu islands. All genotypes can lead to progressive
liver disease, but the clinical implications of each
genotype differ. For example, patients infected by the
HBV/C or HBV/D strain have a higher frequency of
basal core promoter mutations, a lower response rate
to interferon therapy, and a more rapid progression to
liver fibrosis and HCC than those infected by the HBV/
[3,4]
B or HBV/A strain . In addition, carriers infected by
HBV/C have a higher rate of pre-S deletions than those
[5,6]
infected by HBV/B . Collectively, these data indicate
pathogenic and therapeutic differences among the HBV
[3,4]
genotypes .
HBV is a small (42 nm) enveloped DNA virus,
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Figure 1 Genome structure and organization of hepatitis B virus. The
relaxed-circular DNA genome of HBV with a complete minus strand and
incomplete plus strand is shown (inner circle), along with the four main open
reading frames (ORFs): pre-S/S; precore/core (pC/C); Pol, including four
domains: TP, SP, reverse transcriptase (RT), and RNase H (RH); and X. The
minus (-) and plus (+) DNA strands are marked. The HBV Pol and capped
mRNA oligomer at the 5' end of the (-) and (+) strands as well as the DR-1 and
DR-2 are illustrated. The space between the DR-1 and DR-2 is the "cohesive
overlap region." The (+) strand is typically incomplete.

whose genome consists of partially double-stranded
circular DNA that is 3182-3248 bp in length (varying
with the genotype). Four genes - pre-S/S, precore
(PC)/core (C), Pol, and X - encode seven polypeptides,
including the structural proteins of the virion envelope
and core, a small transcriptional transactivator, and a
large polymerase protein with reverse transcriptase
(RT) and RNase H (RH) activity (Figure 1). The pre-S/S
gene has three in-frame initiation codons and encodes
the small (S) envelope proteins as well as the middle
(M) and large (L) envelope proteins, which contain
pre-S2 and pre-S (pre-S1 and pre-S2) sequences,
respectively (Figure 2A). The PC/C gene has two inframe initiation codons and encodes the core antigen
plus HBe protein, which is processed to produce soluble
[1]
hepatitis B e antigen . HBV replicates through the
reverse transcription of an RNA intermediate, but
because the RT lacks a proofreading function, errors in
HBV DNA replication occur at a much higher rate than
for other DNA viruses. The estimated rate of nucleotide
-5
substitution is approximately 1.4-3.2 × 10 per site per
[7]
year . These naturally occurring mutants evolve during
the course of infection under the antiviral pressure
of the host immune system or exogenous factors,
[8]
including immunization or specific therapy . Such
HBV mutants display alteration of epitopes vital to host
immune recognition, enhanced virulence with increased
replication of HBV, and resistance to antiviral therapies
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Figure 2 Gene expression of the pre-S/S gene in (A) wild-type hepatitis B virus and (B) pre-S/S variants: non-S promoter, S promoter, and spPS1.
[9,10]

while facilitating cell attachment or penetration
.
These viral mutants, including basal core promoter, PC
mutation, pre-S deletion, pre-S mutation, S mutants,
[5,6,11-27]
and splice variants
, have been associated with an
increased risk of liver diseases.

WJG|www.wjgnet.com

The clinical significance of these naturally occurring
mutants has become increasingly recognized in patients
[8-10,21,26,27]
with both acute and chronic HBV infections
.
In this article, the function of the pre-S/S region and
recent findings related to the role of pre-S/S variants on
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Figure 3 Immune epitopes and functional domains within the hepatitis B virus pre-S region. The pre-S region consists of the pre-S1 and pre-S2 regions.
The pre-S1 region contains 119 amino acids in HBV genotypes B or C and is further divided into two parts: the N half (amino acids 1-57) and C half (amino acids
58-119). The pre-S2 region contains 55 amino acids. The pre-S domain contains many B- or T-epitopes and exerts multiple functions, as illustrated. The N-half of
pre-S1 contains a hepatocyte binding site essential for infection. The C-half of pre-S1 contains a heat-shock protein 70 (Hsc70) binding site and cytosolic anchorage
determinant (CAD) vital for dual topology of L proteins as well as a nucleocapsid binding site (NBS) for virion morphogenesis. The C-half of pre-S1 also contains an
S-promoter and CCAAT binding factor (CBF) binding site necessary for expression of the S gene. The pre-S2 region has a polymerized human serum albumin (pHSA)
binging site and viral secretion (VS) site. Black triangle, myristylation at second amino acid; white triangle, N-link glycosylation at N-4 of the M protein; gray triangle,
O-link glycosylation at T-37 of the M protein. B-epitopes: pS1-B1, pS1-B2, pS2-B1, pS2-B2, and pS2-B3. T-epitopes: pS1-T1 and pS2-T1. B- and T-epitope: pS1-BT.

site for viral secretion (VS); and the site for polymerized
[28-33]
human albumin (pHSA) (Figure 3)
.The pre-S region
also plays an essential role in the interaction with the
immune responses because it contains both B- and T-cell
[34-39]
epitopes (Figure 3)
. By contrast, the biological role
of M protein in the viral life cycle has been controversial.
In vitro studies have suggested that M protein is not
essential for viral replication, virion morphogenesis, or
[40]
infectivity. Huang et al defined a novel regulatory role
for M protein, which may undergo a proteolytic process
au
to generate an MHBs (aa 1-57 of M protein) species to
upregulate the transcription of S promoter. In addition,
the pre-S2 region of M protein binds to pHSA (aa 3-16),
[34]
but the significance of this binding is unknown . The
S proteins are required for virion morphogenesis and
secretion, and they also contain both B- and T-cell
[26,41]
epitopes
.
HBV envelope proteins are synthesized at the
endoplasmic reticulum (ER). HBV envelope proteins
have an unusual feature; they have multiple trans
membrane domains that span the ER with loops of
amino acids internal and external to the cytosol (Figure
[41]
4A) . The S protein spans the ER membrane through
four transmembrane domains (TM 1-4) that are linked
[41]
by internal and external loops . The loop of amino
acids linking TM2 and TM3 is external to the ER and
comprises aa 99-169. This loop is known as the “a”
determinant (aa 122-148), and it is of vital virological
and clinical signiﬁcance as it is a major antigenic
determinant of HBV. The transmembrane topology of

liver diseases is discussed and reviewed.

THE BIOLOGICAL FUNCTION OF THE
PRE-S/S REGION
The pre-S/S gene has three open reading frames (ORFs)
that encode three forms of hepatitis B surface antigen
(HBsAg): the L, M, and S structural proteins of the viral
envelope. However, these proteins are translated from
different mRNAs: the L protein is translated from a
long 2.4 kb pre-S1 RNA transcript, whereas the M and
S proteins are translated from a slightly shorter 2.1 kb
S RNA transcript (Figure 2A). The S protein consists of
226 amino acids (aa). The M protein is an extension
of the S protein, with an additional 55 aa (i.e., pre-S2
region). The L protein is an extension of the M protein,
with an additional 108-119 aa depending on the
genotype (i.e., pre-S1 region). The aa sequence present
at the C termini of the L and M proteins is identical to
the S protein and is referred to as the S region. The
pre-S (pre-S1 and pre-S2) region of the L protein is
crucial for viral replication. It contains several functional
sites: the hepatocyte binding site, which is essential for
the attachment of HBV to liver cells; the S promoter
and the CCAAT binding factor binding site, which is
essential for S RNA transcription; the heat-shock protein
70 (Hsc70) binding site and the cytosolic anchorage
determinant (CAD), which are essential for the dual
topology (T) of L proteins; the nucleocapsid binding site
(NBS), which is essential for virion morphogenesis; the
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Figure 4 Topology of wild-type small (S), medium (M), and large (L) envelope proteins. The predicted four membrane-spanning segments (indicated by
rectangular boxes) of S project their N and C termini into the endoplasmic reticulum lumen (A). The M proteins exhibit a topology similar to the S protein with their
N-terminal pre-S2 domain protruding into the endoplasmic reticulum (ER) lumen, whereas the L proteins display a dual topology. Upon cotranslational membrane
integration, the pre-S domains of L proteins are initially located on the cytosolic side of the ER membrane (i-Pre-S); they are controlled by the dual topology site (indicated
by an oval). During maturation (marked by the arrow), nearly half of mature L-protein molecules posttranslationally translocate their pre-S region to the luminal space
(e-Pre-S). The nucleocapsid (N) binding sites in the pre-S and S region are indicated by the white curved box. (B) The L-protein topology of pre-S/S variants. The
nucleocapsid variant demonstrates a dual topology, and the topology variants and spPS1 variants display a uniform topology. The broken line indicates deletion, and “a”
indicates “a” determinant.
[8]

pressure of host immunity or speciﬁc therapy . Re
cently, many investigations have reported that pre-S/S
variants are associated with the development of liver
[5,6,11-14,26,27]
diseases
. Here, according to the mutation
type, five pre-S/S variants-pre-S deletion, pre-S point
mutation, pre-S1 splice variant, C-terminus S point
mutation, and pre-S/S nonsense mutation-are reviewed.
The pre-S region is the most variable sequence of the
viral genome and changes with the genotype. The HBV
genotype may influence the emergence of different
pre-S variants; thus, it is also reviewed.

the M protein is identical to the S protein. By contrast,
the L protein has two transmembrane topologies. On
biogenesis, the CAD of the pre-S1 region interacts
with the cognate heat-shock protein Hsc70, thereby
preventing cotranslational pre-S translocation to remain
[42,43]
the pre-S domain of L cytosolic
. During maturation,
approximately half of the L molecules posttranslationally
translocate their pre-S region into the ER, thereby
[41-43]
generating a dual topology (Figure 4A)
. The L
protein serves its topological opposing functions in the
virus life cycle by orientating the pre-S domain at both
the cytosolic (i-Pre-S, inside the virus) and luminal
(e-Pre-S, outside the virus) locations, i-Pre-S for capsid
[41]
envelopment and e-Pre-S for receptor binding .

Pre-S deletion and genotype

Many studies have demonstrated that pre-S deletions
[5,6,11-14,26,27]
are associated with progressive liver diseases
.
Pre-S deletion is frequently found at the C-terminal half
(aa 58-119) of pre-S1 and the N-terminus (aa 1-23) of
[6,11-14,26,27]
pre-S2. Most are in-frame deletions
. Mapping
of the pre-S region has revealed that all deletion
regions encompassed T- and B-cell epitopes, and most
of them lost one or more functional sites, including

ASSOCIATION BETWEEN HBV PRE-S/S
VARIANTS AND LIVER DISEASES
Owing to the spontaneous error rate of viral reverse
transcription, naturally occurring HBV mutants arise
during the course of a patient’s infection under the
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the S promoter, T site, NBS, start codon of M, VS site,
[6,44]
and pHSA site
. Most reports have focused on the
relationship between pre-S deletion and HCC and have
indicated that pre-S2 deletion is associated with HCC
[5,6,11-14,21,26,27,44]
development in adults
. Two reports
have revealed a high prevalence of HBV pre-S deletion
mutation, with the mutation being recognized in 27 of
30 (90%) and 9 of 19 (47.4%) examined childhood
[45,46]
cases of HCC
. Pre-S2 deletion also occurred
[45,46]
frequently (20/27, 74%; 8/9, 88.8%)
. Other
studies have reported a high rate of pre-S1 deletion
[47,48]
in HBV/C-infected HCC cases
. These differences
might result from the prevalence of different genotypes
[49]
(or subgenotypes) in different countries. Biswas et al
investigated the association of types of pre-S mutations
with HBV genotypes from 25 cases and revealed
that pre-S1 deletion (5/9, 55.56%) was common in
HBV/D, pre-S2 start codon mutation (5/9, 55.56%)
was frequent in HBV/A, and pre-S2 deletions (3/7,
42.85%) were frequent in HBV/C. Recently, we enrolled
43 HBV/B and 43 HBV/C-infected carriers with pre-S
deletion to examine the prevalence of different pre-S
[50]
deletions and their associations with HBV genotypes .
The results showed the frequencies of some types of
pre-S deletion differed between the HBV/B and HBV/C
groups, whereas the frequencies of other types of pre-S
[50]
deletion were similar in both genotypes . Sequence
alignment analysis indicated that both genotypes
possessed a high frequency of deletion in the C-terminus
half of the pre-S1 region and N-terminus of the pre-S2
region (86.0% and 79.1% in the HBV/B group; 69.8%
and 72.1% in the HBV/C group, respectively). Epitope
mapping revealed that deletion in several epitope sites
was frequent in both genotypes, particularly pS1BT and pS2-B2. Conversely, the frequency of pS2-B1
deletion was significantly higher in the HBV/B group
(72.1% vs 37.2%, P = 0.002), and the frequency of
pS2-T deletion was significantly higher in the HBV/C
group (48.8% vs 25.6%, P = 0.044). Functional map
ping revealed that the frequency of deletion in three
functional sites (NBS, the start codon of M, and VS site)
located in the border between the pre-S1 and pre-S2
region (aa 103-127) was significantly higher in the
HBV/B group (P < 0.05). One variety of N-terminus
pre-S1 deletion mutation demonstrating deletion of the
start codon of the L protein was frequently observed
in the HBV/C group (20.9% vs 9.3%, P = 0.228).
The correlation of different pre-S deletion with the
HBV genotype was further examined according to
different clinical outcomes. Significant differences were
observed between the HBV/B- and HBV/C-infected
patients with LC-HCC. Deletion in the N-terminus of
the pre-S2 region - including two epitope sites (pS2-B1
and pS2-B2) and three functional sites (the start codon
of M, VS, and pHSA) - was significantly more frequent
in the HBV/B-infected LC-HCC patients (P < 0.05). In
Asia, HBV/B and HBV/C commonly coexist. However,
[3,4]
their distribution differs by country . Pre-S2 deletion
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has been associated with the development of HCC
[27,45,51]
in Taiwan
. This finding may be due to HBV/B
being more prevalent than HBV/C in Taiwan. HBV/C is
predominant in Korea, where the N-terminus pre-S1
deletion mutant with deletion of the start codon of the
L protein has been correlated with the development of
[47,48]
HCC
. These results indicate that the tendency of
different pre-S deletion varies across HBV genotypes.
Therefore, the difference in genotype (or subgenotype)
prevalence in different countries may influence the
pattern of pre-S deletion associated with HCC.
The association of specific types of pre-S deletion
with CH and LC development remains unknown. Our
studies have revealed that deletion in the C-terminal
half of the pre-S1 region is frequent among CH and
[25,50]
LC patients
, which is in contrast to HCC patients,
who demonstrated a signiﬁcantly higher frequency of
[11-14,26,27,44-46]
deletion in the pre-S2 region
. Functional
mapping showed that deletion in the S promoter was
signiﬁcantly frequent in CH and LC patients compared
[25,50]
with that in ASCs
. The correlation among different
pre-S deletion mutants with HBV genotypes in CH
and LC patients was investigated, and deletion in the
S promoter and the C-terminal half of pre-S1 was
[50]
frequently observed in both genotypes . In the CH
patients, deletion in the pS1-BT and four functional
sites (S promoter, Hsc70, CAD, and NBS), which are
located in the C-terminal half of the pre-S1 region, was
frequent in both genotypes. Conversely, deletion in the
pHSA was more frequent in the HBV/B group than in
the HBV/C group (88.9% vs 36.4%, P = 0.028). In the
LC patients, no significant differences were observed
between the HBV/B and HBV/C groups, except that
deletion in the start codon of L was more frequent in
[50]
the HBV/C group (42.9% vs 12.5%, P = 0.193) .
To understand the characteristics of these pre-S
deletion mutants, five naturally occurring pre-S deletion
mutants - namely one pre-S1 C-terminus half deletion
mutant (dps1), two pre-S1/2 deletion mutants with
deletion spanning pre-S1 and pre-S2 (dpS12a and
dpS12b), and two pre-S2 deletion mutants (dpS2a and
[52]
dpS2b) - were analyzed in vitro . Functional analyses
indicated that they could be divided into two groups:
S promoter (dpS1 and dpS12a) and non-S promoter
(dpS12b, dpS2a, and dpS2b) deletion mutants.
Northern blot analysis revealed that S RNA could be
transcribed in non-S-promoter deletion mutants and
that the ratio of pre-S1 RNA to S RNA was similar to
that in wild-type (WT) HBV transfected cells (Figure
2). Conversely, S promoter deletion mutants could not
transcribe S RNA efficiently and had a higher level of
pre-S1 RNA, causing an inverse ratio of pre-S1 RNA
to S RNA (Figure 2). Western blot and ELISA analyses
indicated that intracellular accumulation of envelope
proteins was present in all pre-S deletion mutant
transfected cells, especially in the S promoter deletion
mutant transfected cells. Immunofluorescence analysis
revealed that the mutant L proteins, unlike the WT L
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proteins, exhibited granular staining in the S promoter
deletion variants and a perinuclear staining pattern in
[52]
the non-S-promoter deletion variants ; other studies
[12,26,27,53-56]
have reported similar findings
. Two types of
ground glass hepatocytes (GGHs) have been deﬁned
and associated with liver diseases in chronic HBV
[27]
infection . These GGHs contain pre-S deletion mutants
that are accumulated in the ER and induce ER stress.
Type I GGHs that harbor pre-S1 deletion variants display
a globular or inclusion-like immunostaining pattern of
HBsAg and are typical of the high viral-replicative phase
of chronic HBV infection. Type Ⅱ GGHs that harbor
pre-S2 deletion variants with or without point mutations
at the start codon of M proteins demonstrate marginal
staining patterns of HBsAg, are distributed in large
clusters because of their higher proliferative activity,
and are characteristic of the advanced stages of chronic
[27]
liver diseases . Pre-S deletion mutants have been
observed to induce the ER stress response, leading
to the enhanced expression of vascular endothelial
growth factor-A and the activation of Akt/mammalian
[57]
target of rapamycin signaling in GGHs . In addition,
pre-S2 deletion mutants may elicit the aberrant cyclin A
expression and centrosome overduplication through ER
stress induction and result in cell cycle progression, cell
[58-60]
proliferation, and anchorage-independent growth
.
In addition to the induction of ER stress signals, pre-S2
deletion L proteins may directly interact with the Jun
activation domain-binding protein 1, thus triggering
cyclin-dependent kinase inhibitor p27 degradation,
retinoblastoma hyperphosphorylation, and cell cycle
[61]
progression . These studies all suggest that pre-S
deletion mutants may cause the intracellular retention
of HBV envelope proteins, resulting in liver diseases.

C. Multiple logistic regression analysis revealed that
pre-S deletions and point mutations at codon 51 and
167 were independent factors associated with HCC.
Longitudinal observation indicated that pre-S deletions
and the majority of the 11 HCC-associated pre-S
point mutations existed at least 10 years before HCC
development, and they were more prevalent preceding
HCC development in patients from the HCC groups than
[44]
the HCC-free group . Five amino acid sites (codon 27,
35, 54, 137, and 167) that were under positive selection
pressure were identified in the HBV/C sequences,
whereas no positive selection codon was detected for
[44]
[63]
HBV/B . Zhang et al later used deep sequencing to
examine the dynamics of HBV quasi-species and their
relationship to HCC development. In total, 32 chronic
hepatitis B (CHB) patients with HCC (HCC group) and
[63]
32 matched controls were recruited . HCC patients
were found to have a higher intrapatient prevalence of
pre-S deletions and point mutations at codons 4, 27,
and 167 compared with the control patients (all P <
0.05). Longitudinal observation in the sera of 14 HCC
patients determined that quasi-species complexity (P =
0.027 and 0.024 at the nucleotide level and the amino
acid level, respectively) and diversity (P = 0.035 and
0.031 at the nucleotide level and the amino acid level,
respectively) increased as the disease progressed to
[63]
HCC . Another study in patients with either HBV/B or
HBV/C indicated that point mutation C2964A, A2962G,
and C3116T in the pre-S1 region; C7A and T53C in
the pre-S2 region; and pre-S2 start codon mutation
are associated with an increased risk of HCC, and a
novel mutation C105T in the pre-S2 region is inversely
[64]
associated with the risk of HCC . Functional studies
investigating pre-S point mutants have been conducted.
[65]
Mun et al demonstrated that amino acid substitution
F141L in the pre-S2 region increases the risk of HCC in
HBV/C-infected subjects. An in vitro study demonstrated
that F141L-LHBs can induce cell cycle progression by
down-regulating the p53 and p21 pathways and upregulating cyclin-dependent kinase 4 and cyclin A. In a
colony-forming assay, the colony-forming frequencies
in cell lines expressing F141L-LHBs were approximately
[65]
twice as high as those of the WTs . This suggests that
F141L-LHBs may have a vital role in the pathogenesis of
[65]
HCC by inducing cell proliferation and transformation .
[63]
Zhang et al proposed that these pre-S point mutants
may cause imbalanced envelope protein production and
intracellular retention of HBsAg, leading to ER stress
and tumorigenesis. These studies were conducted
in patients infected with HBV/B or HBV/C. Additional
studies are required to evaluate whether these
mutations exist in other HBV genotypes and whether
the conclusions of previous studies are valid.

Pre-S point mutant and genotype

The pathogenic role of pre-S point mutation has been
[62]
the subject of fewer studies. Chen et al reported that,
compared with control patients, patients with HCC had
higher frequencies of pre-S deletions and amino acid
substitutions at codon 4 (W4P/R), 7 (K7T/N), and 81
(A81T) in the pre-S1 regions; and at the start codon
(M1V/I/A) in the pre-S2 regions. By contrast, patients
had a lower frequency of amino acid substitution at
codon2 (Q2K/R) in the pre-S2 regions compared with
control patients. The correlation between different
pre-S point mutation with HBV genotype was further
examined; compared with patients with HBV/B
infection, patients with HBV/C infection were found to
have higher frequencies of amino acid substitutions
at codon 4 (17 of 79 vs 0 of 159; P < 0.001), codon
7 (14 of 79 vs 3 of 159; P < 0.001), and codon 81
[62]
(16 of 79 vs 2 of 159; P < 0.001) in pre-S1 genes .
[44]
Zhang et al
also reported that compared with the
HCC-free group, higher frequencies of pre-S deletions
and point mutations at 11 codons - 4, 27, 51, 54, 60,
62, 100, 125, 137, 166, and 167 - were observed in
the HCC group (P < 0.05) with either HBV/B or HBV/
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Pre-S1 splice variant and genotype

RNA splice donor and acceptor sites can be detected
throughout the HBV genome. Thus, RNA splicing can
occur and involve deletions of nucleotides at speciﬁc
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Table 1 Putative 5’ splice donor and 3’ splice acceptor sites in hepatitis B virus used to generate the splice variant spPS1
Genotype
A
B
C
D
E
F
G
H

Position (nt)

type

Potential splice
donor site

Position (nt)

Type

Potential splice
acceptor site

3024/3025
3018/3019
3018/3019
2985/2986
3015/3016
3018/3019
3051/3052
3018/3019

Donor
Donor
Donor
Donor
Donor
Donor
Donor
Donor

CAG/gtagga
AAG/gtggga
CAG/gtagga
AAG/gtagga
AAG/gtagga
AAG/gtagga
AAG/gtagga
AAG/gtagga

3207/3208
3201/3202
3201/3202
3168/3169
3198/3199
3201/3202
3234/3235
3201/3202

Acceptor
Acceptor
Acceptor
Acceptor
Acceptor
Acceptor
Acceptor
Acceptor

tcatcctcag/GC
tcatcctcag/GC
tcatcctcag/GC
tcatcctcag/GC
tcatcctcag/GC
acatcctcag/GC
tcatcctcag/GC
acatccacag/GC

sites. To date, 14 types of spliced HBV genomes have
been identiﬁed and isolated from the sera and liver
[23,24,66,67]
tissues of HBV-infected patients
. Different
introns are removed in different splicing variants, and
the splicing variants vary by genotype. The splice sites
of the HBV genome are not random: the five common
splice donor sites are at nucleotide positions 2067,
2447, 2471, 2985, and 2087, and the five common
splice acceptor sites are at nucleotide positions 489,
2350, 2236, 2902, and 282 (these nucleotide positions
are based on HBV/D). These variants can be reverse
transcribed and packaged with the help of WT virus to
[68,69]
provide the necessary proteins
. Several studies
have reported that spliced HBV variants enhance WT
virus replication in patients with CH; these variants
[23,24]
have been associated with advanced liver disease
.
The most frequently detected splice variant, SP1, can
encode a novel protein - the hepatitis B spliced protein
- which has been associated with viral replication and
[24]
[70]
liver fibrosis and may induce cell apoptosis .
To investigate the mechanism of the generation of
pre-S deletion-that is, whether these pre-S deletion
mutants are generated through RNA splicing or sporadic
events-the splice donor and acceptor sites of the pre-S
region have been searched, and only one type of
pre-S1 deletion mutant was determined to have splice
donor (nt 3018) and acceptor (nt 3202)(the nucleotide
positions are based on HBV/B and HBV/C) site-specific
sequences at the deletion boundaries. This suggests
that these pre-S1 deletion mutants (spPS1) were
[25]
derived from spliced pgRNA (Figure 2B) . The splice
donor site was at the existing position 3018 (nucleotide
position 2985 based on HBV/D), whereas the splice
acceptor site at position 3202 (nucleotide position 3169
based on HBV/D) was new (Table 1). Splice mapping
revealed that the splice donor and splice acceptor
residues critical for spPS1 were conserved across HBV
genotypes A-H (Table 1). This phenomenon explains
why this splice variant is frequently found during per
[25,53,71-76]
sistent viral infection
.
The molecular characteristics of the novel splice
variant spPS1 are mostly unknown. The splicing event
of spPS1 results in a 183-nucleotide deletion in the
C-terminal half of the pre-S1 region, complete deletion
of two functional sites (the S promoter and site for dual
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Ref.

[25,73]
[25,72,74]
[53,71,76]

topology), partial deletion of the NBS, and generation of
a spliced L protein (spL, deletion of 61 amino acids, aa
58-118) (Figure 2B). S promoter deletion should lead to
a reduction in S RNAs (consequently resulting in a low
level or absence of M and S proteins) and an increase
in pre-S1 RNAs (consequently resulting in relative
overexpression of the spL surface protein). The removal
of sites for dual topology and nucleocapsid binding in the
spPS1 variant leads to uniform (e-Pre-S) conformation
of spL proteins (Figure 4B) and decreased secretion of
HBsAg and viral particles. Our in vitro study revealed
that spPS1 (previously named dpS1) has a defect in S
[52]
RNA transcription and secretion of envelope proteins .
Other studies have also demonstrated that spPS1
possesses a defect in secretion of envelope proteins,
[53,71,72]
viral packaging, and subsequent virion secretion
.
Western blot analysis showed that intracellular spL
proteins exhibited a heterogeneous pattern, and
additional spL proteins with a higher molecular weight
[52]
were detected . Immunofluorescence staining re
vealed that spL proteins were accumulated within the
[52]
ER and displayed a granular staining pattern .
The clinical significance of the spPS1variant remains
largely unknown. This variant has been found in an
[73]
occult HBV-infected child and numerous chronically
HBV-infected patients worldwide, and it has frequently
been found in the sera of individuals with CH and
[53,71,72,74-76]
cirrhosis
. Clinical follow-up studies conducted
over a period of 10-14 years indicate that after this
variant occurs, acute exacerbation of CHB occurs, which
[71,72]
is followed by the development of liver fibrosis
.A
study demonstrated that the prevalence of spPS1 was
higher in CH patients (7 of 55, 12.7% vs 1 of 55, 1.8%;
P = 0.06) and LC patients (8 of 55, 14.5% vs 1 of 55,
[25]
1.8%; P = 0.032) than in ASCs . Logistic regression
analysis revealed that spPS1 variants were highly
related to CH (P = 0.058) and significantly related to
LC (P = 0.040). Thus, these clinical studies strongly
suggest that the spPS1 variant could cause acute
exacerbation of CHB, liver inﬂammation, and fibrosis.

C-terminus S mutant and genotype

The C-terminus S domain (aa 179-226) is hydrophobic
and assumed to be inserted in the ER membrane
(Figure 4A). This domain is involved in mediating

1514

April 14, 2018|Volume 24|Issue 14|

Chen BF. HBV pre-S/S mutants
the transit of envelope glycoproteins across the
[77]
endoplasmic reticulum . Mutations in this domain
can result in a stable, glycosylated, but nonsecreted
chain, thus affecting the biogenesis and secretion of
[77]
subviral particles . Two C-terminus S mutations were
found and significantly correlated with HCC: P203Q
(4/23, 17.4% in HCC vs 1/105, 1.0 in non-HCC, P =
0.004); S210R (8/23, 34.8% in HCC vs 4/105, 3.8%
in non-HCC, P < 0.001); P203Q + S210R (4/23,
[78]
17.4% in HCC vs 0/110, 0 in non-HCC, P = 0.001) .
In vitro experiments revealed that P203Q, S210R,
and P203Q+S210R significantly reduced the ratio of
secreted and intracellular HBsAg compared with WT
at each time point analyzed (P < 0.05); P203Q and
P203Q+S210R increased the percentage of cells in
S-phase compared with WT (P203Q: 26% ± 13%;
P203Q+S210R: 29% ± 14%; WT: 18% ± 9%, P <
0.01); S210R increased the percentage of cells in the
G2/M-phase (33% ± 6% for S210R vs 26% ± 8% for
[78]
WT, P < 0.001) . These results show that these two
C-terminus S mutations, P203Q and S210R, hamper
HBsAg secretion and are associated with increased
cellular proliferation, supporting their involvement in
HCC development. This study was conducted in patients
infected with HBV/D or HBV/A. Additional studies are
required to evaluate whether these mutations exist in
other HBV genotypes and whether the conclusions of
previous studies are valid.

encodes rtA181T is selected in the viral polymerase
during antiviral drug therapy and can also encode a
stop codon in the overlapping S gene at amino acid
172 (sW172*), resulting in truncation of the last 55
amino acids of the C-terminal hydrophobic region of
the S domain. In vitro study revealed that the sW172*
variant had a secretory defect and exerted a dominant
[85]
negative effect on WT HBV virion secretion . In
addition, sW172* transgenic mice developed HCC in
[86]
an in vivo study . Other S nonsense mutants such as
sC69*, sL95*, sW182*, and sL216* were identified in
[87,88]
HCC tumors
. Functional studies of sL95*, sW182*,
and sL216* demonstrated that they had higher cell
proliferation activities and transformation abilities than
[87]
WT S, especially sW182* . The sW182* mutant
in HBV/C was also shown to be associated with liver
[89]
cirrhosis .

Possible pathogenesis of pre-S/S variants

On the basis of the previous studies investigating pre-S/
S variants, a model to explain the occurrences of the
pre-S/S variants and the possible role of these mutants
in progressive liver diseases is proposed (Figure 5).
After persistent HBV infection, under the pressure of
immune responses and antiviral drugs, immune epitope
deletion and mutation occur along with drug-resistant
mutants. Different pre-S deletion and pre-S/S mutants
use different routes to cause liver diseases. Most cause
the intracellular retention of HBV envelope proteins and
induction of ER stress, resulting in liver diseases. Based
on the region mutated, at least six pre-S/S variants
occurred.
TypeⅠ - pre-S deletion in the N-terminal pre-S1
region causes deletion of the start codon of L proteins.
In vitro study demonstrated that the L-start codon
deletion mutant resulted in the absence of L proteins
and increased levels of intracellular viral mRNA and
[56]
extracellular HBsAg . The accumulated intracellular
viral mRNA might activate the intracellular toll-like
receptors, leading to the subsequent activation of NF-κB
[56]
pathways, chronic inﬂammation, and carcinogenesis .
Type Ⅱ - pre-S deletion in the C-terminal half of
the pre-S1 region can be separated into two groups
characterized by S promoter: (Ⅱ-a) S promoter
deletion variants and (Ⅱ-b) non-S promoter deletion
variants (Figure 2B). (Ⅱ-a) The S promoter deletion
variants that cannot transcribe S RNA efficiently result
in no synthesis or reduction of the M and S proteins.
Because the L protein cannot be secreted from cells
efficiently when expressed by itself, it must complex
with the S and M proteins to form subviral particles or
mature virions, bud from intracellular post-ER pre-Golgi
membranes, and be released from the cell through
[41]
secretion . A low level or absence of M and S proteins
results in the accumulation of mutant L proteins in the
ER. In vitro studies have revealed severe intracellular
retention of mutant L proteins in S promoter deletion

Pre-S/S nonsense mutation

Pre-S nonsense mutations were also found in patients
[6]
with progressive liver diseases ; the pathogenic
impacts of these naturally occurring mutants remain
unknown. Such pre-S nonsense mutations result in
the occurrence of pre-S stop codon mutants and the
t
synthesis of C terminally truncated M (MHBs ) and L
t
t
(LHBs ) proteins. Studies have reported that MHBs
t
and LHBs function as a transcriptional activator and
[79-81]
result in an increased hepatocyte proliferation rate
.
Results from experiments conducted on transgenic mice
t
and hepatoma cell cultures have revealed that MHBs
proteins retained in the ER can trigger a PKC dependent
activation of the c-Raf-1/Erk2 signaling cascade, which
leads to the induction of AP-1 and nuclear factor-kappa
B (NF-κB) transcription factors as well as to enhanced
[82,83]
proliferative activity of hepatocytes
. By contrast,
[18]
Yeh et al demonstrated that five patients who carried
stop codons (nonsense mutation) in the pre-S region
had a more favorable disease-free prognosis following
multivariate analysis.
S nonsense mutations can arise as result of mu
tations in the P ORF that are generally caused by
exposure to antivirals, a phenomenon commonly called
[84-87]
antiviral drug-associated S gene mutations
. These
mutations can cause the occurrence of S stop codon
mutants and the synthesis of C terminally truncated L,
M, and S proteins. For example, the HBV mutation that
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HBV persistent infection
Immune escape or drug resistance

RNA splicing

Pre-S deletion in the following sites

C-terminus S
mutant

Pre-S/S nonsense
mutation

spPS1 variant
N-terminus
pre-S1

N-terminus
pre-S2

C-half pre-S1

Start codon of L

No

No
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No M and S
proteins
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intracellular viral RNAs
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M, and S
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mutant

S stop codon
mutant
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proteins

Truncated L
or L and M
proteins

Transactivate the
proliferation control

Intracellular retention of HBV
envelope proteins in ER

Activate the intracellular
toll-like receptors

Liver diseases
Figure 5 Proposed model for the generation of pre-S/S variants and their possible roles in liver damage and carcinogenesis. HBV: Hepatitis B virus; ER:
Endoplasmic reticulum; NBS: Nucleocapsid binding site; VS: Viral secretion.
[52-55]

variant transfected cells
. (Ⅱ-b) The non-S promoter
deletion variants can transcribe S RNA efficiently and
synthesize the M and S proteins (Figure 2B), but the
mutant L proteins may delete the T site to maintain a
e-Pre-S form (Figure 4B, Topology variant) or delete
the NBS site (Figure 4B, Nucleocapsid variant), leading
to inefficient assembly of the nucleocapsid, viral
[52]
immaturities, and mild intracellular retention .
Type Ⅲ - N-terminus pre-S2 deletion mutants can
also be separated into two groups by the start codon
of the M protein: (Ⅲ-a) non-M start codon deletion
variants; (Ⅲ-b) M start codon deletion variants. (Ⅲ
-a) non-M start codon variants with internal deletion
of M proteins but the mutant L proteins may lose the
NBS or VS site, resulting in viral immaturities, and
[52,90]
slight intracellular retention
. (Ⅲ-b) The M start
codon deletion variants with no M proteins change
the ratio of mutant L, M, and S proteins, and lead to
[52]
intracellular retention of mutant L proteins . Because
the M start codon is located in the NBS and VS sites,
these variants may produce mutant L proteins such
as the nucleocapsid variant that cannot assemble the
nucleocapsid efficiently, leading to viral immaturities
[52]
and slight intracellular retention of HBsAg .
Type Ⅳ - spPS1 variants are generated through RNA
splicing of HBV pregenomic RNA. The splicing event
results in a 183-nucleotide deletion in the C-terminal
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half of the pre-S1 region, complete deletion of two
functional sites (the S promoter and T sites), partial
deletion of the NBS site, and generation of spL (Figures
2B and 4B). S promoter deletion leads to absence of
M and S proteins and severe intracellular retention
[52]
of spL proteins . T-site deletion results in uniform
conformation of spL proteins (Figure 4B) and loss of
i-Pre-S form for capsid envelopment, which causes viral
immaturities and intracellular retention of spL proteins.
Type Ⅴ-C-terminus S mutants influence protein
folding in the ER membrane, thus impairing HBsAg
release, resulting in its accumulation in specific intrace
llular compartments (presumably represented by the
ER and Golgi apparatus) and in turn contributing to
[78]
cell proliferation . An in vitro study revealed that
C-terminus S mutants can also activate the proliferation
[78]
control .
Type Ⅵ - pre-S/S nonsense mutations can be
separated into two groups: (Ⅵ-a) Pre-S nonsense
mutation and (Ⅵ-b) S nonsense mutation. (Ⅵ-a) Pre-S
nonsense mutations can create C’ truncated L and
M proteins, leading to transactivation of proliferation
[79-81]
control and causing liver diseases
. (Ⅵ-b) S
nonsense mutation can create C’ truncated L, M, and S
proteins. In vitro study revealed that a stop codon in the
C-terminal hydrophobic region of the S region results in
truncated envelope proteins that are less glycosylated
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and are defective in secretion of viral particles, causing
intracellular retention of envelope proteins and liver
[85]
diseases . In vitro and in vivo studies have also
demonstrated that these S stop codon mutants have
[86,87]
higher cell proliferation activity
.

14

CONCLUSION
Naturally occurring pre-S/S variants are frequently
found in chronically HBV-infected patients and have
been identiﬁed as inﬂuencing liver disease progression.
From a review of relevant studies, pre-S/S variants
should be routinely determined in HBV carriers to
help identify those who may be at a higher risk of a
less favorable liver disease progression. In the future,
further studies are required exploring the molecular
mechanisms of the pre-S/S variants involved in the
pathogenesis of each stage of liver disease.
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Non celiac gluten sensitivity (NCGS) is a syndrome
characterized by a cohort of symptoms related to the
ingestion of gluten-containing food in subjects who are
not affected by celiac disease (CD) or wheat allergy. The
possibility of systemic manifestations in this condition
has been suggested by some reports. In most cases
they are characterized by vague symptoms such as
‘foggy mind’, headache, fatigue, joint and muscle pain,
leg or arm numbness even if more specific complaints
have been described. NCGS has an immune-related
background. Indeed there is a strong evidence that
a selective activation of innate immunity may be the
trigger for NCGS inflammatory response. The most
commonly autoimmune disorders associated to NCGS are
Hashimoto thyroiditis, dermatitis herpetiformis, psoriasis
and rheumatologic diseases. The predominance of
Hashimoto thyroiditis represents an interesting finding,
since it has been indirectly confirmed by an Italian
study, showing that autoimmune thyroid disease is a
risk factor for the evolution towards NCGS in a group
of patients with minimal duodenal inflammation. On
these bases, an autoimmune stigma in NCGS is strongly
supported; it could be a characteristic feature that could
help the diagnosis and be simultaneously managed. A
possible neurological involvement has been underlined
by NCGS association with gluten ataxia, gluten
neuropathy and gluten encephalopathy. NCGS patients
may show even psychiatric diseases such as depression,
anxiety and psychosis. Finally, a link with functional
disorders (irritable bowel syndrome and fibromyalgia)
is a topic under discussion. In conclusion, the novelty
of this matter has generated an expansion of literature
data with the unavoidable consequence that some
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reports are often based on low levels of evidence.
Therefore, only studies performed on large samples
with the inclusion of control groups will be able to
clearly establish whether the large information from the
literature regarding extra-intestinal NCGS manifestations
could be supported by evidence-based agreements.

muscle pain, leg or arm numbness even if more specific
complaints have been described, such as dermatitis,
(eczema or skin rash), depression, neurological
[3-8]
symptoms and anemia . Moreover, the possibility of
association with other autoimmune diseases has been
hypothesized. Indeed, similarly to CD, NCGS can be
considered as an immune system-related disease and
this aspect should be of relevance.
In conclusion, the spectrum of NCGS extra-intestinal
manifestations is constantly expanding with new
reports. Therefore, we aimed to summarize the main
extra-intestinal manifestations of NCGS in a narrative
review. In particular, in this review we focused on the
associations supported by an evidence-based link
more than single case reports, where it is difficult
to differentiate a casual association from a real
relationship. For this reason we searched in PubMed
database in February 2018 using the following terms:
gluten sensitivity, extra-intestinal, autoimmune, thyroid,
neurology, psychiatry, rheumatology, skin, dermatology,
nutrition, irritable bowel syndrome and fibromyalgia.
In this way, 880 articles were found, and, as reported
in the flow chart in Figure 1, we selected 86 studies
for this review. Other studies which were not focused
on NCGS or reporting an unclear definition of NCGS,
or in which results about extra-intestinal manifestation
were not listed have been excluded. Additionally, we
graded the level of evidence on the association between
NCGS and systemic manifestations using the Oxford
[9]
consensus .

Key words: Non celiac gluten sensitivity; celiac disease;
gluten; gluten ataxia; autoimmunity; gluten-related
disorders; thyroiditis; extra-intestinal
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Non celiac gluten sensitivity is an expanding
field of investigation within gluten-related disorders.
Similarly to celiac disease, it shows a systemic involve
ment, therefore several extra-intestinal manifestations
have been hypothesized and investigated in many
studies. They may involve many districts and have
neurological/psychiatric, dermatological, rheumatologic
and nutritional implications. Moreover, the possibility of
association with other autoimmune diseases should not
be underestimated. However, the large data amount
from the literature often requires to be supported by
evidence-based agreements.
Losurdo G, Principi M, Iannone A, Amoruso A, Ierardi E, Di Leo
A, Barone M. Extra-intestinal manifestations of non-celiac gluten
sensitivity: An expanding paradigm. World J Gastroenterol 2018;
24(14): 1521-1530 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i14/1521.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i14.1521

ASSOCIATION WITH AUTOIMMUNE
DISEASES
On the base of convincing evidence, NCGS has an
immune-related background. Indeed it has been de
monstrated that a selective activation of innate immunity
[10,11]
may be the trigger for NCGS inflammatory response
.
It is unclear whether gliadin is the real responsible
for the autoimmune event onset, since some other
components of wheat, such as amylase-trypsin inhibitors
or fermentable oligo-di-mono-saccharides and polyols
[12-14]
(FODMAPs) have been invoked
. For this reason
some Authors consider the term “non celiac wheat
[15]
sensitivity” more appropriate than the current one .
CD, which is the most common and studied glutenrelated disorder, is often associated to several other
autoimmune diseases, such as type 1 diabetes,
[16]
autoimmune thyroiditis or dermatitis herpetiformis .
For this reason it is conceivable that also patients with
NCGS could show autoimmune disorders. In a cohort of
[17]
131 NCGS patients , the prevalence of autoimmune
disease (29%) was found to be higher than in control
group (4%, p < 0.001). Moreover, anti-nucleus antibody
(ANA) positivity, a well-known marker of autoimmune
setting, was present in the 46% of NCGS subjects,
compared to the 2% of controls, and ANA positivity

INTRODUCTION
Non celiac gluten sensitivity (NCGS) is a syndrome
characterized by a set of symptoms related to the
ingestion of gluten-containing food in subjects who are
[1]
not affected by celiac disease (CD) or wheat allergy .
Despite it has been included in the spectrum of gluten
related disorders, it shows a peculiar picture with
some elements resembling CD, i.e., immunological
involvement and response to gluten free diet, and some
[2]
features close to irritable bowel syndrome .
In detail, NCGS is distinguished by symptoms
that typically take place soon after gluten ingestion,
withdraw with gluten exclusion, and relapse following
gluten challenge within hours or days. The “classical”
clinical picture of NCGS is a combination of irritable
bowel syndrome-like manifestations, such as abdominal
pain, bloating, diarrhea or alterations in bowel habit
with alternation of constipation and loose stools.
However, the possibility of systemic manifestations in
this condition has been suggested by some reports. In
most cases they are characterized by vague symptoms
such as ‘foggy mind’, headache, fatigue, joint and
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Articles selected after PubMed search
from inception to February 2018
n = 880
Excluded studies
Unclear definition of gluten sensitivity
Papers not focused on gluten sensitivity
No data about extraintestinal manifestations
n = 794
Included studies
n = 86

Figure 1 Flowchart summarizing the process of study selection.

correlated with DQ2/8 haplotypes. In detail, the most
frequently reported NCGS-associated autoimmune
disorder was Hashimoto thyroiditis (29 patients). Other
diseases were psoriasis (4 cases), type 1 diabetes (4
cases), mixed connective tissue disease (1 case) and
ankylosing spondylitis (1 case). The predominance
of autoimmune thyroiditis represents an interesting
finding, since it was indirectly confirmed by an Italian
[18]
experience , showing that autoimmune thyroiditis is a
risk factor for the evolution towards NCGS in a group of
[19]
patients with minimal duodenal inflammation .
On these bases, an autoimmune stigma in NCGS is
strongly supported; it could be a characteristic feature
that could help the diagnosis and be simultaneously
managed.

Gluten ataxia has the strongest relationship with
gluten-related disorders. It encompasses about the 20%
of all causes of ataxia. This is mainly characterized by
pure cerebellar ataxia and, rarely, by ataxia combined
with myoclonus, palatal tremor, opsoclonus, or chorea.
Gaze-evoked nystagmus and other ocular marks of
cerebellar dysfunction are observed in about the 80%.
All subjects show gait ataxia and most of them have
[24]
limb ataxia . A frequent finding at magnetic resonance
imaging is cerebellar atrophy, secondary to necrosis of
[25]
Purkinje cells . Less than 10% of patients with gluten
ataxia complain of gastrointestinal symptoms. A gluten
free diet is able to reverse symptoms, however an early
diagnosis significantly improves the prognosis, since
gluten free diet may stop the loss of Purkinje cells.
Therefore, a late diagnosis may be associated with an
[26]
irreversible damage .
Gluten neuropathy is a form of peripheral neuronal
damage, in which there is a serological evidence of
CD positivity in the absence of alternative aetiologies.
The most common type is a symmetrical sensorimotor
axonal peripheral neuropathy, but other types have
also been described (asymmetrical neuropathy, pure
[27]
motor neuropathy or autonomic neuropathy) . Gluten
neuropathy occurs in the sixth decade and slowly
progresses with a 9 year mean latency time between
the diagnosis of neuropathy and that of CD. A third
of patients shows duodenal inflammation on biopsy,
however the presence or absence of enteropathy
[28]
does not influence the effect of a gluten-free diet .
The most common histopathological feature of gluten
neuropathy is lymphocyte infiltration of peri-neural
[29]
vessels .
Gluten encephalopathy is a central nervous system
disease characterized by focal abnormalities of the
white matter (usually area of low perfusion) in presence
[30]
of AGA or anti-transglutaminase 2 antibodies . The
most common symptom is migraine. It has been
demonstrated that a gluten free diet improves the
headaches and stops the progression of cerebral
[31]
alterations detected at magnetic resonance imaging .
Some reports about the direct relationship bet
ween the above cited diseases and NCGS have been

NEUROLOGIC AND PSYCHIATRIC
MANIFESTATIONS
Recently, many studies explored the bond between
the ingestion of gluten-containing food and the onset
of neurologic and psychiatric disorders or symptoms
such as ataxia, peripheral neuropathy, schizophrenia,
[20]
autism, depression, anxiety, and hallucinations .
In patients with CD, a neurological involvement
could be the only clinical manifestation of the disease.
The production of autoantibodies directed against
the tissue transglutaminase isoform 6 (expressed
selectively in brain tissue) has been found in up to
[21,22]
the 85% of these patients
. Anti-gliadin antibodies
[21,22]
(AGA) frequently occur in such cases
. It is unclear
whether the production of these antibodies takes place
in the brain or in the gut mucosa, but these antibodies
are considered to be the etiologic agent of neurological
manifestations of CD. Finally, an inflammatory infiltrate
of T lymphocytes resembling IELs in the white matter
or in perivascular cuff of nerves is an important finding
suggesting a specific pathogenetic mechanism of
[23]
gluten-induced neuropathies .
Three main diseases have been described in the
spectrum of gluten-related neurologic manifestations:
gluten ataxia, gluten neuropathy and gluten encep
[23]
halopathy .
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[32]

published in the last years. Hadjivassiliou et al
have retrospectively evaluated 562 patients with
gluten-related disorders (228 CD and 334 NCGS) and
concomitant neurological involvement. In NCGS the
most frequent disorder was peripheral neuropathy
(54%) followed by ataxia (46%) and encephalopathy,
while in CD, ataxia was the most frequent one (41%).
In all cases a deep linkage with AGA positivity was
recorded. Additionally, the severity of ataxia was similar
in both conditions (CD and NCGS), while patients
with CD exhibited more frequently severe forms of
[33]
neuropathy. Rodrigo et al
found, in a cohort of 31
subjects with gluten ataxia, AGA positivity rate of
100%; this value was more similar to NCGS (89%) than
CD (48%) and was associated to Marsh 1 duodenal
histological picture. On the bases of such results, they
concluded that gluten ataxia shows a strict affinity to
NCGS more than CD.
Headache is a very frequent finding in NCGS.
However, no study has so far analyzed in depth the
nature of this association. The available data relies
mainly on observational studies aiming to elucidate the
prevalence of this condition, which ranges around the
[3-8,34,35]
25%
. However, the lack of case-control studies
is a serious limitation to ascertain the reliability of the
association. Moreover there are no studies investigating
possible pathogenetic mechanisms.
The association with other neurologic diseases
[36]
[37]
such as epilepsy , miopathy
and demyelinating
[38]
disease , is anecdotal or based on a non conventional
diagnosis of NCGS, therefore it is not possible to draw
solid conclusions.
Among the psychiatric diseases, depression and
anxiety have been hypothesized as systemic mani
[39]
festations of NCGS. In an Australian study , a group of
patients with established diagnosis of NCGS underwent
a double blind crossover study with a placebo versus
oral gluten supplementation after a gluten free diet.
Results showed that gluten induced depression scale
worsening when compared to placebo, while other
symptoms (anxiety, curiosity and anger) were not
influenced by the diet. However, the mechanism by
which gluten may induce these changes is not yet clear.
Depression is indeed a frequent finding in Western
society, and it could be a distinctive mood tract of
personality rather than an extra-intestinal manifestation
of NCGS. However, in another study NCGS patients
did not exhibit a tendency for general somatization.
Additionally, personality and quality of life did not differ
between NCGS and CD patients and were mostly similar
[40]
to healthy controls .
Some authors have invoked a role of gluten for
some psychiatric diseases like schizophrenia or bipolar
[41]
disorder , but there are no studies exploring these
entities in NCGS. On the other hand, some cases of
“gluten psychosis” in patients with NCGS have been
[42]
described . In these patients, hallucinations, crying
spells, relevant confusion, ataxia, severe anxiety and
paranoid delirium occurred shortly after gluten ingestion
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and disappeared within one week of gluten free diet.
Finally, the relationship between autism and gluten
is an hot topic. It has been shown that children with
autism have more frequently IgG-AGA positivity than
[43]
healthy children (24% vs 7%) , but currently there
are no studies in which a solid diagnosis of NCGS
has been achieved in autistic subjects. A gluten free
diet is often proposed to these children in an empiric
setting, since it has been demonstrated that it improves
[44,45]
behavioral scores
. However, at present there are no
evidence-based reasons to look for gluten sensitivity in
[46]
autism and to advise an exclusion diet .

SKIN MANIFESTATIONS
The association between CD and skin diseases, in
[47]
particular dermatitis herpetiformis, is well known .
Similarly to CD, the possibility of a skin involvement
[4]
in the 18% of NCGS has been reported . In the
[3-8]
published case series , undefined dermatitis, rash and
eczema were the most common skin manifestations
in NCGS. The possibility of an association with skin
autoimmune diseases such as psoriasis has been above
[17]
mentioned . A case report has shown that even
[48]
dermatitis herpetiformis may occur .
Some reports have been mainly focused on the
characteristics of skin lesions in NCGS from a derma
tological point of view. In a series of 17 NCGS patients
with skin lesions, the most common ones were
very similar to dermatitis herpetiformis or subacute
eczema (erythematous, excoriated papular-vesicular
[49]
and extremely itchy) . Some patients had also
hyperkeratotic scaly lesions resembling psoriasis.
The most common skin location was the extensor
surfaces of upper limbs, in the 94%, alike dermatitis
herpetiformis. The histological analysis showed
complement C3 deposits at dermoepidermal junction
in the 82%. Finally, in all patients a gluten free diet was
able to lead to lesions disappearance within one month,
much faster than in dermatitis herpetiformis.
Some Authors have claimed that an allergic sen
sitivity to food allergens other than gluten could
[50]
underlie NCGS . Indeed, an Italian study found that
the 10% of NCGS patients suffered from nickel allergy
with contact dermatitis and this prevalence was higher
than in control group (5%, p = 0.04). However, NCGS
subjects referred onset of dermatitis after wheat
[51]
ingestion .

RHEUMATOLOGIC MANIFESTATIONS
As we already mentioned, NCGS shows the tendency to
cluster autoimmune diseases. Some reports about its
coexistence with rheumatologic diseases are available.
The first evidence demonstrated that in a group of
30 subjects with ankylosing spondylitis, 11 had AGA
positivity, while no patient in a control group exhibited
[52]
[53]
this finding . Isasi et al
reported 4 cases of axial
spondyloarthritis (2 ankylosing spondylitis and 1
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Table 1 Studies reporting the prevalence of people avoiding gluten-containing foods
Ref.

Country

Population

Sample size

Avoidance rate of gluten-based products

Tanpowpong et al[60], 2012
Rubio-Tapia et al[61], 2013

New Zealand
United States

916
7798

5.2%
0.7%

DiGiacomo et al[62], 2013

United States

Pediatric
Pediatric
National Health and Nutrition
Examination Survey
Adults
Adults
Pediatric
Adults
Adults
Adolescents

7762

0.6%

910
1184
14701
1002
785
548

41.2%
10.6%
1%
3.7%
6.2%
2.9%

[63]

Lis et al , 2014
Golley et al[64], 2015
Mardini et al[65], 2015
Aziz et al[59], 2014
Van Gils et al[8], 2016
Carroccio et al[7], 2017

Australia
Australia
United States
United Kingdom
The Netherlands
Italy

[58]

irritable bowel syndrome (IBS) . Many patients
with IBS often identify some foods that they believe
to be more offending, and wheat is often invoked.
Furthermore, a certain symptom overlap between NCGS
[4,59]
and IBS-type symptoms exists
. For this reason,
many patients tend to exclude gluten from their diet
on their own, without medical advice, as summarized
[7,8,59-65]
in Table 1
. The basic difference between the
two conditions is that patients with NCGS assert that
symptoms take place when they eat wheat so that they
believe to have identified gluten as the culprit. Some
experimental investigations have shown that gliadin
can alter the integrity of the small intestinal mucosa, as
shown by the appearance of epithelial leaks/gaps and
widened inter-villous spaces detected by using confocal
[66]
laser endomicroscopy . Based on these assumptions,
some clinical trials have demonstrated that a gluten
free diet may lead to improvement of gastrointestinal
[5,67-73]
symptoms in IBS, as reported in Table 2
. However
it is not clear whether gluten is really the responsible
for such symptoms. Indeed wheat contains FODMAPs
as well, which are considered as a possible trigger for
IBS itself, and FODMAP restriction demonstrated an
[74]
improvement in IBS symptoms in up to the 74% .
Additionally, one trial underlined that subjects with selfreported NCGS (and IBS-like symptoms) had benefits
by a low FODMAP diet despite they were still consuming
[75]
a gluten free diet . Based on these evidences, the
link between IBS and NCGS seems to be strict even if
quite nebulous. Is it possible that IBS and NCGS should
be considered as the two sides of the same coin? Such
fascinating question needs to be answered by well
designed studies for this purpose.

psoriatic spondyloarthritis) with a microscopic enteritis
picture at duodenal biopsy. They all underwent a gluten
free diet, and in all cases an improvement or remission
of back pain was reported, with a recrudescence after
wheat challenge. The same result was recorded in
another group of patients with systemic sclerosis,
Raynaud’s phenomenon, symmetric polyarthritis and
[53]
Sjogren’s syndrome .
However, despite such reports, the evidence for
NCGS/rheumatologic association is weak, since case
reports represent only a low level of evidence and casecontrol studies are necessary.

FIBROMYALGIA AND OTHER
FUNCTIONAL DISORDERS
Fibromyalgia is a disease characterized by widespread
pain, often accompanied by fatigue, memory problems,
sleep disturbances, depression or irritable bowel
[54]
syndrome . In many case series, several NCGS
patients complain of chronic muscle or joint pain, leg
[3-8]
numbness, fatigue and headache , therefore it is
possible that an underlying undiagnosed fibromyalgia
could be present. Indeed, starting from some case
[55]
reports demonstrating this association , further
studies have analyzed in depth this relationship.
[56]
In a Spanish series
of 246 fibromyalgia patients
undergoing gluten free diet, 90 showed clinical
symptom improvement. Additionally, Authors described
the features of 20 out of such 90 patients. They had a
mean duration of fibromyalgia of 12 years, and 17 had
also gastrointestinal symptoms. Eighteen had a DQ2/8
haplotype and all showed an increase in duodenal
IELs. After a mean gluten free diet period of 16.4 mo,
15 of them (75%) experienced a full remission of pain
and in 8 of them gluten challenge led to symptom
re-appearance. In another trial, gluten free diet was
able to induce a decrease in some scales evaluating
[57]
fibromyalgia symptoms . On these bases, it is possible
to hypothesize that the link between these two disorders
is quite strong, but the role of microscopic enteritis in
this setting should be tested in other controlled trials.
Fibromyalgia is frequently recognized as a functional
disease. In this regard, NCGS has a tight bond with
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NUTRITIONAL IMPAIRMENT IN NCGS
CD is often disclosed by nutritional impairments, such
as vitamin D or iron deficiency, anemia or alterations
[76,77]
in bone mineralization
.
Anemia prevalence value ranges between 15% and
[3,4]
23% in NCGS . Nevertheless, studies enclosing a
control group are lacking, therefore it is not possible
to establish which is the real relationship between
anemia and NCGS. Additionally, folate deficiency has
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Table 2 Main studies exploring the effect of gluten free diet in irritable bowel syndrome
Ref.

Country
[67]

Wahnschaffe et al , 2001

Population

Outcome

Germany

102 IBS-D

United Kingdom

40 IBS-D

United States

45 IBS-D

Di Sabatino et al[5], 2015

Italy

59 IBS with self-diagnosis of
NCGS

Shahbazkhani et al[70], 2015

Iran

72 IBS

Zanwar et al[71], 2016

India

60 IBS

Elli et al[72], 2016

Italy

140 IBS with self-diagnosis of
NCGS

Germany

34 IBS

[68]

Aziz et al , 2016
Vazquez-Roque et al[69], 2013

Barmeyer et al[73], 2017

Stool frequency/bowel movement improved in
DQ2-8 positive subjects
A 6-wk GFD reduced symptoms in 70%
Stool frequency/bowel movement reduced in
patients under GFD
A challenge with 4 g/d of gluten worsened
symptoms compared to placebo
Worsening of intestinal symptoms with gluten
compared to placebo
A 4-wk GFD improved a visual-analogue scale of
symptoms
Only the 14% showed a response to GFD as well
as challenge test
The 34% showed clinical improvement to GFD
and continued for one year

GFD: Gluten free diet; IBS-D: Irritable bowel syndrome, diarrhea subtype; NCGS: Non celiac gluten sensitivity.

Table 3 Main extra-intestinal manifestations of non-celiac gluten sensitivity and associated disorders
Manifestations

Extra-intestinal manifestations

Level of evidence

Associated disorders

Level of evidence

Tiredness
Lack of wellbeing
Foggy mind
Joint or muscle pain
Arm/leg numbness

4
4
4
4
4

Aphthous stomatitis

4

Ataxia
Neuropathy
Encephalopathy
Epilepsy
Miopathy
Myelopathy
Demyelinating disease
Bipolar disorder
Gluten psychosis
Autism
Schizophrenia
Psoriasis
Autoimmune thyroiditis
Rheumatoid arthritis
Scleroderma
Sjogren syndrome
Raynaud phenomenon
Dermatitis herpetiformis
Contact dermatitis
Rash and undetermined dermatitis
Fibromyalgia
Irritable bowel syndrome

3b
3b
3b
4
4
4
4
4
4
2b
4
2b
2b
4
4
4
4
2b
2b
2b
1c
1c

Interstitial cystitis
Ingrown hairs
Rhinitis, asthma
Postural tachycardia syndrome
Oligo- or polymenorrhea

4
4
4
2b
4

General symptoms

Neurologic manifestations

Psychiatric manifestations

Depression
Anxiety

1c
1c

Anemia
Osteoporosis

4
2b

Other autoimmune diseases and
rheumatologic diseases

Skin diseases

Functional disorders
Nutritional imbalance
Other

The level of evidence was expressed according to the Oxford consensus[85]

been reported in NCGS with solid evidence and it
has been even described as a predictive factor for its
[18]
development .
An Italian study illustrated that NCGS carries a risk
[78]
of osteopenia similar to CD . Low bone mineral density

WJG|www.wjgnet.com

measured by Dual-energy X-ray absorptiometry was
found in 28% of NCGS subjects, vs 6% of IBS as well
as an influence of body mass index on mineralization
was observed. This result has been explained by a
lower calcium dietary intake (only 615 mg/d, while

1526

April 14, 2018|Volume 24|Issue 14|

Losurdo G et al . Extra-intestinal manifestations of gluten sensitivity
recommended dose is 1000 mg/d).
This last observation may suggest that NCGS
patients could experience an alteration in macro- and
micronutrients intake due to dietary self-restrictions.
[79]
Indeed Zingone et al
evaluated diet habits of 29
NCGS subjects and discovered that they ingested
lower mean amounts of carbohydrates, proteins, fiber,
and polyunsaturated fatty acids. Patients with NCGS
reported avoiding fruit, vegetables, milk, and dairy
products as well as snacks and mixed spices when
compared to a control population.
NCGS is characterized by absent or minimal duo
denal inflammation and, therefore, cannot be associated
to nutrient deficiencies linked to malabsorption.
However, an inflammatory status of duodenal mucosa,
witnessed by increased expression of interferon gamma,
[33,80-82]
may not be overlooked
. Finally, alterations in
dietary pattern should not be underestimated. Gluten
free diet itself can lead to an inadequate balance in
[83-85]
macronutrients assumption
.
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CONCLUSION
Data from literature about extra-intestinal manifestations
of NCGS strongly suggests that this condition could
have a systemic involvement, similarly to CD. However,
the novelty of this topic has generated an expansion of
literature data with the unavoidable consequence that
some reports are often based on low levels of evidence,
as summarized in Table 3, with a grading of evidence
[9]
according to the Oxford classification . Therefore, only
studies performed on large samples with the addition
of control groups will be able to clearly establish
whether the large information from the literature
regarding extra-intestinal NCGS manifestations could be
supported by evidence-based agreements.
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Abstract
AIM
To characterize punctual mutations in 23S rRNA gene of
clarithromycin-resistant Helicobacter pylori (H. pylori )
and determine their association with therapeutic failure.

Institutional review board statement: All procedures
involving human participants were reviewed and approved by the
Ethics Committee at Universidad del Valle, Cali, Colombia.

METHODS
PCR products of 23S rRNA gene V domain of 74 H.
pylori isolates; 34 resistant to clarithromycin (29 from
a low-risk gastric cancer (GC) population: TumacoColombia, and 5 from a high-risk population: TuquerresColombia) and 40 from a susceptible population (28
from Tumaco and 12 from Túquerres) were sequenced
using capillary electrophoresis. The concordance
between mutations of V domain 23S rRNA gene of H.
pylori and therapeutic failure was determined using the
Kappa coefficient and McNemar’s test was performed to
determine the relationship between H. pylori mutations
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and clarithromycin resistance.

includes a proton pump inhibitor and two antibiotics
such as amoxicillin and clarithromycin. This treatment
aims to eradicate infection in at least 90% of patients.
However, therapeutic failure is inherent and can be due
to multiple factors (human and bacterial), including
improper drug dose, short treatment duration, early
treatment discontinuation, drug activity associated
with the use of other substances, quick reinfection
of successfully treated patients, and the presence of
[1-4]
antibiotic-resistant strains . Among the main causes
of resistance to clarithromycin in H. pylori are mutations
in the V domain of 23S rRNA gene, this domain is the
binding site for macrolide-type antibiotics. The most
frequent mutations are A2143G (69.8%), A2142G
(11.7%), and A2142C (2.6%). In addition, mutations
A2115G, G2141A, C2147G, T2190C, C2195T, A2223G
and C2694A have also been reported, but their role in
[3]
resistance to clarithromycin is not yet clear .
In Latin America and worldwide, H. pylori resistance
to antibiotics has been documented, with eradication
[2]
being negatively affected by clarithromycin resistance .
In Colombia, resistance to this macrolide is estimated
[5]
to be 17.2% . Geographical conditions have also been
documented to influence the risk of gastric cancer (GC).
Coastal regions such as Tumaco have a low risk of GC,
while Andean regions such as Túquerres have a high
risk of GC. Hence, these geographical differences offer
unique opportunities for the study of mutations of 23S
rRNA gene in H. pylori. This study characterized the
mutations of 23S rRNA gene V domain in H. pylori and
their association with clarithromycin resistance and
with therapeutic failure in patients from two Colombian
populations (Tumaco and Túquerres) who were at
different risk of developing GC.

RESULTS

23S rRNA gene from H. pylori was amplified in 56/74

isolates, of which 25 were resistant to clarithromycin
(20 from Tumaco and 5 from Túquerres, respectively).
In 17 resistant isolates (13 from Tumaco and 4 from
Túquerres) the following mutations were found:
A1593T1, A1653G2, C1770T, C1954T1, and G1827C
in isolates from Tumaco, and A2144G from Túquerres.
The mutations T2183C, A2144G and C2196T in H. pylori
isolates resistant to clarithromycin from Colombia are
reported for the first time. No association between the
H. pylori mutations and in vitro clarithromycin resistance
was found. However, therapeutic failure of eradication
treatment was associated with mutations of 23S rRNA
gene in clarithromycin-resistant H. pylori (κ = 0.71).
CONCLUSION
The therapeutic failure of eradication treatment in the
two populations from Colombia was associated with
mutations of the 23S rRNA gene in clarithromycinresistant H. pylori .
Key words: Clarithromycin; In vitro resistance; Point
mutation; Helicobacter pylori ; Gastric cancer; 23S rRNA
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Mutations in 23S rRNA gene V domain of
Helicobacter pylori (H. pylori ) were studied in order

to determine their association with therapeutic
failure. In clarithromycin-resistant H. pylori isolated
from individuals at high-risk of gastric cancer (GC) in
Túquerres-Colombia and at low-risk of GC in TumacoColombia, mutations A1593T1, A1653G2, C1770T,
C1954T1, and G1827C in isolates from Tumaco, and
A2144G from Túquerres were found. Mutations T2183C
and C2196T from both cities were not associated with
clarithromycin resistance. However, therapeutic failure
of eradication treatment in the sampled Colombian
populations was associated with mutations of 23S rRNA
gene in clarithromycin-resistant H. pylori .

MATERIALS AND METHODS
Subjects and samples

The subjects in this study included adult men and
women with dyspepsia symptoms from Tumaco (n
= 203) and from Túquerres (n = 206). Four gastric
mucosal biopsies were obtained from each patient; two
from the antrum and two from the gastric body, in order
to isolate H. pylori, and determine in vitro susceptibility
of the isolates to clarithromycin and amoxicillin using
agar dilution and molecular biology procedures.
For H. pylori culture and genotyping, the gastric
mucosa biopsies were preserved in 25% thioglycollate
and glycerol. The biopsies were frozen in liquid
nitrogen and later placed in dry ice and stored at
-70 ℃ for analysis at the Microbiology Laboratory
and Histopathology Laboratory of the Department of
Pathology of the Universidad del Valle, in Cali, Colombia.
This study was supported by the CIREH (Human Ethics
Committee) of the Universidad del Valle. All study
subjects signed an informed consent form.
After the antimicrobial susceptibility microbiological
study, 74 H. pylori isolates were obtained, of which

Matta AJ, Zambrano DC, Pazos AJ. Punctual mutations in 23S rRNA
gene of clarithromycin-resistant Helicobacter pylori in Colombian
populations. World J Gastroenterol 2018; 24(14): 1531-1539
Available from: URL: http://www.wjgnet.com/1007-9327/full/v24/
i14/1531.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i14.1531

INTRODUCTION
Eradication of Helicobacter pylori (H. pylori) from the
gastric mucosa is the current treatment for conditions
such as chronic gastritis, peptic ulcer, atrophic gastritis,
[1]
dysplasia, and metaplasia . The first line scheme
for the eradication of H. pylori is triple therapy, which
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34 (46%) were in vitro clarithromycin resistant and
40 (54%) were susceptible to the antibiotic. 39.2%
(29/34) of the resistant isolates and 37.8% (30/42)
of the susceptible isolates were taken from patients
in Tumaco. In addition, the sequences of 23S rRNA
gene V domain of strains ATCC 43502 and ATCC
700392 were amplified and used as positive controls.
[6]
DNA extraction was carried out by salting out and
susceptibility tests were performed using the agar
[7]
dilution method .

coefficient Kappa (k) was used to determine the
concordance between the mutations of 23S rRNA gene
V domain and in vitro clarithromycin resistance such
as the concordance of mutations of 23S rRNA gene V
domain with therapeutic failure in patients evaluated
13
using the [ C]-Urea breath test (UBT), 45 d after
completing H. pylori eradication treatment. The anti-H.
®
pylori treatment included omeprazole (Genfar ) 20
®
mg, clarithromycin (Genfar ) 500 mg, and amoxicillin
®
(Genfar ) 1000 mg, for 14 d in accordance with the
[9]
recommendations of the Maastricht Consensus .
Therapeutic failure was considered in patients with a
positive UBT. All data were analyzed using statistical
software SPSS version 15.0 for Windows. Statistical
significance was estimated at P < 0.05.

Amplification of 23S rRNA gene V domain of H. pylori

The amplification of 23S rRNA gene V domain of H.
pylori by PCR was carried out using a thermal cycler
(Swift MiniProTM, Esco, Cincinnati, OH, United States),
and the following reagents were added to a 0.2 mL
®
tube: buffer 1× (Buffer green 5× Promega ), MgCl2 1
®
µmol/L (Promega ), DMSO 10%, dNTPs 0.288 mmol/L
®
(Promega ), 50 pmol/µL of each primer (starting
position 1585, 5´-GATTGGAGGGAAGGCAAT-3´/3´
-CTCCATAAGAGCCAAAGCCC-5´ final position 2247),
®
0.5 U of GoTaq DNA polymerase (Promega ); and 25
ng of H. pylori genomic DNA in a final volume of 50 µL.
The thermal cycle consisted in an initial denaturation at
95 ℃/2 min, followed by 35 cycles [95 ℃/1 min, 54 ℃/1
min, 59 ℃/1 min and 72 ℃/1 min] and a final extension
[8]
at 72 ℃/15 min .
The amplification fragments were detected by 2%
®
agarose gel electrophoresis (Sigma ), stained with
1 µL of ethidium bromide (Invitrogen, Carlsbad, CA,
United States) (0.5 µg/mL), with an EC-105 power
source (Thermo Fisher Scientific Inc., Asheville, NC,
United States), at 75 V for 60 min, using a horizontal
®
chamber (Spectroline bio-o-visión ). The DNA bands
were visualized in UV light (260/280 nm), using a
®
transilluminator (Spectroline bio-o-visión ). The size
of the amplified fragment was approximately 662 pb
[8]
(expected fragment by in silico analysis) .

Ethical considerations

This study was approved by the Institutional Committee
for Human Ethics Revision (CIREH) of the Faculty
of Health of the Universidad del Valle, regulated by
Resolution 008430 of October 4/1993, issued by the
Colombian Ministry of Health.

RESULTS
The prevalence of H. pylori infection, which was
diagnosed by histopathology, was higher in the lowrisk GC population from Tumaco (88.77%), than in
the high-risk GC population from Túquerres (85.4%),
without a statistically significant difference. However,
the prevalence of H. pylori resistance to clarithromycin
and amoxicillin was significantly higher in the low-risk
GC population from Tumaco, than in the high-risk GC
population from Túquerres (20.5%, 22.8%) vs (3.4%,
5.4%), respectively, P < 0.05. Efficacy of the anti-H.
pylori treatment was similar in both populations. Of 169
infected and treated patients from Tumaco, 130 (76.9%)
were cured, and of 165 infected and treated patients
from Tuquerres, infection was resolved in 123 (74.6%).

Sequencing and identification of mutations

PCR amplification of the 23S rRNA gene of H. pylori

The amplified fragments were sequenced in two
directions (forward and reverse), using a genetic
®
analyzer (ABI 3130 Applied Biosystem ) and the Big
®
Dye Terminator methodology (Applied Biosystem ),
following standardized conditions at Vanderbilt Genetic
Institute Core Facilities, United States. The edition
and alignment of the sequences was carried out using
®
Bioedit software V 7.1.11 (Hall, 1999). Changes in
sequences were matched by local alignment, with the
reference sequence for 23S rRNA gene, code GenBank:
[8]
U27270.1 .

The amplification and sequencing of a fragment of
662 bp (Figure 1) between nucleotides 1585 and 2247
of 23S rRNA gene V domain of H. pylori, was carried
out in 56 (76%) of the isolates, of which 39 (69.6%)
were from Tumaco patients; of these, 20 (35.7%)
were resistant and 19 (33.9%) were susceptible to
clarithromycin under in vitro conditions. Five (8.9%) of
the amplified isolates from Túquerres were resistant to
clarithromycin and 12 (21.4%) were susceptible (Table 1).
Table 1, shows the number of H. pylori isolates
at baseline, which were susceptible and resistant to
clarithromycin in vitro. The total number of H. pylori
isolates from both populations and those used to
amplify 23S rRNA gene V domain were evaluated;
the number of H. pylori isolates amplified from both
populations represents fragment amplification where
possible. The total number of isolates is represented

Statistical analysis

For categorical variables, McNemar’s Test was used for
matching data, in order to identify significant differences
between clarithromycin resistant and clarithromycin
susceptible genotypes and the punctual mutations
detected before treatment. The concordance correlation
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Table 1 PCR frequencies of 23S rRNA gene V domain from Helicobacter pylori according to the risk of gastric cancer n (%)
Helicobacter pylori isolates

Risk of gastric cancer
High risk-Túquerres

28 (37.8)
29 (39.2)
57 (77)

12 (16.2)
5 (6.8)
17 (23)

19 (33.93)
20 (35.7)
39 (69.6)

12 (21.43)
5 (8.93)
17 (30.4)

Evaluated
Susceptible
Resistant
Total
Amplified
Susceptible
Resistant
Total

MP

To1

To2 To3 To4

To5 To6 To7

40 (54)
34 (46)
74 (100)
56 (76)
31 (55.4)
25 (44.6)
56 (100)

in resistant isolates in Tumaco patients. Conversely,
mutation A2144G was present only in 1 isolate from
Túquerres (Tables 3 and 4).
Tables 3 and 4 show the changes in the sequences
of 23S rRNA gene V domain of H. pylori in high-risk
and low-risk GC patients according to susceptibility or
resistance to clarithromycin. Column MIC shows the
minimum inhibitory concentration at μg/mL, which was
evaluated using the agar dilution method. In Column
mutations, the punctual changes in the nucleotides
of 23S rRNA gene observed in the sequence of each
isolate are shown.
It was found that the mutations of H. pylori susce
ptible to clarithromycin were located in domain IV of
23S rRNA gene, nucleotides 1562-1931, except for
mutation G2221A which was located in domain V of
an isolate susceptible to clarithromycin. In contrast,
mutations in domain V, nucleotides 1932-2541, were
mainly present in resistant isolates, except for changes
C1770T, A1593T and G1827C, which were associated
with mutations in domain IV (Table 5).

To8 To9 To10 To11

600 pb

Figure 1 Electrophoretic pattern of PCR products of 23S rRNA gene V
domain in Colombian Helicobacter pylori isolates. Electrophoresis of PCR
amplification products of 23S rRNA gene V domain of Helicobacter pylori
isolates was performed using 2% agarose gel. MP corresponds to the molecular
weight marker of 100 bp; the arrow indicates the band corresponding to 600 bp;
lanes To1 to To11, correspond to DNA of the isolates resistant to clarithromycin
from the Colombian population with a low risk of gastric cancer (Tumaco).

by bold typeface.

Mutations in the 23S rRNA gene of H. pylori and
resistance to clarithromycin

At least one mutation was identified in the sequences
of 31 (55.3%) H. pylori isolates, with 17 (33.3%)
resistant and 14 (25%) susceptible to clarithromycin. Of
the resistant isolates, 13 (23.2%) were from Túmaco
patients and 4 (7.1%) were from Túquerres patients.
In addition, 9 (16.1%) of the resistant isolates did
not show any mutations in their sequence; of these,
8 (14.3%) were isolated from Tumaco patients and
1 (1.8%) was isolated from Túquerres patients. The
Kappa coefficients (κ = 0.17) and (κ = 0.23) for the low
risk and high risk GC populations, respectively, suggest
that there was no relationship between the presence
of mutations and in vitro resistance to clarithromycin.
Similarly, there was no association between the lack of
mutations in 23S rRNA gene and in vitro susceptibility
to clarithromycin in both populations, P > 0.05 (Table 2).

Mutations in the 23S rRNA gene and therapeutic failure
of anti-H. pylori treatment

Although the mutations in isolates resistant to clarith
romycin were observed mainly in 23S rRNA gene V
domain of H. pylori, no relationship was found between
them and in vitro resistance to clarithromycin (P > 0.05,
Tables 2-5). Punctual mutations in domain IV of the
target gene were found in susceptible isolates (Table 5).
However, the Kappa coefficient κ = 0.64 and κ = 0.69
shows that there was a good level of concordance bet
ween the mutations in 23S rRNA gene and therapeutic
failure in patients unsuccessfully treated, both in the
high-risk and low-risk GC populations, respectively, and
the two populations together, κ = 0.71, as shown by the
positive UBT, which was performed 45 d after the end of H.
pylori eradication treatment (Table 6).

Characterization of mutations in the 23S rRNA gene of
H. pylori

Twenty different mutations were characterized in 33
sequences of H. pylori evaluated. Mutations T2183C
and C2196T were present only in resistant isolates in
both populations; the first mutation was observed in 2
isolates from the low risk GC population (Tumaco) and
in 1 isolate from the high risk GC population (Túquerres).
The second mutation was observed in 1 isolate in each
population. Similarly, mutations A1593T, A1653G,
C1770T, C1954T, and G1827C, were observed only

WJG|www.wjgnet.com

Total

Low risk-Tumaco

DISCUSSION
Research on the prevalence of clarithromycin resistance
and characterization of the mutations of 23S rRNA gene,
which may be associated with in vitro resistance in H.
pylori, is scarce in Colombia. In general, research has
focused on evaluating the frequency of mutations already
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Table 2 Frequencies of mutations in 23S rRNA gene of Helicobacter pylori according to susceptibility to clarithromycin and risk of
gastric cancer n (%)
Susceptibility

Risk of gastric cancer
Low risk n = 39
Mutant
13 (23.2)
8 (14.3)
k = 0.17

Resistant
Susceptible
Kappa-P
Total

21

High risk n = 17
Non mutant
8 (14.3)
10 (17.8)
P = 0.28

37.5

18

Mutant
4 (7.1)
6 (10.7)
k = 0.23
32.1

10

Non mutant
1 (1.8)
6 (10.7)
P = 0.25
17.8

7

12.5

Table 3 Punctual mutations in 23S rRNA gene of Helicobacter pylori from the population at low-risk of gastric cancer, according
to susceptibility or resistance to clarithromycin
Resistant n = 13
Patient ID
138
64
60
4
65
42
102
174
88
107
38
36
6

MIC

Patient ID

Mutations

MIC

A1593G 1T2183C
A1653G

1
2
4
4
1
1
2
1
>4
1
1
2
4

17
94

A1822G/G1827A/G1941A/T1831C
T1645C

< 0.25
< 0.25

96
97
98

A1739G
T1645C
C1632T

< 0.25
< 0.25
< 0.25

101
103
107

A1822G/G1827A/T1645C/T1831C
C1632T
A1667G/T1668C

< 0.25
< 0.25
< 0.25

ATCC 43504

A1667G/T1668C

A1739G 1C1954T/G1695A
A1739G 1C2196T 1G1827C
A1822G/G1827A/T1831C

C1632T
C1770T
T1645C

1

1

ATCC 700392

Susceptible n = 8

Mutations

T2183C/A1593T/A1822G/
G1827A/T1831C
A1593G

1

Unique mutations of Helicobacter pylori resistant to clarithromycin. MIC: Minimum inhibitory concentration (μg/mL).

Table 4 Punctual mutations in 23S rRNA gene of Helicobacter pylori from the population at high-risk of gastric cancer, according
to susceptibility or resistance to clarithromycin
Resistant n = 4
Patient ID
323
336
339
440

ATCC 700392

Susceptible n = 6

Mutations

MIC

Patient ID

Mutations

MIC

A1593G/A1822G/G1827A/T1645C/
T1831C/1T2183C
A1593G/1C2196T
1
A2144G/G1827A
A1822G/G1827A/G2221A/T1831C

1

351

A1822G/G1827A/T1831C

< 0.25

2
4
4

377
394
457
467
513
ATCC 43504

A1822G/G1827A/G2221A/T1645C/T1831C
A1593G
A1822G/G1827A/G2221A/T1831C
A1739G/G1695A
A1822G/G1827A/T1831C
A1667G/T1668C

< 0.25
< 0.25
< 0.25
< 0.25
< 0.25

A1593G

1

Unique mutations of Helicobacter pylori resistant to clarithromycin. MIC: Minimum inhibitory concentration (μg/mL).

reported and the most frequently observed mutations ,
[3]
such as mutations A2142G, A2143G y A2142C .
In Colombia, studies carried out in Risaralda, Quindío,
and Cauca have reported frequencies between 1.85%
and 7.3% for mutation A2142G, and between 2.2%
and 2.46% for mutation A2143G in H. pylori isolates
[10-12]
resistant to in vitro clarithromycin
. In our study, no
H. pylori isolate which was resistant or susceptible to
clarithromycin in vitro and exhibited these mutations was
detected.
Among the mutations studied in H. pylori isolates

WJG|www.wjgnet.com

resistant to clarithromycin was C2196T with a frequency
of 0.05% (1/21) and 0.2% (1/5) in isolates from Tumaco
and Túquerres patients, respectively. This change
was reported in a study carried out in the Province of
Guiyang (China), which found resistance of 30% (13/42)
to in vitro clarithromycin, this study also reported
mutation C2196T in a resistant and in a susceptible
[13]
isolate, and mutation A2143G in susceptible isolates .
In contrast to this, mutation C2196T was found only in
resistant isolates in our study, with a similar frequency.
However, it was not linked to other mutations with such
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Table 5 Position of mutations according to the domains of 23S rRNA gene of Helicobacter pylori resistant or susceptible to
clarithromycin
Domain-Region

Tumaco

Túquerres

Resistant position

Susceptible position

Domain IV 1562-1931

C1770T
A1593T
G1827C

Domain V 1932-2541

C1954T
T2183C
C2196T
A1653G
C2196T

A1593G
A1667G
A1739G
A1822G
C1632T
G1695A
G1827A
G1941A
T1645C
T1668C
T1831C
G2221A

Resistant position

Susceptible position
A1593G
A1667G
A1739G
A1822G
C1632T
G1695A
G1827A
G1941A
T1645C
T1668C
T1831C
G2221A

C2196T
T2183C
A2144G

Table 6 Concordance between mutations in 23S rRNA gene and success or failure of anti-Helicobacter pylori treatment in the
studied populations
Breath test
13
[ C]-urea

Population at risk of gastric cancer
Low risk n = 39

Positive
Therapeutic failure
Negative
Therapeutic Success
Total
Kappa

Total

High risk n = 17

Mutant

No mutant

Mutant

No mutant

Mutant

No mutant

18

3

8

1

26

4

3
21
k = 0.69

15
18

2
10
k = 0.64

6
7

5
31
k = 0.71

21
25

[21]

resistance, but it is important to consider the proximity
of a nucleotide to mutation C2195T, associated with
[3]
resistance .
Mutation T2183C exhibited frequencies of 0.09
(2/21) and 0.2 (1/5) in resistant isolates from high-risk
and low-risk GC patients from Túquerres and Tumaco,
respectively. Similar results were reported in studies
carried out in H. pylori isolates from Korean dyspepsia
patients, where the frequency of this mutation was
[14]
[15]
between 0.25 (1/4)
and 0.35 (5/14) . Although
this mutation is found in domain V and occurred only
in isolates resistant to in vitro clarithromycin, some
researchers believe that its relationship with clarith
romycin resistance is not yet clear, as it may be found in
[16,17]
isolates both resistant and susceptible to this drug
.
However, its presence in isolates growing at MIC ≥ 1
µg/mL of clarithromycin, suggests its capability to inhibit
the effect of the antibiotic, at least as reported in this
study.
Mutation A2144G was found in an H. pylori isolate
from Túquerres, with a frequency of 0.25 (1/4), which
corroborates findings which suggest that the muta
tion is clearly associated with in vitro clarithromycin
[18-20]
resistance
. It was found that the frequency in the
sampled population in this study, is in line with the
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frequencies reported in other regions, 0.01 (1/73)
[20-23]
and 0.81(9/11)
. This mutation was first reported in
H. pylori isolates resistant to clarithromycin in Colombia,
which indicates that it may be associated with the
inclusion of strains from high frequency countries such
[15]
as South Korea (frequency of 0.57) ; Japan (frequency
[24]
of 0.7)
and Turkey (frequency between 0.29 and
[20,22]
0.81
.
The mutations associated with clarithromycin
resistance in the H. pylori isolates described in this
study (A2144G, C2196T, and T2183C), are located in
23S rRNA gene V domain, as reported in the current
[3]
literature . Inhibition of the action of the macrolide
may be due to spatial alterations in the V domain of
23S rRNA gene, which inhibit the target, as seen in
[3]
transversion mutations A2143G, A2142G, A2142C ,
[18,19,22]
A2144G
, where a nitrogenous base with two H
groups (Adenine) is changed for another with three H
groups (Guanine and Cytosine), with the inherent spatial
alteration of the molecular structure, a phenomenon
[17]
similar in transitions C2196T and T2183C .
This study found that there was no concordance
between the presence of punctual mutations of H.
pylori and in vitro resistance to clarithromycin and
no association between the absence of mutations
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in the 23S rRNA gene and in vitro susceptibility to
clarithromycin in both populations. These findings
and the absence of mutations in 36% of the isolates
resistant to in vitro clarithromycin may be explained
by the occurrence of mutations outside the amplified
region, a fragment located between positions 1585-2224.
Among the changes associated with clarithromycin
resistance, which are located outside this fragment,
[3]
[21]
[24]
are A2223G, C2694A , T2711C , T2288C , and
[25]
T2289C , and these mutations may explain the
discrepancy of the results on the presence of punctual
mutations in the amplified region, the in vitro resistance
to clarithromycin and the good level of concordance
between punctual mutations in the 23S rRNA gene
of H. pylori with therapeutic failure in patients with
unsuccessful eradication treatment. Clarithromycin
resistance may be mediated by flow pumps that help
H. pylori resist concentrations higher than 1 µg/mL of
[23,26]
clarithromycin
. The presence of these mechanisms
in H. pylori isolates in the high-risk and low-risk GC
populations in Colombia was not evaluated in this study.
H. pylori resistance to clarithromycin is the
main cause of failed eradication treatment; thus,
the characterization of resistance is fundamental to
validate gold standard methodology, such as the
microbiological method of dilution in agar; however, this
is a technically difficult and time-consuming method. It
is worth mentioning that in our study, the sequencing
method of the amplified H. pylori fragments of 23S
rRNA gene by PCR and the detection of their punctual
mutations were consistent with the UBT, a method
used to diagnose therapeutic failure in patients with
unsuccessful treatment, (κ = 0.64, κ = 0.69), both for
high-risk and low-risk GC populations (κ = 0.71). These
results may be reproducible in future studies, improve
H. pylori infection eradication regimens and and may
be applicable in clinical practice in Colombia. However
the UBT is used to evaluate the follow-up of H. pylori
treatments and its effectiveness should be an additional
test in clinical practice and in the programs and policies
for the prevention of GC in Colombia.
Although two first-line antibiotics were used in
the anti-H. pylori treatment regimen, the results of
resistance mechanisms in H. pylori to amoxicillin were
not reported in this study. It is important to emphasize
that H. pylori resistance to clarithromycin is mainly due
to mutations in 23S rRNA gene V domain and is the
[2]
main cause of first-line eradication treatment failure .
Other techniques that require less time for the
identification of resistance include the E-test (sensibility
of 45% and specificity of 95%) and DNA-based
techniques, such as FISH (sensibility of 97% and
specificity of 94%), PNA-FISH (sensibility of 80% and
specificity of 93%), Line Probe Test (sensibility of
100% and specificity of 82.2%), and PCR (sensibility of
[3]
98% and specificity of 92%) , which require specific
methods for each mutation (FISH; PNA-FISH, Line Probe
Test) or sequencing of the amplified fragment (PCR).
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The efficiency of these tests is subject to knowledge of
the mutations associated with clarithromycin resistance
in H. pylori strains.
This study demonstrated that the resistant isolates
from these two contrasting populations involved
in the development of GC, mutations A2143G,
A2142G, and A2142C, which are usually reported
as the most frequent, were not found in the isolates
evaluated. With regard to the design of these tests,
the changes A2144G, T2183C and C2196T found in
these populations should be considered for use in fastdiagnostic methods of clarithromycin resistance in
clinical practice. These mutations associated with H.
pylori resistance to clarithromycin are the first to be
reported in Colombia.
It may be concluded that in H. pylori isolates resis
tant to clarithromycin in patients from both Colombian
populations, no high-frequency mutation was observed
in 23S rRNA gene V domain, but there was high
genotypic variation among the isolates.
No relationship between the mutations in 23S rRNA
gene V domain of H. pylori and in vitro resistance was
found, contrary to that seen in other H. pylori nonmutant isolates resistant to clarithromycin, which
may be explained by mutations outside the evaluated
fragment or by the existence of flow pumps. However,
the failure of eradication treatment in the Colombian
populations in this study was associated with punctual
mutations in 23S rRNA gene of H. pylori resistant to
clarithromycin.
In the Colombian populations studied, it was difficult
to use a fast-resistance detection test for specific
mutations, as information is scarce and the mutations
reported exhibited a low frequency.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Infection by Helicobacter pylori (H. pylori) is the leading risk factor for the
development of gastric adenocarcinoma, especially in individuals infected
with strains resistant to antibiotics used in primary treatment regimens. The
eradication of H. pylori infection is a valid primary prevention strategy for
gastric lesions, atrophy, and gastric cancer (GC). However, resistance of this
microorganism to clarithromycin is associated with therapeutic failure and
a major risk of GC in Colombia. Thus, although significant improvements in
the efficacy of treatment regimens have been made, none of these regimens
successfully eradicate the infection. A few studies have focused on the
evaluation of clarithromycin-resistance mechanisms, particularly mutations of
23S rRNA gene of the infecting strains in Colombia, which are associated with
treatment failure and early subsequent prevention of GC.

Research motivation

Taking into account that GC prevention programs are focused on the
eradication of H. pylori, it is important to know the specific treatment regimens
for each country seeking to apply this strategy. In Colombia, the efficacy of
standard triple therapy which includes clarithromycin, amoxicillin, and a proton
pump inhibitor is currently being questioned. However, there are insufficient
multicenter studies suggesting alternative regimens and basic studies on
antibiotic resistance mechanisms in H. pylori. Mutations in H. pylori 23S rRNA
gene V domain were studied to evaluate in vitro resistance to clarithromycin.
This study identified mutations not documented in the current literature, which
although are not associated with in vitro resistance to clarithromycin, they are
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linked to the therapeutic failure of triple therapy. Punctual mutations in the
Colombian strains could be useful in future studies focusing on diagnostic
methods for antibiotic susceptibility and in the therapeutic efficacy of GC
prevention schemes in Colombia.

by clarithromycin-resistant H. pylori. This new knowledge allows us to propose
the design of a rapid detection test for H. pylori resistance to clarithromycin
where mutations A2144G, T2183C and C2196T should be considered and
can be applied in clinical practice to predict therapeutic failure of anti-H. pylori
treatment.

Research objectives

Research perspectives

In this study, the researchers characterized mutations in domain V of 23S rRNA
gene in clarithromycin-resistant H. pylori and determined their association with
therapeutic failure in a high-risk gastric cancer population from Tuquerres,
Colombia, and in a low-risk gastric cancer population from Tumaco, Colombia. A
very interesting basic study clearly showed that therapeutic failure of eradication
treatment in the sampled Colombian populations was associated with mutations
of 23S rRNA gene in clarithromycin-resistant H. pylori. Hopefully, these findings
will help to further improve treatment success and may be applied in the future
for the fast diagnosis of therapeutic failure. This study found no concordance
between the presence of punctual mutations in H. pylori and in vitro resistance
to clarithromycin and there was no association between the absence of
mutations in the 23S rRNA gene and in vitro susceptibility to clarithromycin in
both populations. These findings and the absence of mutations in 36% of the
isolates resistant to in vitro clarithromycin may be explained by the occurrence
of mutations outside the amplified region, a fragment located between positions
1585-2224. Among the changes associated with clarithromycin resistance,
which are located outside this fragment, are A2223G, C2694A T2711C,
T2288C, and T2289C, mutations that may explain the discrepancy between the
presence of punctual mutations in the amplified region and in vitro resistance to
clarithromycin

Following therapeutic failure, reinfection may occur in patients as well as
medication with antagonistic drugs or others such as proton pump inhibitors,
which allow the appearance of false positives. In this study, adherence to
treatment and self-medication were taken into account during the follow-up
period. Characterization of the mutations in the 23S rRNA gene in a larger
number of Colombian populations is required, in order to confirm the mutations
associated with clarithromycin resistance in H. pylori and to determine, from
multicenter studies, the optimal treatment regimen in Colombia. The molecular
analysis of 23S rRNA gene V domain of H. pylori and other candidate genes
is required, in order predict therapeutic failure. It is possible to reproduce the
method in future investigations using total DNA from gastric mucosa biopsies
and validate the presence of mutations found in this study. The [ 13C]-Urea
breath test is recommended during follow-up to evaluate the effectiveness of
anti-H. pylori treatment.
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Research methods

To achieve the objectives of this study, we used the capillary electrophoresis
sequencing method of the amplified DNA fragments of the H. pylori 23S rRNA
gene and the detection of its punctual mutations, which were concordant with
the [13C]-Urea breath test. This method was used in a novel way to diagnose
the therapeutic failure of anti-H. pylori treatment in vivo. The [13C]-Urea breath
test was used during the follow-up period to evaluate the effectiveness of H.
pylori treatments.
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Abstract
AIM
To verify the validity of the endoscopy guidelines for patien
ts taking warfarin or direct oral anticoagulants (DOAC).

Institutional review board statement: The study design was
approved by the ethics committee of the National Center for
Global Health and Medicine (Approval No. 2176).

METHODS
We collected data from 218 patients receiving oral anticoa
gulants (73 DOAC users, 145 warfarin users) and 218
patients not receiving any antithrombotics (age- and sexmatched controls) who underwent polypectomy. (1) We
evaluated post-polypectomy bleeding (PPB) risk in patients

Informed consent statement: This study was a retrospective
observational study, and informed consent to participate was
obtained by the opt-out method at our institution.
Conflict-of-interest statement: The authors have no conflicts of
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receiving warfarin or DOAC compared with controls; (2)
we assessed the risks of PPB and thromboembolism
between three AC management methods: Discontinuing
AC with heparin bridge (HPB) (endoscopy guideline
recommendation), continuing AC, and discontinuing AC
without HPB.

INTRODUCTION
The number of oral anticoagulants (AC) used for
prophylaxis or treatment of thromboembolic events is
[1,2]
expected to increase as the population ages . Along
with this, the number of colonoscopic polypectomies,
the most common high-risk endoscopic procedure, is
[3-5]
also expected to increase in patients receiving AC .
Physicians are thus confronted with the issue of striking
a balance between performing procedures with bleeding
risk, such as polypectomy, and temporarily discontinuing
[4,6-8]
AC agents to mitigate thromboembolic risk
. Among
the AC agents commonly prescribed, warfarin requires
careful and complex management because of its
intricate pharmacodynamics and narrow therapeutic
[2,9]
range , whereas direct oral anticoagulants (DOAC)
offer easier management because of the rapid onset of
[10]
anticoagulation and short half-lives . However, whether
post-polypectomy bleeding (PPB) or thromboembolic
risk differs between warfarin and DOAC users remains
unknown.
Several endoscopy guidelines recommend that
warfarin be discontinued and replaced by heparin
bridge (HPB) in patients at high thromboembolic risk
[6-8]
during polypectomy . In one study, DOAC were also
stopped in one-third of patients who underwent HPB for
[11]
a high-risk endoscopic procedure . As yet however,
the guideline recommendation on AC management for
polypectomy has not been confirmed by a validation
study. In addition, the situation is further complicated in
the real-world clinical setting as some physicians may
choose to continue the AC agent or to discontinue it
[11]
without HPB in the peri-endoscopic period . Previous
data suggest that patients undergoing HPB are at
higher risk of procedural-related bleeding than those
[12,13]
not undergoing HPB or continuing their warfarin
.
Therefore, continuing the AC strategy without HPB
may be acceptable for polypectomy. However, there
are currently no data available on the comparative
risks of bleeding and thromboembolism between
patients discontinuing AC with HPB, continuing AC, or
discontinuing AC without HPB.
To address these gaps in our knowledge, in this
study we first evaluated PPB risk in patients receiving
warfarin or DOAC compared with patients not receiving
any antithrombotics (controls). Second, we assessed the
risks of PPB and thromboembolism between the three AC
management methods mentioned above, discontinuing
AC with HPB (guideline recommendation), continuing AC,
and discontinuing AC without HPB.

RESULTS
PPB rate was significantly higher in warfarin users and
DOAC users compared with controls (13.7% and 13.7%
vs 0.9%, P < 0.001), but was not significantly different
between rivaroxaban (13.2%), dabigatran (11.1%), and
apixaban (13.3%) users. Two thromboembolic events
occurred in warfarin users, but none in DOAC users.
Compared with the continuing anticoagulant group, the
discontinuing anticoagulant with HPB group (guideline
recommendation) had a higher PPB rate (10.8% vs
19.6%, P = 0.087). These findings were significantly
evident in warfarin but not DOAC users. One thrombotic
event occurred in the discontinuing anticoagulant with
HPB group and the discontinuing anticoagulant without
HPB group; none occurred in the continuing anticoagulant
group.
CONCLUSION
PPB risk was similar between patients taking warfarin and
DOAC. Thromboembolism was observed in warfarin users
only. The guideline recommendations for HPB should be
re-considered.
Key words: High-risk endoscopic procedures; Novel oral
anticoagulants; Endoscopic guideline validation; Postprocedure gastrointestinal bleeding
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: First, we found that anticoagulant (AC) users
were at higher risk of post-polypectomy bleeding (PPB)
than controls. Second, PPB risk was similar between
warfarin users and direct oral anticoagulant users, whereas
thromboembolism risk was observed only in warfarin
users. Third, PPB risk was not significantly different
between rivaroxaban, dabigatran, and apixaban users.
Fourth, the strategy of discontinuing AC with heparin
bridge as recommended in the endoscopy guidelines
showed a higher bleeding rate than continuing AC alone
and had one thrombotic event, thus indicating that
heparin bridge increased bleeding and may not prevent
thromboembolism.
Yanagisawa N, Nagata N, Watanabe K, Iida T, Hamada M,
Kobayashi S, Shimbo T, Akiyama J, Uemura N. Post-polypectomy
bleeding and thromboembolism risks associated with warfarin
vs direct oral anticoagulants. World J Gastroenterol 2018;
24(14): 1540-1549 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i14/1540.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i14.1540
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MATERIALS AND METHODS
Study design, setting, and participants

We conducted a retrospective cohort study at the
Department of Gastroenterology, National Center for
Global Health and Medicine (NCGM), Japan. NCGM, with
900 beds, is the largest emergency hospital in the Tokyo
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Patients underwent colonoscopic polypectomy between Aug 2010 and Dec 2016 and answered a questionnaire (n = 3120)
Cases
Receiving oral anticoagulants (n = 227)

Controls
Not receiving any antithrombotic drugs (n = 1981)

Review of endoscopic and clinical data for each patient
Excluded (n = 9)
Clinical information not accurately collected (n = 6)
Underwent other endoscopic procedure simultaneously (n = 3)

Excluded (n = 1083)
Clinical information not accurately collected (n = 959)
Underwent other endoscopic procedure simultaneously (n = 93)
Lost to follow-up (n = 31)

Controls matched with cases for age and sex (1:1)

Controls (n = 218)
Not receiving any antithrombotic drugs

Cases (n = 218)
Receiving warfarin (n = 145) or DOAC (n = 73)
DOAC included: rivaroxaban (n = 38), dabigatran (n = 18),
apixaban (n = 15) and edoxaban (n = 2)
Discontinuing AC
with HPB group
(n = 102)

Continuing AC
group (n = 93)

Discontinuing AC
without HPB group
(n = 23)

Figure 1 Patient selection and flow. AC: Anticoagulants; DOAC: Direct oral anticoagulants; HPB: Heparin bridge.

metropolitan area. We collected clinical and endoscopic
data using an electronic medical database (MegaOak
online imaging system, NEC, Japan) and an electronic
endoscopic database (SolemioEndo, Olympus, Japan).
Physicians or nurses input all findings immediately
after clinical evaluation or endoscopy into the electronic
medical and endoscopic reports. Staff also completed a
detailed questionnaire that included patient background
factors and medication information during a face-to-face
interview with each patient at the endoscopy unit on the
[14,15]
same day as pre-colonoscopy
. Patient selection and
the study flow are shown in Figure 1. From the databases,
we identified 5950 patients who underwent colonoscopic
polypectomy at our institution between August 2010
and December 2016. Of these, 3120 provided responses
to the questionnaire during the interview. We identified
227 patients receiving oral AC (cases) and 1981 patients
not receiving any antithrombotics (controls). Then,
we reviewed the clinical and endoscopic data for each
patient and excluded the following patients: among
cases, 6 patients whose clinical information could not
be accurately collected and 3 patients who underwent
polypectomy plus endoscopic submucosal dissection (ESD)
simultaneously; among controls, 959 patients whose
clinical information could not be accurately collected,
93 patients who underwent polypectomy plus another
endoscopic procedure simultaneously, and 31 patients
who were lost to follow-up. Then, controls (non-users of
antithrombotics) were randomly selected from the cases
(AC users) matched for decennial age and sex at a ratio
of 1:1. Ultimately, data from a total of 436 patients (218
AC users and 218 controls) were analyzed.
This study was approved by the institutional review
board of NCGM and patient consent was waived as this
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was a retrospective study (approval number 2176).

Patient characteristics

Using the electronic database and prospectively collected
questionnaire results, we assessed the following fac
tors: height, weight, body mass index (BMI), alcohol,
smoking, 14 comorbidities or past history (diabetes
mellitus, hypertension, dyslipidemia, chronic kidney
disease, abnormal liver function, stroke, bleeding past
history, chronic heart disease, vascular disease, acute
coronary syndrome, pulmonary embolism, peripheral
arterial disease, deep vein disease and advanced cancer),
and medication [warfarin, rivaroxaban, dabigatran,
apixaban, edoxaban, antiplatelet, and non-steroidal
anti-inflammatory drugs (NSAIDs)]. We also evaluated
laboratory data before colonoscopy [platelet count,
prothrombin time-international normalized ratio (PTINR), and creatinine clearance (Ccr)] and calculated the
[16]
[17]
HAS-BLED
and CHA2DS2-VASc2
scores. During
hospitalization, data were collected on the following
AC management factors: HPB use, HPB duration, drug
continuation/discontinuation, and use of reversal agent
(vitamin K).

Endoscopic factors

After full bowel preparation, polypectomies were done
with or without local injection of saline using a high-reso
lution colonoscope (CF260AI or CF260AZI, Olympus Co.,
Tokyo, Japan), snare (SnareMaster, Olympus Co.), and
electrosurgical device (ERBE ICC-350, Somo Technology
Inc., Tokyo, Japan or ESG-100, Olympus Co.). After
polypectomy, patients routinely underwent prophylactic
clipping. Number of polyps and polyp size were evaluated
from data in the endoscopic database. Advanced ade
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noma was defined as adenoma ≥ 1 cm with villous
components (tubulovillous or villous) or high-grade or
[18]
severe dysplasia .

evaluated mortality at 30 d after polypectomy. Date and
cause of death were ascertained from the electronic
medical records and death certificates.

AC management and heparin bridge

Statistical analysis

[6-8]

American, European, and Asian guidelines
recommend
that patients discontinue AC and be bridged with heparin
before polypectomy, and to confirm the validity of this
strategy, we classified patients during the peri-endoscopic
period into three main AC management groups: (1)
Discontinuing AC with HPB (as recommended by the
guidelines); (2) continuing AC alone (i.e., without HPB)
before endoscopy; and (3) discontinuing AC for > 24 h
without HPB before endoscopy. Which of these strategies
was adopted was at the discretion of the treating phy
sician.
For HPB, patients received prophylactic unfractionated
heparin infusion intravenously (because low-molecularweight heparin is not covered by Japan’s health care
[8,19]
insurance system
), with the exception of 1 patient
who received low-molecular-weight heparin because of
heparin-induced thrombocytopenia.
In our institution, we carry out anticoagulant ma
nagement during high-risk endoscopy in accordance
[8]
with the Japanese Endoscopy Guidelines ; warfarin was
stopped 3-5 d before endoscopy and DOAC was stopped
24-48 h after endoscopy. Heparin was administered
[8]
after cessation of anticoagulants . INR value before
[8]
polypectomy was set at < 1.5 in warfarin users .
In these users, heparin was continued until INR was
optimal after polypectomy. Because the guidelines do not
[8]
recommend HPB for DOAC users , some DOAC users
continued heparin for one day and others did not use
heparin after polypectomy. The HPB period included the
entire period before and after polypectomy.

Pearson’s chi-squared test or Fisher’s exact test was used
for categorical data to assess the difference in risk factors
between subjects. Continuous data were compared with
Mann-Whitney U test. Risk factors were examined by
univariate and multivariate analysis. Odds ratios (OR)
and 95% confidence intervals (CI) were estimated.
First, we compared baseline characteristics and clinical
outcomes between AC users and controls. Second, we
compared baseline characteristics and clinical outcomes
between the following groups: discontinuing AC with HPB
and continuing AC group alone and between discontinuing
AC with HPB group and discontinuing AC without HPB
group. These comparisons were also evaluated for the
subgroups of warfarin and DOAC users.
Third, to determine the risk factors for PPB, we
conducted univariate and multivariate analysis. In multi
variate analysis, we developed multivariate models
adjusting for propensity score for each strategy. Although
there are four different propensity score methodsmatching, stratification, inverse probability treatment
[23,24]
weighting, and covariates adjustment
-we used
propensity score as a covariate rather than perform a
regression adjustment with all of the covariates (traditional
[25]
covariate adjustment ), because many covariates were
associated with a small number of bleeding outcomes in
this study and we did not want to lose the observations
of patients as typically occurs in matching. Propensity
score as a covariate method allows for a large number of
baseline variables to be included in the regression model,
which are not adequately adjusted for when there are
[23,24]
insufficient numbers of outcomes
. To estimate the
propensity score, we employed a logistic regression model
including potentially clinically important variables. Some
of these were shown to differ (P < 0.10) between groups.
We evaluated the area under the receiver operating
characteristic (ROC) curve for each propensity score in
each group.
A P value of < 0.05 was considered statistically
significant. All statistical analyses were conducted using
STATA version 14 software (StataCorp, College Station,
TX, United States).

Clinical outcomes

The main outcomes of interest were PPB within 30 d of
polypectomy. PPB was defined as massive, continuous,
[20]
or frequent hematochezia after polypectomy . Not all
patients underwent additional colonoscopy when PPB
occurred, but those with unstable vital signs or in need
of transfusion tended to undergo colonoscopy. Major
bleeding was defined according to the International
Society on Thrombosis and Haemostasis (ISTH) bleeding
scale as (1) fatal bleeding; and/or (2) symptomatic
bleeding in a critical area or organ, such as intracranial,
intraspinal, intraocular, retroperitoneal, intra-articular or
pericardial, or intramuscular with compartment syndrome;
and/or (3) bleeding causing a fall in hemoglobin level of
20 g/L (1.24 mmol/L) or more, or leading to transfusion
[21]
of two or more units of whole blood or red cells . In
addition, we defined late PPB as bleeding occurring
more than 24 h after polypectomy and all other cases
[22]
as early PPB . We defined a thromboembolic event
as the occurrence of acute coronary syndrome, stroke,
transient ischemic attack, pulmonary embolism, deep
vein thrombosis, or arterial thromboembolism. We also
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RESULTS
Baseline characteristics and outcomes of AC users and
controls

There were some significant differences in baseline
characteristics between AC users and controls (Table 1).
In terms of outcomes, there were 32 patients with PPB
and only 2 patients with major bleeding, both of whom
were warfarin users and received HPB. Four patients
had early PPB (bleeding within 24 h) and 28 with late
PPB: 9 cases at day 2, 9 cases at day 3, 6 cases at day
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Table 1 Baseline characteristics of oral anticoagulant users, warfarin users, direct oral anticoagulants users, and controls not taking
any antithrombotic drugs (n = 436) n (%)
Factors

Age ≥ 75 yr
Male
BMI ≥ 25
Drinker
Smoker
Laboratory data
Platelet < 10 × 104 μL
Ccr < 30 mL/min
Comorbidities
Diabetes mellitus
Hypertension
Dyslipidemia
Chronic kidney disease
Abnormal liver function
Stroke
Bleeding past history
Chronic heart failure
Vascular disease
Acute coronary syndrome
Pulmonary embolism
Peripheral arterial disease
Deep vein thrombosis
Advanced carcinoma
Medications
Antiplatelet
Low-dose aspirin
Thienopyridine1
Other antiplatelets2
NSAIDs
Endoscopic factors
Number of polyps
Number of polyps ≥ 5
Polyp size
Polyp size ≥ 10 mm
Advanced adenoma3

Controls
(n = 218)

AC users
(n = 218)

P value
Control vs AC
users

Warfarin users
(n = 145)

P value
Control vs
warfarin users

DOAC users
(n = 73)

P value
Control vs
DOAC users

104 (47.1)
157 (72.0)
54 (24.8)
119 (54.6)
36 (16.5)

113 (51.8)
157 (72.0)
69 (31.7)
131 (62.1)
32 (14.8)

0.389
1.000
0.110
0.115
0.626

79 (54.5)
103 (71.0)
44 (30.3)
77 (55.4)
21 (14.6)

0.206
0.839
0.241
0.881
0.622

34 (46.6)
54 (74.0)
25 (34.2)
54 (75.0)
11 (15.3)

0.867
0.746
0.115
0.002
0.805

6 (2.8)
9 (4.1)

5 (2.3)
24 (11.0)

1.000
0.007

3 (2.1)
20 (13.8)

1.000
0.001

2 (2.7)
4 (5.48)

1.000
0.743

45 (20.6)
121 (55.5)
74 (33.9)
49 (22.5)
15 (6.9)
10 (4.6)
21 (9.6)
1 (0.5)
6 (2.8)
6 (2.8)
0 (0.0)
0 (0.0)
0 (0.0)
7 (3.2)

52 (23.9)
148 (67.9)
102 (46.8)
37 (17.0)
8 (3.7)
47 (21.6)
13 (6.0)
56 (25.7)
56 (25.7)
34 (15.6)
7 (3.2)
7 (3.2)
14 (6.4)
33 (15.1)

0.420
0.008
0.006
0.149
0.134
< 0.001
0.153
< 0.001
< 0.001
< 0.001
0.008
0.008
< 0.001
< 0.001

39 (26.9)
94 (64.8)
67 (46.2)
32 (22.1)
3 (2.1)
29 (20.0)
10 (6.9)
46 (31.7)
49 (33.8)
28 (19.3)
6 (4.1)
6 (4.1)
14 (9.7)
21 (14.5)

0.166
0.077
0.019
0.927
0.047
< 0.001
0.361
< 0.001
< 0.001
< 0.001
0.004
0.004
< 0.001
< 0.001

13 (17.8)
54 (74.0)
35 (48.0)
5 (6.9)
5 (6.9)
18 (24.7)
3 (4.1)
10 (13.7)
7 (9.6)
6 (8.2)
1 (1.4)
1 (1.4)
0
12 (16.4)

0.600
0.005
0.037
0.003
0.993
< 0.001
0.217
< 0.001
0.014
0.042
0.251
0.251
NA
< 0.001

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
21 (9.6)

53 (24.3)
40 (18.4)
5 (2.3)
11 (5.1)
7 (3.2)

< 0.001
< 0.001
0.025
0.001
0.006

43 (30.0)
33 (22.8)
5 (3.5)
8 (5.5)
3 (2.1)

< 0.001
< 0.001
0.006
< 0.001
0.004

10 (13.7)
7 (9.6)
0 (0.0)
3 (4.1)
4 (5.5)

< 0.001
< 0.001
NA
0.003
0.341

2.0 ± 1.4
13 (6.0)
6.0 ± 3.3
28 (12.8)
27 (12.4)

8.3 ± 5.3
28 (12.8)
6.3 ± 3.4
69 (31.7)
64 (29.4)

0.019
0.014
< 0.001
< 0.001
< 0.001

2.4 ± 1.8
17 (11.7)
8.7 ± 5.9
47 (32.4)
43 (29.7)

0.063
0.078
< 0.001
< 0.001
< 0.001

2.5 ± 1.8
11 (15.1)
7.4 ± 3.7
22 (30.1)
21 (28.8)

0.041
0.014
0.001
0.001
0.001

1

Thienopyridine includes ticlopidine, clopidogrel, and prasugrel; 2Other antiplatelets are antiplatelets other than low-dose aspirin and thienopyridine;
Advanced adenoma is adenoma ≥ 1 cm with villous components (tubulovillous or villous) or high-grade or severe dysplasia. Values in parentheses are
percentages. Values presented with a plus/minus sign are means ± SD. Bold type indicates statistical significance (P < 0.05). AC: Anticoagulant; DOAC:
Direct oral anticoagulants; BMI: Body mass index; Ccr: Creatinine clearance; NSAIDs: Non-steroidal anti-inflammatory drugs.
3

4, 1 case at day 5, 2 cases at day 6, and 1 case at day
8. The 4 patients with early PPB were all warfarin users.
Compared with controls, there were a significantly higher
rate among AC users of PPB (13.7% vs 0.9%, P < 0.001;
Figure 2). Adjusting for propensity score between groups,
AC users had a significantly increased PPB risk (adjusted
OR = 18.9, P < 0.001; Table 2). Two thromboembolic
events occurred in AC users, but none in controls.
Thromboembolism occurred in 2 warfarin users and no
DOAC users. No mortality events were noted in either
group.

risk when adjusting for propensity score (adjusted OR =
18.6, P < 0.001; Table 2). In the subgroup analysis of
DOAC users, there were also some significant differences
in baseline characteristics with controls (Table 1). As for
outcomes, DOAC users had a significantly higher rate of
PPB (13.8% vs 0.9%, P < 0.001; Figure 2); significantly
increased PPB risk when adjusting for propensity score
(adjusted OR = 17.8, P = 0.001; Table 2). PPB rates did
not differ significantly between rivaroxaban, dabigatran,
and apixaban users (Figure 2).

Differences in baseline characteristics and clinical
outcomes between the three AC management strategies

Warfarin users vs DOAC users

In the subgroup analysis of warfarin users, there were
some significant differences in baseline characteristics
with controls (Table 1). In terms of outcomes, warfarin
users had a significantly higher rate of PPB (13.7% vs
0.9%, P < 0.001; Figure 2); a significantly increased PPB
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Discontinuing AC with HPB (guideline recommen
dation) vs continuing AC: There were some signi
ficant differences in baseline characteristics between
strategies (Supplementary Table 1). The discontinuing
AC with HPB group showed a higher rate of PPB (19.6%
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Post-polypectomy bleeding
%
100

P < 0.001

90

P < 0.001

80

P < 0.001

P < 0.001

P < 0.001

P < 0.001

P = 0.98

P = 0.92

P = 0.75

P = 0.96

13.8

13.2

11.1

13.3

70
60
50
40
30
20
10
0

13.7

13.7

0.9
Control
(n = 218)

AC user
(n = 218)

Warfarin user DOAC user
(n = 145)
(n = 73)

Rivaroxban
(n = 38)

Dabigatran
(n = 18)

Apixaban
(n = 15)

Figure 2 Thirty-day post-polypectomy bleeding in controls (n = 218), anticoagulants users (n = 218) and subgroups of warfarin (n = 145) and direct oral
anticoagulants users [n = 73: rivaroxaban (n = 38), dabigatran (n = 18), and apixaban (n = 15)]. P -values for comparison of each group with controls and for
comparison of direct oral anticoagulants users with warfarin users. AC: Anticoagulants; DOAC: Direct oral anticoagulants.

Table 2 Crude and adjusted odds ratios for post-polypectomy bleeding in controls (n = 218), anticoagulant users (n = 218),
warfarin users (n = 145), and direct oral anticoagulants users (n = 73)
Subjects

Crude OR (95%CI)

Controls
AC users
Warfarin users
DOAC users

1 (referent)
17.2 (4.1-73.1)
17.3 (4.0-75.2)
17.1 (3.7-80.3)

1

P value

Propensity score-adjusted OR (95%CI)

P value

< 0.001
< 0.001
< 0.001

1 (referent)
18.9 (4.2-85.5)
18.6 (3.8-89.9)
17.8 (3.2-98.8)

< 0.001
< 0.001
0.001

1

Propensity score estimations. Values in parentheses are percentages. Values presented with a plus/minus sign are means ± SD; bold type indicates
statistical significance (P < 0.05). AC users vs controls: Logistic regression model included 17 factors that are potentially clinically important variables; area
under the receiver operating characteristic (ROC) curve for propensity scores for AC users was 0.81 (95%CI: 0.77-0.85); Warfarin users vs controls: Logistic
regression model included 18 factors that are potentially clinically important variables; area under the ROC curve for propensity scores for warfarin users
was 0.83 (95%CI: 0.78-0.88); DOAC users vs controls: Logistic regression model included 14 factors that are potentially clinically important variables;
area under the ROC curve for DOAC user propensity scores was 0.85 (95%CI: 0.80-0.90). NA: Not applicable; AC: Anticoagulants; DOAC: Direct oral
anticoagulants; HPB: Heparin bridge; OR: Odds ratio.

vs 10.8%, P = 0.087; Figure 3A); a higher PPB risk when
adjusting for propensity score (adjusted OR = 2.2, P =
0.069; Table 3).
In the warfarin subgroups, the discontinuing warfarin
with HPB group showed a significantly higher rate of PPB
(21.7% vs 4.7%, P = 0.013; Figure 3B); increased PPB
risk on multivariate analysis (Table 3). In the subgroup
of DOAC users, there were no significant differences
between the two groups in PPB risk (Figure 3C), and
multivariate models adjusted for propensity score also
revealed no significant difference (Table 3).

univariate analysis (OR = 7.2, P =0.033; Table 3). In the
DOAC subgroups, there were no significant differences in
PPB risk between the two subgroups (Table 3).

Association of rate of PPB with HPB duration and INR
value at endoscopy

The rate of PPB increased significantly with longer duration
of HPB (P = 0.015 for trend; Figure 4). This trend was
also found in warfarin and DOAC users (Figure 4). Rate
of PPB was 18.7% for INR < 1.5, 0% for INR 1.5-1.9,
25% for INR 2.0-2.4, and 0% for INR > 2.5. INR value at
pre-endoscopy did not predict PPB (P = 0.431 for trend;
Supplementary Figure 1).

Discontinuing AC with HPB (guideline recommen
dation) vs discontinuing AC without HPB: The
discontinuing AC with HPB group showed a significantly
higher rate of PPB (19.6% vs 0.0%, P = 0.020; Figure
3A); increased PPB risk on univariate analysis (OR = 7.7,
P = 0.023; Table 3).
In the warfarin subgroups, the discontinuing AC with
HPB group had a significantly higher rate of PPB (21.7%
vs 0%, P = 0.025; Figure 3B); increased PPB risk on
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DISCUSSION
The four main findings of the study are as follows: (1) AC
users were at higher risk of PPB than controls; (2) PPB
risk was similar between warfarin users and DOAC users,
whereas thromboembolism risk was observed only in
warfarin users; (3) PPB risk was not significantly different
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Figure 3 Post-polypectomy bleeding according to the three main anticoagulants management strategies in anticoagulants (A), warfarin (B), and direct oral
anticoagulants (C) users. For the 218 patients, 102 patients (46.8%) in the discontinuing anticoagulants with heparin bridge group, 93 (42.7%) in the continuing
anticoagulants group, and 23 (10.6%) in the discontinuing anticoagulants without heparin bridge group. AC: Anticoagulants; DOAC: Direct oral anticoagulants; HPB:
Heparin bridge.

between rivaroxaban, dabigatran, and apixaban users;
and (4) the recommended strategy of discontinuing AC
with HPB showed a higher bleeding rate than continuing
AC alone and had one thrombotic event, indicating
that HPB increased bleeding and may not prevent
thromboembolism. These findings were significantly evi
dent in warfarin users compared with DOAC users.
In agreement with past studies, our AC users had a
significantly higher OR for PPB than did controls (adjusted
[26]
OR = 18.9). Witt et al
reported that PPB occurred
more often in AC users than non-AC users (adjusted OR
[27]
= 11.6). Hui et al demonstrated that warfarin use was
an independent risk factor for PPB (adjusted OR = 13.4).
The ORs in these studies were lower than ours because
their control subjects included antiplatelet users.
We revealed for the first time in this study that PPB
risk was similar between warfarin and DOAC users
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compared with controls. A meta-analysis study indicated
a higher risk of non-procedural-related bleeding in
[28]
DOAC users than in warfarin users . Thus, bleeding
risk might be different between procedure-related and
non-procedure-related bleeding. Only limited data are
available on differences in post-endoscopic bleeding
between DOAC and warfarin users. In this study, we
found that 14% of DOAC and warfarin users had PPB. In
[29]
agreement with this, Nagata et al showed that 14% of
DOAC users had PPB and 16.9% of warfarin users had
PPB (P = 0.324). However, post-polypectomy-related
bleeding differ according to site of the bleed in the upper
or lower GI tract, because upper GI polypectomy-related
bleeding was higher in warfarin users than in DOAC users
[29]
(P = 0.06) .
Several endoscopy guidelines recommend that AC be
[6-8]
discontinued with HPB . However, in our study, following
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Table 3 Crude and adjusted odds ratios for post-polypectomy bleeding in anticoagulant users (n = 218), warfarin users (n =
145), and direct oral anticoagulants users (n = 73)
Crude OR (95%CI) P value

AC management during peri-endoscopic period
AC users
Discontinuing AC with HPB vs continuing AC
Discontinuing AC with HPB vs discontinuing AC without HPB
Warfarin users
Discontinuing warfarin with HPB vs continuing warfarin
Discontinuing warfarin with HPB vs discontinuing warfarin without HPB
DOAC users
Discontinuing DOAC with HPB vs continuing DOAC
Discontinuing DOAC with HPB vs discontinuing DOAC without HPB

Propensity score-adjusted
1
OR (95%CI)

P value

2.0 (0.9-4.6)
7.7 (1.3-Inf)

0.091
0.023

2.2 (0.9-5.2)
NA

0.069
NA

5.7 (1.3-25.8)

0.024

4.7 (1.0-22.1)

0.049

7.2 (1.1-Inf)

0.033

NA

NA

0.6 (0.1-3.2)
0.5 (0.4-Inf)

0.567
1.000

0.7 (0.1-4.5)
NA

0.664
NA

1

Propensity score estimations. Values in parentheses are percentages. Values presented with a plus/minus sign are means ± SD; bold type indicates
statistical significance (P < 0.05). Continuing AC group vs standard group: Logistic regression model included 8 factors that are potentially clinically
important variables; area under the ROC curve for propensity scores for the continuing AC group was 0.71 (95%CI: 0.63-0.79); standard group vs continuing
warfarin group: Logistic regression model included 6 factors that are potentially clinically important variables; area under the ROC curve for propensity
scores for the continuing warfarin group was 0.63 (95%CI: 0.53-0.73); standard group vs continuing DOAC group: Logistic regression model included 6
factors that are potentially clinically important variables; area under the ROC curve for propensity scores for the continuing DOAC group was 0.90 (95%CI:
0.82-0.98). NA: Not applicable; AC: Anticoagulants; CI: Confidential interval; DOAC: Direct oral anticoagulants; HPB: Heparin bridge; Inf: Infinity; OR:
Odds ratio.
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Figure 4 Association of post-polypectomy bleeding rate with duration of heparin bridge in anticoagulants, warfarin, and direct oral anticoagulants users.
AC: Anticoagulants; WF: Warfarin; DOAC: Direct oral anticoagulants; HPB: Heparin bridge; PPB: Post-polypectomy bleeding.

this guideline strategy showed a higher bleeding risk and
longer hospital stay compared with the continuing AC
strategy, and one thrombotic event occurred with the
guideline strategy and none in the continuing AC strategy.
These findings suggest that continuing oral AC might be
acceptable for polypectomy.
[30]
Consistent with our results, a meta-analysis
showed that HPB was associated with a higher rate of PPB
and did not prevent thromboembolism. A randomized
[13]
study
found that post-procedural bleeding risk was
higher in patients with HPB than in those without it, and
thromboembolic risk was similar in both groups. Taken
together, the evidence suggests that the recommendation
[6-8]
of several endoscopic guidelines
should be re-eva
luated.
It is not clear why following the guideline strategy
was associated with increased PPB risk in warfarin users
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but not DOAC users. One possible explanation is that in
warfarin users, it takes several days for the anticoagulant
effect to be sufficient, whereas onset is rapid with
DOAC and therapeutic anticoagulation is achieved in a
[31]
few hours . The criterion for discontinuing heparin in
warfarin users is that INR reaches the effective range,
but the time to reach this range varies among patients.
Therefore, heparin may need to be used for a long time
after the procedure; the time is much shorter in DOAC
users. Also, simultaneously administering warfarin and
heparin (double anticoagulation effect) can increase
bleeding risk. From these considerations, GI bleeding
risk is high when HPB is performed in warfarin users
compared with DOAC users. These prior findings,
together with ours here, suggest that warfarin should
be switched to DOAC before high-risk endoscopic
procedures are performed.
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One of the strengths of our study was the analysis of
detailed clinical and endoscopic data that was collected
and that we could adjust for propensity score by including
these factors in the multivariate models. Another was
that we identified a difference in clinical outcomes
between the three main AC management strategies
investigated. We also recognize limitations. First, this
was a retrospective study conducted at a single site.
Second, the AC users were heterogeneous and included
those with atrial fibrillation, valvular disease, or with low
or high thromboembolic risk. Third, we have no data
on subcutaneous heparin because intravenous heparin
is used in Japan. However, a previous study reported
a similar incidence of major bleeding between patients
treated with subcutaneous unfractionated heparin and
those treated with intravenous unfractionated heparin (OR
0.91).
In conclusion, patients receiving oral AC had higher
risks of bleeding after colonoscopic polypectomy compared
with patients not receiving any antithrombotics. PPB risk
was similar between warfarin and DOAC users, whereas
thromboembolism risk was observed in warfarin users
only. HPB increased bleeding risk, and may not prevent
thromboembolism and therefore the current guideline
recommendation should be re-considered. Continuing oral
AC may be acceptable for polypectomy.

colonoscopic polypectomy compared with patients not receiving any
antithrombotics. PPB risk was similar between warfarin and DOAC users,
whereas thromboembolism risk was observed in warfarin users only. Heparin
bridge increased bleeding risk, and may not prevent thromboembolism.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE

2

Research perspectives

The current guideline recommendation for heparin bridge should be reconsidered, and continuing oral anticoagulant may be acceptable for
polypectomy.
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Abstract

reflux disease; however, symptoms of reflux persist in
significant numbers of patients treated with PPIs. We
compared two doses of the novel potassium-competitive
acid blocker vonoprazan (10 and 20 mg once daily) with
lansoprazole at its approved dose of 15 mg once daily
as maintenance therapy for healed EE in 607 Japanese
patients. Vonoprazan was shown to be non-inferior to
lansoprazole 15 mg at both investigated doses, while
demonstrating a similar safety profile.

AIM
To compare vonoprazan 10 and 20 mg vs lansoprazole
15 mg as maintenance therapy in healed erosive
esophagitis (EE).
METHODS
A total of 607 patients aged ≥ 20 years, with endo
scopically-confirmed healed EE following 8 wk of
treatment with vonoprazan 20 mg once daily, were
randomized 1:1:1 to receive lansoprazole 15 mg (n
= 201), vonoprazan 10 mg (n = 202), or vonoprazan
20 mg (n = 204), once daily. The primary endpoint
of the study was the rate of endoscopically-confirmed
EE recurrence during a 24-wk maintenance period.
The secondary endpoint was the EE recurrence rate
at Week 12 during maintenance treatment. Additional
efficacy endpoints included the incidence of heartburn
and acid reflux, and the EE healing rate 4 wk after the
initiation of maintenance treatment. Safety endpoints
comprised adverse events (AEs), vital signs, electro
cardiogram findings, clinical laboratory results, serum
gastrin and pepsinogen Ⅰ/Ⅱ levels, and gastric mucosa
histopathology results.

Ashida K, Iwakiri K, Hiramatsu N, Sakurai Y, Hori T, Kudou
K, Nishimura A, Umegaki E. Maintenance for healed erosive
esophagitis: Phase Ⅲ comparison of vonoprazan with
lansoprazole. World J Gastroenterol 2018; 24(14): 1550-1561
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i14/1550.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i14.1550

INTRODUCTION
Gastroesophageal reflux disease (GERD) is a common
gastric acid-related disorder that is characterized by
heartburn and/or acid regurgitation caused by the
[1]
reflux of gastric contents . The spectrum of GERD
ranges from non-erosive to erosive or complicated
disease (ulcer, columnar metaplasia, and stricture),
each of which is thought likely to progress if either
[2]
left untreated or not treated adequately . The main
goals for the clinical management of GERD consist of
symptom relief, healing of erosive esophagitis (EE),
prevention of recurrences and complications, and
[1,3]
overall improvement of patients’ quality of life .
Owing to their superior ability to inhibit gastric
acid secretion compared with H2 receptor antagonists
(H2RAs), proton pump inhibitors (PPIs) remain the
[1,3-5]
mainstay of long-term therapy for GERD
. However,
resolution of GERD symptoms with PPIs appears to
have a less predictable outcome than esophageal
[4-6]
mucosal inflammation
, with reflux symptoms
persisting in up to 60% of patients treated with PPIs in
[7]
randomized controlled clinical trials and observational
[5]
studies . Proposed underlying mechanisms for PPI
failure include drug- and patient-related factors, such as
low bioavailability, nocturnal acid breakthrough, rapid
metabolism (CYP2C19 extensive metabolizer genotype),
[6]
and poor compliance with the prescribed regimen .
The slow cumulative onset of PPI action at therapeutic
[8-10]
doses may also be a contributing factor
. These
limitations have led to a renewed interest in alternative
treatment modalities for the management of patients
[1,4]
with GERD .
Discovered and developed by Takeda Pharmaceu
tical Company Limited, Japan, vonoprazan fumarate
(TAK-438) belongs to a novel class of acid suppressants
[11]
known as potassium-competitive acid blockers (P-CABs) .
+
+
Like PPIs, vonoprazan inhibits gastric H , K -ATPase,

RESULTS
Rates of EE recurrence during the 24-wk maintenance
period were 16.8%, 5.1%, and 2.0% with lansoprazole
15 mg, vonoprazan 10 mg, and vonoprazan 20 mg,
respectively. Vonoprazan was shown to be non-inferior
to lansoprazole 15 mg (P < 0.0001 for both doses).
In a post-hoc analysis, EE recurrence at Week 24 was
significantly reduced with vonoprazan at both the 10 mg
and the 20 mg dose vs lansoprazole 15 mg (5.1% vs
16.8%, P = 0.0002, and 2.0% vs 16.8%, P < 0.0001,
respectively); by contrast, the EE recurrence rate did not
differ significantly between the two doses of vonoprazan
(P = 0.1090). The safety profiles of vonoprazan 10 and
20 mg were similar to that of lansoprazole 15 mg in
patients with healed EE. Treatment-related AEs were
reported in 11.4%, 10.4%, and 10.3% of patients
in the lansoprazole 15 mg, vonoprazan 10 mg, and
vonoprazan 20 mg arms, respectively.
CONCLUSION
Our findings confirm the non-inferiority of vonoprazan
10 and 20 mg to lansoprazole 15 mg as maintenance
therapy for patients with healed EE.
Key words: Gastroesophageal reflux disease; Erosive
esophagitis; Lansoprazole; Potassium-competitive acid
blockers; Vonoprazan; Maintenance therapy
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Proton pump inhibitors (PPIs), including lanso
prazole, are widely used to maintain healing of erosive
esophagitis (EE) in patients with gastroesophageal
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an enzyme that catalyzes the final step in the acid
secretion pathway. However, unlike PPIs, vonoprazan
+
inhibits the enzyme in a K -competitive and reversible
[12]
manner , with its inhibitory effects (pKa 9.4) on
gastric acid secretion largely unaffected by ambient pH,
as it accumulates in parietal cells under both acidic and
[12,13]
resting conditions
. In animal studies, vonoprazan
produced more potent and sustained suppression of
[11-14]
gastric acid secretion than lansoprazole
. In healthy
volunteers, single doses of vonoprazan 1-120 mg were
well tolerated, and produced rapid, prolonged, and dose[15]
related suppression of 24-h gastric acid secretion . In
another study in healthy volunteers, these effects were
maintained with multiple dosing (10-40 mg once daily)
[16]
over 7 d, and were also dose-related .
Lansoprazole 30 mg once daily is the recommended
dosage for healing EE, while its step-down dose of
15 mg once daily is recommended for the maintenance
treatment of healed EE, providing well-balanced
[17]
efficacy and safety over the long term . The current
study aimed to demonstrate that vonoprazan 20 mg
and its step-down dose of 10 mg once daily were noninferior to lansoprazole 15 mg once daily in preventing
EE recurrence during a 24-wk maintenance period in
Japanese patients who achieve EE healing after 2, 4,
or 8 wk treatment with vonoprazan 20 mg.

Helsinki, the International Council for Harmonization
of Technical Requirements for Pharmaceuticals for
Human Use (ICH) Harmonized Tripartite Guideline
for Good Clinical Practice, and Japanese regulatory
requirements. All patients provided written informed
consent prior to undergoing any study procedures.

Patients

Male or female outpatients aged ≥ 20 years, who
presented with endoscopically-confirmed healed EE
(no mucosal breaks) after up to 8 wk of treatment with
vonoprazan 20 mg once daily, entered the maintenance
phase of the study. Main exclusion criteria included:
esophageal complications (e.g., eosinophilic esophagitis,
esophageal varices, scleroderma, infection, esophageal
stenosis); acute upper gastrointestinal bleeding;
gastric or duodenal ulcer characterized by mucosal
defects; hypersecretion disorders, such as ZollingerEllison syndrome; serious neurologic, cardiovascular,
pulmonary, hepatic [alanine aminotransferase (ALT) or
aspartate aminotransferase (AST) > 2.5 × the upper
limit of normal (ULN)], renal (serum creatinine > 2 mg/dL),
metabolic, gastrointestinal, urologic, endocrinologic,
or hematologic disorders; need for surgery; history
of drug (including alcohol) abuse; HIV or hepatitis;
history of malignancy; and pregnancy or lactation in
females. Any sexually active female of childbearing
potential was required to use adequate contraceptive
measures. Excluded concomitant medications included
PPIs, H2RAs, muscarinic M3 receptor antagonists,
gastrointestinal motility stimulants, anticholinergic
drugs, prostaglandins, acid suppressants, anti-gastrin
drugs, mucosal protective agents, H. pylori eradi
cation therapies, atazanavir sulfate, and any other
investigational drug. As the exclusion of non-steroidal
anti-inflammatory drugs (NSAIDs) would have been
difficult for patients eligible for inclusion in this study,
their use was permitted; however, changes to NSAID
regimens during the study were prohibited.

MATERIALS AND METHODS
Study design

This was a multicenter, randomized, double-blind,
parallel-group, phase Ⅲ clinical study, which was
designed and conducted to demonstrate the noninferiority of vonoprazan 20 and 10 mg to lansoprazole
15 mg as maintenance therapy in Japanese patients
with healed EE. During the initial treatment period,
patients with EE Los Angeles (LA) Classification grades
A to D received vonoprazan 20 mg once daily for
up to 8 wk. All patients in whom endoscopic healing
of EE was confirmed 2, 4, or 8 wk after the start of
the study medication were immediately stratified by
baseline endoscopic LA Classification grade (A/B or
C/D), and subsequently randomized in a 1:1:1 ratio
to receive maintenance therapy with vonoprazan
10 mg, vonoprazan 20 mg, or lansoprazole 15 mg
given once daily after breakfast for 24 wk. All patients
in whom endoscopic healing of EE was not confirmed
at Week 8 completed the study without entering the
maintenance phase. All patients in whom EE recurrence
was endoscopically confirmed during maintenance
treatment were withdrawn from the study and handled
as ‘completed cases’.
Registered at ClinicalTrials.gov with the identifier
NCT01459367, the study was conducted at 55 sites
in Japan between November 2011 and March 2013.
The study protocol was reviewed and approved by
the Institutional Review Board at each study site, and
was conducted in accordance with the Declaration of
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Treatment, randomization, and blinding

Patients were randomized to treatment groups in a 1:1:1
ratio according to a computer-generated randomization
schedule prepared by independent randomization
personnel. The independent randomization personnel
managed the randomization process, and stored the
randomization schedule in a secure area. The randomi
zation schedule incorporated LA Classification grades
as a stratification factor (A/B or C/D), to ensure that
treatment groups were balanced with respect to disease
severity. A double-dummy method, using matched
vonoprazan placebo tablets and lansoprazole placebo
capsules, was employed to ensure that the double-blind
conditions were maintained throughout the study.

Procedures

Maintenance treatment was initiated on the day of
randomization. Clinic visits were scheduled at Weeks
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4, 12, and 24, or upon early withdrawal from the study
(discontinuation/recurrence). Endoscopic examinations
were performed at Weeks 12 and 24. A central
adjudication committee (CAC), composed of independent
experts, was established to perform standardized
and consistent reviews of endoscopic EE grading by
investigators, while all decisions about patient eligibility
and withdrawal owing to EE recurrence were made by
the investigators, irrespective of the CAC’s assessment.
Safety assessments were conducted at Weeks 4, 12, and
24. Histopathologic examinations of the gastric mucosa
were performed at the start of treatment (baseline)
and at Week 24 for subjects enrolled at designated
study sites only. All biopsy specimens were full mucosal
layer samples taken from the greater curvature of the
upper gastric corpus during endoscopic procedures.
Samples were fixed in 20% neutral buffered formalin
and embedded in paraffin. Five slices were taken from
each paraffin block, and were stained with hematoxylin
and eosin, Grimelius, chromogranin, synaptophysin,
and Ki-67 (MIB-1). For the CYP2C19 genotyping, a
single 2 mL blood sample was collected at Week 4, and
was analyzed to obtain information on genotypes that
affect the pharmacokinetics of lansoprazole. G681A (*2)
and G636A (*3) of CYP2C19 were detected using an
Invader® assay. Both the histopathologic testing and
CYP2C19 genotyping were carried out by Mitsubishi
Chemical Medience Corporation, Tokyo, Japan. The
gastric mucosa histopathology findings reported by the
company were reviewed by an independent assessment
committee, which assessed specimens for distribution
patterns of Grimelius-positive cells, chromogranin
A-positive cells, synaptophysin-positive cells, and Ki-67positive cells. Treatment compliance was assessed in all
patients on the basis of returned tablet/capsule counts
at each study site visit.
Although no evidence has been reported of
vonoprazan-associated liver function test abnorma
[18]
lities , drug-related hepatic changes have previously
been reported with another member of the P-CAB drug
[19]
class . Liver function abnormalities (ALT or AST > 3
× ULN, or total bilirubin > 2 × ULN in two consecutive
measurements) were therefore classified as specialinterest adverse events (SIAEs) in the present study,
and were monitored throughout.
The primary study endpoint was the rate of recur
rence of endoscopically-confirmed EE at Week 24 of the
maintenance period. The secondary endpoint was the
rate of EE recurrence at Week 12 of the maintenance
period. Safety endpoints included adverse events (AEs),
vital signs, electrocardiogram (ECG) findings, clinical
laboratory test values (hematology, serum chemistry,
and urinalysis), serum gastrin and pepsinogenⅠ/Ⅱ
levels, and gastric mucosa histopathologic findings.

lansoprazole 15 mg and 30 mg, respectively, over 24
[20]
wk . It was therefore assumed that the endoscopic
EE recurrence rate with vonoprazan 20 mg in the
present study would be 14%, while the EE recurrence
rate with vonoprazan 10 mg would be 22% - that is,
halfway between the rates observed with lansoprazole
15 mg and 30 mg in the study mentioned above.
It was assumed that the EE recurrence rate with
lansoprazole 15 mg would again be 30%. Based on
these assumptions, a sample size of 148 patients
per treatment group would provide > 90% power to
confirm the non-inferiority of the two vonoprazan doses
to lansoprazole, with respect to the EE recurrence
rate at Week 24, with a non-inferiority margin of 10%
utilizing a two-sided 95% confidence interval (CI).
Assuming a dropout rate of 15% during maintenance
therapy, 174 randomized patients would be required
for each treatment group. We therefore set the
randomization target at 200 patients per treatment
group, to enable evaluation of the long-term safety of
vonoprazan in a sufficient number of patients.
For the primary endpoint of EE recurrence rate at
Week 24 of maintenance treatment, frequency, point
estimates, and corresponding 95%CIs were calculated
by treatment group for the full analysis set (FAS),
defined as all randomized patients who received at
least one dose of study drug during the maintenance
period. Vonoprazan 10 mg and 20 mg were evaluated
for non-inferiority to lansoprazole 15 mg using the
[21]
Farrington and Manning test
with a non-inferiority
margin of 10%. The same analyses were performed
for the secondary endpoint.
AEs (including their frequency, severity, investigatorassessed causality, and seriousness) and concomitant
medications were monitored throughout the study.
Treatment-emergent adverse events (TEAEs) were
coded using the Medical Dictionary for Regulatory
Activities (MedDRA) version 16.0. All TEAEs were
summarized descriptively by treatment group, time of
onset, and severity, and were categorized by System
Organ Class and Preferred Term. All drug-related
TEAEs were summarized by severity, while TEAEs
leading to study discontinuation and serious TEAEs
were summarized by treatment group.
The statistical methods of this study were prepared
and conducted by Kentarou Kudou of Takeda
Pharmaceutical Company Limited, and were reviewed
and approved by Takamasa Hashimoto of Takeda
Pharmaceutical Company Limited, Osaka, Japan.

RESULTS
Patients

In total, 737 patients signed the informed consent
form. Of these 737 patients, 627 were enrolled into the
treatment phase, with 611 patients completing up to
8 wk treatment for EE with vonoprazan 20 mg. Of the
611 who completed treatment, 607, who represented
both the FAS and the safety analysis set (SAS), were

Statistical analyses

A double-blind, controlled study of lansoprazole as
maintenance therapy for patients with healed EE
reported EE recurrence rates of 30% and 14% with
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A
Informed consent

Randomization

Vonoprazan 10 mg (once daily)
Vonoprazan 20 mg (once daily)

Vonoprazan 20 mg (once daily)
Lansoprazole 15 mg (once daily)

Treatment period
2, 4, or 8 wk

Maintenance period
(Subjects with endoscopically confirmed healed EE only)
6 mo (24 wk)

B
Informed consent (n = 737)
Pretreatment event/adverse event (n = 2)
Voluntary withdrawal (n = 20)
Failure to meet entrance criteria (n = 87)
Other (n = 1)
Eligible for study entry (n = 627)
Pretreatment event/adverse event (n = 4)
Major protocol violation (n = 4)
Voluntary withdrawal (n = 3)
Lack of efficacy (n = 1)
Abnormal clinical values at start of treatment (n = 3)
Other (n = 1)
Completed treatment phase (n = 611)
Did not meet entrance criteria for maintenance phase (n = 4)
Randomized (n = 607)

Lansoprazole 15 mg (n = 201)

Pretreatment event/adverse event (n = 8)
Voluntary withdrawal (n = 7)

Completed maintenance phase (n = 186)

Vonoprazan 10 mg (n = 202)

Pretreatment event/adverse event (n = 6)
Lost to follow-up (n = 1)
Voluntary withdrawal (n = 4)
Other (n = 1)

Completed maintenance phase (n = 190)

Vonoprazan 20 mg (n = 204)

Pretreatment event/adverse event (n = 8)
Voluntary withdrawal (n = 8)
Other (n = 1)

Completed maintenance phase (n = 187)

Figure 1 Study design (A) and patient disposition (B). EE: Erosive esophagitis.

randomized to maintenance therapy with lansoprazole
15 mg (n = 201), vonoprazan 10 mg (n = 202), or
vonoprazan 20 mg (n = 204) (Figure 1). Five hundred
sixty-three patients (92.8%) completed maintenance
treatment. The main reasons for premature study
discontinuation were pretreatment events/AEs (n = 22)
and voluntary withdrawals (n = 19). The first informed
consent form was signed on 21 November 2011, and
the last follow-up visit took place on 7 March 2013.
The three maintenance groups were well matched in
terms of demographic and other baseline characteristics
(Table 1), and had similar baseline EE severities and
medical histories. The mean treatment compliance rate
was > 97% in each treatment group.

therapy (primary endpoint) was 16.8%, 5.1%, and
2.0% with lansoprazole 15 mg, vonoprazan 10 mg,
and vonoprazan 20 mg, respectively. Point estimates of
differences in EE recurrence between the maintenance
treatment groups and 95%CIs are shown in Table 2.
Vonoprazan 10 mg and 20 mg were both found to be
non-inferior to lansoprazole 15 mg in the FAS (both
P < 0.0001), with the upper limits of 95%CIs for the
differences between vonoprazan 10 mg or 20 mg
and lansoprazole 15 mg being < 0, thus indicating a
statistically significant difference. In a post-hoc analysis
performed using the Fisher exact test, a statistically
significant difference in the rate of EE recurrence was
demonstrated between vonoprazan 10 mg or 20 mg
and lansoprazole 15 mg (P = 0.0002 and P < 0.0001,
respectively, vs lansoprazole 15 mg), but not between
the two vonoprazan doses (P = 0.1090).

Efficacy

The rate of EE recurrence at 24 wk of maintenance
WJG|www.wjgnet.com
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1

Table 1 Demographic and other baseline characteristics in the randomized set (n = 607)
Characteristic

LPZ 15 mg (n = 201)

VPZ 10 mg (n = 202)

VPZ 20 mg (n = 204)

57.8 ± 12.9
140 (69.7)
163.5 ± 10.2
67.0 ± 13.4

55.5 ± 13.8
160 (79.2)
165.5 ± 9.3
68.2 ± 12.3

56.8 ± 13.6
160 (78.4)
165.6 ± 9.3
69.0 ± 13.1

160 (79.6)
41 (20.4)

162 (80.2)
40 (19.8)

161 (78.9)
43 (21.1)

31 (15.4)
105 (52.2)
65 (32.3)

45 (22.3)
100 (49.5)
57 (28.2)

46 (22.5)
113 (55.4)
44 (21.6)

29 (14.4)
172 (85.6)

37 (18.3)
165 (81.7)

23 (11.3)
181 (88.7)

162 (80.6)
39 (19.4)

169 (84.1)
32 (15.9)

169 (83.3)
34 (16.7)

Age, yr
Gender, male
Height, cm
Weight, kg
Erosive esophagitis grade, investigator-assessed
LA Grade A/B
LA Grade C/D
Esophageal hiatal hernia
≥ 2 cm
< 2 cm
None
H. pylori infection status
Positive
Negative
CYP2C19 genotype
Extensive metabolizers
Poor metabolizers
1

Values expressed as mean ± SD, or n (%). LA: Los Angeles; LPZ: Lansoprazole; SD: Standard deviation; VPZ: Vonoprazan.

Table 2 Recurrence rate of erosive esophagitis: Intergroup differences and non-inferiority test
Endpoint
Week 24 (primary endpoint)1
Week 12 (secondary endpoint)1
Comparison
Week 24 (primary endpoint)
VPZ 10 mg vs LPZ 15 mg
VPZ 20 mg vs LPZ 15 mg
VPZ 10 mg vs VPZ 20 mg
Week 12 (secondary endpoint)
VPZ 10 mg vs LPZ 15 mg
VPZ 20 mg vs LPZ 15 mg
VPZ 10 mg vs VPZ 20 mg

LPZ 15 mg

VPZ 10 mg

VPZ 20 mg

16.8% (33/196)
12.2% (24/196)
Difference and 95%CI (%)

5.1% (10/197)
2.5% (5/197)
Non-inferiority, P value

2.0% (4/201)
1.0% (2/201)
Fisher exact test, P value2

-11.8 [-17.83, -5.69]
-14.8 [-20.43, -9.26]
-3.1 [-6.71, 0.54]

< 0.0001
< 0.0001
N/A

0.0002
< 0.0001
0.1090

-9.7 [-14.80, -4.62]
-11.2 [-16.04, -6.46]
-1.5 [-4.13, 1.05]

< 0.0001
< 0.0001
N/A

N/A
N/A
N/A

1

Values expressed as percentages with number of subjects in parentheses; 2Post hoc analysis. CI: Confidence interval; LPZ: Lansoprazole; VPZ: Vonoprazan;
N/A: Not applicable.

Safety

The intergroup differences in EE recurrence rate
at Week 12 of the maintenance period (secondary
endpoint) are shown in Table 2. Vonoprazan 10 mg
and 20 mg were both shown to be non-inferior to
lansoprazole 15 mg in the FAS; the upper limits of
95%CIs for the differences between vonoprazan 10 mg
or 20 mg and lansoprazole 15 mg were < 0, thus con
sistently indicating a statistical difference.
Subgroup analyses were conducted on the EE
recurrence rates during the 24-wk maintenance period
according to age, sex, smoking classification, disease
severity, extent of CYP2C19 metabolism, and H. pylori
infection status. Post-hoc analyses confirmed that the
differences in recurrence rates following treatment with
vonoprazan 10 mg or 20 mg versus lansoprazole 15 mg
were significant among: patients who were: aged
< 65 years; of either sex; never smokers; had any LA
classification grade; CYP2C19 extensive metabolizers;
or H. pylori-negative (Table 3).
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The incidence of TEAEs during the 24-wk maintenance
period was comparable between the maintenance
treatment groups (Table 4). All-cause TEAEs during
maintenance therapy were reported in 51.2%, 54.0%,
and 58.8% of patients treated with lansoprazole 15 mg,
vonoprazan 10 mg, and vonoprazan 20 mg, respectively.
Nasopharyngitis was the most commonly reported
TEAE in each treatment group (13.9%, 16.8%, and
13.2%, respectively; 14.7% of patients overall). The
only other TEAE occurring in > 5% of patients in any
treatment group was diarrhea, which was reported
in 5.5% of those treated with lansoprazole 15 mg.
TEAEs were mostly mild in severity. The incidence of
drug-related TEAEs was 11.4%, 10.4%, and 10.3%
with lansoprazole 15 mg, vonoprazan 10 mg and
vonoprazan 20 mg, respectively. Very few serious
TEAEs were reported with lansoprazole 15 mg,
vonoprazan 10 mg, or vonoprazan 20 mg (4, 5, and 4
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Table 3 Recurrence rate of erosive esophagitis within 24 wk: sub-group analysis according to baseline characteristics
LPZ 15 mg
1

Estimate (%)
Age (yr)
< 65
≥ 65 to < 75
≥ 75
Sex
Male
Female
Smoking classification
Never smoked
Current smoker
Ex-smoker
Erosive esophagitis grade4
LA Grade A/B
LA Grade C/D
CYP2C19 genotype
Extensive metabolizers
Poor metabolizers
H. pylori infection status
Positive
Negative

VPZ 10 mg
1

Estimate (%)

2

VPZ 20 mg
2

Difference and
95%CI (%)

Fisher exact
3
test, P value

Estimate
1
(%)

Difference and
95%CI (%)

Fisher exact
3
test, P value

14.4 (19/132)
21.7 (10/46)
22.2 (4/18)

4.3 (6/139)
7.0 (3/43)
6.7 (1/15)

-10.1 [-16.95, -3.20]
-14.8 [-28.91, -0.62]
-15.6 [-38.54, 7.43]

0.0056
0.0711
0.3457

0.0 (0/136)
7.0 (3/43)
4.5 (1/22)

-14.4 [-20.38, -8.41]
-14.8 [-28.91, -0.62]
-17.7 [-38.76, 3.41]

< 0.0001
0.0711
0.1554

13.9 (19/137)
23.7 (14/59)

6.3 (10/159)
0.0 (0/38)

-7.6 [-14.49, -0.67]
-23.7 [-34.58, -12.87]

0.0321
0.0007

1.3 (2/159)
4.8 (2/42)

-12.6 [-18.65, -6.57]
-19.0 [-31.59, -6.35]

< 0.0001
0.0120

22.4 (17/76)
20.0 (8/40)
10.0 (8/80)

1.9 (1/54)
6.6 (4/61)
6.1 (5/82)

-20.5 [-30.55, -10.48]
-13.4 [-27.31, 0.42]
-3.9 [-12.27, 4.47]

0.0006
0.0588
0.3998

5.0 (3/60)
0.0 (0/57)
1.2 (1/84)

-17.4 [-28.24, -6.50]
-20.0 [-32.40, -7.60]
-8.8 [-15.78, -1.84]

0.0062
0.0005
0.0160

11.0 (17/155)
39.0 (16/41)

3.1 (5/159)
13.2 (5/38)

-7.8 [-13.44, -2.21]
-25.9 [-44.26, -7.47]

0.0075
0.0114

1.3 (2/158)
4.7 (2/43)

-9.7 [-14.92, -4.48]
-34.4 [-50.58, -18.17]

0.0002
0.0001

19.6 (31/158)
5.3 (2/38)

5.4 (9/166)
3.2 (1/31)

-14.2 [-21.28, -7.11]
-2.0 [-11.48, 7.40]

0.0001
1.0000

1.8 (3/168)
3.0 (1/33)

-17.8 [-24.34, -11.33]
-2.2 [-11.43, 6.97]

< 0.0001
1.0000

3.7 (1/27)
18.9 (32/169)

2.7 (1/37)
5.6 (9/160)

-1.0 [-9.84, 7.83]
-13.3 [-20.21, -6.41]

1.0000
0.0003

0.0 (0/27)
2.2 (4/179)

-3.7 [-10.83, 3.42]
-16.7 [-22.99. -10.41]

1.0000
< 0.0001

1

Data expressed as percentages with number of subjects in parentheses; 2Calculated for difference between VPZ group and LPZ 15 mg group; 3Post hoc
analysis; 4LA Classification Grade of erosive esophagitis by principal investigator at baseline. CI: Confidence interval; LA: Los Angeles; LPZ: Lansoprazole;
VPZ: Vonoprazan.

Table 4 Summary of treatment-emergent adverse events during maintenance treatment n (%)
LPZ 15 mg (n = 201)
Events

Patients

VPZ 10 mg (n = 202)

VPZ 20 mg (n = 204)

Events

Events

Patients

Patients

Any TEAE
166
103 (51.2)
220
109 (54.0)
212
120 (58.8)
Drug-related TEAE
30
23 (11.4)
26
21 (10.4)
23
21 (10.3)
TEAE leading to study discontinuation
10
8 (4.0)
5
5 (2.5)
8
8 (3.9)
Any serious TEAE
4
4 (2.0)
5
5 (2.5)
4
4 (2.0)
Death
0
0 (0.0)
0
0 (0.0)
0
0 (0.0)
TEAEs reported in ≥ 2% of patients in any group, irrespective of causal relationship to study medication, during maintenance treatment.
TEAE (preferred term)
LPZ 15 mg
VPZ 10 mg
VPZ 20 mg
Nasopharyngitis
28 (13.9)
34 (16.8)
27 (13.2)
Diarrhea
11 (5.5)
6 (3.0)
5 (2.5)
Upper respiratory tract inflammation
3 (1.5)
8 (4.0)
4 (2.0)
Elevated blood creatinine phosphokinase
2 (1.0)
4 (2.0)
6 (2.9)
Elevated blood triglycerides
6 (3.0)
1 (0.5)
5 (2.5)
Fall
1 (0.5)
8 (4.0)
2 (1.0)
Gastroenteritis
1 (0.5)
5 (2.5)
5 (2.5)
Back pain
1 (0.5)
3 (1.5)
5 (2.5)
Constipation
4 (2.0)
2 (1.0)
3 (1.5)
Elevated ALT1
1 (0.5)
3 (1.5)
4 (2.0)
Contusion
1 (0.5)
5 (2.5)
2 (1.0)
Seasonal allergy
2 (1.0)
4 (2.0)
2 (1.0)
Bronchitis
2 (1.0)
5 (2.5)
0 (0.0)
Dizziness
1 (0.5)
4 (2.0)
2 (1.0)
Abnormal liver function test2
1 (0.5)
2 (1.0)
4 (2.0)
Abnormal hepatic function2
1 (0.5)
0 (0.0)
4 (2.0)
Periodontitis
0 (0.0)
4 (2.0)
1 (0.5)
1

Recorded as a special-interest adverse event (SIAE) if ALT > 3 × the upper limit of normal (ULN); 2Recorded as a SIAE if total bilirubin > 2 × ULN in two
consecutive measurements. ALT: Alanine aminotransferase; LPZ: Lansoprazole; TEAE: Treatment-emergent adverse event; VPZ: Vonoprazan.

TEAEs, respectively); of the TEAEs reported, one case of
atrial fibrillation and abnormal liver function test [elevated
ALT and AST (303 U/L and 228 U/L, respectively)] in the
vonoprazan 20 mg group were considered to be possibly
related to the study drug. The abnormal liver function
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test was reported in a patient with a prior history of
alcoholic hepatic steatosis, and led to his premature
withdrawal from the study. As no specific cause was
identified, a possible causal relationship with the study
drug could not be ruled out.
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With regard to SIAEs, one case each of abnormal
liver function test [elevated ALT (179 IU/L) and
AST (209 IU/L) owing to fenofibrate treatment for
dyslipidemia and elevated ALT (137 IU/L), which was
not associated with any symptoms and was considered
possibly related to the study medication] were reported
in the lansoprazole 15 mg group, while two cases
of abnormal liver function test were reported in the
vonoprazan 10 mg group [elevated ALT (467 IU/L) and
AST (571 IU/L) in one patient, which were considered
possibly related to the study medication; and elevated
ALT (326 IU/L) and AST (127 IU/L) that occurred
in a patient with concurrent hepatic steatosis and
were considered unrelated to the study drug]. In the
vonoprazan 20 mg group, elevated ALT (86 IU/L)
and AST (47 IU/L) were reported at the final study
visit in a patient with concurrent hyperlipidemia and
hepatic steatosis. Having completed the study, the
patient began to receive lansoprazole as maintenance
treatment for EE. Four weeks after the patient had
completed the study, a further ALT elevation (139 IU/L)
was reported, which qualified as a SIAE. Two days later,
dark urine and itching were reported. The patient’s
condition remained unresolved 2 mo later but, owing to
the invasive nature of blood sampling, the investigator
decided that further follow-up was unnecessary,
and that the patient should receive routine medical
care and further treatment as required. As the initial
ALT and AST elevations had occurred during the
maintenance period of the study, the possibility of a
causal relationship with the study medication could
not be ruled out. Also in the vonoprazan 20 mg group,
elevated ALT (138 IU/L, which was considered to have
been caused by pre-existing hepatic steatosis) was
reported in one patient, and two cases of abnormal
liver function test were noted; the first in a patient with
ALT elevated to 161 IU/L following the consumption of
a large quantity of alcohol, and the second being the
case that is described above as a serious TEAE. All the
SIAEs were considered resolved or resolving, with the
exception of the case of abnormal hepatic function in
the vonoprazan 20 mg group. This patient was followed
up with routine medical care and treated as required.
Mean levels of serum gastrin, pepsinogenⅠ, and
pepsinogen Ⅱ increased in all three groups after the
start of maintenance therapy; as shown in Figure 2,
the increases were greatest with vonoprazan 20 mg
and least with lansoprazole 15 mg. Histopathologic
examinations showed that the observed increases
in serum gastrin were not associated with clinically
significant effects on the gastric mucosa. Similar slight
increases in the number and density of Grimeliuspositive cells were observed from baseline to Week
24 in all treatment groups (Table 5), leading to
increased ratios of Grimelius-positive cells to epithelial
cells. No clinically significant treatment-related
changes were noted in gastric mucosal cell density,
or in the percentage and density of chromogranin A-,

WJG|www.wjgnet.com

synaptophysin-, and Ki-67-positive cells (Table 5).
No clinically significant changes were observed
in clinical laboratory test values, vital signs, or ECG
findings in any group during maintenance treatment.

DISCUSSION
The findings of this study demonstrate the noninferiority of once-daily maintenance therapy with
vonoprazan 10 mg or 20 mg to lansoprazole 15 mg for
the prevention of EE recurrence in Japanese patients
with healed EE. The upper limits of 95%CI for the
differences in EE recurrence rate between vonoprazan
10 mg or 20 mg and lansoprazole 15 mg at 24 wk
of maintenance treatment were below 0, indicating a
statistically significant difference.
The prevalence of EE has increased in Japan over
the past few decades, owing to factors such as the
adoption of a westernized lifestyle, the aging of the
population, and the decreasing incidence of H. pylori
[22]
infection . Moreover, endoscopic EE remission rates
after healing following PPI treatment have been shown
to be markedly lower in patients with more severe (LA
[23]
grades C/D) vs milder disease . In the current study,
recurrence rates in patients with baseline LA grade C/D
EE were significantly reduced with vonoprazan 10 mg
(13.2%) and 20 mg (4.7%) vs lansoprazole 15 mg
(39.0%) (P = 0.0114 and P = 0.0001, respectively).
In addition, treatment with both vonoprazan 10 mg
and 20 mg reduced recurrence rates compared
with lansoprazole 15 mg among CYP2C19 extensive
metabolizers (5.4% and 1.8%, respectively, vs 19.6%).
These findings support the hypothesis that vonoprazan
provides clinical benefits through potent and sustained
gastric suppression in difficult-to-treat EE subgroups
with more severe disease, as well as in those with
milder disease.
The doses of vonoprazan and lansoprazole selected
for evaluation in this study were consistent with the
doses of acid suppressants commonly used for the
maintenance of healed EE. PPIs are well-established
in this indication, typically being approved for admini
stration at either the same or half the dose approved
[24-26]
for the healing of EE
. As vonoprazan is an
acid suppressant, we decided to evaluate both the
clinically recommended dose for EE healing and half
that dose as maintenance regimens in this study.
Our group previously carried out a phase Ⅱ doseranging study of vonoprazan in 732 Japanese patients
[27]
with EE . Vonoprazan, administered at once-daily
doses of 5-40 mg, was found to be non-inferior to
lansoprazole 30 mg once daily with respect to the rate
of endoscopically-confirmed EE healing after 4 wk of
treatment. Moreover, the rate of EE healing in patients
with LA grade C/D EE was > 95% with vonoprazan
doses of ≥ 20 mg, vs 87% with lansoprazole 30 mg.
The safety profile of vonoprazan at all administered
doses was similar to that of lansoprazole 30 mg. On
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2

Table 5 Histopathology of gastric mucosa: neuroendocrine cell density (/mm )
LPZ 15 mg
Epithelial cells (× 103)
Baseline
Week 24
Grimelius-positive cells (× 102)
Baseline
Week 24
Chromogranin A-positive cells (× 102)
Baseline
Week 24
Synaptophysin-positive cells (× 102)
Baseline
Week 24
Ki-67-positive cells (× 102)
Baseline
Week 24

VPZ 10 mg

VPZ 20 mg

n

Mean (SD)

n

Mean (SD)

n

Mean (SD)

28
24

1.58 (0.4831)
1.63 (0.2689)

29
26

1.82 (0.3188)
1.71 (0.4304)

28
28

1.74 (0.3943)
1.54 (0.4744)

28
24

0.716 (0.3997)
1.06 (0.2676)

29
26

0.705 (0.5562)
1.07 (0.3858)

28
28

0.656 (0.3778)
0.943 (0.4260)

28
24

1.35 (0.6625)
1.35 (0.2962)

29
26

1.25 (0.7250)
1.31 (0.4595)

28
28

1.35 (0.7073)
1.20 (0.5041)

28
24

1.73 (0.7005)
1.58 (0.3716)

29
26

1.73 (0.8123)
1.55 (0.4490)

28
28

1.83 (0.9076)
1.45 (0.6173)

28
24

1.44 (0.8192)
1.14 (0.5037)

29
26

1.10 (0.6624)
1.09 (0.4075)

28
28

1.32 (0.5513)
1.05 (0.4853)

LPZ: Lansoprazole; SD: Standard deviation; VPZ: Vonoprazan.
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Figure 2 Time course of serum gastrin, pepsinogen Ⅰ, and pepsinogen Ⅱ concentrations. Data expressed as arithmetic mean ± SD. eP < 0.0001 for VPZ
10 mg or 20 mg vs LPZ 15 mg. LPZ: Lansoprazole; SD: Standard deviation; VPZ: Vonoprazan.

the basis of these findings, 20 mg once daily was
established as the clinically recommended dose of
[27]
vonoprazan for the treatment of EE . Therefore, the
doses of vonoprazan evaluated as maintenance therapy
in the present study were 20 and 10 mg once daily representing the clinically recommended dose for the
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treatment of EE and half that dose. Lansoprazole was
evaluated at the 15 mg dose that is approved for the
[26]
maintenance of healed EE .
Vonoprazan 10 and 20 mg demonstrated similar
safety profiles to lansoprazole 15 mg during the 24-wk
maintenance period. All three investigated maintenance
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regimens were well tolerated overall, with only a
small number of TEAE-related withdrawals reported
in each group. No new safety signals were identified
for vonoprazan during the study. The increase in serum
gastrin that we observed was not associated with
clinically significant effects on the gastric mucosa. This,
as well as the observed increases in pepsinogenⅠ and
Ⅱ, were likely a negative feedback effect caused by the
increase in intragastric pH that resulted from treatment
with lansoprazole or vonoprazan. Histopathology of
the gastric mucosa revealed no notable effects of the
study drugs on neuroendocrine cells between baseline
and Week 24, although the study was too short to rule
out the possibility of clinically significant histopathologic
changes occurring in the gastric mucosa over the long
term. Thus, longer-term studies (> 1 year) are required
to monitor any potential effects of vonoprazan on
gastric mucosa.
This study was limited by its relatively short du
ration; nevertheless, the findings reported in this paper
build on those from prior studies by our group, which
investigated the efficacy and safety of vonoprazan
in patients with acid-related disorders. In addition
to the aforementioned phase Ⅱ dose-ranging study,
which demonstrated the non-inferiority of vonoprazan
5-40 mg once daily to lansoprazole 30 mg once
[27]
daily in terms of rates of EE healing over 4 wk , a
recent phase Ⅲ trial confirmed the non-inferiority of
vonoprazan 20 mg to lansoprazole 30 mg in the same
[18]
indication within an 8-wk period . Vonoprazan was
found to be highly effective even among CYP2C19
extensive metabolizers and patients with baseline EE
of LA Classification grade C/D. Other studies have
also shown promising results with vonoprazan in the
[28]
treatment of gastric or duodenal ulcers , and in the
prevention of recurrent ulcers of these types in patients
receiving low-dose aspirin or NSAIDs (ClinicalTrials.
gov. identifiers NCT01452763, NCT01456247,
NCT01452750, and NCT01456260).
While the primary objective of the present study
was to verify the non-inferiority of vonoprazan to
lansoprazole, the two-sided 95%CI for the difference
between each vonoprazan group and the lansoprazole
group were calculated as pre-planned for the primary
analysis. A post-hoc Fisher’s exact test was also
performed as a sensitivity analysis to further support
the results of the primary assessment using the CIs.
These analyses confirmed that vonoprazan provided
more consistent maintenance of EE healing at doses
of 10 mg and 20 mg than lansoprazole 15 mg, even
among CYP2C19 extensive metabolizers and patients
with LA grade C/D EE. These findings suggest that
vonoprazan may represent a viable alternative to
PPIs in maintaining EE healing, with two doses being
available for physicians to choose from.
In conclusion, this phase Ⅲ trial confirmed the noninferiority of vonoprazan 10 mg and 20 mg to lansoprazole
15 mg once daily in preventing EE recurrence during
24 wk of maintenance treatment in Japanese patients.
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The safety profile of vonoprazan at the administered doses
was similar to that of lansoprazole 15 mg.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Proton-pump inhibitors (PPIs) such as lansoprazole are widely accepted as the
treatment of choice for acid-related disorders, including erosive esophagitis (EE).
Nevertheless, agents of this class are associated with notable shortcomings,
which include: significant inter-individual variability in the time to onset of action;
reduced night-time efficacy in preventing acid regurgitation, leading to nocturnal
acid breakthrough; and differences in plasma concentrations and acid-inhibitory
effects in extensive versus poor CYP2C19 metabolizers.
Vonoprazan fumarate (TAK-438) belongs to a relatively new class of
acid suppressants known as potassium-competitive acid blockers (P-CABs),
which, by virtue of their novel mechanism of action, offer a number of potential
advantages over PPIs in the treatment of acid-related disorders. In animal
studies, vonoprazan provided more potent and sustained suppression of gastric
acid secretion than lansoprazole, while studies in healthy human volunteers
demonstrated rapid, sustained, and dose-related suppression of 24-h gastric
acid secretion. The present study adds to these earlier findings by confirming
that vonoprazan is non-inferior to lansoprazole in preventing EE recurrence in
Japanese patients with healed EE.

Research motivation

As a result of the increasingly widespread adoption of a westernized lifestyle
and the general aging of the population, EE is now the most common acidrelated disorder in Japan. Typical symptoms of EE include heartburn, acid reflux,
difficulty swallowing, and sore throat, which can negatively impact patients’
quality of life. In Japan, as elsewhere, PPIs remain the mainstay of treatment
for EE and other acid-related disorders; however, in view of the limitations of
PPIs mentioned above, there is a need for new treatment modalities that offer
greater efficacy and more consistent outcomes. Any treatments that improve
outcomes in EE may also be beneficial in gastroesophageal reflux disease,
duodenal ulcer, and other acid-related disorders, and could become the focus
of a new area of research.

Research objectives

The main objective of the research described in this paper was to demonstrate
that the efficacy of vonoprazan in preventing EE recurrence is comparable to
that of lansoprazole at its established maintenance dose. This objective was
realized, with the results obtained confirming that vonoprazan, at doses of
10 and 20 mg once daily, is non-inferior to lansoprazole 15 mg once daily as
maintenance therapy for healed EE. In addition, the safety profile of vonoprazan
was shown to be similar to that of lansoprazole at the doses investigated.
These findings suggest that vonoprazan may be a viable alternative to PPIs
in the maintenance of EE healing, and provide a basis for future clinical trials
to establish the optimal positioning of this new agent in the treatment of acidrelated disorders.

Research methods

To establish the non-inferiority of vonoprazan 10 and 20 mg to lansoprazole
15 mg as maintenance therapy in Japanese patients with endoscopicallyconfirmed healed EE, we designed and conducted a multicenter, double-blind,
randomized, phase Ⅲ clinical trial. Eligible patients received vonoprazan 10 or
20 mg, or lansoprazole 15 mg, once daily for 24 wk. The primary and secondary
endpoints were the rate of EE recurrence at Weeks 24 and 12, respectively;
safety outcomes were also evaluated. Based on EE recurrence rates in
previous studies, it was calculated that 174 patients per treatment group would
be required to provide > 90% power to confirm the non-inferiority of vonoprazan
10 and 20 mg to lansoprazole 15 mg.

Research results

We found that vonoprazan, administered at a dose of 10 or 20 mg once daily,
is non-inferior to lansoprazole 15 mg once daily in maintaining EE healing in
Japanese patients over a period of 24 wk, and demonstrates a comparable
safety profile. Post-hoc analyses also confirmed that both doses of vonoprazan
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investigated provide more consistent EE healing than lansoprazole, even in
patients who are CYP2C19 extensive metabolizers and those with severe
(Los Angeles grade C/D) EE. These results add to our previous findings that
vonoprazan 5-40 mg once daily is non-inferior to lansoprazole 30 mg once
daily in terms of EE healing rates over a 4-wk period, and that vonoprazan
20 mg once daily is non-inferior to lansoprazole 30 mg once daily in terms of
8-wk EE healing rates. As the maintenance period in this study was relatively
short, further studies are needed to establish the long-term efficacy and safety
characteristics of vonoprazan in the maintenance of EE healing.

6

7

8

Research conclusions

To our knowledge, this study is the first to confirm that vonoprazan is noninferior to lansoprazole once daily in maintaining EE healing in Japanese
patients. Importantly, it is also the first to show that vonoprazan is more
consistent in maintaining EE healing, even in extensive CYP2C19 metabolizers
and patients with more severe disease. These findings appear to confirm that
the novel mechanism of action of vonoprazan is associated with advantages
versus PPIs in the treatment of acid-related disorders, and suggest that
vonoprazan could be an important new addition to the range of treatment
options available to clinicians.

9

10
11

Research perspectives

This study confirms that vonoprazan demonstrates efficacy comparable with
that of lansoprazole not only in healing EE, but also in maintaining the healing
of EE over 24 wk. Future research should focus on evaluating the longer-term
efficacy and safety of vonoprazan in this indication. In addition to randomized
controlled trials, observational studies should be undertaken to gather
valuable real-life data and inform decisions regarding the optimal positioning of
vonoprazan in the management of EE.

12
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Abstract
AIM
To provide an updated assessment of the safety and
efficacy of enhanced recovery after surgery (ERAS)
protocols in elective gastric cancer (GC) surgery.
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METHODS
PubMed, Medline, EMBASE, World Health Organization
International Trial Register, and Cochrane Library were
searched up to June 2017 for all available randomized
controlled trials (RCTs) comparing ERAS protocols and
standard care (SC) in GC surgery. Thirteen RCTs, with a
total of 1092 participants, were analyzed in this study, of
whom 545 underwent ERAS protocols and 547 received
SC treatment.
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RESULTS
No significant difference was observed between ERAS
and control groups regarding total complications (P =
0.88), mortality (P = 0.50) and reoperation (P = 0.49).

1562

April 14, 2018|Volume 24|Issue 14|

Wang LH et al. Enhanced recovery after gastrectomy: A meta-analysis

The incidence of pulmonary infection was significantly
reduced (P = 0.03) following gastrectomy. However,
the readmission rate after GC surgery nearly tripled
under ERAS (P = 0.009). ERAS protocols significantly
decreased the length of postoperative hospital stay
(P < 0.00001) and medical costs (P < 0.00001), and
accelerated bowel function recovery, as measured by
earlier time to the first flatus (P = 0.0004) and the first
defecation (P < 0.0001). Moreover, ERAS protocols were
associated with a lower level of serum inflammatory
response, higher serum albumin, and superior shortterm quality of life (QOL).

restriction, postoperative pain management, nutritional
[3-5]
care and early ambulation . Multimodal optimizing
perioperative procedures were explored initially in
the setting of elective colorectal resections, resulting
in a significant reduction in overall hospital stay from
8-12 d to 2-5 d under the standard discharge criteria
[6,7]
for conventional care . Since then, ERAS concepts
have become widely recognized and applied gradually
to clinical practice. Currently, accumulating evidence
highlights that the implementation of ERAS protocols
in multiple surgical disciplines significantly reduces
morbidity and mortality, while improving clinical
[8-10]
outcomes without compromising patient safety
.
Gastric cancer (GC) remains a major health problem
in China and worldwide, and radical gastrectomy
remains the most likely approach to cure GC. However,
conventional perioperative care is associated with a
high risk of morbidity after radical surgery, ranging
[11-13]
from 12.5% to 39%
. Moreover, due to malnutrition
of patients with gastric neoplasms and chronic
comorbidities, perioperative mortality can reach up to
[14]
8.8% . Postoperative complications result in prolonged
inflammatory response, which is considered to have a
negative influence not only on the overall survival (OS)
but also on the disease-specific mortality of patients
undergoing gastrectomy, even if the carcinoma is
[15]
radically resected .
Given the strong evidence and recommendations
for colorectal cancer, the application of ERAS protocols
for gastrectomy procedures has been investigated in
[16-19]
several studies
. ERAS principles combined with
laparoscopic treatment for GC lead to satisfactory
[20-22]
[23,24]
clinical outcomes
, even in elderly patients
.
Several meta-analyses have revealed that ERAS
pathways in GC patients reduce the duration of hospital
stay and medical costs without significantly increasing
[25-28]
complications and hospital readmission
, and
the ERAS Society issued consensus guidelines for
perioperative care after elective gastrectomy for GC in
[29]
2014 .
However, there still remain numerous controversies,
limitations and difficulties in ERAS practice after gas
trectomy. Following the recent publication of two related
[22,30]
high-level randomized controlled trials (RCTs)
, we
conducted an updated systematic review and metaanalysis to thoroughly assess the safety and efficacy of
ERAS application in GC patients.

CONCLUSION
Collectively, ERAS results in accelerated convalescence,
reduction of surgical stress and medical costs, improved
nutritional status, and better QOL for GC patients.
However, high-quality multicenter RCTs with large
samples and long-term follow-up are needed to more
precisely evaluate ERAS in radical gastrectomy.
Key words: Enhanced recovery after surgery; Safety;
Gastric cancer; Efficacy; Meta-analysis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Enhanced recovery after surgery (ERAS)
has emerged as an optimal perioperative strategy for
improving clinical outcomes in gastric cancer surgery.
However, numerous controversies exist with regard to
ERAS practice after gastrectomy. To our knowledge,
this study is the largest meta-analysis of randomized
controlled trials to date, incorporating 1092 participants,
of whom 545 received ERAS protocols and 547 received
standard care, to assess the role of ERAS for radical
gastrectomy. Our review clarified that ERAS results in
accelerated convalescence, reduction of surgical stress
and medical costs, improved nutritional status, and
better quality of life for gastric cancer patients.
Wang LH, Zhu RF, Gao C, Wang SL, Shen LZ. Application
of enhanced recovery after gastric cancer surgery: An updated
meta-analysis. World J Gastroenterol 2018; 24(14): 1562-1578
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i14/1562.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i14.1562

INTRODUCTION

MATERIALS AND METHODS

Enhanced recovery after surgery (ERAS), or fasttrack surgery program, which was pioneered by Kehlet
and Wilmore in the late 1990s, intends to attenuate
surgical stress and accelerate postoperative functional
[1,2]
recovery . ERAS protocols involve a series of perio
perative evidence-based interventions, the core
elements of which include preoperative short fasting
and carbohydrate-loaded fluids, intraoperative epidural
anesthesia, minimally invasive procedures and fluid

Literature search

WJG|www.wjgnet.com

A comprehensive literature search in PubMed, Medline,
EMBASE, World Health Organization International
Trial Registry platform, and Cochrane Library was
performed, until June 2017, independently to identify
all available publications comparing the ERAS program
with standard perioperative care (SC) for GC pa
tients undergoing gastrectomy. The medical subject
heading (MeSH) terms and free text terms searched
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Statistical analysis

for, individually and in combination, were as follows:
“fast track surgery” OR “accelerated rehabilitation”
OR “enhanced recovery” OR “ERAS” OR “multimodal
perioperative care” AND “gastric cancer” OR “stomach
carcinoma” OR “gastrectomy” OR “gastric resection.”
This search strategy was able to identify all potential
publications involving humans, without language re
striction. Reference lists of all eligible articles were
also scrutinized to identify any other related studies.
Furthermore, bibliographies of systematic reviews or
meta-analyses on this issue were hand-searched for
additional articles that the electronic retrieval failed to
capture.

Statistical analysis was performed using the software
package Review Manager Version 5.3.3 (Nordic
Cochrane Centre, The Cochrane Collaboration,
Copenhagen, Denmark) and STATA version 12 (Stata
Corp LP, College Station, TX, United States). Pooled
risk ratio (RR) with 95% confidence interval (CI) was
utilized to analyze dichotomous data, while continuous
data were analyzed as mean differences (MDs) with
95%CIs. Heterogeneity was evaluated using the
chi-square test, for which P < 0.1 was considered
statistically significant. The I² value was used to
quantify the impact of heterogeneity on each analysis.
If the test of heterogeneity was statistically significant,
the random-effects model was used; otherwise, a fixedeffects model was used. When the study did not report
specific values for mean and standard deviation (SD),
these were estimated using median and range based
[32]
on the methods previously described . In short, the
median was used as a substitute for the mean. When
the sample size was greater than 70, SD was estimated
as range/6, and when the sample size was 15-69,
SD was calculated as range/4. In the case where the
interquartile range (IQR) was available, the range was
estimated to be the median ± IQR.

Inclusion and exclusion criteria

The inclusion criteria for this study were: (1) evaluation
of ERAS in comparison with traditional SC; (2) RCTs;
(3) detailed patient data and outcomes available; (4)
ERAS protocols composed of at least eight elements
[29]
from consensus guidelines ; and (5) follow-up for at
least 14 d after discharge. When more than one study
reporting the same patient cohort was included in
several publications, only the most recent or complete
study was included.
The exclusion criteria were as follows: (1) noncomparative studies; (2) case-controlled trials, cohort
studies, or retrospective studies; (3) application of
less than eight items of ERAS; (4) no follow-up after
discharge; and (5) other documentations that did not
meet the inclusion criteria.

RESULTS
Included studies

The flow chart for the selection of literature according to
the predefined retrieval strategies is shown in Figure 1.
[21-24,30,33-37]
Ten studies
published between 2010 and 2017
[24,34]
met the inclusion criteria. Two studies
consisted
of four groups comparing ERAS protocols and SC in
laparoscopic or open radical gastrectomy, respectively,
[23]
for stomach cancer, while another
comprised four
groups comparing ERAS protocols and SC in adults
(aged 45-74 years) or elderly individuals (aged 75-89
years) undergoing open gastrectomy for GC. These three
studies were considered to be six independent studies
[26,28]
with reference to previous reports
. Consequently, 13
RCTs from these 10 studies were included in the current
systematic review and meta-analysis.

Study selection and data extraction

Following identification of citations from all potentially
eligible studies, two investigators independently
retrieved the full-text articles according to the inclusion
criteria. Any discrepancies or divergences concerning
inclusion were settled through discussion with a third
reviewer until consensus was reached.
Data were extracted using a double-extraction
method from each eligible study by the two investigators.
Outcomes included morbidity, mortality, rates of
readmission and reoperation, length of postoperative
hospital stay (POHS), duration of flatus and defecation,
medical costs, and postoperative inflammatory response
and nutritional status, such as determined by serum
C-reactive protein (CRP), interleukin-6 (IL-6) and serum
albumin (ALB) concentrations.

Characteristics and methodological quality

The main characteristics of the included studies are
detailed in Table 1. All studies were from a single
center involving a total of 1092 participants, of whom
545 underwent the ERAS protocol and 547 received
SC treatment. The sample size ranged from 41 to
256, and four studies contained more than 100
[22,23,30,33]
patients
. Table 2 lists the relevant elements
involved in these studies regarding the implementation
of ERAS pathways based on the consensus conducted
in RCTs. Surgical procedures for GC with curative intent
involved proximal gastrectomy, distal gastrectomy,
and total gastrectomy. These included studies were
implemented predominantly in Asia (China, South

Assessment of risk of bias

Another two investigators separately assessed the
quality of identified RCTs using the criteria addressed in
[31]
the Cochrane Collaboration . The evaluation indices
contained several aspects across randomization,
allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete
outcome data, selective outcome reporting, and other
bias. Risk of bias in each domain listed was graded as
“high risk,” “low risk,” or “unclear.”

WJG|www.wjgnet.com
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Table 1 Main characteristics of the included studies
Study

Year

Abdikarim et al[21]
Bu et al[23]-Adult
Bu et al[23]-Elderly
Chen Hu et al[34]-Lap
Chen Hu et al[34]-Open
Feng et al[33]
Kim et al[35]
Liu et al[36]
Liu et al[24]-Lap
Liu et al[24]-Open
Mingjie et al[22]
Tanaka et al[30]
Wang et al[37]

2015
2015
2015
2012
2012
2013
2012
2010
2016
2016
2017
2017
2010

Sample size
ERAS

SC

30
64
64
19
21
59
22
33
21
21
73
73
45

31
64
64
22
20
60
22
30
21
21
76
69
47

Age in yr
ERAS
63 ± 12
62.4 ± 7.8
80.1 ± 4.0
59 (49-71)
62.5 (45-72)
55.0 ± 11.4
52.6 ± 11.6
60.7 ± 9.7
69.2 ± 5.1
67.8 ± 3.9
61 (40-75)
68 (29-85)
58.8 ± 9.7

Sex, male/female
SC

ERAS

62 ± 11
63.0 ± 7.4
79.6 ± 3.5
62.5 (45-72)
64.5 (49-75)
55.8 ± 10.1
57.5 ± 14.5
61.9 ± 8.3
70.3 ± 5.8
68.6 ± 4.9
63 (35-75)
67 (44-85)
56.9 ± 9.1

21/9
31/33
37/27
10/9
9/12
41/18
13/9
18/15
10/11
9/12
48/25
49/24
32/13

Approach

Neoadjuvant
chemotherapy

Follow-up
(d)

Lap
Open
Open
Lap
Open
Open
Lap
Open
Lap
Open
Lap
Lap/Open
Open

No
No
No
No
No
No
No
No
No
No
No
No

30
30
30
28
28
28
14
30
30
30
30
30
28

SC
20/11
35/29
40/24
10/12
12/8
44/16
15/7
16/14
12/9
11/10
50/26
49/20
29/18

ERAS: Enhanced recovery after surgery; Lap: laparoscopic surgery; Open: Open surgery; SC: Standard care.

Records identified through
database searching (n = 587)

Records identified through
other sources (n = 49)

Duplicates removed (n = 206)

Records screened
(n = 430)

Full-text articles
assessed for eligility
(n = 57)

Records excluded based on
the abstract screening
(n = 373)

Full-text articles excluded (n = 47)
15 not randomized controlled trial
5 unrelated clinical outcomes
6 literature focus not fully on ERAS
21 did not meet the eligility criteria

Studies included in
qualitative synthesis
(n = 10)

Studies included in quantitative synthesis
(meta-analysis) (n = 10)
Notice: Three studies involved respectively two
indepedent databases (open and laparoscopic,
adult and elderly), resulting in 13 RCTs

Figure 1 Study flow diagram: Enhanced recovery after surgery in gastric cancer. ERAS: Enhanced recovery after surgery; RCTs: Randomized controlled trials.

Postoperative morbidity and short-term mortality

Korea, and Japan). Assessment of the risk of bias
across all included studies is presented in Figure 2,
most of which were of moderate quality. Blinding was
the main risk of bias among these RCTs, as it was not
easy to comply with double blinding in such procedural
trials.

WJG|www.wjgnet.com

Total complications: No significant difference
was demonstrated between ERAS and the control
group in the 13 RCTs regarding the incidence of total
complications following gastrectomy (RR: 1.03, 95%CI:
0.73-1.44, P = 0.88) (Figure 3 and Table 3), but there
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Table 2 Elements of enhanced recovery after surgery protocol applied in the included studies
Study

Year
[21]

Abdikarim et al
Bu et al[23]
Chen Hu et al[34]
Feng et al[33]
Kim et al[35]
Liu et al[36]
Liu et al[24]
Mingjie et al[22]
Tanaka et al[30]
Wang et al[37]

2015
2015
2012
2013
2012
2010
2016
2017
2017
2010

No bowel Carbohydrate No routine use of
Fluid
Pain
Early
preparation
loading
abdominal drainage restriction management mobilization
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Early
feeding
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Others
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No. of ERAS
elements
11
14
13
9
10
12
11
13
22
14

ERAS: Enhanced recovery after surgery.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

95%CI: 0.93-2.23, P = 0.10), and no heterogeneity
2
2
was observed (χ = 2.18, P = 0.70; I = 0). Similarly,
[23,24,33,34,36,37]
in the open surgery RCTs
, ERAS pathways
did not increase the surgical complications (RR:
1.05, 95%CI: 0.68-1.63, P = 0.81), and significant
2
heterogeneity was observed (χ = 31.10, P < 0.0001;
2
[23,24]
I = 81%). However, three RCTs in the elderly
demonstrated that the incidence of complications was
significantly higher in the ERAS arm than in the SC
arm (RR: 1.45, 95%CI: 1.23-1.70, P < 0.00001), and
2
no heterogeneity was found in the elderly (χ = 1.51, P
2
= 0.47; I = 0).

Abdikarim 2015

?

+

?

+

-

-

?

Bu 2015 (Adult)

+

+

?

?

?

+

?

Bu 2015 (Elderly)

+

+

?

?

?

+

?

Chen Hu 2012 (Lap)

?

?

-

+

+

-

?

Chen Hu 2012 (Open)

?

?

-

+

+

-

?

Feng 2013

+

+

-

+

+

+

+

Kim 2012

+

+

-

-

-

+

-

Liu 2010

?

+

-

-

+

+

+

Liu 2016 (Lap)

?

+

?

-

+

-

-

Liu 2016 (Open)

?

+

?

?

+

-

-

Mingjie 2017

+

?

-

-

+

-

?

Tanaka 2017

+

-

-

+

+

+

?

Wang 2010

?

?

-

-

+

+

-

[21-23,30,33,34,36,37]

Anastomotic leak: Ten RCTs
(964
patients) provided data on anastomotic leaks, whereby
2.3% (11/481 patients) in the ERAS group and 1.7%
(8/483) in the SC group had an anastomotic leak.
Pooling the results indicated that ERAS did not increase
the incidence of anastomotic leaks compared with
conventional care (RR: 1.36, 95%CI: 0.54-3.45, P
= 0.51) (Figure 3), and heterogeneity was excluded
2
2
among these trials (χ = 2.35, P = 0.50; I = 0).
[21-24,30,33,34,36,37]

Ileus: Twelve RCTs
(1048 patients)
provided data regarding ileus: 3.3% (17/523 patients)
in the ERAS group, and 1.9% (10/525) in the SC
group had ileus. Pooling the results indicated that
ERAS did not increase ileus compared with SC (RR:
1.62, 95%CI: 0.75-3.52, P = 0.22) (Figure 3), and no
2
heterogeneity was observed among these trials (χ =
2
5.76, P = 0.57; I = 0).
[21-24,30,33,34,36,37]

Incision infection: Eleven RCTs
(1007
patients) reported incision infection, amounting to
2.8% (14/504 patients) in the ERAS group and 3.6%
(18/503) in the SC group. Pooling the results indicated
that ERAS did not increase incision infection compared
with conventional care (RR: 0.79, 95%CI: 0.39-1.60,
P = 0.52) (Figure 3), and there was no heterogeneity
2
2
among these studies (χ = 4.52, P = 0.87; I = 0).

Figure 2 Risk of bias summary: Review of authors' judgments concerning
each risk-of-bias item for each included study.

was significant heterogeneity among these studies
2
2
(χ = 47.12, I = 75%, P < 0.00001). In five RCTs
[21,22,24,34,35]
reporting a laparoscopic approach for GC
, no
significant difference in postoperative morbidity was
found between the ERAS and SC groups (RR: 1.44,

WJG|www.wjgnet.com

[23,24,33-37]

Urinary tract infection: Nine RCTs
(699
patients) provided data regarding urinary tract infection,
which was observed in 2.6% (9/350 patients) in the
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Table 3 Evaluation of the complications or outcomes in enhanced recovery after surgery vs standard care groups in the included
studies
Studies, n

Subgroup

Participants, n

Statistical method

Effect estimate

13
10
12
11
9
9
13
11
4
10

1092
964
1048
1007
699
775
1092
882
471
819

Risk ratio (M-H, random, 95%CI)
Risk ratio (M-H, random, 95%CI)
Risk ratio (M-H, random, 95%CI)
Risk ratio (M-H, random, 95%CI)
Risk ratio (M-H, random, 95%CI)
Risk ratio (M-H, random, 95%CI)
Mean difference (Ⅳ, random, 95%CI)
Mean difference (Ⅳ, random, 95%CI)
Mean difference (Ⅳ, random, 95%CI)
Mean difference (Ⅳ, random, 95%CI)

1.03 [0.73, 1.44]
1.36 [0.54, 3.45]
1.62 [0.75, 3.52]
0.79 [0.39, 1.60]
0.53 [0.26, 1.08]
0.52 [0.28, 0.94]
-1.65 [-2.09, -1.21]
-12.70 [-19.71, -5.69]
-28.07 [-41.48, -14.67]
-0.50 [-0.69, -0.30]

Heterogeneity
P value
75%
< 0.00001
0
0.50
0
0.57
0
0.87
0
0.99
0
0.99
89%
< 0.00001
92%
< 0.00001
90%
< 0.00001
85%
< 0.00001

8
6
5

514
378
258

Mean difference (Ⅳ, random, 95%CI)
Mean difference (Ⅳ, random, 95%CI)
Mean difference (Ⅳ, random, 95%CI)

-14.81 [-21.42, -8.21]
-19.81 [-29.64, -9.98]
-21.36 [-28.81, -13.91]

72%
64%
74%

0.0007
0.02
0.004

4
3
3

239
147
176

Mean difference (Ⅳ, random, 95%CI)
Mean difference (Ⅳ, random, 95%CI)
Mean difference (Ⅳ, random, 95%CI)

-61.22 [-114.58, -7.86]
-31.50 [-55.63, -7.38]
-26.62 [-34.23, -19.01]

99%
96%
89%

< 0.00001
< 0.00001
0.0001

2
4
4
8
3
2

84
166
166
777
517
136

Mean difference (Ⅳ, random, 95%CI)
Mean difference (Ⅳ, random, 95%CI)
Mean difference (Ⅳ, random, 95%CI)
Risk ratio (M-H, Fixed, 95%CI)
Risk ratio (M-H, Fixed, 95%CI)
Std. mean difference (Ⅳ, Fixed, 95%CI)

0.24 [-0.89, 1.36]
3.27 [2.24, 4.30]
5.68 [3.31, 8.05]
2.86 [1.31, 6.24]
0.62 [0.17, 2.35]
-0.46 [-0.80, -0.12]

0
23%
83%
0
33%
36%

0.79
0.27
0.0005
0.92
0.22
0.21

I2

Total complications
Anastomotic leak
Ileus
Incision infection
Urinary tract infection
Pulmonary infection
Postoperative hospital stay
Duration of first flatus
Duration of first defecation
Medical costs
CRP
POD1
POD4
POD7
IL-6
POD1
POD4
POD7
ALB
POD1
POD4
POD7
Readmission
Reoperation
Quality of life

ALB: Serum albumin; CRP: C-reactive protein; IL-6: Interleukin-6; Ⅳ: Inverse Variance; M-H: Mantel-Haenszel; POD: Postoperative day.

ERAS group and 5.4% (19/349) in the SC group.
Pooling the results indicated that ERAS did not increase
urinary tract infection compared with conventional care
(RR: 0.53, 95%CI: 0.26-1.08, P = 0.08) (Figure 3),
and heterogeneity was excluded among these studies
2
2
(χ = 1.61, P = 0.99; I = 0).

of POHS in the ERAS group, and three reported
no significant difference. The elderly group in Bu’s
[23]
[34]
report , the laparoscopic group in Chen Hu’s study ,
[24]
and the open group of Liu’s report demonstrated that
patients receiving rapid rehabilitation care had POHS
similar to that of the traditional care protocol. Metaanalysis revealed a significant reduction in POHS by 1.65
d with the application of the ERAS schemes compared
with traditional perioperative care in pooled analysis
(MD: -1.65, 95%CI: -2.09 to -1.21, P < 0.00001)
(Figure 5), and the heterogeneity was significant among
2
2
these studies (χ = 105.17, P < 0.00001; I = 89%).
[21,22,24,34,35]
Laparoscopic surgery combined with ERAS
markedly reduced POHS compared with laparoscopic
surgery alone (MD: -1.49, 95%CI: -2.25 to -0.74, P
2
< 0.0001), and the heterogeneity was significant (χ
2
= 18.21, P = 0.001; I = 78%). Similarly, there was a
significant reduction in POHS observed in open surgery
[23,24,33,34,36,37]
with ERAS
compared with open surgery
alone (MD: -1.89, 95%CI: -2.69 to -1.09, P < 0.00001),
2
and the heterogeneity was also significant (χ = 61.54,
2
P < 0.00001; I = 90%).

[23,24,30,33,34,37]

Pulmonary infection: Nine RCTs
(775
patients) reported pulmonary infection, which affected
3.4% (13/387 patients) in the ERAS group and 7.2%
(28/388) in the SC group. Pooling the results indicated
that ERAS decreased significantly the incidence of
pulmonary infection compared with conventional care
(RR: 0.52, 95%CI: 0.28-0.94, P = 0.03) (Figure 3),
and there was no heterogeneity among these studies
2
2
(χ = 1.09, P = 0.99; I = 0).

Short-term mortality

All studies reported short-term mortality after GC
surgery; one patient (1/64) died of severe abdominal
[23]
cavity infection in the elderly group . No cases of death
associated with surgery occurred in other studies during
short-term follow-up. Pooling the results suggested
that ERAS did not increase mortality compared with
conventional care (RR: 3.0, 95%CI: 0.12-72.29, P =
0.50) (Figure 4).

Duration of intestinal function recovery
[23,24,30,33-37]

Eleven RCTs
(882 patients) analyzed the
duration of first flatus. Recovery of gut function was
earlier in ERAS groups, as shown by shorter duration of
the first flatus and first defecation. The MD for duration
of first flatus was -12.70 (95%CI: -19.71 to -5.69, P =
0.0004), but the heterogeneity was significant among

Length of postoperative hospital stay

All included RCTs (1092 patients) reported POHS.
Ten of these studies reported a significant reduction
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ERAS
SC
Risk Ratio
Study or Subgroup
Events Total Events Total Weight M-H, Random, 95%CI
1.1.1 Complications-all studies
Abdikarim 2015
1
30
2
31
1.8%
0.52 [0.05, 5.40]
Bu 2015 (Adult)
32
64
45
64
12.5%
0.71 [0.53, 0.95]
Bu 2015 (Elderly)
62
64
44
64
13.3%
1.41 [1.19, 1.67]
Chen Hu 2012 (Lap)
12
19
8
22
9.2%
1.74 [0.91, 3.33]
Chen Hu 2012 (Open)
14
21
8
20
9.5%
1.67 [0.90, 3.09]
Feng 2013
6
59
17
60
7.3%
0.36 [0.15, 0.85]
Kim 2012
3
22
4
22
4.2%
0.75 [0.19, 2.97]
Liu 2010
4
33
6
30
5.3%
0.61 [0.19, 1.94]
Liu 2016 (Lap)
11
21
7
21
8.4%
1.57 [0.76, 3.26]
Liu 2016 (Open)
13
21
6
21
8.2%
2.17 [1.02, 4.61]
Mingjie 2017
2
73
2
76
2.5%
1.04 [0.15, 7.20]
Tanaka 2017
17
73
32
69
10.7%
0.50 [0.31, 0.82]
Wang 2010
9
45
7
47
7.0%
1.34 [0.55, 3.30]
Subtotal (95%CI)
545
547 100.0%
1.03 [0.73, 1.44]
Total events
186
188
2
2
2
Heterogeneity: Tau = 0.22; Chi = 47.12, df = 12 (P < 0.00001); I = 75%
Test for overall effect: Z = 0.15 (P = 0.88)

Risk Ratio
M-H, Random, 95%CI

1.1.2 Anastomotic leak
Abdikarim 2015
0
30
0
31
Not estimable
Bu 2015 (Adult)
1
64
3
64
17.3%
0.33 [0.04, 3.12]
Bu 2015 (Elderly)
5
64
2
64
33.7%
2.50 [0.50, 12.42]
Chen Hu 2012 (Lap)
0
19
0
22
Not estimable
Chen Hu 2012 (Open)
0
21
0
20
Not estimable
Feng 2013
0
59
0
60
Not estimable
Liu 2010
0
33
0
30
Not estimable
Mingjie 2017
1
73
0
76
8.5%
3.12 [0.13, 75.42]
Tanaka 2017
4
73
3
69
40.5%
1.26 [0.29, 5.43]
Wang 2010
0
45
0
47
Not estimable
Subtotal (95%CI)
481
483 100.0%
1.36 [0.54, 3.45]
Total events
11
8
2
2
2
Heterogeneity: Tau = 0.00; Chi = 2.35, df = 3 (P = 0.50); I = 0%
Test for overall effect: Z = 0.65 (P = 0.51)
1.1.3 Ileus
Abdikarim 2015
1
30
1
31
8.1%
1.03 [0.07, 15.78]
Bu 2015 (Adult)
5
64
2
64
23.3%
2.50 [0.50, 12.42]
Bu 2015 (Elderly)
10
64
3
64
38.8%
3.33 [0.96, 11.55]
Chen Hu 2012 (Lap)
0
19
0
22
Not estimable
Chen Hu 2012 (Open)
0
21
0
20
Not estimable
Feng 2013
0
59
1
60
5.9%
0.34 [0.01, 8.15]
Liu 2010
0
33
1
30
6.0%
0.30 [0.01, 7.19]
Liu 2016 (Lap)
1
21
0
21
6.1%
3 .00 [0.13, 69.70]
Liu 2016 (Open)
0
21
0
21
Not estimable
Mingjie 2017
0
73
1
76
5.9%
0.35 [0.01, 8.38]
Tanaka 2017
0
73
1
69
5.9%
0.32 [0.01, 7.61]
Wang 2010
0
45
0
47
Not estimable
Subtotal (95%CI)
523
525 100.0%
1.62 [0.75, 3.52]
Total events
17
10
2
2
2
Heterogeneity: Tau = 0.00; Chi = 5.76, df = 7 (P = 0.57); I = 0%
Test for overall effect: Z = 1.23 (P = 0.22)
1.1.4 Incision infection
Abdikarim 2015
0
30
1
31
4.9%
0.34 [0.01, 8.13]
Bu 2015 (Adult)
2
64
5
64
19.1%
0.40 [0.08, 1.99]
Bu 2015 (Elderly)
4
64
2
64
17.8%
2.00 [0.38, 10.54]
Chen Hu 2012 (Open)
1
21
1
20
6.7%
0.95 [0.06, 14.22]
Feng 2013
1
59
3
60
9.8%
0.34 [0.04, 3.17]
Liu 2010
2
33
3
30
16.6%
0.61 [0.11, 3.38]
Liu 2016 (Lap)
0
21
0
21
Not estimable
Liu 2016 (Open)
1
21
0
21
5.0%
3.00 [0.13, 69.70]
Mingjie 2017
1
73
1
76
6.5%
1.04 [0.07, 16.34]
Tanaka 2017
0
73
1
69
4.8%
0.32 [0.01, 7.61]
Wang 2010
2
45
1
47
8.8%
2.09 [0.20, 22.24]
Subtotal (95%CI)
504
503 100.00%
0.79 [0.39, 1.60]
Total events
14
18
2
2
2
Heterogeneity: Tau = 0.00; Chi = 4.52, df = 9 (P = 0.87); I = 0%
Test for overall effect: Z = 0.65 (P = 0.52)
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ERAS
SC
Risk Ratio
Study or Subgroup
Events Total Events Total Weight M-H, Random, 95%CI
1.1.5 Urinary tract infection
Bu 2015 (Adult)
2
64
4
64
18.5%
0.50 [0.09, 2.63]
Bu 2015 (Elderly)
3
64
6
64
28.4%
0.50 [0.13, 1.91]
Chen Hu 2012 (Open)
0
21
1
20
5.2%
0.32 [0.01, 7.38]
Feng 2013
0
59
1
60
5.1%
0.34 [0.01, 8.15]
Kim 2012
1
22
0
22
5.2%
3.00 [0.13, 69.87]
Liu 2010
0
33
1
30
5.1%
0.30 [0.01, 7.19]
Liu 2016 (Lap)
1
21
2
21
9.5%
0.50 [0.05, 5.10]
Liu 2016 (Open)
2
21
3
21
18.0%
0.67 [0.12, 3.59]
Wang 2010
0
45
1
47
5.1%
0.35 [0.01, 8.32]
Subtotal (95%CI)
350
349 100.0%
0.53 [0.26, 1.08]
Total events
9
19
2
2
2
Heterogeneity: Tau = 0.00; Chi = 1.61, df = 8 (P = 0.99); I = 0%
Test for overall effect: Z = 1.74 (P = 0.08)

Risk Ratio
M-H, Random, 95%CI

1.1.6 Pulmonary infection
Bu 2015 (Adult)
2
64
6
64
14.9%
0.33 [0.07, 1.59]
Bu 2015 (Elderly)
5
64
7
64
30.3%
0.71 [0.24, 2.13]
Chen Hu 2012 (Lap)
0
19
1
22
3.7%
0.38 [0.02, 8.89]
Chen Hu 2012 (Open)
0
21
1
20
3.7%
0.32 [0.01, 7.38]
Feng 2013
5
59
10
60
35.4%
0.51 [0.18, 1.40]
Liu 2016 (Lap)
0
21
0
21
Not estimable
Liu 2016 (Open)
0
21
1
21
3.7%
0.33 [0.01, 7.74]
Tanaka 2017
1
73
1
69
4.8%
0.95 [0.06, 14.82]
Wang 2010
0
45
1
47
3.6%
0.35 [0.01, 8.32]
Subtotal (95%CI)
387
388 100.0%
0.52 [0.28, 0.94]
Total events
13
28
2
2
2
Heterogeneity: Tau = 0.00; Chi = 1.09, df = 7 (P = 0.99 ); I = 0%
Test for overall effect: Z = 2.16 (P = 0.03)
0.02
2

0.1

1

10

Favours [experimental]

2

Test for subgroup differences: Chi = 9.08, df = 5 (P = 0.11), I = 44.9%

50

Favours [control]

Figure 3 Forest plot evaluating the relative risk of surgical complications: Enhanced recovery after surgery vs standard care. ERAS: Enhanced recovery
after surgery; SC: Standard care.
ERAS
Study or Subgroup

Events

SC
Total

1.2.1 Mortality
Abdikarim 2015
0
30
Bu 2015 (Adult)
0
64
Bu 2015 (Elderly)
1
64
Chen Hu 2012 (Lap)
0
19
Chen Hu 2012 (Open)
0
21
Feng 2013
0
59
Kim 2012
0
22
Liu 2010
0
33
Liu 2016 (Lap)
0
21
Liu 2016 (Open)
0
21
Mingjie 2017
0
73
Tanaka 2017
0
73
Wang 2010
0
45
Subtotal (95%CI)
545
Total events
1
Heterogeneity: Not applicable
Test for overall effect: Z = 0.68 (P = 0.50)
Total (95%CI)
545
Total events
1
Heterogeneity: Not applicable
Test for overall effect: Z = 0.68 (P = 0.50)
Test for subgroup differences: Not applicable

Events
0
0
0
0
0
0
0
0
0
0
0
0
0

Risk Ratio
Total

Risk Ratio

Weight M-H, Fixed, 95%CI

31
64
64 100.0%
22
20
60
22
30
21
21
76
69
47
547 100.0%

Not estimable
Not estimable
3.00 [0.12, 72.79]
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
3.00 [0.12, 72.29]

547 100.0%

3.00 [0.12, 72.79]

M-H, Fixed, 95%CI

0

0
0.01

0.1

Favours [experimental]

1

10

100

Favours [control]

Figure 4 Forest plot evaluating the relative risk of short-term mortality: Enhanced recovery after surgery vs standard care. ERAS: Enhanced recovery after
surgery; SC: Standard care.
2

2

[24,34,35]

these studies (χ = 119.74, I = 92%, P < 0.0001)
(Figure 6). In the patients undergoing laparoscopic
WJG|www.wjgnet.com

gastrectomy
, the duration of the first flatus
of patients in the ERAS group was 7.20 h less than
1569
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ERAS
Study or Subgroup
Mean
SD Total Mean
2.1.1 POHS
Abdikarim 2015
6.8
1.1
30
7.7
Bu 2015 (Adult)
6.5
1.7
64 10.3
Bu 2015 (Elderly)
10
2.3
64 10.8
Chen Hu 2012 (Lap)
7 1.125
19
7.5
Chen Hu 2012 (Open)
7.5 1.25
21 8.75
Feng 2013
5.68 1.22
59
7.1
Kim 2012
5.36 1.46
22 7.95
Liu 2010
6.2
1.9
33
9.8
Liu 2016 (Lap)
6.3
1.5
21
7.8
Liu 2016 (Open)
9.6
2
21 10.5
Mingjie 2017
6.38 2.04
73 8.62
Tanaka 2017
9
0.5
73
10
Wang 2010
6.25 0.54
45 7.75
Subtotal (95%CI)
545
2
2
Heterogeneity: Tau = 0.51; Chi = 105.17, df =
Test for overall effect: Z = 7.28 (P < 0.00001)

SC
SD Total

Mean Difference
Weight Ⅳ, Random, 95%CI

1.1
2
2.5
1.25
1.75
2.13
1.98
2.8
1.8
2.1
2.87
0.625
0.54

31
8.7%
64
8.3%
64
7.5%
22
7.9%
20
7.0%
60
8.4%
22
6.6%
30
5.8%
21
6.7%
21
5.7%
76
7.6%
69
9.9%
47
9.9%
547 100.0%
2
12 (P < 0.00001); I =

Mean Difference
Ⅳ, Random, 95%CI

-0.90 [-1.45, -0.35]
-3.80 [-4.44, -3.16]
-0.80 [-1.63, 0.03]
-0.50 [-1.23, 0.23]
-1.25 [-2.18, -0.32]
-1.42 [-2.04, -0.80]
-2.59 [-3.62, -1.56]
-3.60 [-4.79, -2.41]
-1.50 [-2.50, -0.50]
-0.90 [-2.14, -0.34]
-2.24 [-3.04, -1.44]
-1.00 [-1.19, -0.81]
-1.50 [-1.72, -1.28]
-1.65 [-2.09, -1.21]
89%

-4

-2

0

Favours [experimental]

Test for subgroup differences: Not applicable

2

4

Favours [control]

Figure 5 Forest plot evaluating the length of postoperative hospital stay: Enhanced recovery after surgery vs standard care. ERAS: Enhanced recovery after
surgery; SC: Standard care.
Experimental
Control
Mean Difference
Ⅳ, Random, 95%CI
Study or Subgroup
Mean
SD Total Mean
SD Total Weight
3.1.1 Duration of the first flatus
Bu 2015 (Adult)
76.8
24
64 86.4
24
64
9.3%
-9.60 [-17.92, -1.28]
Bu 2015 (Elderly)
84
24
64 91.2 28.8
64
9.0%
-7.20 [-16.38, 1.98]
Chen Hu 2012 (Lap)
58 9.25
19 65.5 7.75
22 10.1%
-7.50 [-12.77, -2.23]
Chen Hu 2012 (Open) 64.5 13.5
21 76.5
9
20
9.6% -12.00 [-18.99, -5.01]
Feng 2013
60.97 24.4
59 79.03 20.26
60
9.4% -18.06 [-26.12, -10.00]
Kim 2012
63.05 18.62
22 67.41 15.28
22
8.7%
-4.36 [-14.43, 5.71]
Liu 2010
76.8 19.2
33 110.4 19.2
30
8.9% -33.60 [-43.09, -24.11]
Liu 2016 (Lap)
48 28.8
21
60 26.4
21
6.6%
-12.00 [-28.71, 4.71]
Liu 2016 (Open)
74.4
24
21 86.4 21.6
21
7.5%
-12.00 [-25.81, 1.81]
Tanaka 2017
48
12
73
48
6
69 10.5%
0.00 [-3.10, 3.10]
Wang 2010
72
12
45
96
6
47 10.3% -24.00 [-27.90, -20.10]
Subtotal (95%CI)
442
440 100.0% -12.70 [-19.71, -5.69]
2
2
2
Heterogeneity: Tau = 119.88; Chi = 119.74, df =10 (P < 0.00001); I =92%
Test for overall effect: Z = 3.55 (P = 0.0004)

3.1.2 Duration of the first defecation
Abdikarim 2015
74.4 16.8
30 86.4 19.2
Feng 2013
68 25.42
59 93.03 27.95
Mingjie 2017
71.28 29.52
73 124.8 43.44
Tanaka 2017
72
18
73
96
12
Subtotal (95%CI)
235
2
2
2
Heterogeneity: Tau = 165.47; Chi =30.21, df = 3 (P < 0.00001); I
Test for overall effect: Z = 4.11 (P < 0.0001)

Mean Difference
Ⅳ, Random, 95%CI

31 -12.00 [-21.05, -2.95]
60 -25.03 [-34.63, -15.43]
76 -53.52 [-65.40, -41.64]
69 -24.00 [-29.01, -18.99]
236 -28.07 [-41.48, -14.67]
= 90%
-50

-25

Favours [experimental]
2

0

25

50

Favours [control]

2

Test for subgroup differences: Chi = 3.97, df = 1 (P = 0.05), I = 74.8%

Figure 6 Forest plot evaluating the duration of intestinal function recovery: Enhanced recovery after surgery vs standard care. ERAS: Enhanced
recovery after surgery; SC: Standard care.
[21,22,30,33]

that in the control group (MD: -7.20, 95%CI: -11.70
to -2.70, P = 0.002), and there was no heterogeneity
2
2
among these studies (χ = 0.64, P = 0.73; I = 0).
Similarly, the first flatus was significantly earlier in the
ERAS group than in the SC group (MD: -14.47, 95%CI:
-23.61 to -5.33, P = 0.002) among patients undergoing
[23,24,33,34,36,37]
open surgery
, but the heterogeneity was
2
2
significant (χ = 116.69, P < 0.00001; I = 94%). Four
WJG|www.wjgnet.com

RCTs
(471 patients) reported the duration of
first defecation. The MD was -28.07 (95%CI: -41.48
to -14.67, P < 0.0001) (Figure 6), and there was
2
significant heterogeneity among the studies (χ =
2
30.21, P < 0.00001; I = 90%).

Medical costs

[23,24,30,33-35,37]

Ten RCTs
1570

(819 patients) provided data
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Experimental
Control
Mean Difference
Study or Subgroup
Mean
SD Total
Mean
SD Total Weight Ⅳ, Random, 95%CI
4.1.1 Medical costs
Bu 2015 (Adult)
4.8866 0.496
64 5.8201 0.5835 64 11.4% -0.93 [-1.12, -0.75]
Bu 2015 (Elderly)
6.1411 0.5835
64 6.1994 0.7002 64 10.9% -0.06 [-0.28, 0.17]
Chen Hu 2012 (Lap)
4.832 0.3352
19 5.2306 0.4488 22 10.7% -0.40 [-0.64, -0.16]
Chen Hu 2012 (Open) 4.0254 0.4313
21 4.2261 1.021 20
7.1% -0.20 [-0.68, 0.28]
Feng 2013
5.776 1.0984
59 6.3866 1.1819 60
8.1% -0.61 [-1.02, -0.20]
Kim 2012
7.4543 0.7058
22 7.7718 0.9342 22
7.0% -0.32 [-0.81, 0.17]
Liu 2016 (Lap)
4.9012 0.4084
21 5.6451 0.2771 21 11.1% -0.74 [-0.95, -0.53]
Liu 2016 (Open)
5.2221 0.5251
21 5.9077 0.3355 21 10.3% -0.69 [-0.95, -0.42]
Tanaka 2017
12.9659 0.336
73 13.2422 0.3811 69 12.2% -0.28 [-0.39, -0.16]
Wang 2010
3.9374 0.5294
45 4.5401 0.5264 47 11.0% -0.60 [-0.82, -0.39]
Subtotal (95%CI)
409
410 100.0% -0.50 [-0.69, -0.30]
2
2
2
Heterogeneity: Tau = 0.08; Chi = 59.55, df = 9 (P < 0.00001); I = 85%
Test for overall effect: Z = 5.01 (P < 0.00001)

Mean Difference
Ⅳ, Random, 95%CI

-1

-0.5

Favours [experimental]

Test for subgroup differences: Not applicable

0

0.5

1

Favours [control]

Figure 7 Forest plot evaluating the difference in total medical costs: Enhanced recovery after surgery vs standard care. ERAS: Enhanced recovery after
surgery; SC: Standard care.

regarding medical costs. The costs of hospitalization were
[37]
reported in US dollars (USD) in one trial , Japanese
[30]
yen in one trial , and Chinese renminbi (RMB) in six
trials. All of the medical care expenses were converted to
USD (http://www.xe.com) by use of the exchange rates
of the aforementioned currencies on June 28, 2017.
The medical costs were significantly lower with ERAS
than with traditional care (MD: -5000 USD, 95%CI:
-6900 to -3000, P < 0.00001) (Figure 7), and there
was significant heterogeneity among trials by using the
2
2
random-effects model (χ = 59.55, P < 0.00001; I =
[24,34,35]
85%). In laparoscopic groups
, ERAS significantly
decreased the medical costs compared with traditional
care (MD: -5200 USD, 95%CI: -8000 to -2500, P =
2
0.0002), and the heterogeneity was significant (χ
2
= 5.58, P = 0.06; I = 64%). Similarly, there was a
significant reduction in medical costs in open surgery
[23,24,33,34,37]
with ERAS
compared with open surgery alone
(MD: -5300, 95%CI: -8300 to -2300, P = 0.0005), and
2
significant heterogeneity was observed (χ = 37.63, P <
2
0.00001; I = 87%).

rates after discharge. Two patients (0.8%) in ERAS
groups and four patients (1.6%) in the conventional
protocol groups had to undergo reoperation because
of serious complications including abdominal infection,
intraabdominal bleeding, and pancreatic ﬁstula. There
was no statistical difference in the rate of reoperation
between the two groups (RR: 0.62, 95%CI: 0.17-2.35,
P = 0.49) (Figure 8). Heterogeneity among these studies
2
2
remained moderate (χ = 3.01, P = 0.22; I = 33%).

Inflammatory response indicators and nutritional status
[22,24,34-37]

Readmission

[21,23,30,34-37]

Eight RCTs
(777 patients) reported data
concerning the readmission rate after discharge,
whereby 5.6% (22/390) from ERAS groups and 1.8%
(7/387) from SC groups had to be readmitted. A higher
readmission rate was perceived in the ERAS group than
in the control group (RR: 2.86, 95%CI: 1.31-6.24, P =
0.009) (Figure 8). There was no significant heterogeneity
2
2
observed among these studies (χ = 1.44, P = 0.92; I
= 0). However, sensitivity analysis showed no significant
difference in readmission (RR: 2.17, 95%CI: 0.77-6.14,
P = 0.14) when excluding the elderly group in Bu’s
[23]
2
study , and no heterogeneity was observed (χ = 0.85,
2
P = 0.93; I = 0).

Reoperation

[23,30,36]

Three RCTs

(517 patients) reported reoperation
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[24,36,37]

Eight RCTs
(514 patients) and four RCTs
(239 patients) reported CRP and IL-6 levels after
gastrectomy, respectively. As markers of surgical stressassociated response, levels of CRP and IL-6 were
significantly elevated after surgery. Compared with
patients in the conventional care group, a milder acutephase response was detected in the ERAS group after
gastrectomy. The pooled MD using a random-effects
model for serum CRP was -14.81 (95%CI: -21.42 to
-8.21, P < 0.0001), -19.81 (95%CI: -29.64 to -9.98, P
< 0.0001), and -21.36 (95%CI: -28.81 to -13.91, P <
0.00001) on days 1, 4 and 7 after surgery, respectively
(Figure 9), and significant heterogeneity was observed
2
among these studies (I = 72%, 64%, and 74% on day 1,
4 and 7 after surgery, respectively). The level of pooled
MD for IL-6 was -61.22 (95%CI: -114.58 to -7.86, P =
0.02), -31.50 (95%CI: -55.63 to -7.38, P = 0.01) and
-26.62 (95%CI: -34.23 to -19.01, P < 0.0001) on days
1, 4 and 7 after surgery, respectively (Figure 10), and
there was a high degree of heterogeneity among these
2
studies (I = 99%, 96% and 89% on day 1, 4 and 7 after
surgery, respectively).
[24,32]
Four RCTs
reported serum ALB. In general,
ALB concentration dropped significantly compared with
preoperative parameters. On postoperative day (POD) 1,
there was no significant difference regarding the level of
ALB between the ERAS and conventional care groups (MD
0.24, 95%CI: -0.89 to 1.36, P = 0.68) (Figure 11). On
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ERAS
SC
Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%CI
5.1.1 Readmission
Abdikarim 2015
0
30
0 31
Not estimable
Bu 2015 (Adult)
6
64
2 64 24.9% 3.00 [0.63, 14.31]
Bu 2015 (Elderly)
12
64
3 64 37.4% 4.00 [1.18, 13.51]
Feng 2013
0
59
0 60
Not estimable
Kim 2012
1
22
0 22
6.2% 3.00 [0.13, 69.87]
Liu 2010
1
33
0 30
6.5% 2.74 [0.12, 64.69]
Tanaka 2017
1
73
1 69 12.8% 0.95 [0.06, 14.82]
Wang 2010
1
45
1 47 12.2% 1.04 [0.07, 16.20]
Subtotal (95%CI)
390
387 100.0%
2.86 [1.31, 6.24]
Total events
22
7
2
2
Heterogeneity: Chi = 1.44, df = 5 (P = 0.92); I = 0%
Test for overall effect: Z = 2.63 (P = 0.009)

Risk Ratio
M-H, Fixed, 95%CI

5.1.2 Reoperation
Bu 2015 (Adult)
0
64
0 64
Not estimable
Bu 2015 (Elderly)
2
64
0 64
9.0% 5.00 [0.24, 102.13]
Feng 2013
0
59
1 60 26.6%
0.34 [0.01, 8.15]
Tanaka 2017
0
73
3 69 64.4%
0.14 [0.01, 2.57]
Subtotal (95%CI)
260
257 100.0%
0.62 [0.17, 2.35]
Total events
2
4
2
2
Heterogeneity: Chi = 3.01, df = 2 (P = 0.22); I = 33%
Test for overall effect: Z = 0.70 (P = 0.49)
0.01

0.1

1

Favours [experimental]
2

10

100

Favours [control]

2

Test for subgroup differences: Chi = 3.75, df = 1 (P = 0.05), I = 73.3%

Figure 8 Forest plot evaluating the incidence of readmission and reoperation within 30 d: Enhanced recovery after surgery vs standard care. ERAS:
Enhanced recovery after surgery; SC: Standard care.

PODs 4 and 7, the level of ALB was higher in the ERAS
group than in the control group (MD: 3.27, 95%CI:
2.24-4.30, P < 0.00001; MD: 5.68, 95%CI: 3.31-8.05,
P < 0.00001, respectively). Mild heterogeneity was
2
2
detected on POD 4 (χ = 3.90, P = 0.27; I = 23%).
However, there was significant heterogeneity in the
2
2
outcomes on POD 7 (χ = 17.54, P = 0.0005; I = 83%)
(Figure 11).

Quality of life

complications including all studies (Figure 13), and Begg’
s test and Egger’s test indicated no significant bias was
associated with publication for this meta-analysis (P =
0.55 and P = 0.435, respectively).

DISCUSSION
ERAS protocols have been gradually accepted as being
able to optimize clinical outcomes, value and experience
[22-29]
for patients with GC
. The present study is the largest
meta-analysis to date, incorporating 13 RCTs enrolling
1092 participants, of whom 545 received ERAS protocols
and 547 received SC for GC. Our results demonstrated
that the optimized multimodal strategies significantly
expedite bowel function recovery, shorten the length of
POHS and reduce medical costs, and that ERAS pathways
maintain comparable total complications, reoperation
rates and mortality rates. The present analysis indicates
that the implementation of ERAS approaches accelerates
recovery, and is feasible and safe for patients with GC
undergoing radical gastrectomy.
The core mechanism of ERAS is that multimodal inter
ventions may lead to a major reduction in the undesirable
sequelae of surgical injury, and stress-free surgery is
[1]
the key goal of ERAS . Robust evidence suggested that
ERAS played an important role in attenuating the surgical
stress response and accelerating the return to baseline
[38,39]
in colorectal cancer surgery
, which was afforded
eloquent proof in GC surgery. The inflammatory

[35,37]

Health-related QOL was reported in two trials
. One
trial checked health-related QOL with the European
Organization for Research and Treatment of Cancer
quality-of-life questionnaire C-30 and STO-22 at 14 d
[35]
after discharge , while the other measured the QOL
[37]
score using questionnaires at the time of discharge .
A significant superiority was found in the fast-track
surgery protocol group compared with the conventional
care program group in terms of short-term QOL using
the fixed-effects model. The pooled standardized MD
was -0.46 (95%CI: -0.80 to -0.12, P = 0.008) (Figure
12), and there was a mild degree of heterogeneity in
2
2
the outcomes (χ = 1.56, P = 0.21; I = 36%).

Publication bias

Potential publication bias was appraised graphically
by using funnel plots, Begg’s test and Egger’s test. No
obvious asymmetry was revealed by visual indication
of the Begg’s funnel plot for postoperative total
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ERAS
SC
Mean Difference
Ⅳ, Random, 95%CI
Study or Subgroup
Mean
SD Total Mean
SD Total Weight
6.1.1 CRP-POD1
Chen Hu 2012 (Lap) 52.72 17.85 19 53.65 18.15
22 12.5%
-0.93 [-11.97, 10.11]
Chen Hu 2012 (Open) 55.17 14.96 21 76.61 21.63
20 12.1% -21.44 [-32.88, -10.00]
Kim 2012
42.68 20.75 22 41.43 19.63
22 11.8%
1.25 [-10.69, 13.19]
Liu 2010
62.29 53.54 33 82.03 40.92
30
5.6%
-19.74 [-43.15, 3.67]
Liu 2016 (Lap)
35.21 15.62 21 60.33 20.64
21 12.4% -25.12 [-36.19, -14.05]
Liu 2016 (Open)
36.83 17.36 21 65.83 18.51
21 12.6% -29.00 [-39.85, -18.15]
Mingjie 2017
37.01 18.04 73 48.73 25.5
76 15.7% -11.72 [-18.79, -4.65]
Wang 2010
56.2 11.2 45 70.75 12.7
47 17.3% -14.55 [-19.44, -9.66]
Subtotal (95%CI)
255
259 100.0% -14.81 [-21.42, -8.21]
2
2
2
Heterogeneity: Tau = 59.38; Chi = 25.08, df= 7 (P < 0.0007); I =72%
Test for overall effect: Z = 4.40 (P < 0.0001)

Mean Difference
Ⅳ, Random, 95%CI

6.1.2 CRP-POD4
Chen Hu 2012 (Lap) 75.67 22.88 19 90.76 30.04
22 15.5%
-15.09 [-31.32, 1.14]
Chen Hu 2012 (Open) 93.2 21.76 21 133.42 23.22
20 17.5% -40.22 [-54.01, -26.43]
Liu 2010
55.5 44.46 33
71 47.64
30 11.0%
-15.50 [-38.32, 7.32]
Liu 2016 (Lap)
69.13 17.81 21 90.13 22.28
21 19.0% -21.00 [-33.20, -8.80]
Liu 2016 (Open)
75.63 18.29 21 95.13 27.82
21 17.2% -19.50 [-33.74, -5.26]
Mingjie 2017
64.84 40.24 73 71.84 28.12
76 19.9%
-7.00 [-18.19, 4.19]
Subtotal (95%CI)
188
190 100.0% -19.81 [-29.64, -9.98]
2
2
2
Heterogeneity: Tau = 93.79; Chi = 13.92, df = 5 (P = 0.02); I = 64%
Test for overall effect: Z = 3.95 (P < 0.0001)
6.1.3 CRP-POD7
Chen Hu 2012 (Lap) 36.09 16.01 19 44.05 18.68
22 17.7%
-7.96 [-18.58, 2.66]
Chen Hu 2012 (Open) 45.23 11.13 21
70.1 17.57
20 19.6% -24.87 [-33.92, -15.82]
Liu 2016 (Lap)
39.58 10.06 21 68.07 12.34
21 22.5% -28.49 [-35.30, -21.68]
Liu 2016 (Open)
49.41 13.05 21 78.21 21.13
21 17.7% -28.80 [-39.42, -18.18]
Wang 2010
48.52 13.1 45 64.38 19.65
47 22.5% -15.86 [-22.66, -9.06]
Subtotal (95%CI)
127
131 100.0% -21.36 [-28.81, -13.91]
2
2
2
Heterogeneity: Tau = 52.23; Chi = 15.27, df = 4 (P = 0.004); I = 74%
Test for overall effect: Z = 5.62 (P < 0.00001)
-50
2

-25
Favours [experimental]

2

Test for subgroup differences: Chi = 1.80, df = 2 (P = 0.41), I = 0%

0

25

50

Favours [control]

Figure 9 Forest plot evaluating the postoperative level of C-reactive protein: Enhanced recovery after surgery vs standard care. CRP: C-reactive protein;
ERAS: Enhanced recovery after surgery; SC: Standard care.

were excluded, medical expenses would be reduced
by 5300 USD. Therefore, implementation of ERAS
appears to have an advantage when combining clinical
efficacy and cost effectiveness, which is consistent with
[42,43]
previous reports
.
More importantly, our study shows that ERAS
pathways increased the readmission rate for GC
patients after gastrectomy, a radically different
[25-27]
result from previous meta-analyses
. However,
sensitivity analysis, excluding the elderly patients in
[23]
Bu’s study , indicated that there was no significant
difference in readmission rates between ERAS and SC
groups. To date, the evidence on the application of
ERAS procedures in elderly patients with GC, especially
if older than 75 years, is sparse. Only two RCTs have
reported ERAS care in elderly patients with GC to date,
and the age criterion for inclusion was inconsistent.
[24]
Liu et al
confirmed that the use of ERAS in elderly
patients (60-80 years) was safe and feasible,
effectively reducing the stress response, speeding
up the recovery of intestinal function, and improving
postoperative nutritional status without increasing
[23]
the complications. However, Bu et al
showed that

factors, such as CRP, IL-6 and tumor necrosis factor
α, are related to the extent of tissue injury caused
[40,41]
by surgery
. In the present study, the ERAS
approaches significantly reduced the concentration
of CRP and IL-6 in comparison with SC on days 1, 4
and 7 after gastrectomy for GC, which was consistent
with accelerated recovery. More importantly, our study
suggests that the level of serum ALB after surgery in
ERAS patients was significantly higher and steadier
than that in SC patients, which fully demonstrates
that the ERAS program could serve to improve the
nutritional status of patients with GC. Good nutritional
status and rapid rehabilitation after surgery allow
patients to receive early postoperative multimodality
therapy, including chemotherapy, thereby potentially
improving their oncological outcome.
The main characteristic of ERAS is faster post
operative recovery and early discharge. However, it
is noteworthy that this accelerated recovery does not
come at the cost of increased medical expense. In
our study, 10 RCTs reported data on medical costs
and identified a mean reduction of 5000 USD in the
ERAS group. If the trials with mean and imputed SD
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ERAS
SC
Mean Difference
Ⅳ, Random, 95%CI
Study or Subgroup Mean
SD Total Mean
SD Total Weight
7.1.1 IL-6-POD1
Liu 2010
39.15 27.92
33 69.54 44.63 30 24.6%
-30.03 [-48.63, -11.43]
Liu 2016 (Lap)
82
15
21
180
23 21 25.0% -98.00 [-109.74, -86.26]
Liu 2016 (Open)
88
13
21
190
16 21 25.1% -102.00 [-110.82, -93.18]
Wang 2010
56.2 11.2
45 70.75 12.27 47 25.3%
-14.55 [-19.35, -9.75]
Subtotal (95%CI)
120
119 100.0%
-61.22 [-114.58, -7.86]
2
2
2
Heterogeneity: Tau = 2926.69; Chi = 392.45, df = 3 (P < 0.00001); I = 99%
Test for overall effect: Z = 2.25 (P = 0.02)

Mean Difference
Ⅳ, Random, 95%CI

7.1.2 IL-6-POD4
Liu 2010
4.44 2.25
33 14.97 14.53 30 34.4%
-10.53 [-15.79, -5.27]
Liu 2016 (Lap)
50
9
21
92
21 21 33.1%
-42.00 [-51.77, -32.23]
Liu 2016 (Open)
55
10
21
98
24 21 32.5%
-43.00 [-54.12, -31.88]
Subtotal (95%CI)
75
72 100.0%
-31.50 [-55.63, -7.38]
2
2
2
Heterogeneity: Tau = 433.34; Chi = 48.00, df = 2 (P < 0.00001); I = 96%
Test for overall effect: Z = 2.56 (P = 0.01)
7.1.3 IL-6-POD7
Liu 2016 (Lap)
29
3
21
60
5
Liu 2016 (Open)
35
6
21
68
6
Wang 2010
106.67 25.55
45 114.21 29.25
Subtotal (95%CI)
87
2
2
Heterogeneity: Tau = 36.10; Chi = 17.97, df = 2 (P =
Test for overall effect: Z = 6.86 (P < 0.00001)

21 40.0%
-31.00 [-33.49, -28.51]
21 38.1%
-33.00 [-36.63, -29.37]
47 21.9%
-7.54 [-18.75, 3.67]
89 100.0%
-26.62 [-34.23, -19.01]
2
0.0001); I = 89%

-100
2

-50

0

Favours [experimental]

2

Test for subgroup differences: Chi = 1.69, df = 2 (P = 0.43), I = 0%

50

100

Favours [control]

Figure 10 Forest plot evaluating the postoperative level of IL-6: Enhanced recovery after surgery vs standard care. ERAS: Enhanced recovery after surgery;
IL: Interleukin; SC: Standard care.
ERAS
Study or Subgroup
Mean SD Total Mean
8.1.1 ALB-POD 1
Liu 2016 (Lap)
26.2 3.1 21 26.1
Liu 2016 (Open)
27.1 2.2 21 26.7
Subtotal (95%CI)
42
2
2
Heterogeneity: Tau = 0.00; Chi = 0.07, df = 1
Test for overall effect: Z = 0.41 (P = 0.68)

SC
Mean Difference
SD Total Weight Ⅳ, Random, 95%CI
1.8
3.2

21 54.0%
21 46.0%
42 100.0%
2
(P = 0.79); I = 0%

8.1.2 ALB-POD 4
Chen Hu 2012 (Lap) 31.69 3.72 19 29.22 3.05 22 19.5%
Chen Hu 2012 (Open) 30.09 3.3 21 26.02 3.08 20 22.0%
Liu 2016 (Lap)
32.5 2.4 21 28.5 2.2 21 36.1%
Liu 2016 (Open)
29.8 3.1 21 27.8 3.3 21 22.3%
Subtotal (95%CI)
82
84 100.0%
2
2
2
Heterogeneity: Tau = 0.26; Chi = 3.90, df = 3 (P = 0.27); I = 23%
Test for overall effect: Z = 6.24 (P < 0.00001)
8.1.3 ALB-POD 7
Chen Hu 2012 (Lap) 34.33 3.43 19 31.04 3.29
Chen Hu 2012 (Open) 32.9 3.11 21 25.27 3.04
Liu 2016 (Lap)
38.7 4.8 21 30.7 1.9
Liu 2016 (Open)
33.9 3.6 21
30 1.8
Subtotal (95%CI)
82
2
2
Heterogeneity: Tau = 4.82; Chi = 17.54, df = 3 (P =
Test for overall effect: Z = 4.70 (P < 0.00001)

Mean Difference
Ⅳ, Random, 95%CI

0.10 [-1.43, 1.63]
0.40 [-1.26, 2.06]
0.24 [-0.89, 1.36]

2.47 [0.37,
4.07 [2.12,
4.00 [2.61,
2.00 [0.06,
3.27 [2.24,

4.57]
6.02]
5.39]
3.94]
4.30]

22 24.6%
3.29 [1.22, 5.36]
20 25.4%
7.63 [5.75, 9.51]
21 23.9%
8.00 [5.79, 10.21]
21 26.1%
3.90 [2.18, 5.62]
84 100.0%
5.68 [3.31, 8.05]
2
0.0005); I = 83%

-10
2

2

Test for subgroup differences: Chi = 24.10, df = 2 (P < 0.00001), I = 91.7%

-5

0

Favours [experimental]

5

10

Favours [control]

Figure 11 Forest plot evaluating the postoperative level of serum albumin: Enhanced recovery after surgery vs standard care. ALB: Albumin;
ERAS: Enhanced recovery after surgery; SC: Standard care.

implementation of the multimodal procedure in older
patients (75-89 years) undergoing distal or total
gastrectomy increased significantly the incidence of
WJG|www.wjgnet.com

nausea and vomiting, gastric retention and ileus, as
well as the readmission rate, in comparison with the
SC group. These inconsistent results may be due to
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ERAS
SC
Std. Mean Difference
Ⅳ, Fixed, 95%CI
Study or Subgroup Mean SD Total Mean SD Total
Weight
9.1.1 Quality of life
Kim 2012
8.9 2.46
22 9.28 2.4 22
33.4% -0.15 [-0.75, 0.44]
Wang 2010
14.72 1.3
45 15.71 1.83 47
66.6% -0.62 [-1.04, -0.20]
Subtotal (95%CI)
67
69 100.0% -0.46 [-0.80, -0.12]
2
2
Heterogeneity: Chi = 1.56, df = 1 (P = 0.21); I = 36%
Test for overall effect: Z = 2.65 (P = 0.008)

Total (95%CI)
67
69
2
2
Heterogeneity: Chi = 1.56, df= 1 (P = 0.21); I =36%
Test for overall effect: Z = 2.65 (P = 0.008)
Test for subgroup differences: Not applicable

100.0%

Std. Mean Difference
Ⅳ, Fixed, 95%CI

-0.46 [-0.80, -0.12]
-1

-0.5
Favours [experimental]

0

0.5

1

Favours [control]

Figure 12 Forest plot evaluating health-related quality of life: Enhanced recovery after surgery vs standard care. ERAS: Enhanced recovery after surgery;
SC: Standard care.
Begg's funnel plot with pseudo 95% confidence limits

investigators prefer postoperative recovery to assess
the efficacy of ERAS, which begins at the time of
surgery and is complete only when the patient returns
(recovers) to their baseline function or to population
[50]
norms . Therefore, functional status and QOL attracts
more interest.
The introduction of laparoscopic surgery has
dramatically lessened the impact of surgical traumas
on patients and accelerated their recovery. In the
past 2 decades, minimally invasive surgery and the
implementation of ERAS have been considered two
major revolutions in elective major abdominal surgery,
both intending to minimize the surgical stress and
[51]
improve patient outcomes . Meta-analyses of RCTs
in laparoscopic colorectal surgery have demonstrated
that application of the ERAS approaches is associated
with fewer complications, faster recovery of bowel
function and shorter hospitalization, without increased
[52,53]
readmissions
. Laparoscopic surgery has been
recommended in the guidelines for enhanced recovery
[29]
after gastrectomy . In this study, we observed that
laparoscopic surgery combined with ERAS markedly
reduced POHS and medical costs, and speeded
up the return of intestinal function in patients with
GC; however, laparoscopic surgery with ERAS did
not increase total complications compared with
laparoscopic surgery alone.
There are undoubtedly several limitations in the
present study. First, several included RCTs were
smaller in size, although the total sample size of the
study was greater than 1000, and a multicenter trial
was lacking. Second, among the included studies
there was considerable heterogeneity. No remarkable
heterogeneity was found with regard to the incidence
of complications (including anastomotic leaks, ileus,
incision infection, urinary tract infection, and pulmonary
infection), rates of readmission and reoperation, and
postoperative serum ALB level (POD 1 and POD 4) and
QOL. However, there was significant heterogeneity for
overall complications, POHS, intestinal function recovery,
medical costs, and inflammatory response indicators
2
(I = 64%-99%). This substantial heterogeneity may
be attributable to the clinical heterogeneity, including
technical status of each institution, inclusion criteria,

logrr

2

0

-2
0

0.5

1

1.5

s.e. of: logrr

Figure 13 Begg’s funnel plot to explore publication bias of all the
included studies.

inclusion of age criterion, surgical type, and element
selection.
Gerontal patients often experience underlying
comorbidities and low physiological reserve, usually
resulting in a high incidence of complications and delayed
convalescence. Therefore, tailored perioperative care
should be conducted in such a specific patient population.
It was reported that a high degree of ERAS compliance
was associated with fewer complications and shorter
[44,45]
[46]
hospital stay
. Feroci et al
reported that male
sex, advanced age (> 75 years), and American Society
of Anesthesiologists’ score of grade 3 and above were
correlated with lower compliance to enhanced recovery
with specific reference to early removal of the urethral
catheter, early oral feeding, and early ambulation in
patients undergoing colorectal surgery. In our study,
protocol compliance was only mentioned in studies by
[33]
[24]
Feng et al
and Liu et al . Whether the compliance
of elderly GC patients with ERAS regimens affects the
outcomes remains to be further investigated, although
several studies have indicated that ERAS in colorectal
surgery was safe and feasible, with postoperative
[47-49]
outcomes similar to those of the younger group
.
In our meta-analysis, two RCTs provided QOL data
[37]
[35]
at the time of discharge
or 14 d after discharge ,
whereby ERAS approaches showed significant su
periority in QOL over SC groups. However, many
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expected to provide guidance and reference for clinical practice, and also
to provide high-level evidence for evidence-based medicine. High-quality
multicenter RCTs with large samples and long-term follow-up are needed to
more precisely evaluate ERAS in radical gastrectomy.

surgical approach, inconsistent evaluation of the
outcomes, and ERAS elements used. Third, most studies
excluded patients receiving neoadjuvant chemotherapy,
which may increase the potential bias to a certain extent.
In conclusion, this updated meta-analysis and
systematic review provides a comprehensive assessment
of ERAS following gastrectomy, and demonstrates that
ERAS protocols lead to accelerated recovery, reduction
of surgical stress and medical costs, improved nutritional
status, and better health-related QOL for GC patients.
However, it appears to be associated with increased
readmission rates. Further high-quality, large-sample,
multicenter RCTs with long-term follow-up are needed to
more precisely evaluate ERAS pathways in GC surgery.
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Abstract
Standardized approach to polypectomy of diminutive
colorectal polyps (DCPs) is lacking since cold biopsy
forceps have been associated with high levels of
recurrence, hot biopsy forceps are considered inade
quate and risky and cold snaring is currently under
investigation for its efficacy and safety. This has led
to confusion and a gap in clinical practice. This article
discusses the usefulness and contemporary practical
applicability of hot biopsy forceps and provides wellintentioned criticism of the new European guidelines
for the treatment of DCPs. Diminutive colorectal polyps
are a source of frustration for the endoscopist since
their small size is accompanied by a considerable
risk of premalignant neoplasia and a small but nonnegligible risk of advanced neoplasia and even cancer.
Since the proportion of diminutive colorectal polyps
is substantial and exceeds that of larger polyps, their
effective removal poses a considerable workload and
a therapeutic challenge. During the last decade, the
introduction of cold snaring to routine endoscopy
practice has attempted to overcome the use of prior
techniques, such as hot biopsy forceps. It is important
to recognize that with the exception of endoscopic
methods that are obviously unsafe and inadequate to
serve their purpose, all other interventional endoscopic
methods are operator-dependent in the sense that
specific expertise and training are obligatory for the
success of any therapeutic intervention. Since relevant
publications on hot biopsy forceps are still in favor of its
careful use, as it has not yet demonstrated inferiority
compared with newer techniques, it would be prudent
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for any medical practitioner to evaluate the available
tools and judge any new proposed technique based on
the evidence before it is adopted.

Table 1 List of articles presented in support of European
Society of Gastrointestinal Endoscopy guidelines
Ref.

Key words: Hot forceps; Polypectomy; Endoscopy;
Colon neoplasia; Diminutive polyps

Intervention
Paspatis et al[2],
2005

Randomised trial
Bipolar electrocoagulation vs
HBF
Peluso et al[3],
Anecdotal report
HBF
1991
Yasar et al[4], 2015 Observational
study
HBF vs JBF
Weston et al[5],
Observational
1995
study
HBF vs CBF
Savides et al[6],
Animal study
Canine model
1995

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Selection of the appropriate endoscopic
method for the removal of diminutive colorectal polyps
(DCPs), according to the prospective prevention of
colorectal cancer, is still a debatable topic. The new
recommendation released by ESGE (European Society
of Gastrointestinal Endoscopy, 2017) concerning the
use of hot biopsy forceps (HBF) is expected to create
a shift in daily clinical practice since this technique is
still popular and viable for the removal of DCPs. In this
letter, the authors request reconsideration of this policy
in response to published data referring on the efficacy
and safety of HBF and recommend a more cautious
approach and transition to prevent the premature
acceptance of alternative techniques.

Metz et al[7], 2013

Animal study
Porcine model

No of polyps and Level of evidence
patients
38 vs 37 rectal
DCPs among 50
patients

High quality

62 DCPs among
39 patients
237 DCPs among
179 patients

Low quality

1964 DCPs
among 687
patients
231 biopsies in 16
right colotomies
of 8 mongrel
dogs
82 artificial
polyps, sized 5-8
mm

Low quality

Low quality

Not rated in
Grade system

Not rated in
Grade system

JBF: Jumbo biopsy forceps; CBF: Cold biopsy forceps; DCPs: Diminutive
colorectal polyps; HBF: Hot biopsy forceps.

[6,7]

quality, and 2 animal studies
(Table 1). The overall
quality of evidence was graded as high. Actually,
apart from the methodological quality of the individual
studies and the questionable generalizability, these
studies are heterogeneous in terms of ITSH and IRR.
Moreover, all studies are consistent with respect to the
absence of perforations, and the few bleeding episodes
(0.36%) in one of the studies occured in patients taking
[5]
antiplatelets .
HBF is considered an alternative method for the
removal of DCPs (≤ 5 mm). According to different
surveys, it seems that HBF is still a viable option
[8-10]
.
that is preferred by 30%-50% of endoscopists
The two studies, with the largest number of patients
[11,12]
and polyps
showed no complications. The study
[13]
by Wadas et al , which reports a 0.38% major
bleeding rate and a 0.05% perforation rate, refers to
a questionnaire-type survey from an era (1988) when
the HBF technique was not standardized. Even this
perforation rate is lower than the reported 0.15% for
[14]
therapeutic colonoscopies . The rate of AEs is also
lower compared with that for snare polypectomies (3.3
vs 4.5/1000), and AEs are more likely to occur when
low- volume endoscopists use HBF than when highvolume endoscopists (> 300 polypectomies/year) use
[15]
the technique .
HBF has been reported to have a 17% IRR when
[16]
white coagulum is present
and a variable rate of
ITSH that ranges from 0.19%-13%-26.7% in studies
[11,17,18]
with different mean polyp sizes
. It is acknow
ledged that a significant predictor of histological misinter
pretation is decreasing polyp size with a cut off limit of 2

Panteris V, Vezakis A, Triantafillidis JK. Should hot biopsy
forceps be abandoned for polypectomy of diminutive colorectal
polyps? World J Gastroenterol 2018; 24(14): 1579-1582
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i14/1579.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
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to the Editor
[1]

In a recent article , European Society of Gastroin
testinal Endoscopy has released guidelines for colorectal
polypectomy, which include a strong recommendation
against the use of hot biopsy forceps (HBF) based on
the GRADE system of clinical evidence. The release
of guidelines by professional medical societies is
acknowledged by the medical community as policy
that functions as a deterrent to specific practices. With
respect to that notion, the abandonment of a useful
technique such HBF, which for many decades, has
contributed to the polypectomy of diminutive colorectal
polyps (DCPs), should be considered in an appropriate
conscientious and judicious manner.
The reasons for the negative criticism are based
on the following: (1) unacceptably high risks of
adverse events (AEs); (2) inadequate tissue sampling
for histopathology (ITSH); and (3) high incomplete
resection rates (IRR). The studies cited in support of
the recommendation are 4 human studies (1 RCT
[2]
non-blinded with a small number of patients , one
[3]
[4,5]
anecdotal report and 2 observational studies ), 3
of which have already been determined to be of low
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mm. It is important to mention that even in studies with
[4]
high reported rates of cautery artifacts , the results
showed that histological diagnosis could indeed have
been reached in all specimens.
The new rival of HBF, namely, the cold snare
polypectomy (CSP), has thus far presented disparate
results for IRR at 3.4%-40%, retrieval failure at
[19-24]
.
1%-13%, and bleeding rates of 1.2%-20% for DCPs
In the sole non-blinded RCT, in which HBF and CSP
are directly compared, the IRR in the ITT analysis was
29.9% for CSP, which is still unacceptably high. However,
the bleeding rates were statistically insignificant at
8.1% vs 8.8% for HBF and CSP, respectively, and no
[25]
perforations were observed in either study arm .
In conclusion, it seems that available evidence is not
adequate to exclude hot biopsy forceps from the routine
endoscopy practice. We either need more prospective
studies exhibiting beneficial comparisons with new
techniques or we need to focus on proper utilization of
HBF by more experienced endoscopists.
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Abstract

Dariusz Pietrawski, Christoph F Dietrich, Department of
Internal Medicine 2, Caritas-Krankenhaus Bad Mergentheim,
Bad Mergentheim D-97980, Germany

Ultrasound findings in autoimmune hepatitis (AIH)
have not been reported systematically so far. The
use of reliable and accurate noninvasive methods for
determining fibrosis stage is important in evaluation
of treatment efficacy and fibrosis regression in AIH.
Imaging plays an important role in detection of
complications and ruling out other possible causes of
chronic liver diseases. Ultrasound elastography cutoff values in AIH patients are not the same as those
in patients with chronic viral hepatitis or non-alcoholic
fatty liver disease. AIH is characterized by wide
fluctuations in inflammatory activity. Here we report on
current knowledge of ultrasound findings in AIH.
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Core tip: Accurate noninvasive imaging to determine
fibrosis stages is of importance in the evaluation
of treatment efficacy and fibrosis regression in
autoimmune hepatitis (AIH). The cut-off values in AIH
patients are not the same as those in patients with
chronic viral hepatitis or non-alcoholic fatty liver disease.
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AIH develops in genetically susceptible individuals
by several triggers. The liver is attacked through
mechanisms of “molecular mimicry”, and is promoted
[3, 4]
by down regulation of regulatory T-cells .
AIH may develop after the use of some drugs
and biological agents or after viral infections and
other events, including de novo after orthotopic liver
[14-16]
transplantation
. AIH may first develop during
pregnancy and after delivery.

INTRODUCTION
Autoimmune hepatitis (AIH) is a chronic immune
[1,2]
mediated liver disease of unknown etiology . About
one-third of the patients already have developed
advanced fibrosis and liver cirrhosis at the time of
diagnosis. AIH mainly affects women and is usually
characterized by chronic inflammation of the liver,
hypergammaglobulinemia with increased immuno
globulin G (IgG) levels and circulating autoantibodies
associated with human leukocyte antigens DR3 or
[3]
DR4, typical liver histology with interface hepatitis ,
and a favorable response to immunosuppressive
[1,2,4]
treatment
. Once other liver diseases such as viral
hepatitis have been excluded, the diagnosis of AIH can
be made by serological and histological findings. AIH
can range from a mild or severe course to fulminant
hepatic failure. Despite corticosteroid therapy, hepatic
[5]
fibrosis develops in 25% of patients with AIH . To find
reliable and accurate noninvasive imaging methods
for determining fibrosis stages is of importance in the
evaluation of treatment efficacy and fibrosis regression
[6]
in AIH . Here we report on ultrasound findings in AIH.

CLINICAL MANIFESTATIONS
Clinically AIH is characterized by fluctuation of disease
activity. Its clinical symptoms range from no obvious
[4,17]
manifestations to severe and acute hepatitis
.
Clinical manifestations range from merely elevated
transaminases to liver cirrhosis and/or fulminant
[18]
liver failure requiring liver transplantation . Acute
AIH presents in approximately 25% patients with
similar symptoms as patients suffering from acute
[19]
toxic or viral hepatitis . At time of diagnosis, about
[3]
one third of patients have established cirrhosis . A
specific and common clinical characteristic of AIH is its
association with other autoimmune diseases including
[20]
first degree relatives . Concurrent extrahepatic
autoimmune conditions mostly affect the thyroid gland
[13]
(10%-23%) . Clinical presentation of AIH might be
similar to primary biliary cirrhosis (PBC) and primary
sclerosing cholangitis (PSC). These diseases may
[21,22]
coexist leading to overlap or variant syndromes
.

CLASSIFICATION OF AIH
AIH has a global distribution. It is considered as a rare
disease affecting all ages and ethnic groups with a
female predominance (F:M ratio 3.6:1). The incidence
[7]
of AIH is around 1 per 100000 persons per year . In
1992, the International AIH Group (IAIHG) reported
[8]
diagnostic criteria , which were remarkably simplified
[9]
in 2008 . AIH is classified into two major types: AIH
type 1 (AIH-1) and AIH type 2 (AIH-2). Antinuclear
antibodies (ANA) and/or smooth muscle autoantibodies
(SMA) could be detected in AIH-1. Also perinuclear
anti-neutrophil cytoplasmic antibodies (p-ANCA) could
[4,5,9,10]
be detected in 60%-90% of AIH-1 patients
.
AIH-2 is characterized by the detection of anti-liver/
kidney microsomal antibody type 1 or anti-LKM type
[4,10]
3
and/or antibodies against liver cytosol type 1
[1,4]
antigen . AIH-1 accounts for about 75%-80% of all
patients, however, AIH-2 is more frequently seen in
children and young patients, which might present with
acute onset and severe histological changes at time of
diagnosis. Poor treatment prognosis, recurrence after
treatment and need for lifelong treatment are more
[4,11]
common in AIH-2
. AIH-1 patients might also show
antibodies against soluble liver/liver-pancreas-antigen
[12,13]
SLA/LP.

DIAGNOSIS
Due to the absence of specific diagnostic features
and diversity of clinical manifestations, serological
and histological features, AIH diagnosis may be a
[3]
challenge . According to the International Autoimmune
Hepatitis Group (IAIHG), the clinical diagnosis of AIH is
based on biochemical, immunological, and histological
[9]
features. Viral hepatitis should be excluded . The
simplified diagnostic criteria of IAIHG for AIH is based
mainly on four parameters, including autoantibodies
detection, serum IgG levels, absence of viral hepatitis
[9]
markers and liver histology . Histological changes
including interface hepatitis, and hepatic rosette
[9]
formation and emperipolesis . Autoantibodies dete
ctionis regarded as the hallmark for a timely diagnosis
[3]
although not pathognomonic .

LABORATORY ASSESSMENTS AND
LIVER BIOPSY
Liver biochemistry is not characteristic in most of AIH
patients, with elevated bilirubin and transaminases. In
most patients, polyclonal hypergammaglobulinemia
with particular elevated level of serum IgG is observed.
However, it should be mentioned that 15%-25% of
patients (especially children, elderly and acute cases)
have normal IgG levels. Therefore, AIH diagnosis

PATHOGENESIS
According to the dominant pathogenetic hypothesis,
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should not be excluded depending on a normal IgG
[3]
testing . The standard laboratory assessments include
elevated LFTs, hypergammaglobulinemia, and the
detection of autoantibodies (ANA, anti-SMA, and antiLKM).
Liver biopsy is strongly recommended to confirm
[13]
AIH , first to make the diagnosis and second to
determine the stage of disease. The diagnostic his
tological features of AIH include moderate to severe
interface hepatitis without biliary lesions or welldefined granulomas. However, it must be noted that
pathognomonic histologically characteristics for AIH
are missing. Regular assessment of hepatic fibrosis is
important in patients with AIH because progressive
[23]
fibrosis ultimately leads to cirrhosis and liver failure .
It has been recommended that clinical decisions about
duration of treatment or immunosuppressive therapy
should be based on clinical remission and histological
[2]
features .

normalization of aminotransferases and IgG level) and
[13,30]
histological remission
. Most patients respond well
to immunosuppressive therapy, which usually results
[1,31,32]
in an excellent prognosis
. Steroids are used as
initial therapy leading to a treatment response in 80%
[33-35]
of patients with AIH
. In adults, Azathioprine is
[5,10,30]
effective as maintenance therapy
. Treatment
should be continued until normalization of laboratory
[36]
tests and liver histology . Incomplete response and
[37]
[38]
treatment failure occur in 14% and 7% of patients ,
[36,39,40]
respectively
. Treatment failure is characterized
by a missing decrease of aminotransferase levels
and, in some patients, rapid progression to cirrhosis.
Consequently, alternative therapeutic regimens have
[5,41,42]
to be considered
. In cases of treatment failure,
overlap with other etiologies should be considered. In
those patients with liver failure, liver transplantation
might be indicated and carries a 10-year survival rate
[1]
exceeding 70% . Future anti-fibrotic therapies and
monitoring fibrosis progression are essential in patients
with in AIH.

NON-INVASIVE MARKERS OF LIVER
FIBROSIS

ULTRASOUND IMAGING

Laboratory methods can differentiate liver cirrhosis
from non-cirrhosis, but their accuracy in distinguishing
changes of AIH in histological stages is uncertain.
Biochemical markers can reflect the therapeutic
response during treatment, but they cannot reflect the
[5]
severity of liver fibrosis . Many non-invasive markers
for assessing liver fibrosis and cirrhosis have been
[24,25]
applied in clinical practice
. However, their ability to
detect early stages of liver fibrosis and cirrhosis in AIH
[26]
patients is still uncertain . All calculated non-invasive
markers are not specific. However, it has been consider
feasible to predict the degree of liver fibrosis in patients
with AIH using laboratory parameters. Platelet count
as well as AAR could be used to predict the presence of
[27,28]
advanced fibrosis
.

B-mode ultrasound and contrast-enhanced ultrasound

No characteristic conventional ultrasound imaging
features of AIH have been described. For initial diagno
sis of AIH, ultrasound, computed tomography (CT),
and magnetic resonance imaging (MRI) are valuable
methods to detect liver cirrhosis and its complications.
Imaging of AIH play a role in the detection of
[21]
complications . Enlarged perihepatic lymph nodes are
a typical ultrasound feature, similar to virus hepatitis
[43-46]
[47,48]
[49]
[50,51]
C
(Figure 1), PBC
, PSC , sarcoidosis
[50]
and other inflammatory liver diseases
in adults and
[46,50]
children
(Figures 1 and 2). These enlarged inflam
matory perihepatic lymph nodes show typical contrast
[52-59]
behavior and elastographic architecture
(Figure 3).
About 1%-9% of AIH patients with liver cirrhosis de
velop HCC. Therefore, ultrasound follow-up examinations
[60]
are recommended every six month . Characteristically,
involvement of the biliary tract is absent or minimal
in AIH. Magnetic resonance cholangiography (MRC) is
recommended in all children and adult patients with
elevated markers of cholestasis in order to detect
concurrent overlap syndromes, particularly PSC.

DIFFERENTIAL DIAGNOSIS
Differential diagnosis of AIH includes chronic viral
hepatitis (B and C), primary sclerosing cholangitis,
alpha-1 antitrypsin deficiency, primary biliary cirrhosis,
hemochromatosis, Wilson’s disease and drug induced
hepatitis (e.g., minocycline, nitrofurantoin, isoniazid,
methyldopa). However, to differentiate AIH from
drug-induced liver injury (DILI) might be a challenge
in cholestatic and severe clinical presentations, in
particular when circulating liver autoantibodies are
[2]
detectable in serum Elevated IgG serum-levels and
the histological presence of plasma cells can be found
[29]
as well in a significant proportion of DILI patients .

Ultrasound elastography

Non-invasive liver ultrasound elastography methods
are useful for detection and staging of liver fibrosis
initially as well as during clinical follow-up. Transient
elastography (TE) has been introduced first to assess
[61,62]
liver stiffness in patients with chronic liver diseases
.
Other newer ultrasound-elastography methods include
point shear-wave elastography (pSWE) and two[63]
dimensional shear-wave elastography (2D-SWE) .
These tools are integrated in standard ultrasound
devices.

Treatment

In order to prevent progressive liver fibrosis/cirrhosis,
treatment aims on complete biochemical (defined by

WJG|www.wjgnet.com

1585

April 21, 2018|Volume 24|Issue 15|

Dong Y et al . Ultrasound finding in AIH
[64]

liver diseases , which represents to be a reliable
alternative to SWE. MRE is less influenced by body
habitus and inflammatory activity in the evaluation of
[65-67]
fibrosis in AIH
but its availability is limited and the
investigation is more expensive.

Transient elastography

The cut-off values in AIH patients are not the same
as those in patients with chronic viral hepatitis. A
recent study which enrolled 108 AIH patients who
underwent liver biopsies, AUROC value of liver stiffness
measurement (LSM) was 0.885 for stage F2 (n =
24), 0.897 for stage F3 (n = 30), and 0.878 for stage
F4 (n = 24). The optimal LSM cut-off value was 6.27
kPa for stage F2, 8.18 kPa for F3, and 12.67 kPa
[68]
for F4 . LSM was superior to other non-invasive
markers in differentiating the stages of fibrosis in AIH
[68]
patients . Liver stiffness measured by TE correlated
significantly with the stage of liver fibrosis in a study
which compared accuracy of TE and liver biopsy in
AIH patients. TE correlated better than non-invasive
[69,70]
laboratory markers
. This study demonstrated
similar cut-off values, with LSM cut-off values of 6.45
[70]
kPa for F2, 8.75 kPa for F3, and 12.5 kPa for F4 .
[70]
A previous study evaluated the accuracy of LSM,
APRI, and FIB-4 in 100 AIH patients. TE outperformed
the other non-invasive markers. LSM was proven to
be closely associated with fibrosis stages (r = 0.752, p
< 0.01). Patients with more advanced fibrosis stages
are associated with higher LSM values. Of importance,
serum ALT levels had minor effect on LSM values and
hepatic inflammatory activity had no significant effect
on LSM determination.
TE proved also to be more accurate than APRI score
[71]
in study published by Halasz et al including 22 cases
of AIH.
[69]
Wang et al
conducted a retrospective study with
36 histologically confirmed AIH patients (19 treated
and 17 untreated). They reported that TE was accurate
for distinguishing hepatic fibrosis in AIH between stages
F0-F2 and F3-F4.
While comparing to other etiologies, the higher LSM
values for different Ishak stages in AIH patients are in
[69,72-74]
line with the results in the literature
. In a pediatric
[6]
study of Behairy et al , a total of 90 children (HCV
n = 50, AIH n = 20, Wilson´s disease n = 20) were
included and underwent LSM using TE. AIH patients had
both higher values of LSM and (necro) inflammation
scores compared to patients with HCV and Wilson´
s disease. Inflammatory activity accompanying with
increased serum aminotransferase levels, can increase
[75,76]
liver stiffness may be misinterpreted as fibrosis
.
Therefore, the higher grade of (necro-) inflammatory
activity in AIH patients compared to other etiologies
[2,3]
could be a possible explanation .
Long-term treatment with mono corticosteroids or
in combination with azathioprine is proposed when the
AIH diagnosis is established. The effect of treatment on
the diagnostic performance of LSM has been studied

Figure 1 Enlarged perihepatic lymph nodes dorsal in the hepatoduodenal
ligament between the portal vein and inferior vena cava is a typical
sonographic sign of autoimmune hepatitis. PV: Portal vein; PH: Pancreatic
head; ICV: Inferior vena cava.

Figure 2 Enlarged perihepatic lymph nodes ventral and dorsal in the
hepatoduodenal ligament between the portal vein and inferior vena cava
(white arrows). LL: Liver; GB: Galbladder; PV: Portal vein; ICV: Inferior vena
cava.

Figure 3 Enlarged perihepatic lymph nodes dorsal in the hepatoduodenal
ligament is a typical sonographic sign of autoimmune hepatitis. Contrast
enhanced ultrasound shows normal lymph node architecture (in between
arrows).

Ultrasound elastography methods are proved to
be accurate and reliable in the diagnosis of advanced
fibrosis and cirrhosis, however, the diagnostic perfor
mances may be compromised by inflammation, con
[63]
gestion, biliary obstruction and obesity . Magnetic
resonance elastography (MRE) has excellent perfor
mance parameters for all histological stages in diverse
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as well. Hartl et al
reported that performance of TE
in the detection of cirrhosis is better for AIH patients
who received longer treatment compared to treatmentnaïve patients and patients with shorter duration of
treatment. Using the cut-off of 16 kPa, the diagnostic
accuracy for cirrhosis was excellent in patients (n = 36)
under immunosuppressive treatment for 6 months or
[77]
longer . A non-invasive inflammatory score has been
proposed to discriminate patients with and without
[78]
significant hepatic inflammation . Those scores are
easy to calculate, however, they would be only suitable
to patients without co-morbidities and not for patients
[79]
with low inflammatory activity . Weight gain is a
[80,81]
common consequence of corticosteroid treatment
.

in inflammatory activity, Thus, stage of fibrosis can
[86]
be overestimated by transient elastography
due to
concomitant hepatic necroinflammatory activity. It can
be also concluded that LSM using TE reflects the stages
of liver fibrosis and correlates better than non-invasive
[77,87,88]
laboratory markers in patients with treated AIH
.
Other non-invasive ultrasound based techniques as
ARFI, 2D-SWE or Real Time Elastography are not well
investigated in the population of AIH patients yet.
Further studies are needed. However, current noninvasive markers/methods for the evaluation of liver
fibrosis in AIH could not replace liver biopsy, especially
[87]
in differentiating mild from severe stages of fibrosis .
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Abstract
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Chronic kidney disease (CKD) patients receiving
hemodialysis (HD) often develop gastrointestinal
abnormalities over their long treatment period. In
general, prognosis in such patients is poor due to
the development of protein-energy wasting (PEW).
Therefore, it is important to clarify the etiology of PEW
and to establish better strategies to deal with this
condition. Chronic Helicobacter pylori (H. pylori ) infection
in the gastric mucosa has a close association with not
only the development of peptic ulcer disease and gastric
cancer, but is also associated with abnormal plasma
and gastric mucosal ghrelin levels that are seen in
malnutrition. It is unclear whether H. pylori infection of
the gastric mucosa is directly associated with prognosis
in HD patients by affecting ghrelin levels. Recent studies
show that the prevalence of H. pylori infection in HD
patients is significantly lower than in subjects with
normal renal function. In the natural history of H. pylori
infection in HD patients, the prevalence of infection
decreases as the length of time on HD increases. The
severity of gastric mucosal atrophy has been suggested
as the major determinant of ghrelin levels in these
patients, and eradication therapy of H. pylori improves
nutritional status by increasing serum cholinesterase
and cholesterol levels, especially in patients with mildto-moderate gastric mucosal atrophy. Prompt H. pylori
eradication to inhibit the progress of gastric atrophy
may be required to prevent this decrease in ghrelin
levels and subsequent PEW and improve the prognosis
of HD patients by improving their nutritional status.
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nutritional status, and H. pylori infection in HD patients
(which tends to decrease with increasing time on
[20]
dialysis ) remain to be elucidated. Here, we review the
association between H. pylori infection and HD, and the
relationship between H. pylori and nutritional status in
this population. Finally, we review the effects of H. pylori
eradication therapy in H. pylori-positive HD patients on
nutritional status and plasma ghrelin levels.

Core tip: Hemodialysis (HD) patients have a poor
prognosis related in part to protein-energy wasting
(PEW), associated with low levels of ghrelin. The
severity of gastric mucosal atrophy has been suggested
as the major determinant of ghrelin levels. Eradication
of Helicobacter pylori (H. pylori ) improves nutritional
status, with serum cholinesterase and cholesterol
levels stimulated by rising ghrelin levels and appetite,
especially in H. pylori infection-positive patients with
severe gastric mucosal atrophy. Although infection
rates of H. pylori have been decreasing in HD patients,
it would be preferable to eradicate H. pylori promptly
before progression of gastric atrophy for prevention of
gastric cancer and PEW.

H. pylori INFECTION IN HD PATIENTS
H. pylori is a spiral-shaped, microaerophilic Gramnegative flagellate bacterium isolated in 1983 from
gastric biopsy specimens of patients with chronic
[21]
atrophic gastritis . The gastric mucosa of approximately
50% of the world’s population is infected with H. pylori,
and the infection levels exceed 70% in some developing
[15,22-24]
areas
.
Previously, we reported that the prevalence of H.
pylori infection in 539 Japanese HD patients with a
mean treatment period of 8.4 ± 0.3 year in 1997 was
48.6% (95%CI: 44.3%-52.9%). This was significantly
lower than that in dyspepsia patients with normal
renal function [78.5% (74.1%-82.4%), P < 0.001]
and individuals receiving annual health checks [69.4%
[20]
(60.3%-77.5%), P < 0.001] . In a meta-analysis
of reports investigating the prevalence of H. pylori in
dialysis patients before 2009, the prevalence in patients
receiving HD and continuous ambulatory peritoneal
dialysis (CAPD) was 43.9% [(95%CI: 42.2%-45.6%),
1435/3272] and 34.8% [(29.6%-40.2%), 113/325],
respectively, which was again significantly lower
than that in individuals with normal renal function
[25]
[49.8% (48.0%-51.7%), 1476/2961, P < 0.001] .
Although infection rates differ among different geo
graphic populations, in East Asian countries where
the prevalence of H. pylori infection and incidence of
gastric cancer is relatively high, the latest statistics
show the infection rate in HD patients to be 44.5%
(41.55%-47.6%, 474/1065), which is significantly
lower than that in individuals with normal renal function
[25]
[54.0% (50.9%-57.1%), 560/1038, P < 0.001] .
Importantly, the prevalence in individuals with normal
renal function is similar in patients receiving HD
[20]
treatment for < 1 year . HD treatment, but not uremia
from chronic renal failure, may play an important role in
the decreased prevalence of H. pylori infection.
Recently, infection rates of H. pylori have been
decreasing. A large-scale Japanese epidemiological
study showed that the infection rate in Japanese has
[26]
declined to 30%-50%, especially in younger patients .
Supporting this phenomenon, an investigation of 500
Japanese HD patients with a mean treatment duration
of 6.9 ± 6.6 years (2015) reported that the prevalence
of infection had dramatically decreased, to 15.0%
[27]
(95%CI: 12.0-18.4) . Although it has not yet been
proven, decreasing rates of H. pylori infection suggest
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INTRODUCTION
With ongoing progress in medical and dialysis machine
techniques, the number of chronic renal failure patients
receiving hemodialysis (HD) is increasing at a rate of
7% per year. At least 2.9 million Asians require dialysis,
including Japanese, who live in an aging society and
[1,2]
experience changes in their living environment . HD
patients often experience gastrointestinal symptoms
(e.g., nausea, abdominal pain, and constipation) caused
by elevated urea levels, decreased gastrointestinal
motility, amyloid protein deposition, and sensory dis
turbances, and are at increased risk of developing
gastrointestinal diseases (e.g., peptic ulcer disease,
gastric antral vascular ectasia, gastroesophageal
[3-7]
reflux disease, and gastric cancer)
. The risk of
gastric mucosal damage is elevated in this population,
[8]
in association with high ammonia levels , systemic
[9,10]
and/or local chronic circulatory failure
, and hyperga
[11]
strinemia . Gastroduodenal diseases such as peptic
ulcer and gastric cancer have been linked to chronic
[12-15]
Helicobacter pylori (H. pylori) infection
. In HD
patients, the role of chronic H. pylori infection in their
prognosis and quality of life (QOL) has not been defined.
In general, QOL in HD patients is poor. This affects
their nutritional status, and thereby contributes to
the development of malnutrition, which is a potent
[16,17]
predictor of morbidity and mortality
. The state of
metabolic and nutritional derangement called proteinenergy wasting (PEW) has a major impact on mortality
[16,17]
in HD patients
. Improving the prognosis of HD
patients with PEW requires determination of its etiology
[18,19]
and the development of prophylactic strategies
.
The complex interactions of gastroduodenal disease,
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[27]

Table 1 Hemodialysis treatment duration and Helicobacter pylori infection status in hemodialysis patients

H. pylori infection rate
Rate of H. pylori negatives

< 1 yr

1-3 yr

3-10 yr

> 10 yr

P value

23.8 (15/63)
55.5 (35/63)

16.7 (18/108)
62.0 (67/108)

15.0 (34/226)
68.1 (154/226)

7.8 (8/13)
68.9 (71/103)

0.043
> 0.05

that the incidence of peptic ulcer disease and gastric
cancer is expected to be decreasing in HD patients and
that QOL in HD patients has improved due to decreases
in H. pylori-related gastrointestinal disease.

the ABC method, has been commonly used at health
[40]
screenings as a useful marker for gastric cancer .
Because PG is eliminated via the kidney, serum PG
[41]
levels are elevated in patients with renal dysfunction .
The value of serum PG levels as a biomarker of gastric
atrophy and the capacity of gastric acid secretion in HD
patients was heretofore unknown.
A recent report has demonstrated that PG I and II
levels and PG I/PG II ratios in H. pylori-negative HD
patients are significantly higher than those in H. pyloripositives and that PG I levels positively correlate with
PG II levels and PG I/PG II ratio in H. pylori-negative HD
patients (|R| = 0.849 and |R| = 0.569), past-infection
patients (|R| = 0.870 and |R|=0.575) and current[26,42]
infection patients (|R| = 0.784 and |R| = 0.517)
.
In addition, a receiver operating characteristic curve
using a cut-off value of 7.75 demonstrated that the
sensitivity and specificity of PG I/PG II ratio in predicting
the absence of H. pylori were 88.7% and 84.0%,
[26]
respectively . Therefore, serum PG I/PG II ratio may
be a valid marker for H. pylori infection status and
gastric mucosal atrophy in HD patients. Further largescale studies are needed to verify this.

TREATMENT PERIODS OF HD AND H.
PYLORI INFECTION
There is an inverse relationship between H. pylori
[20,27-31]
infection and dialysis treatment duration (Table 1)
.
We showed that the duration of HD treatment in H.
pylori-positive patients was 4.6 ± 3.8 years, which is
significantly shorter than that in H. pylori-negatives (7.3
[27]
± 6.9 years, P = 0.001) . Interestingly, the finding
of decreased H. pylori infection is characteristic of the
prevalence of infection decreasing when the treatment
[28]
period is ≥ 2 year , and the infection rate gradually
decreases up to four years after the initiation of HD and
[20]
is followed by a plateau . In a 4-year follow-up survey
of H. pylori-positive patients, the prevalence of infection
was 51.6% at 1 year, 42.9% at 2 year, and 38.3% at
4 year in the absence of eradication therapy. In other
words, 26.7% of patients were naturally cured of H.
[20]
pylori infection over four years .
It is unknown why HD patients have a lower pre
valence of H. pylori infection. One hypothesis is that
HD patients have higher levels of pro-inflammatory
[32]
cytokines . As a result, gastric atrophy progresses,
and finally H. pylori are not able to live in the gastric
[33-35]
mucosa
. Another hypothesis is that elevated blood
urea and urea nitrogen levels may inhibit H. pylori
[36]
growth . A third hypothesis is that H. pylori may be
cured with incidental antibiotic treatment, because
most HD patients suffer from an increased incidence
of bacterial infections, and because plasma levels of
antimicrobial agents may be higher in HD patients than
[37]
in individuals with normal renal function .

NECESSITY OF H. PYLORI ERADICATION
THERAPY FOR HD PATIENTS
The incidence rates of peptic ulcer and gastric cancer
in HD patients are higher than those in individuals with
[7,43]
normal renal function
. In addition, because most
HD patients receive anti-thrombotic therapy and/or
non-steroidal anti-inflammatory drugs (NSAIDs), the
development of drug-induced ulcers and hemorrhage
from gastroduodenal lesions easily occurs and often
causes fatal blood loss. Therefore, prompt H. pylori
eradication therapy is necessary for H. pylori-infected
[12,13]
HD patients
, especially in HD patients with a higher
risk of disease development, such as those with a past
history of peptic ulcer, gastroduodenal hemorrhage, or
use of anticoagulants and/or NSAIDs.
To reduce the risk of gastric cancer, the Japanese
health insurance system in 2012 began covering
H. pylori eradication therapy for all patients with
endoscopic gastritis as well for peptic ulcers, gastric
mucosa-associated-lymphoid tissue (MALT) lymphoma,
post-endoscopic resection of early gastric cancer,
[44-49]
and idiopathic thrombocytopenic purpura (ITP)
.
In Japan, first-line eradication therapy is limited to a
regimen that employs a standard dose of vonoprazan

PEPSINOGEN IN HD PATIENTS
Human pepsinogens (PGs) are proenzymes that act
on pepsin. Serum PG levels reflect the status of the
gastric mucosa, and decreased PG secretion is a marker
of gastric mucosal atrophy. In patients without renal
dysfunction, measurements of serum PG levels are
used in screening for gastric cancer and gastric mucosal
[38]
atrophy . In addition, serum PG levels and the PG I/
PG II ratio are useful in determining the level of gastric
[39]
acid secretion . Recently in Japan, a combination of
the serum PG level and H. pylori-IgG level, namely
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or proton pump inhibitor (PPI) administered twice
daily, amoxicillin (AMPC) 750 mg twice daily, and
clarithromycin (CAM) 200 mg or 400 mg twice daily for
1 wk. Unfortunately, because the prevalence of CAMresistant H. pylori strains in Japan is increasing (> 30%),
[14,50-53]
the eradication rate is gradually decreasing
.
Eradication therapy is more challenging in HD patients
since they have many exposures to antimicrobial agents
[54,55]
due to immune system impairment
. In fact, 36.4%
of patients with chronic renal failure are reported to be
infected with CAM-resistant strains, which is significantly
higher than in patients with normal renal function
[54]
(15.2%) . Our recent data published in 2017 shows
that rate of CAM-resistant strains in HD patients is
[55]
40.5% of infected patients . Alternative regimens may
be designed to use H. pylori-susceptible antimicrobial
agents, increased dosages of antimicrobial agents
and PPIs, increased dosing frequency, and longer
treatment periods, according to international treatment
[13,52,56-60]
guidelines
.
There is no optimal H. pylori eradication regimen in
HD patients yet (Table 2). Some antimicrobial agents,
especially AMPC, are known to exacerbate renal
dysfunction. The maximum drug concentration of AMPC
in patients with renal failure is 2-4 times higher than
in patients with normal renal function, and the half-life
[37]
is 5-20 times as long as that in healthy individuals .
Although several previous reports showed no severe
adverse effects of AMPC in HD patients receiving
[4,11,30,61-65]
eradication therapy
, the Japanese guidelines
for H. pylori eradication therapy in the Japanese Society
of Helicobacter Research recommends a reduction in
[12]
AMPC dosage for HD patients and the Japanese drug
prescribing guidelines accordingly recommend that the
dosage of AMPC for patients with renal failure should
be reduced by 70%. In fact, the toxic effects of AMPC in
[66-68]
HD patients have been reported in various studies
;
[68]
for example, Sheu et al reported that patients with a
lansoprazole-CAM-metronidazole regimen had a lower
risk of acute renal failure than those with a lansoprazoleCAM-AMPC regimen (2% vs 18%; relative risk, 0.128,
95%CI: 0.016-0.979) for chronic renal failure nondialysis patients. Overdose of drugs has to be carefully
prevented. Although an optimal regimen for dosage
and periods of AMPC in HD patients is not described in
[12]
the Japanese guidelines for eradication , an AMPCreduced regimen may be appropriate in HD patients.
Recently, we have adopted a regimen composed of
PPI and CAM, both at conventional dosage, and a dose
of AMPC that is one-third of the conventional dosage (250
mg twice daily), and investigated the efficacy and safety
[55]
of this regimen . This regimen in HD patients provided
equivalent efficacy as the standard dose in conventional
therapy for non-dialysis patients in Japan (82.4% and
[55]
82.4%, respectively) . Although this suggests that
AMPC-reduced triple therapy is effective and safe for HD
[55,69,70]
patients
, the sample number of these reports is
small, and it is necessary to set an optimal regimen in
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HD using a larger number of subjects.
Although the eradication rate with the Japanese
standard triple therapy was first reported as appro
ximately 85%-91%, it has gradually decreased year
by year because of increased prevalence of CAMresistant strains of H. pylori. Because the eradication
rates with tailored treatments based only on CAM
susceptibility are not very high (71.9%-94.3%),
more advanced tailored treatment considering other
factors (e.g., different doses of antibiotics and PPIs,
different dosages and treatment period) are required
to achieve high eradication rates. A tailored H. pylori
eradication regimen based on CAM susceptibility and
maintaining acid secretion (rabeprazole, 10 mg, q.i.d.)
is useful because it can achieve an eradication rate
exceeding 95%, irrespective of eradication history, thus
[52]
overcoming differences among CYP2C19 genotypes .
However, there was no report to investigate efficacy of
tailored regimen in HD patients.

H. PYLORI INFECTION AND NUTRITION
STATUS IN HD PATIENTS
HD patients have many risk factors that affect mortali
ty, such as chronic inflammation and metabolic and
[16,17,71]
nutritional derangement
. PEW is defined as a
state of decreased body stores of protein and energy
fuels (body protein and fat mass) and is diagnosed
if three features are present: (1) Abnormal nutrition
markers (i.e., low serum levels of albumin, transthyretin
or cholesterol); (2) reduced body mass (i.e., low or
reduced body or fat mass or weight loss with reduced
intake of protein and energy); and (3) reduced muscle
mass (i.e., muscle wasting or sarcopenia, and reduced
[72]
mid-arm muscle circumference) .
Ghrelin, an orexigenic peptide released primarily
from endocrine cells in the stomach, is important in
[71,73,74]
the pathogenesis of PEW in HD patients
. Ghrelin
has multiple functions, including enhancement of the
orexigenic effect, protein anabolism, anti-inflammatory
[74,75,76]
action, and cardiovascular protection
. Plasma
ghrelin levels increase after fasting and decrease after
eating. Ghrelin levels are elevated in patients with a lean
[77]
body . Plasma ghrelin levels have been found to be
associated with malnutrition in patients with advanced[76]
stage cancer and anorexia nervosa . In HD patients,
a low ghrelin level increases the risk of cardiovascular
[78]
mortality and morbidity , and the utility of monitoring
plasma ghrelin at fixed intervals has been proven as a
[71]
biomarker for mortality in HD patients .
H. pylori infections affect ghrelin levels. H. pyloripositive patients have lower gastric mucosal and
plasma ghrelin levels and a smaller population of
[79]
ghrelin-positive cells in the gastric mucosa . Although
subjects with normal renal function show a correlation
between plasma ghrelin level and the severity of gastric
[79]
mucosal atrophy , the association between ghrelin
and H. pylori infection and between ghrelin and gastric
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Table 2 Helicobacter pylori eradication therapy for chronic renal failure patients
Year

Author

Country

n

Regimen

1997

Tamura et al[61]

Japan

14

21 d

78.6

1998

Munos de Bustillo E et al[30]

Spain

1998

Tokushima et al[62]

Japan

23
23
17

LPZ (30) oid/ 8 wk, AMPC (500) oid/ 3 wk,
plaunotol (80) tid/ 24 wk
OPZ (20) bid, AMPC (500) tid
plus OPZ (20) bid, CAM (500) bid
LPZ (30) oid/ 8 wk, AMPC (500)

14 d
14 d
21 d

60.8
82.6
76.5

1999

Araki et al[63]

Japan

10
17

7d
21 d

90
88.2

IgG, Histology

1999
2001
2002
2002
2003

Gur et al[11]
Wang et al[64]
Mak et al[91]
Tsukada et al[65]
Mak et al[92]

Turkey
China
China
Japan
China

25
38
21 (CRF)
39
25 (CRF)

15 d
7d
7d
7d
7d

80
86.8
90.5
82.1
96

Histology, RUT
Stool
RUT
UBT
Histology

2003

Sheu et al[67]

China

2004
2007

Sezer et al[4]
Tseng et al[93]

Turkey
China

38 (CRF)
40 (CRF)
17
34 (CRF)

7d
7d
14 d
7d

76.3
92.5
94.1
94.1

Stool
Endoscopy
UBT

2007

Itatsu et al[69]

Japan

2010
2010

Change et al[70]
Jalalzadeh et al[94],
Falaknazi et al[95]
Seyyedmajidi et al[96],
Jalalzadeh et al[97,98]
Vafaeimanesh et al[99]

Korea
Iran

11
9
12
37

LPZ (30) oid, AMPC (250), MNZ (250) bid/
OPZ (20) oid/ 8 wk, AMPC (250) oid, CAM
(200) oid/ 3 wk, polaprizinc (0.5) bid/ 24 wk
FAM (40) oid, CAM (500) bid, MNZ (250) bid
OPZ (20), AMPC (1000), CAM (500) bid
OPZ (20), AMPC (1000), CAM (500) bid
OPZ (30) bid, AMPC (500) tid, CAM (400) bid
OPZ (20) or LPZ (30), AMPC (1000), CAM
(500) bid
LPZ (30), AMPC (750), CAM (500) bid
LPZ (30), CAM (500), MNZ (500) bid
OPZ (20), AMPC (1000), CAM (500) bid/
ESO (40) or OPZ (20) bid, AMPC (1000) bid,
CAM (500) bid
LPZ (60), AMPC (750), CAM (400)
LPZ (60), CAM (400)
OPZ (20), AMPC (250), CAM (250), bid
OPZ (20), AMPC (1000), CAM (250), bid

7d
7d
7d
14 d

72.7
33.3
83.4
81.1

RUT, Histology
IgG, UBT, Stool

Iran

17

OPZ (20), AMPC (500), CAM (250), bid

14 d

82.4

UBT, Stool

20

14 d

80

2014

Makhlough et al[100]

Iran

21
24

14 d
10 d

66.7
84

RUT, Histology

2016

Makhlough et al[101]

Iran

20
20

14 d
14 d

70
100

RUT, Stool

2018

Sahara et al[55]

Japan

18
19

OPZ (40), AMPC (500), azithromycin (250),
bid
PPZ (40), AMPC (500), CAM (250), bid
Sequential therapy (PPT [40] 10 d, AMPC
(500) bid, 5 d and CAM (250), tinidazole (500),
bid, 5 d
PPZ (40), AMPC (500), CAM (500), bid
Hybrid regimen PPZ (40), AMPC (500), bid,
7 d + PPZ (40), AMPC (500), CAM (500),
tinidazole (500), bid, 7 d
ESO (20), AMPC (750), CAM (200) bid
ESO (20), AMPC (250), CAM (200) bid

7d
7d

77.8
84.2

IgG

2012

Treatment Eradication
period
rate (%)

Analytic methods
RUT, Culture,
Histology
UBT
RUT, Culture,
Histology

RUT

AMPC: Amoxicillin; CAM: Clarithromycin; ESO: Esomeprazole; FAM: Famotidine; LPZ: Lansoprazole; MNZ: Metronidazole; NA: Not available; OPZ:
Omeprazole; PPZ: Pantoprazole; RUT: Rapid urease test; UBT: Urea breath test; bid: Twice-daily dosing; tid: Three-times-daily dosing.

[19]

mucosal atrophy in HD patients is less well understood.
In an analysis using 78 HD patients and 51 non-dialysis
patients with chronic renal disease, des-acyl ghrelin
levels in HD patients were significantly higher than those
in non-dialysis patients, and ghrelin levels decreased
with the progress of endoscopic gastric mucosal atrophy
[19]
in HD patients (Table 3) . Importantly, acyl-ghrelin
levels in the non-H. pylori infection HD group (39.4
± 23.0 fmol/mL) were significantly higher than in
patients with current (24.6 ± 17.5 fmol/mL, P = 0.022)
and past H. pylori infection (23.4 ± 19.9 fmol/mL, P
[18]
= 0.007) (Table 4) , suggesting that the severity of
serological and endoscopic gastric mucosal atrophy is
a major determinant of ghrelin levels (Table 3). In fact,
multiple regression analysis shows a significant positive
correlation between acyl ghrelin and PG I levels (β =
0.738, P < 0.001) and significant negative correlations
between ghrelin and age, albumin, and creatinine

WJG|www.wjgnet.com

levels . Therefore, PG level is the most influential
determinant of plasma acyl and des-acyl ghrelin levels
in HD patients. This suggests that plasma and gastric
mucosal ghrelin levels are influenced by not only longstanding enhanced gastric mucosal inflammation
induced by H. pylori infection but also by gastric mucosal
[79]
atrophy . Because plasma and gastric ghrelin levels
depend on the number of ghrelin immunoreactive cells
[79-81]
in the gastric mucosa
, plasma ghrelin levels may
be influenced more by the severity of atrophy than
current H. pylori infection in HD patients. Therefore, it is
important to consider methods to prevent progression of
gastric mucosal atrophy in HD patients.
HD patients with gastric mucosal atrophy have a
lower normalized protein catabolic rate (nPCR) than
[19]
non-atrophy patients . Chronic persistent damage
to the gastric mucosa and gastric mucosal atrophy
in H. pylori-positive HD patients may contribute to
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Table 3 Clinical characteristics in hemodialysis patients between patients with and without gastric mucosal atrophy

N (Male/Female)
Age
Dialysis periods (yr)
Acyl-ghrelin
Desacyl-ghrelin
BMI (kg/m2)
Albumin (g/dL)
Total cholesterol (mg/dL)
Cholinesterase (U/L)
Intact PTH (pg/mL)
Ferritin (ng/mL)
PG Ⅰ (ng/mL)
PG Ⅱ (ng/mL)
PG Ⅰ/Ⅱ ratio
nPCR (g/kg/d)

[19]

Atrophy (-)

Atrophy (+)

P -value

28 (17/11)
67.7 ± 12.3
7.5 (2.4-16.8)
38.0 (23.5-57.0)
303 (248-533)
19.8 ± 3.2
3.5 ± 0.3
166 ± 37
245 ± 111
351 ± 294
128 ± 118
416.2 (314.2-783.7)
42.3 (31.6-60.0)
10.89 (9.11-13.38)
0.94 ± 0.14

50 (33/17)
71.6 ± 11.0
7.7 (3.1-12.7)
18.0 (12.0-26.3)
200 (137-277)
19.6 ± 2.8
3.4 ± 0.4
154 ± 36
219 ± 68.7
247 ± 192
128 ± 221
196.0 (73.8-358.8)
28.4 (16.8-45.7)
7.31 (4.17-11.08)
0.85 ± 0.16

0.155
0.681
< 0.001
< 0.001
0.773
0.273
0.165
0.205
0.062
0.989
< 0.001
0.003
0.001
0.022

BMI: Body mass index; BUN: Blood urea nitrogen; PTH: Parathyroid hormone; CRP: C-reactive protein; PG: Pepsinogen; ABI: Ankle-brachial pressure
index; nPCR: Normalized protein catabolic rate.

[18]

Table 4 Plasma acyl-ghrelin and desacyl-ghrelin levels according to Helicobacter pylori status in hemodialysis patients

Plasma acyl-ghrelin (fmol/mL)
Plasma desacyl-ghrelin (fmol/mL)

Non-infection (n = 29)

Past-infection (n = 27)

Present infection (n = 17)

39.4 ± 23.0
353.2 ± 190.2

23.4 ± 19.9a
242.1 ± 139.6a

24.6 ± 17.5a
236.3 ± 143.6a

a

P < 0.05 vs Non-infection group.

[85]

decreased protein intake, PEW, and decreased body
weight via decreased ghrelin production. Because
ghrelin level is associated with mortality related
to cardiovascular disease and PEW in HD patients,
alternative management, such as H. pylori eradication
therapy, before the progression of gastric mucosal
atrophy might be necessary to prevent the decrease in
[74,78]
ghrelin level in HD patients
.

palatability . However, it is unclear whether nutritional
disorders in HD patients improve after eradication
therapy. It is important to answer this clinical question to
improve the poor prognosis in HD patients.
At 1 year after eradication therapy, serum choli
nesterase levels significantly increase compared with
the level before eradication (303.2 ± 76.0 vs 287.3 ±
68.1 IU/L, P = 0.029). In particular, cholesterol (before,
196.6 ± 23.2 mg/dL; after, 206.1 ± 25.9 mg/dL, P
= 0.042) and cholinesterase levels (before, 296.9
± 70.8 IU/L; after, 316.4 ± 73.8 IU/L, P = 0.049)
increase more in patients with mild-moderate gastric
mucosal atrophy than in those with severe atrophy.
This observation suggests that eradication therapy has
contributed to improvement of PEW in HD patients. We
therefore recommend that HD patients be checked for H.
pylori infection and that eradication therapy should be
initiated before the progression of gastric atrophy.
It is possible that the improvement in nutritional
status and increase in BMI after eradication therapy
depends not only on an increase in ghrelin levels but
also on another biological mechanism(s), such as an
[86]
improvement in gastrointestinal motility , change in
[87]
gut microbiome profile , and/or increase in absorption
[88]
[87]
ability . Betrapally et al
reported that alterations
to the intestinal microbiota affect the development of
nonalcoholic steatohepatitis by influencing digestion, de
velopment of obesity, immune response, and production
of gut hormones. H. pylori eradication therapy changes
[89]
the gastrointestinal microbiota . A study to examine

H. PYLORI ERADICATION THERAPY AND
NUTRITION STATUS IN HD PATIENTS
H. pylori infection affects the incident rate of gastro
[20,25]
duodenal disease and nutritional status
. H. pylori
eradication therapy often causes individuals with
normal renal function to develop hyperlipidemia and
hyperproteinaemia, along with an increase of body
[80]
weight and BMI . This phenomenon is considered to
be due to increases in plasma ghrelin level followed
by increased appetite and food intake after H. pylori
[82,83]
eradication therapy
In CAPD patients, H. pylori
eradication therapy significantly improves anorexia,
[84]
inflammation, and malnutrition . After H. pylori
eradication, CAPD patients with anorexia showed a
significant increase in markers of nutrition and in VAS
scores for almost all questions. Significant differences
were also found in lymphocyte count, nPCR, prealbumin,
albumin, CRP, before-lunch desire to eat, after-lunch
desire to eat, hunger before lunch, hunger after lunch,
fullness before lunch, consumption after lunch, and
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whether the long-term prognosis of HD patients is
improved by the effect of eradication therapy on the
microbiota will be required to investigate this hypothesis
further.

8

H. PYLORI AND ANEMIA IN
HEMODIALYSIS PATIENTS

9

H pylori has been identified as a possible cause
of vitamin B12 and iron deficiency in the general
[90]
population. Trimarchi et al
reported that H. pyloripositive HD patients may present with lower vitamin
B12 blood levels and that H. pylori should be suspected
in HD patients when low or low-normal vitamin B12
levels or macrocytosis exist.

10

11

12

CONCLUSION
Chronic renal failure patients receiving HD have a low
prevalence of H. pylori infection. More than one-third
of patients receiving < 4 year of dialysis had naturally
cured H. pylori infection within the 4 year observation
period. However, because chronic renal failure patients
have a higher risk of gastroduodenal disorders, all
HD patients are recommended to receive endoscopic
check-ups to reduce the chance of developing peptic
ulcer disease. Moreover, patients with H. pylori infection
should also receive eradication therapy including AMPC
250 mg twice daily to prevent peptic ulcer, gastric
cancer, and hemorrhage from gastroduodenal lesions.
QOL in HD patients is usually poor and affects their
nutritional status. Severity of gastric atrophy is shown
to be the major determinant of ghrelin levels in HD
patients and eradication treatment of H. pylori improves
nutrition status by increasing serum cholinesterase and
cholesterol levels. H. pylori eradication before progress
of gastric atrophy may be required to prevent a
decrease in ghrelin levels and improve prognosis of HD
patients in relation to poor nutritional status.

13
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16
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Abstract
This review intends to uncover how information from
large-scale genetic profiling (whole genome sequencing,
and whole exome sequencing) of nonalcoholic fatty liver
disease (NAFLD), as well as information from circulating
transcriptomics (cell-free miRNAs) and metabolomics,
contributes to the understanding of NAFLD patho
genesis. A further aim is to address the question of
whether OMICs information is ready to be implemented
in the clinics. The available evidence suggests that
any new knowledge pertaining to molecular signatures
associated with NAFLD and nonalcoholic steatohepatitis
should be promptly translated into the clinical setting.
Nevertheless, rigorous steps that must include validation
and replication are mandatory before utilizing OMICs
biomarkers in diagnostics to identify patients at risk of
advanced disease, including liver cancer.
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addressed.
A brief description of OMICs signatures, including
their main applications as biomarkers in clinical practice,
is provided in Figure 1. OMICs biomarkers may be
considered either for screening purposes to assess the
disease risk or exposure, or for the assessment of the
disease severity and prognosis, and/or for monitoring
treatment response (Figure 1).

Core tip: It is expected that, in the near future, nona
lcoholic fatty liver disease patients can be diagnosed and
treated according to their own “molecular signature”.
Specific focus should be placed on prevention and early
diagnosis through the application of biomarkers of
disease risk. Selection of “personalized drugs” as well
as tailored therapy according to the specific molecular
signature should be further guaranteed.

role of genetic markers in the
prediction of NAFLD risk and
disease severity

Pirola CJ, Sookoian S. Multiomics biomarkers for the prediction
of nonalcoholic fatty liver disease severity. World J Gastroenterol
2018; 24(15): 1601-1615 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i15/1601.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i15.1601

Although the pathogenesis of NAFLD is not understood
fully, a growing body of evidence indicates that the
disease develops from a complex process involving
many factors, including genetic susceptibility and
[5,6]
environmental insults .
In fact, the results yielded by the first genome[7]
wide association study on NAFLD on the role of
rs738409 C/G -a variant nonsynonymous single
nucleotide polymorphism (SNP) of PNPLA3 (patatinlike phospholipase domain containing 3, also known as
adiponutrin or calcium-independent phospholipase A2epsilon) have significantly contributed to the knowledge
of the genetic component of NAFLD. This finding was
subsequently widely replicated around the world,
confirming that the G allele in the forward strand is
significantly associated not only with an increased risk of
[8,9]
fatty liver but the histological disease severity as well
(OR 1.88 per G allele). In fact, rs738409 explains about
[9]
5.3% of the total variance in NAFLD .
Furthermore, results of the first exome-wide
association study of liver fat content indicate that
rs58542926 (E167K), a nonsynonymous variant located
in TM6SF2 (Transmembrane 6 Superfamily Member
2), is significantly associated with increased liver fat
[10]
content . Nevertheless, in contrast to the effect of the
variant located in PNPLA3, the rs58542926 exerts a
[11]
moderate effect on the risk of NAFLD (odds ratio: 2.13) .
Subsequent studies have also revealed an association
[12-14]
of rs58542926 with the disease severity
, as well
as dual and opposite role in cardiovascular disease
[11,12,15]
prevention
.
Thus, it is reasonable to speculate that genetic
markers, particularly the 738409-G risk allele, may be
used for individual risk assessment either alone or as a
part of multi-score biomarkers (Figure 2). For example,
Kotronen and coworkers evaluated the performance of
rs738409 in predicting the risk of NAFLD by combining
routine clinical and laboratory data and the rs738409
[16]
genotypes . The authors observed a sensitivity of
86% and a specificity of 71% in the estimation of
[16]
increased liver fat content . Surprisingly, addition
of the genetic information to the score improved the
accuracy of NAFLD prediction by less than 1%.
The incorporation of genetic markers into noni

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a chronic
liver disease that affects adult and children populations
around the world, with prevalence reaching alarming
[1,2]
levels .
NAFLD may progress from a benign histological
disease stage characterized by plain fat accumulation,
usually referred to as simple steatosis or nonalcoholic
fatty liver (NAFL), to a more severe histological form
characterized by liver cell injury, a mixed inflammatory
lobular infiltrate, and variable fibrosis named nonal
[3,4]
coholic steatohepatitis (NASH) .
Precise histological diagnosis, including disease
stages (NAFL and NASH), is commonly based on liver
[2]
biopsy . Nevertheless, because this method imposes
certain limitations, including potential complications
such as bleeding and patients’ abdominal discomfort,
and needs to be performed in a special setting, noni
nvasive approaches are favored and have gained
considerable attention. It is also noteworthy that the
histological diagnosis of the severity of NAFLD might be
potentially biased if a small portion of hepatic tissue is
sampled.
Hence, significant clinical and research efforts are
currently being directed toward the search for reliable
biomarkers aimed at the prediction of the disease
severity and prognosis.
Knowledge in the field of liver diseases, particularly
NAFLD, has benefitted in the last ten years from the
rapid development of high-throughput technologies,
including genomics, transcriptomics, proteomics and
metabolomics. This review intends to uncover how
information from large-scale genetic profiling (whole
genome sequencing and whole exome sequencing)
of NAFLD, as well as information from transcriptomics
and metabolomics, and the interplay of these personal
characteristics with dietary factors may contribute to
the diagnosis and risk prediction of NAFLD progression.
In addition, the question of whether OMICs informa
tion is ready to be implemented in the clinics will be
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Disease
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Response to
intervention

Disease
severity
NAFLD Biomarkers
OMIC signatures

Epigenetic modifications

Genome variation

Chromatin signatures that potentially allow
dynamic assessment of the disease progression.
Tissue-specific.
Interaction with environmental factors.

Genetic markers that are present at birth.
Useful information for ascertain of exposure.
Effect size: small to modest.

Genomics

Coding and non-coding RNAs

Transcriptomics

Proteins associated with molecular pathways
Potentially useful for diagnostic and
prognostic management
Potentially useful for longitudinal assessment
Can be measured in circulation.

Molecular signatures that potentially allow
dynamic assessment of the disease condition.
Potentially useful for longitudinal assessment.
Tissue-specific; can be measured in circulation.
Probably associated with large effects/s.

Metabolites in circulation

Proteomics
Metabolomics

Useful for diagnostic and
prognostic management.
Allow longitudinal assessment
and dynamic exploration of
disease course and progression.

Figure 1 Brief description of OMICs signatures, including their main applications as biomarkers in clinical practice.

nvasive tests that discriminate between NAFL and NASH
results in a more challenging strategy; despite these
difficulties, there have been some interesting attempts.
For instance, a risk score comprising of both clinical and
genetic (PNPLA3 rs738409 C>G, SOD2 rs4880 C>T,
KLF6 rs3750861 G>A, and LPIN1 rs13412852 C>T) risk
factors resulted in an AUROC (Area Under the Receiver
Operating Characteristic) of 0.80 to predict NASH in
[17]
obese children with increased levels of liver enzymes ,
as shown in Figure 2.
Other examples include the NASH Clin Score that
combines laboratory tests (AST, fasting insulin) and
rs738409 genotypes, and the NASH ClinLipMet Score
that combines laboratory test (AST, fasting insulin),
circulating metabolites (glutamate, isoleucine, glycine,
[18]
lyso PC 16:0; PE 40:6) and rs738409 genotypes , as
depicted in Figure 2.
Furthermore, promising results have been reported
on the use of genetic markers in predicting NAFLDintervention response, as summarized in Figure 2.
For example, it was observed that genetic variation
in PNPLA3 might confer sensitivity to liver fat content
[19]
decrease in obese patients undergoing weight loss .
The findings yielded by this study, though based on a
small number of subjects, suggested that weight loss
was more effective in decreasing liver fat in subjects
[19]
who were homozygous for the rs738409-G allele .
Likewise, rs738409 correlated with changes in metabolic
profile and intrahepatic triglyceride content (IHTG) as
measured by proton magnetic resonance spectroscopy
[20]
in patients enrolled in a lifestyle modification program .
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Concordant results were reported regarding greater
improvement in hepatic steatosis after bariatric surgery
[21]
in the risk-G-rs738409 allele carriers (Figure 2).
A different approach to the use of genetic testing
based on single base variations in the DNA sequence
requires search for variants in mitochondrial DNA
(mtDNA). Mitochondria contain their own genetic in
formation in the mtDNA (16.5 kb), which is maternally
inherited; the 13 mtDNA-encoded proteins are all
components of the oxidative phosphorylation (OXPHOS).
A comprehensive exploration of the complete liver
mtDNA-mutation spectrum in patients with NAFLD
during different stages of the disease by next generation
sequencing showed that the disease severity is associated
with an increased liver mtDNA mutational burden,
including point mutations in OXPHOS-genes that showed
[22]
high degrees of heteroplasmy . Given that the variability
in the mt-genomes observed in NAFLD and NASH seems
to originate from a common germline source, rather than
from tissue-specific mutations, point mutations can also
be assessed in samples of peripheral blood mononuclear
[22]
cells .

ROLE OF EPIGENETIC MODIFICATIONS
AS NONINVASIVE BIOMARKERS OF
NAFLD AND NASH
The dynamic nature of epigenetic modifications is
not only an ideal frame to explain the cross-talk
between NAFLD and related phenotypes, including
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NAFLD Disease
Severity

OMICS biomarkers

Genomics

Genetic
variation

mtDNA
variation
Transcriptomics

Circulating miRNAs

Cell-free non-coding
RNA

Circulating
proteins

Proteomics

NAFL

NASH

NAFLD-HCC

NASH-Cirrhosis

[16]

NAFLD liver fat score: Routine clinical and biochemical data + PNPLA3-rs738409. AUROC liver fat content : 0.872
[17]
Genetic risk score of NASH: Four SNPs in different locus (PNPLA3 , SOD2 , KLF6 and LPIN1 ). AUROC NASH: 0.75
NASH Clin Score : AUROC (NASH): 0.778 an NASH ClinLipMet Score : AUROC (NASH): 0.866[18]
Assessment to intervention response (rs738409): Change in liver fat content in patients enrolled in a program of
[19]
[20]
[21]
hypocaloric low-carbohydrate diet , life style modification or bariatric surgery modified by G-risk allele status
[22]
Accumulation of mtDNA variants in genes of the oxidative phosphorylation (OXPHOS) predict disease severity
[37]

miRNA-panel (miR-122, miR-1290, miR-192 and miR-7b). AUROC NAFLD: 0.856
[36]
miR-122 AUROC NASH: 0.714 / AUROC fibrosis: 0.613
[34]
Combination score of miR122, miR192, miR21, ALT, and CK-18-Asp396 AUROC NASH: 0.83
Multi-component score (rs738409 + 19 clinical variables+8 proteins: ACY1, SHBG, CTSZ, MET, GNS, LGALS3BP, CHL1,
[40]
SERPINC1). AUROC NAFLD: 0.932
[41]
Plasma lumican FSRs and Pro-C3
[42]
Type IV collagen 7S + AST. AUROC NASH: 0.857
[43]
Procollagen III (PIIINP). AUROC NASH: 0.77-0.82 (NASH F 0-F2) and 0.82-0.84 (NASH F0-F3)
[18]

Circulating
metabolites

Metabolomics

Application in
clinical practice

NASH Clin Score and NASH ClinLipMet Score: laboratory test +rs738409
[51]
NAFLD-HCC: ↑glutamine/glutamate
[50]
Hepatic S-adenosylmethionine (SAMe)
[60]
Betaine +p.Ser646Pro variant in DMGDH (dimethylglycine dehydrogenase mitochondrial)
[47]
11-HETE
[51,52,54,55, 57-59]
Changes in amino acids, including glutamic acid and branched-chain amino acids (BCAAs)

Diagnostic/
predictive testing

Population
screening

Intervention
response

Figure 2 Summary of OMICs biomarkers in the prediction of nonalcoholic fatty liver disease severity.
[23]

[30]

provided by Mandel and Métais in 1948 ; indeed,
these authors introduced the concept of liquid biopsy.
Basically, cfNAs refer to molecules of nucleic acids
that circulate free of cells in the bloodstream and the
source of which is primarily dying cells from distant
tissues.
Considerable efforts have been dedicated to the
use cfDNA for the prediction of liver fibrosis associated
[31]
with NASH and alcoholic liver disease ; however,
the preliminary results indicate substantial lack of
specificity, as they can be completely unrelated to
[32]
NASH-biology . Furthermore, the fact that cfDNA
circulates not only at very low concentrations but is
also highly fragmented imposes analytical and technical
[33]
challenges that are very difficult to overcome .
Conversely, detection of microRNAs (miRNAs),
which are highly conserved noncoding small RNAs, has
demonstrated quite robust performance, particularly
in the circulating compartment. In addition, unlike
cfDNA, cfmiRNAs are resistant to degradation as well
as to several freeze–thaw cycles, making them ideal
biomarkers for use in the clinical setting.
The circulating miRNA signature of NAFLD has
been extensively explored in case-control studies,
[34-37]
including patients with liver biopsy
, Figure 2.
Studies in which liver and circulating miRNA levels
were compared demonstrated that cfmiRNAs are good
[36]
predictors of NAFLD-disease stages . Specifically,
circulating miR122 and miR192 not only mirror his
tological and molecular events occurring in the liver,
but have a reliable predictive power in differentiating
[36]
simple steatosis from NASH . Thus, it can be posited

insulin resistance , but is also an attractive target
24
for therapeutic intervention . Treatment-induced
epigenetic remodeling of liver tissue was observed in
a cohort of obese patients with NAFLD who underwent
[24]
bariatric surgery . In addition, changes in DNA
methylation could be used as a target of a biomarker
that allows monitoring, for instance, effectiveness
of pharmacotherapy. Interesting results have been
reported in the context of other non-cancer complex
[25]
diseases, including rheumatoid arthritis , pediatric
[26]
[27]
asthma or anxiety disorders .
It is worth noting that epigenetic modifications,
i.e. DNA methylation, are not restricted to the nuclear
[28]
genome, but can also be found in mt-genomes . In
fact, we found for the first time that hepatic methylation
and transcriptional activity of the MT-ND6 (mt genomeencoded NADH deshydrogenase 6, a member of the
OXPHOS complex 1) are associated with the histological
[29]
severity of NAFLD . This epigenetic change to mtDNA
is potentially reversible by lifestyle interventional
programs, as physical activity could modulate the
[29]
methylation status of MT-ND6 .

CELL-FREE DNA AND RNA AS
NONINVASIVE BIOMARKERS OF NASH
Circulating molecular biomarkers, particularly cell-free
DNA (cfDNA) and cell-free RNA (cfRNA) are focus of
intensive research; however, the strategies employed
in these studies are not necessarily novel. In fact, the
first description of cell-free nucleic acids (cfNAs) was
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that cfmiRNAs are reliable candidates for incorporation
into multi-panel scores for the prediction of NAFLD and
NASH (Figure 2).
For example, a miRNA panel, composed by the
detection of miR122-5p, miR1290, miR27b-3p, and
miR192-5p) showed a high diagnostic accuracy for
[37]
NAFLD (Figure 2). A combination score that included
miR122, miR192, miR21, ALT, and CK-18-Asp396
exhibited an AUROC of 0.83 for the prediction of
[34]
NASH (Figure 2).

been quite accurate in the prediction of NASH (AUROC
[43]
0.77-0.82) and NASH-fibrosis (0.82-0.84) .
Unfortunately, proteomic analysis using state of the
art technology is currently poorly developed in the field
of NAFLD. In fact, robust attempts to refine, replicate
and follow-up on putative discovered proteins have not
been done, even though some promising studies have
been carried out. For example, using MALDI TOF/TOF
and western blot analysis of coupled tissue and serum
samples allowed the identification of two interesting
protein candidates, including the mitochondrial enzyme
CPS1 (Carbamoyl-Phosphate Synthase 1) and GRP78,
also known as heat shock protein family A (Hsp70)
member 5, which could stratify the different phenotypes
[44]
associated with the disease severity . Results obtained
by using similar approaches, including SELDI-TOF mass
[45]
spectrometry
and matrix-assisted laser desorption
ionization time-of-flight mass spectrometry (MALDI
[46]
TOF-MS)
have been published. Still, the identified
peaks require validation, replication and large-scale
testing.

role of circulating proteins in
the prediction of NASH severity
The use of proteins that circulate in serum or plasma for
predicting liver-related histological outcomes, specifically
liver fibrosis, has been largely relegated probably
because such approaches are technically challenging,
while offering low performance and poor accuracy. The
most remarkable example of this strategy is based on
the use of plasma caspase-generated cytokeratin-18
fragments (CK-18) as a noninvasive alternative
biomarker of NASH. Results from a large multicenter
study showed that plasma CK-18 has relatively good
specificity for NAFLD (AUROC: 0.77), NASH (0.65) and
fibrosis (0.68). Nevertheless, the overall sensitivity
for NAFLD (63%), NASH (58%) and fibrosis (54%) is
limited, making this test inadequate for use as a single
[38]
noninvasive screening test .
Interesting attempts to develop multi-component
tests that integrate clinical and laboratory data,
including circulating proteins, have also been made.
For example, we have tested a diagnostic model based
on a composite index using clinical and laboratory
data, including circulating biomarkers such as soluble
intercellular adhesion molecule-1 (sICAM-1), which
was able to differentiate between patients with simple
steatosis and NASH with a post-test probability for
[39]
NASH of 99.5% when all positive tests were present .
There are similar proposals - though restricted
to the prediction of NAFLD but not NASH - based on
OMICs-derived data, including genetic information
(rs738409), clinical variables, and measurement of
different proteins (ACY1, SHBG, CTSZ, MET, GNS,
LGALS3BP, CHL1, SERPINC1), which - if combined seem to be quite reliable in disease risk identification
[40]
(AUROC for steatosis 0.935) . Nevertheless, it seems
that this approach has limited cost-effectiveness for
NAFLD-screening programs.
Latest advancements in this field focus directly on
disease phenotypes, for example liver fibrosis, which
target the detection of excess collagen synthesis
rate both directly in liver tissue and noninvasively in
[41]
blood .
The combination of type IV collagen 7S and aspartate
aminotransferase (AST) in a multi-test for the prediction
[42]
of NASH-fibrosis showed promising results . Likewise,
measurement of circulating procollagen III (PIIINP) has
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CIRCULATING METABOLITES IN NASH
PREDICTION
Initial case-control studies on plasma metabolomics
of NAFLD have been performed years ago by Puri
[47]
et al , who conducted a comprehensive analysis of
plasma lipids and eicosanoid metabolites quantified by
mass spectrometry. The authors reported a stepwise
increase in lipoxygenase (LOX) metabolites, 5(S)hydroxyeicosatetraenoic acid (5-HETE), 8-HETE and
15-HETE that characterized the progression from
[47]
normal liver to NAFL to NASH . Puri and colleagues
found that the level of 11-HETE, a nonenzymatic
oxidation product of arachidonic (20:4) acid, was
significantly and specifically increased in NASH but not
[47]
in NAFL patients . Subsequent studies that included
untargeted global metabolomic analysis revealed
marked changes in bile salts and glutathione-related
metabolites, as well as higher levels of branched-chain
amino acids, phosphocholine, carbohydrates (glucose,
mannose), lactate and pyruvate, in subjects with
[48]
severe NAFLD . Regarding bile salts, a recent study
indicated that total conjugated primary bile acids were
[49]
significantly higher in NASH .
A novel study in which the authors combined
metabolomic data from experimental animals and
human samples introduced the interesting concept that
NASH might be sub-classified into two major subtypes
according to the circulating pattern of triglycerides,
diglycerides, fatty acids, ceramides and oxidized fatty
[50]
acids .
As mentioned earlier, interesting strategies that
combine clinical, genetic and lipidomic-derived variables
into a multi-score have shown good predictive values in
differentiating NAFL from NASH. Specifically, Zhou and
coworkers reported on the performance of the NASH
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Table 1 List of pathways involved in nonalcoholic fatty liver disease selected from significant Q -values that dependent on both
genes and metabolites analyzed jointly
Pathway name

Q-joint

Solute carriers -mediated transmembrane transport
Transmembrane transport of small molecules
Transport of glucose and other sugars bile salts and organic acids metal ions and amine compounds
Leukotriene biosynthesis
Transport of glucose and other sugars bile salts and organic acids metal ions and amine compounds
Transport of inorganic cations-anions and amino acids-oligopeptides
Amino acid and oligopeptide SLC transporters
Transport of inorganic cations/anions and amino acids/oligopeptides
tRNA Aminoacylation
Gamma-glutamyl cycle
tRNA charging
mRNA protein and metabolite induction pathway by cyclosporine A
Class I MHC mediated antigen processing & presentation
Na+/Cl- dependent neurotransmitter transporters
Amino acid transport across the plasma membrane
S-methyl-5-thio-alpha;-D-ribose 1-phosphate degradation
Amine compound solute carrier transporters
Protein digestion and absorption - homo sapiens (human)
Amino acid interconversion
Biochemical pathways part I
Amino acid metabolism
Aminoacyl-tRNA biosynthesis - homo sapiens (human)
Metabolism of amino acids and derivatives
Mineral absorption - homo sapiens (human)
Cytosolic tRNA aminoacylation
Mitochondrial tRNA aminoacylation
tRNA Aminoacylation
Histidine, lysine, phenylalanine, tyrosine, proline and tryptophan catabolism
Gene expression
Tryptophan catabolism
Phase Ⅱ conjugation
Phenylalanine and tyrosine catabolism
Glutamine and glutamate metabolism - homo sapiens (human)
Glutaminolysis and cancer
Glycine metabolism
Glutamate glutamine metabolism
Recycling of bile acids and salts
Glycine serine alanine and threonine metabolism
Branched-chain amino acid catabolism

1.23E-12
9.66E-12
8.40E-10
8.71E-10
1.91E-09
4.27E-09
1.10E-08
2.40E-08
3.03E-08
3.61E-08
5.96E-08
8.47E-08
1.73E-07
3.10E-07
3.72E-07
6.17E-07
6.17E-07
2.13E-06
2.21E-06
2.34E-06
3.96E-06
6.88E-06
8.72E-06
1.47E-05
2.86E-05
2.86E-05
2.86E-05
0.000159
0.000181
0.000275
0.000426
0.003
0.00376
0.00493
0.0052
0.00665
0.00669
0.0101
0.0103

OMICs-integrative analysis was performed using the IMPaLA (integrated molecular pathway level analysis, http://impala.molgen.mpg.de)[67] platform. A
joined adjusted P-value (Q-value) was calculated to control for multiple testing by false discovery rate.

which are significantly associated with NAFLD-disease
[52,56]
severity
. Changes in the level of branched-chain
[57]
amino acids were described in pediatric population ,
and these findings were replicated in studies on adults
[58]
as well .
Interestingly, alterations in multiple aminoacids,
gamma-glutamyl dipeptides and lipids may be related
to common genetic variations associated with NAFLD,
as observed in earlier in vitro studies based on knocking
down or over-expression of the pIle148Met (rs738409)
[59]
isoforms .
Finally, a two-stage multicenter case-control study
that combined results of NAFLD-histological variables,
levels of circulating metabolites and genetic markers
indicated that NASH is associated with decreased levels
of betaine in circulation. Furthermore, the disease
severity is associated with genotypes of the missense
variant p.Ser646Pro (rs1805074) in DMGDH gene,

Clin Score, obtained through backward stepwise logistic
regression analyses of biochemical variables (glutamate,
isoleucine, glycine, lysophosphatidylcholine 16:0,
phosphoethanolamine 40:6, AST, and fasting insulin),
[18]
along with rs738409 genotypes ; this score identified
patients with NASH with an AUROC of 0.866 (Figure 2).
Recent explorations on changes in liver metabolism
[51,52]
during NASH development
, along with the findings
from high-throughput circulating profiling of patients with
[53]
metabolic syndrome
suggest that elevated levels of
alanine (ALT) and aspartate (AST) aminotransaminases
in patients with NAFLD are the consequence of impaired
liver metabolism of amino acids, including glutamate
and aromatic amino acids, rather than a mere biomarker
[14,52,54]
of liver injury
. This observation is consistent with
the fact that NASH is associated with changes in the
[55]
level of circulating amino acids , including L-glutamic
acid, 2-hydroxyglutarate and alanine / pyruvate ratio,
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Arachidonate
lipooxigenase

Figure 3 Whole interactome of compounds (hexagons), chemical reactions (diamonds), enzymes (squares) and genes (circles) associated with nonalcoholic
fatty liver disease. Details on the set of genes and metabolites that were included in the analysis can be found in the main text; terms were filtered according to the
ones already found in the databases. The interactome was built using Metscape[73], a plug-in for the widely used network analysis software Cytoscape[74] that supports
calculation, analysis and visualization of gene-to-metabolite networks in the context of metabolism.
[64]

which encodes for the mitochondrial dimethylglycine
[60]
dehydrogenase . Betaine (N,N,N-trimethylglicine)
performs a critical function in the pathway of methy
logenesis by controlling the serum methionine levels;
[61]
thus, the results of the aforementioned study
might
be used to tailor therapeutic interventions based on
metabolites that modulate the liver methylome.

and nonalcoholic liver disease . Likewise, integration
of genomic data has highlighted the shared genetic
[5]
basis of metabolic syndrome and NAFLD .
A similar approach can be employed in the field of
metabolomics to analyze the enrichment of metabolites
that are overrepresented (ORA) in a query-sample
against the whole set of metabolites in metabolic
pathways. In this context, metabolite set enrichment
analysis (MSEA) is the metabolomic counterpart of
gene set enrichment. Such analysis, which can be
performed by using either commercial or freely available
[65]
software , has been applied to demonstrate alterations
[66]
in metabolic pathways associated with NAFLD .
As a proof of principle, as a part of this work,
we performed OMICs-integrative analysis using the
IMPaLA (Integrated Molecular Pathway Level Analysis,
[67]
http://impala.molgen.mpg.de)
platform. Briefly, the
analysis was conducted by integrating the information
on metabolites, genes and proteins, allowing the joint
adjusted P-value (Q-value) to be calculated.
Specifically, we selected a list of genes previously
[5,64]
associated with NAFLD
, and metabolites that
[68]
are known to be altered in NAFLD/NASH . Names
on metabolites were curated using the compound
ID conversion of the web-based MetaboAnalyst tool

Integration of data derived
from genomics/proteomics/
transcriptomics and metabolomics
to predict biomarkers associated
with NAFLD and NASH
Integration of analyses carried out across multiple
biological measurements or OMIC-platforms represents
an emerging approach aimed at addressing the
challenges imposed by the complex biochemical re
[62]
gulation processes .
For example, application of Systems Biology app
[63]
roaches, i.e. Gene Set Enrichment Analysis (GSEA) ,
to the field of genomic data has rendered novel know
ledge of shared disease-pathways between alcoholic
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Figure 4 The urea-cycle, glutamate, and branched-chain amino acids in the biology of nonalcoholic fatty liver disease. Sub-network analysis showing the
urea-cycle and metabolism of amino acids (L-arginine, L-proline, L-glutamate, L-aspartate and L-asparagine) that were extracted from the interactome shown in
Figure 3. Compounds (common names in the Human Metabolome Database, http://www.hmdb.ca), chemical reactions, enzymes (KEGG database) and genes (HUGO
symbols) are represented by hexagons, diamonds, squares and circles, respectively.
[69,70]

(http://www.metaboanalyst.ca/)
. We found 2,827
pathways; however, only 219 of 347 input geneidentifiers were mapped to 219 distinct physical entities
found in these pathways (with a gene background size
of 12655). Similarly, only 32 of 51 input metaboliteidentifiers were mapped to 32 distinct physical entities
found in the pathways (with a metabolite background
size of 5340). Relevant findings, excluding data that
was exclusively and heavily dependent on genes or
metabolites, are shown in Table 1; pathways and the
Q-values for gene and/or metabolite enrichment were
jointly calculated.
It is interesting to highlight and discuss a few
examples in more detail. For instance, in the pathway
“SLC-mediated transmembrane transport” (Reactome
database), the overlapping genes and metabolites are
CALM1 (Calmodulin 1), G6PC (Glucose-6-Phosphatase
Catalytic Subunit), FGF21 (Fibroblast Growth Factor 21),
GCK (Glucokinase) and GCKR (Glucokinase Regulator),
and taurocholic acid, D-mannose, creatinine, L-lactic
acid, L-valine, L-isoleucine, L-phenylalanine, L-aspartic
acid, L-tyrosine, carnitine, betaine, L-glutamine,
linoleic acid, oleic acid, L-leucine and glycocholic acid,
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respectively.
Another interesting example is the pathway “Trans
membrane transport of small molecules” (Reactome
database), in which the overlapping genes and meta
bolites are G6PC, CALM1, ATP1A1 (ATPase Na+/K+
Transporting Subunit Alpha 1), TF (Transferrin), ABCC1
(ATP Binding Cassette Subfamily C Member 1), FGF21,
GCK, GCKR, HMOX1 (Heme Oxygenase 1), ABCB1
(ATP Binding Cassette Subfamily B Member 1), ABCC2
(ATP Binding Cassette Subfamily C Member 2), ABCC3
(ATP Binding Cassette Subfamily C Member 3) and
ABCG2 ATP Binding Cassette Subfamily G Member
2), and L-glutamine, D-mannose, creatinine, L-lactic
acid, L-valine, L-isoleucine, L-phenylalanine, taurocholic
acid, L-aspartic acid, L-tyrosine, carnitine, betaine,
linoleic acid, oleic acid, L-leucine and glycocholic acid,
respectively.
Finally, in the pathway “Central carbon metabolism
in cancer -Homo sapiens (human)” (KEGG database),
the overlapping genes and metabolites are PTEN
(Phosphatase and Tensin Homolog), EGFR (Epidermal
Growth Factor Receptor), MET (MET Proto-Oncogene,
Receptor Tyrosine Kinase), PIK3CA (Phosphatidylinositol-
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Table 2 List of pathways involved in nonalcoholic fatty liver disease selected from significant Q -values independently on whether
they represent the effect of gene/s or metabolite/s only
Pathway name

Pathway source

Q-joint

Adipogenesis
Non-alcoholic fatty liver disease (NAFLD) - homo sapiens (human)
Metabolism
AGE-RAGE pathway
Vitamin B12 Metabolism
Hepatitis B - homo sapiens (human)
Folate metabolism
Selenium micronutrient network
TNF signaling pathway - homo sapiens (human)
JAK-STAT-core
Adipocytokine signaling pathway - homo sapiens (human)
Nuclear receptors meta-pathway
IL1 and megakaryocytes in obesity
AGE-RAGE signaling pathway in diabetic complications - homo sapiens (human)
Spinal cord injury
Malaria - homo sapiens (human)
Metabolism of lipids and lipoproteins
SLC-mediated transmembrane transport
Pathways in cancer - homo sapiens (human)
Inflammatory bowel disease (IBD) - homo sapiens (human)
Lung fibrosis
Integrated pancreatic cancer pathway
PI3K-Akt signaling pathway - homo sapiens (human)
Chagas disease (American trypanosomiasis) - homo sapiens (human)
HIF-1 signaling pathway - homo sapiens (human)
AMPK signaling pathway - homo sapiens (human)
Transmembrane transport of small molecules
Central carbon metabolism in cancer - homo sapiens (human)
Jak-STAT signaling pathway - homo sapiens (human)
DNA damage response (only ATM dependent)
Cytokine-cytokine receptor interaction - homo sapiens (human)
Longevity regulating pathway - homo sapiens (human)
Toll-like receptor signaling pathway
Toll-like receptor signaling pathway - homo sapiens (human)
Toxoplasmosis - homo sapiens (human)
ABC transporters - homo sapiens (human)
Transport of glucose and other sugars bile salts and organic acids metal ions and amine compounds
Leukotriene biosynthesis
Insulin resistance - homo sapiens (human)
Transport of glucose and other sugars bile salts and organic acids metal ions and amine compounds
Sudden infant death syndrome (SIDS) susceptibility pathways
Cytokines and inflammatory response
AP-1 transcription factor network
FoxO signaling pathway - homo sapiens (human)
Leptin signaling pathway
Transport of inorganic cations-anions and amino acids-oligopeptides
Oncostatin M signaling pathway
Focal adhesion-PI3K-Akt-mTOR-signaling pathway
Amino acid and oligopeptide SLC transporters
Apoptosis
Apoptotic signaling pathway
Photodynamic therapy-induced NF-kB survival signaling
JAK STAT molecularvariation 1
MAPK signaling pathway
Aryl hydrocarbon receptor
Transport of inorganic cations/anions and amino acids/oligopeptides
tRNA aminoacylation
gamma-glutamyl cycle
Glucose homeostasis
Validated transcriptional targets of AP1 family members Fra1 and Fra2
Hepatitis C and hepatocellular carcinoma
Calcineurin-regulated NFAT-dependent transcription in lymphocytes
Prostate cancer - homo sapiens (human)
Tuberculosis - homo sapiens (human)
Apoptosis - homo sapiens (human)

Wikipathways
KEGG
Reactome
Wikipathways
Wikipathways
KEGG
Wikipathways
Wikipathways
KEGG
Signalink
KEGG
Wikipathways
Wikipathways
KEGG
Wikipathways
KEGG
Reactome
Reactome
KEGG
KEGG
Wikipathways
Wikipathways
KEGG
KEGG
KEGG
KEGG
Reactome
KEGG
KEGG
Wikipathways
KEGG
KEGG
Wikipathways
KEGG
KEGG
KEGG
Wikipathways
HumanCyc
KEGG
Reactome
Wikipathways
Wikipathways
PID
KEGG
Wikipathways
Wikipathways
Wikipathways
Wikipathways
Reactome
Wikipathways
Wikipathways
Wikipathways
INOH
Wikipathways
Wikipathways
Reactome
Wikipathways
HumanCyc
Wikipathways
PID
Wikipathways
PID
KEGG
KEGG
KEGG

2.00E-17
2.33E-17
3.72E-17
4.22E-17
5.24E-17
1.79E-16
1.29E-15
3.87E-15
5.77E-15
1.99E-14
7.07E-14
1.26E-13
2.73E-13
3.79E-13
5.44E-13
7.09E-13
7.09E-13
1.23E-12
1.41E-12
2.25E-12
2.63E-12
3.10E-12
3.28E-12
4.67E-12
4.67E-12
9.56E-12
9.66E-12
1.41E-11
5.75E-11
7.27E-11
1.01E-10
1.02E-10
2.12E-10
3.94E-10
4.73E-10
5.94E-10
8.40E-10
8.71E-10
1.14E-09
1.91E-09
2.12E-09
2.17E-09
2.22E-09
3.05E-09
3.57E-09
4.27E-09
5.72E-09
6.53E-09
1.10E-08
1.41E-08
1.41E-08
1.84E-08
2.04E-08
2.04E-08
2.35E-08
2.40E-08
3.03E-08
3.61E-08
4.08E-08
4.13E-08
4.26E-08
4.29E-08
4.29E-08
4.45E-08
4.54E-08
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tRNA charging
Transcription factor regulation in adipogenesis
Sterol regulatory element-binding proteins (SREBP) signalling
Integrated lung cancer pathway
TNF related weak inducer of apoptosis (TWEAK) signaling pathway
mRNA protein and metabolite inducation pathway by cyclosporin A
PPAR signaling pathway
Immune system
Regulation of lipid metabolism by peroxisome proliferator-activated receptor alpha (PPARalpha)
AMP-activated protein kinase (AMPK) signaling
Photodynamic therapy-induced NFE2L2 (NRF2) survival signaling
Leptin insulin overlap
Class I MHC mediated antigen processing and presentation
Caspase cascade in apoptosis
Overview of nanoparticle effects
Alpha6Beta4Integrin
VEGFA-VEGFR2 signaling pathway
HIV-1 Nef: Negative effector of Fas and TNF-alpha
Innate immune system
Na+/Cl- dependent neurotransmitter transporters
Colorectal cancer - homo sapiens (human)
Regulation of toll-like receptor signaling pathway
stress induction of hsp regulation
Amino acid transport across the plasma membrane
Programmed cell death
Apoptosis modulation and signaling
SREBF and miR33 in cholesterol and lipid homeostasis
JAK STAT pathway and regulation

HumanCyc
Wikipathways
Wikipathways
Wikipathways
Wikipathways
Wikipathways
Wikipathways
Reactome
Wikipathways
Wikipathways
Wikipathways
Wikipathways
Wikipathways
PID
Wikipathways
NetPath
Wikipathways
PID
Reactome
Reactome
KEGG
Wikipathways
BioCarta
Reactome
Reactome
Wikipathways
Wikipathways
INOH

5.96E-08
6.27E-08
6.27E-08
6.43E-08
8.14E-08
8.47E-08
9.54E-08
9.57E-08
1.13E-07
1.34E-07
1.52E-07
1.65E-07
1.73E-07
1.99E-07
2.17E-07
2.29E-07
2.30E-07
2.65E-07
2.69E-07
3.10E-07
3.42E-07
3.64E-07
3.64E-07
3.72E-07
3.85E-07
4.42E-07
4.84E-07
5.42E-07

OMICs-integrative analysis was performed using the IMPaLA (Integrated Molecular Pathway Level Analysis, http://impala.molgen.mpg.de)[67] platform.
A joined adjusted P-value (Q-value) was calculated to control for multiple testing by false discovery rate.

Biomarkers discovery

OMICs big data + Clinical features

Improvement
in patients
diagnosis and
treatment
Discovery
of novel
pharmacological
agents
Improvement
in patients
stratification
and prognosis

Figure 5 What to expect for the near future. A personalized nonalcoholic fatty liver disease approach by integrating OMICs big data with clinical information.

4,5-Bisphosphate 3-Kinase Catalytic Subunit Alpha),
MTOR (Mechanistic Target Of Rapamycin Kinase),
AKT2 (AKT Serine/Threonine Kinase 2) and GCK,
and L-glutamine, L-lactic acid, L-valine, L-isoleucine,
L-phenylalanine, L-aspartic acid, L-tyrosine and L-leucine,
respectively.
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From these few examples, we may conclude that
some pathways such as solute carrier (SLC) transporters
should be further explored; in fact, available experimental
data, while limited, support the participation of ABCC[71]
family in NAFLD pathophysiology .
Nonetheless, the findings discussed above do not
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necessarily indicate that no other important pathways
are potentially involved in the biology of NAFLD. In fact,
Table 2 illustrates the myriad of processes involved in
the pathogenesis of a complex disease such as NAFLD.
In addition, Figure 3 depicts the complexity of the
interactome among the whole set of genes, enzymes,
chemical reactions and metabolites associated with
NAFLD. Figure 4 shows a sub-network emphasizing
the importance of the urea-cycle and metabolism of
L-arginine, L-proline, L-glutamate, L-aspartate and
L-asparagine. Specifically, features in Figure 4 highlight
the central role played by aminotransferases and
gamma-glutamyl transferases in the frame of altered
L-glutamine/L-glutamate, glutathione and BCAA levels,
as already mentioned.
Finally, additional biomarkers that target immunityrelated pathways, for example circulating levels of
cytokines/chemokines, antibodies etc. might be use
ful in predicting NASH progression toward advanced
[72]
phases .

3
4
5

6
7

8

9

Conclusion
Implementation of OMICs-derived biomarkers in the
management and treatment of patients with NAFLD is
still under extensive evaluation. Knowledge gained on
genetic signatures associated with NAFLD and NASH,
as well as the role of circulating cfmiRNAs and plasma
metabolites, should be promptly translated into the
clinical setting. Nevertheless, rigorous steps that must
include validation and replication are mandatory before
OMICs biomarkers are ready for use as diagnostic
markers to identify patients at risk of advanced disease,
including liver cancer.
What to expect for the near future: A personalized
NAFLD approach by integration of OMICs - big data and
clinical information (Figure 5): (1) It is expected that, in
the near future, NAFLD patients can be diagnosed and
treated according to their own “molecular signature”;
(2) Specific focus should be placed on prevention and
early diagnosis by the application of biomarkers of
disease risk; (3) Selection of “personalized drugs” as
well as tailored therapy should be made according to
the specific molecular signature; and (4) Personalized
lifestyle intervention is desirable but it is envisioned that
the basic and general recommendations about alcohol
restriction, healthy diet and exercise would remain the
foundation of prevention and therapy.
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Abstract
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To date, various signal transducers, cytokines, growth
factors, and hormones have been reported to play
an important role in homeostasis of various organs.
Various cells and organs are involved in the hepatic
regeneration process, which proceeds as a result of
the coordination of many factors. While these factors
are well known to be involved in the liver regeneration
after the liver injury, however, as the details of such
mechanisms have not been sufficiently elucidated, the
practical applicability of hepatic regeneration based on
the action of these and cytokines growth factors is still
unclear. In terms of the involvement of the autonomic
nervous system in hepatic regeneration, cell proliferation
resulting from direct signal transduction to the liver
has also been reported and recent studies focusing
on the inter-organ communication via neural network
opened a novel aspect of this field for therapeutic
applicability. Therefore, the appropriate understanding
of the relationship between autonomic neural network
and liver regeneration through various organs including
brain, afferent nerve, efferent nerve, etc . is essential.
This mini-review explains the principle of neural system
involved in the inter-organ communication and its
contribution on the liver regeneration upon the liver
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injury reviewing recent progress in this field.

Table 1 Factors related to the liver regeneration

Key words: Autonomic nerve; Neural network; Liver
regeneration; Hormone

Factors related to liver regeneration
Tumour necrosis factor
Interleukin 6
NF-kappa B
Oncostatin M
Signal transducers and activator of transcription 3
Hepatocyte growth factor
Epidermal growth factor
Transforming growth factor alpha
Epidermal growth factor receptor
Platelets
Insulin-like growth factor 1
Lymphotoxin beta receptor
Insulin
Glucagon
Epidermal growth factor
Serotonin
Serotonin S2 receptor
Beta-catenin
Autonomic nervous system (direct feedback)

© The Author(s) 2018. Published by Baishideng
Publishing Group Inc. All rights reserved.
Core tip: The review of the relationship between
autonomic neural network and liver regeneration shows
that an inter-organ communication is functioning in a
coordinated manner through the autonomic nervous
system as a biological mechanism for hepatic regen
eration and functional maintenance when the liver is
damaged. Therefore, this mini-review presents how
autonomic nerve fibers affect hepatic regeneration
including the results of our most recent research.
Kamimura K, Inoue R, Nagoya T, Sakai N, Goto R, Ko M,
Niwa Y, Terai S. Autonomic nervous system network and liver
regeneration. World J Gastroenterol 2018; 24(15): 1616-1621
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i15/1616.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i15.1616

[3]
[3]
[4]
[5]
[6]
[7-9,11,16]
[10]
[10,14]
[12,13]
[15,16]
[16]
[17]
[38]
[38]
[38]
[41,43,45,47]
[33]
[2]
[18,20,31,32]

nerves comprising the autonomic nervous system have
been considered as antagonistic, they are now believed
to play an important organ-related role as part of a
network that maintains homeostasis in organisms. This
inter-organ communication is very important in various
pathologies. For example, intestinal bacterial flora
have been found to be strongly involved in Parkinson’s
[24]
[25]
disease and autism , and a system to control blood
sugar has been discovered in which pancreatic beta
cells proliferate via autonomic nervous system signaling
[26,27-29]
following a hepatectomy
.
These results suggest that an inter-organ network
functions in a coordinated manner through the auto
nomic nervous system as a biological mechanism for
hepatic regeneration and functional maintenance when
[30]
the liver is damaged . This mini-review describes
how autonomic nerve fibers affect hepatic regeneration
based on our recent research results.

INTRODUCTION
Many studies on the mechanisms of hepatic regen
eration have led to the identification of cytokines,
growth factors, and signal transducers that are produced
[1-17]
by Kupffer cells and other cell types
which may play
an important role in homeostasis of the liver (Table
1). These cytokines and growth factors are thought
to cause cells enlargement and proliferation, resulting
in functional recovery. However, as the details of such
mechanisms have not been sufficiently elucidated, the
practical applicability of hepatic regeneration based on
the action of cytokines and growth factors is still unclear.
Various cells and organs are involved in the hepatic
regeneration process, which proceeds as a result of the
coordination of many factors.
Moreover, in terms of the involvement of the auto
nomic nervous system in hepatic regeneration, cell
proliferation resulting from direct signal transduction to
[18-20]
the liver has also been reported
.
More specifically, this refers to actions accompanying
the activation of the parasympathetic nervous system,
which mediates the hepatic branch of the vagus nerve.
The autonomic nervous system was first described by
[21]
John N Langley in 1916 as an important mechanism
that maintains homeostasis in organisms. These nerves
are distributed internally within the blood vessels,
[22,23]
heart, lungs, gastrointestinal tract, liver
, and
reproductive organs and are controlled by a feedback
system that is mainly situated in the brain. While the
functions of the sympathetic and parasympathetic
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IMPACT OF AUTONOMIC NERVE FIBERS
DISTRIBUTED IN THE LIVER ON HEPATIC
REGENERATION
Reportedly, in addition to humoral factors, the auto
nomic nervous system is also involved in the hepatic
regeneration process. Most studies have examined
direct feedback relationship between the liver and
brain. Signals starting in the liver are transmitted
via the afferent sympathetic nervous system to the
ventromedial region of the hypothalamus and then
to the lateral region of the hypothalamus; they then
pass through the dorsal nucleus of the vagus nerve of
the medulla oblongata after which they return to the
[18,19]
[20]
liver
. Kiba et al . reported that in rats that had
undergone partial hepatectomy, hepatic regeneration
was slow when the hepatic branch of the vagus nerve
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was resected. In addition, they demonstrated that
when the ventromedial region of the hypothalamus,
which is the center of the sympathetic nervous system,
was destroyed, vagus nerve signal transduction became
excessive, thereby promoting post-hepatectomy
[31,32]
hepatic regeneration
. This phenomenon occurred
even if hepatectomy was not performed, and
chronological evaluation showed that cell proliferation
[33]
in the hepatic regeneration process peaked on day 3 .
Thus, autonomic nervous system feedback throughout
the liver is involved in hepatocyte proliferation. Kiba
[34]
et al
also demonstrated that when the ventromedial
hypothalamus, the center of the efferent sympathetic
nervous system, was destroyed, pancreatic beta cells and
extrapancreatic secretory cells proliferated, activating the
[35]
growth of epithelial cells in the gastrointestinal tract .
These results demonstrated the importance of the
efferent vagus nerve in the activation of cell proliferation
in various organs and suggested that when the liver is
injured, neural signals relayed from the liver to various
organs through the brain and efferent vagus nerve might
contribute to homeostasis maintenance in the body.

role in hepatic regeneration.
[37]
Fujita et al
administered various gastrointestinal
and pancreatic hormones, including glucagon, secretin,
and cholecystokinin, to mice that had undergone partial
hepatectomy and investigated their effects on hepatic
regeneration based on weight changes and histological
findings. They found that the mice exhibited liver
weight increases of approximately 50% following
glucagon and insulin administration and suggested
that this effect was mainly due to hypertrophy of
[38]
the remaining cells. Lai et al
also reported that
the combined administration of glucagon and insulin
was effective for hepatic regeneration in rats that
had undergone partial hepatectomy. These results
demonstrated that gastrointestinal hormones may play
an important role in hepatic regeneration.
Many gastrointestinal hormones assist in the main
tenance of homeostasis in living organisms. Among
these, serotonin, which is emitted by chromaffin
cells in the intestines, has been known to encourage
[39,40]
proliferation of liver cells
. Serotonin is a monoamine
neurotransmitter that is synthesized by the enzyme
[41]
tryptophan hydroxylase 1 in chromaffin cells
and is
[26,27]
released in the intestine
when the parasympathetic
[42]
nervous system is activated . Platelet granules also
contain serotonin, which is released when platelets
come into contact with liver cells, after which it functions
[40,41,43]
as a growth factor for liver cells
through the 5-HT2
receptors. Moreover, it has been reported that mice
deficient in tryptophan hydroxylase 1 exhibit poor liver
[41]
regeneration after hepatectomy .
[44]
In addition, Matondo et al reported that although
serotonin transporter depletion disturbed biological
homeostasis, a small amount of serotonin in the liver
was sufficient for liver regeneration. Mechanistically,
DNA synthesis in primary rat hepatocytes cultures
[33]
was induced by serotonin , but it was arrested by
[15,45]
5-HT2 receptor blockade at G1/S transition
. In
the pathophysiological state, reduction of serotonin
reuptake transporter function caused insulin resistance
[46]
and hepatic steatosis independent of the food intake ;
serotonin protected mouse liver from cholestatic
injury by stabilizing the bile salt pool after bile duct
ligation through adaptation of renal transporters in
[47]
cholestasis .
Thus, while serotonin has been reported to act as a
growth factor, no analyses of an intra-organ network,
focusing on increased serotonin production in the small
intestine through the afferent sympathetic nervous
system and the efferent vagus nerve branch, or the
promotion of hepatic regeneration have been reported.
These reports provide evidence that gastrointes
tinal hormones may function as growth factors upon
hepatic injury. Therefore, recent studies are focusing
on inter-organ communication between the liver and
GI tract upon liver injury. We have reported that the
effect of serotonin on liver regeneration following liver
injury is mediated through this neural relay, which

IMPACT OF INTER-ORGAN NETWORKS
MEDIATING HEPATIC REGENERATION
VIA THE AUTONOMIC NERVOUS SYSTEM
Based on the suspected contribution of the neural
network on hepatic regeneration after liver injury,
we focused on the effect of various organs on liver
regeneration after liver injury with respect to this
network. While no reports on liver regeneration have
focused on this neural network, several studies so far
have focused on the pancreas as an organ controlled
[26,27-29,36]
by the autonomic nervous system
. Briefly,
marked proliferation of beta cells was noted in the
pancreas following partial hepatectomy in response to
signal transduction through the afferent sympathetic
[27]
nervous system, brain, and efferent vagus nerve .
Additionally, similar results were obtained when gene
transfer promoted the afferent signal transduction
[26]
by ERK activation . These results provide evidence
that the autonomic nervous system is important in
maintaining for blood sugar homeostasis after severe
liver damage.
It appears that this autonomic nervous system
first activates the afferent sympathetic nerve in the
damaged liver, which transduces the signal to the center
of the autonomic nervous system in the brain and then
to the efferent vagus nerve; this results in the activation
of cell proliferation in various organs inside the
abdominal cavity, such as the liver, gastrointestinal tract
organs, and pancreas. However, no study has focused
on the effect of this system on liver regeneration.
Therefore, here, we focus on this system as an effector
of liver regeneration. While various factors might be
involved, GI hormones are known to play an important
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believe that this study may represent a step toward the
development of essential therapeutics to promote liver
regeneration.

Damage
Liver
Direct feedback

Regeneration
Afferent
visceral nerve

Efferent
vagal nerve
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Abstract

Ozawa Y, Tamura T, Owada Y, Shimizu Y, Kemmochi A,
Hisakura K, Matsuzaka T, Shimano H, Isoda H, Ohkohchi N.
Evaluation of safety for hepatectomy in a novel mouse model
with nonalcoholic-steatohepatitis. World J Gastroenterol 2018;
24(15): 1622-1631 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i15/1622.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i15.1622

AIM
To investigate whether the liver resection volume in a
newly developed nonalcoholic steatohepatitis (NASH)
model influences surgical outcome.
METHODS
For establishment of a NASH model, mice were fed a
high-fat diet for 4 wk, administered CCl4 for the last 2
wk, and administered T0901317 for the last 5 d. We
divided these mice into two groups: A 30% partial
hepatectomy (PH) of NASH liver group and a 70% PH
of NASH liver group. In addition, a 70% PH of normal
liver group served as the control. Each group was
evaluated for survival rate, regeneration, apoptosis,
necrosis and DNA expression after PH.

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is observed in
20%-40% of the general population, and its incidence
[1,2]
continues to increase in industrialized countries .
NAFLD includes several diseases, such as simple liver
steatosis, nonalcoholic steatohepatitis (NASH), and
cirrhosis. NASH is characterized by hepatic steatosis,
lobular inflammation, and abnormal glucose tolerance.
In NASH, continuous inflammation contributes to he
[3,4]
patocellular carcinoma (HCC) . The cause of HCC is
frequently infection with hepatitis B virus and hepatitis C
virus (HCV). New antiviral medications for hepatitis are
currently being used in clinics; therefore, the number of
patients with virus-related HCC is expected to decrease
[5-9]
in the future . By contrast, the number of patients with
NASH-related HCC has been increasing recently, and
this trend is expected to continue because no effective
[10]
treatments are available .
Steatosis is a risk factor for postoperative liver
[11,12]
failure
. A number of clinical studies revealed that
steatosis caused severe mortality and morbidity after
liver resection compared with normal liver following liver
[11,12]
resection
. In experimental models, hepatectomy
of fatty livers resulted in suppressed liver regeneration
[13-16]
and survival rates
. However, the influence of
hepatectomy on NASH livers has not been extensively
evaluated.
Hepatectomy is a standard and most effective therapy
for HCC patients. Postoperative liver failure is a serious
complication after hepatectomy, and its occurrence
correlates with the volume and function of the residual
[17-20]
liver
. To prevent liver failure after hepatectomy, the
liver resection volume is limited according to preoperative
[21-23]
liver function
. For promotion of regeneration and
maintaining liver function preserving sufficient residual
[24,25]
liver volume enables the prevention of liver failure
.
Thus, the degree of liver regeneration is dependent
on the volume of the residual liver. Although several
NASH models, such as the methionine- and cholinedeficient (MCD) model and high-fat (HF) diet model,
have been reported, few models completely reflect
the histopathology and pathophysiology of NASH in
[26,27]
humans
. The disadvantages of the MCD model
are that MCD mice exhibit severe body weight loss
with the absence of insulin resistance. The HF diet
model is not suitable for researching the pathogenesis
of NASH because a longer period of time is required
for presentation of NASH characteristics, and hepatic
fibrosis is weaker than that observed in human NASH.

RESULTS
In the 70% PH of NASH group, the survival rate was
significantly decreased compared with that in the
control and 30% PH of NASH groups (P < 0.01). 10
of 32 mice in the NASH 70% PH group died within 48
h after PH. Serum aspartate aminotransferase (AST)
levels and total bilirubin (T-Bil) in the NASH 70% PH
group were significantly higher than the levels in the
other two groups (AST: P < 0.05, T-Bil: P < 0.01). In
both PH of NASH groups, signaling proteins involved
in regeneration were expressed at lower levels than
those in the control group (P < 0.01). The 70% PH
of NASH group also exhibited a lower number of Ki67-positive cells and higher rates of apoptosis and
necrosis than the NASH 30% PH group (P < 0.01). In
addition, DNA microarray assays showed differences in
gene expression associated with cell cycle arrest and
apoptosis.
CONCLUSION
The function of the residual liver is impaired in fatty
liver compared to normal liver. A larger residual volume
is required to maintain liver functions in mice with
NASH.
Key words: Hepatectomy; Liver regeneration; Residual
liver; Liver proliferation; Nonalcoholic steatohepatitis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report whether the liver resection volume
in the nonalcoholic steatohepatitis (NASH) model
influences surgical outcome. The population of patients
with NASH has been increasing. However, few animal
models fully reflect both the histopathology and
pathophysiology of NASH in humans. We established
a novel experimental NASH model that exhibited the
same characteristics as NASH in humans. This study
elucidates the metabolism of the residual liver after a
hepatectomy with NASH. Compared with normal liver,
the residual NASH liver function is impaired, especially
its regenerative ability. Therefore, a larger residual
volume is required to maintain liver function in NASH
liver after partial hepatectomy.
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Liver tissue collection

Thus, the ability of regeneration in the NASH liver has
not yet been assessed in an experimental model. For
the same reasons, the effect of hepatectomy on NASH
liver has not been clearly elucidated in previous reports.
We established a novel experimental NASH model that
indicates similar histopathological and pathophysiological
[28]
characteristics as those of NASH in humans . The aim
of this study was to investigate whether a difference in
liver resection volume in a novel NASH model influences
surgical outcomes.

Blood samples were collected from the orbital capillary
and centrifuged at 3000 rpm for 10 min to isolate the
serum. Each sample was stored at -80 ℃ until analysis.
Mice of each group were sacrificed at 6 h and 12 h
after PH. Then, the liver was quickly removed and
weighed. The liver specimen was immediately fixed in
10% neutral-buffered formalin for further histological
examination. Survival rates were evaluated in the
NASH 70% PH group (n = 32) and NASH 30% PH
group (n = 27).

MATERIALS AND METHODS

Histology and immunohistochemistry

Animals

Fixed liver tissues were processed and embedded in
paraffin using standard methods. Then, liver tissues
were sliced into 2-μm thick paraffin sections and stained
with hematoxylin and eosin (HE) to evaluate necrosis.
Necrotic areas were detected by morphological features,
and the ratio of necrosis/total area was calculated in
20 random intralobular fields. Liver proliferation was
assessed by Ki-67 staining. Apoptosis was detected
by TUNEL staining. TUNEL staining and Ki-67 staining
were performed using an antibody kit (New History
Science Laboratory Co., Ltd., Tokyo, Japan). The ratio of
positive/total hepatocytes was calculated in 20 random
intralobular fields.

Six-week-old male C57BL/6J mice were obtained from
Charles River Laboratories Japan, Inc. (Kanagawa,
Japan) and were acclimated for one week before the
start of the experiment. Mice were maintained under a
12-h light-dark cycle and had free access to standard
chow and tap water. The animal experiments were
performed in a humane manner after receiving approval
from the Institutional University Experiment Committee
of the University of Tsukuba and in accordance with the
Regulations for Animal Experiments at the university and
Fundamental Guidelines for Proper Conduct of Animal
Experiment and Related Activities in Academic Research
Institutions under the jurisdiction of the Ministry of
Education, Culture, Sports, Science, and Technology.

Immunoblotting

Liver tissue extracts were prepared from specimens
that were frozen in liquid nitrogen. We evaluated
the expression of signaling proteins involved in liver
regeneration, including AKT, STAT3, and ERK1/2, by
western blotting. We compared the expression levels of
these proteins in each group 6 h after PH. Immunoblots
were developed using polyclonal antibodies against
phospho-AKT (9271), total AKT (9272), phospho-STAT3
(9131), total STAT3 (9132), phospho-ERK1/2 (9101),
and total ERK1/2 (9102) (Cell Signaling Technology,
Beverly, MA, United States).

NASH mouse model protocol

NASH mice were fed an HF diet (60 kcal% fat; D12492,
Research Diets, Inc., New Brunswick, NJ, United States)
for 4 wk, intraperitoneally injected with CCl4 (Wako
Pure Chemical Industries, Ltd., Osaka, Japan) twice a
week for the final 2 wk, and intraperitoneally injected
with T0901317 (Cayman Chemical Co., Ann Arbor, MI,
United States) solubilized in DMSO for the final 5 d. The
CCl4 dose was 0.1 mL/kg, and the T0901317 dose was
[28]
2.5 mg/kg .

Surgical procedure and anesthesia

Gene expression analysis

We categorized the mice into three groups: (1) 70%
partial hepatectomy (PH) of normal liver mice as the
control; (2) 30% PH of NASH liver group; and (3)
70% PH of NASH liver group. The normal liver mice
have been not added any reagent and the histology
and pathology have been not change. In 30% PH and
70% PH of the NASH liver group, liver specimens were
evaluated by an experienced pathologist in a blinded
fashion, the histology and pathology finding in the NASH
severity of each groups have resulted in no difference
[28]
in the NAFLD activity scores . All mice received the
hepatectomy 48 h after the final administration of CCl4
and T0901317. In the 70% PH groups, the left and
middle lobes of the liver were removed by using a single
ligature, whereas only the left lobe was removed in the
[29]
30% PH group . Hepatectomy was performed under
ether anesthesia.

WJG|www.wjgnet.com

Liver tissue samples were freshly collected and
immediately frozen at -30 ℃ until investigation. Frozen
liver samples were homogenized, and total RNA was
isolated from whole cells using a NucleoSpin® RNA kit
(Takara Bio, Inc., Otsu, Japan). RNA concentrations were
determined by measuring the absorbance at 260/280
nm with a NanoDrop Spectrophotometer (Thermo
Fisher Scientific, Inc., Wilmington, DE, United States).
Synthesis of complementary DNA was performed using
AMV Reverse Transcriptase (Promega, Corp., Madison,
WI, United States) and random primers (Takara Bio,
Inc., Otsu, Japan). Briefly, a mixture of 1 mmol/L dNTPs
(Fermentas Life Sciences, Inc., Burlington, ON, Canada),
0.025 μg/mL random primers, 0.25 U/mL reverse
transcriptase, and 500 ng of total RNA was incubated at
30 ℃ for 10 min, 37 ℃ for 60 min, 95 ℃ for 5 min and
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Table 1 Serum parameters of normal liver and nonalcoholic steatohepatitis groups after partial hepatectomy
6 h after PH
Normal 70%PH
NASH 30%PH
NASH 70%PH

12 h after PH

AST

ALT

T-Bil

IL-6

AST

ALT

T-Bil

IL-6

2343.3 ± 6160.4
1610.0 ± 3700.6
3064.3 ± 1289.8a

1828.3 ± 990.4
1507.1 ± 563.5
2422.9 ± 1194.8

1.43 ± 0.5
0.76 ± 0.2
2.57 ± 1.36b

2036.0 ± 1470.9
1511.5 ± 284.8
3026.2 ± 2127.5

2976.7 ± 1395.7
1841.3 ± 619.1
4067.5 ± 2059.2a

2053.3 ± 886.2
1522.9 ± 537.9
2403.8 ± 1111.8

2.0 ± 0.9
0.9 ± 0.7
3.85 ± 0.96b

731.5 ± 483.7
692.8 ± 211.1
987.9 ± 550.7

Data are presented as the mean ± SD (n = 5-7). aP < 0.05, bP < 0.01 vs other groups. NASH: Nonalcoholic steatohepatitis; ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase; PH: Partial hepatectomy; T-Bil: Total bilirubin; IL-6: Interleukin-6.

and the resulting images were scanned using a
GeneAtlas Imaging Station (Affymetrix). Probe-level
analysis, including background subtraction and quantile
normalization, was conducted using a robust multiarray
average algorithm (RMA) using Affymetrix Expression
Console Software 1.4 (Affymetrix). The gene expression
profile of the novel NASH model was compared with the
HF group. Genes exhibiting differences in expression
with an increase of greater than 1.4-fold and a decrease
of less than 0.65-fold were classified as differentially
[28]
expressed genes .

Surival proportions (%)

100
NASH 70% PH group
NASH 30% PH group
Normal 70% PH group
b
50

0

0

5

10

15

20

25

t /d

Statistical analysis

All data are expressed as the mean ± SD. Statistical
analyses were conducted using PRISM. Mann-Whitney
U test was used for comparing between two groups.
P-values less than 0.05 were considered significant.
The Kaplan-Meier estimator was used for survival rate
evaluation.

Figure 1 Survival rate after partial hepatectomy. Survival rates of the 30%
PH and 70% PH groups were evaluated by the Kaplan-Meier method. All mice
in the 30% PH group survived. In contrast, 80% of the NASH 70% PH group
died by 20 d. n = 27 in NASH 30% PH group; n = 32 in NASH 70% PH group.
b
P < 0.01. PH: partial hepatectomy; NASH: nonalcoholic steatohepatitis.

4 ℃ before storage at -80 ℃.
RT-PCR primers were designed using Primer Express
Software for Real-time PCR ver. 3.0 (Applied Biosystems,
Inc., Foster City, CA, United States) based on the sequ
ences available in GenBank. Primers were purchased
from Takara Bio, Inc. (Otsu, Japan). GADD45A primer
sequences were 5’-CCTGCACTGTGTGCTGGTGA-3’ and
5’-CCACTGATCCATGTAGCGACTTTC-3’. PDE4B primer
sequences were 5’-CCCATCAGCAGTTAAGGACAGGA-3’
and 5’-TGGGCAGAACTAGGGACTCAAGA-3’.
Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as an endogenous control. RTPCR was performed using SYBR-Green Real-Time PCR
Master Mix-Plus (Toyobo Co., Ltd., Osaka, Japan) and an
Applied Biosystems 7300 real-time PCR system (Applied
Biosystems, Inc., Foster City, CA, United States) as
[28]
recommended by the manufacturer’s instructions .

RESULTS
Survival rate

The survival rate of the NASH 70% PH group was
significantly lower than that of the NASH 30% PH group
(P < 0.01) (Figure 1), and 10 of 32 mice in the NASH
70% PH group died within 48 h after PH. On the other
hand, all mice in the NASH 30% PH group survived.

Liver function

At 6 and 12 h after PH, serum aspartate aminotrans
ferase (AST) and alanine aminotransferase (ALT) levels
were high in all three groups. AST levels in the NASH
70% PH group were significantly higher than the levels
in the other two groups (AST: P < 0.05). Total bilirubin
(T-Bil) in the normal liver and NASH 30% PH groups did
not change, but the values only significantly increased in
the NASH 70% PH group (P < 0.01) (Table 1).

Microarray analysis

DNA microarray analysis was conducted on RNA samples
isolated from liver tissue in the control group and novel
NASH model group. Labeled cRNA was synthesized
from 100 ng of total RNA using a GeneChip® 3’ IVT
Plus Reagent Kit (Affymetrix, Inc., Santa Clara, CA,
United States) according to the manufacturer’s protocol.
Fragmented and labeled cRNA (7.5 µg) was hybridized to
an Affymetrix Mouse MG-430 PM Array Strip (Affymetrix)
for 16 h at 45 ℃. The strips were washed and stained
using a GeneAtlas Fluidics Station 400 (Affymetrix),
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Liver proliferation assay

Many more Ki-67-positive hepatocytes were observed
in the NASH 30% PH group than in the preoperative
NASH liver (P < 0.05). On the other hand, fewer Ki67-positive cells were noted in the NASH 70% PH
group than in the preoperative NASH liver (P < 0.01).
Additionally, significantly fewer Ki-67-positive cells were
noted in the 70% PH group than in the NASH 30% PH
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Normal 70% PH-6h
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Figure 2 Ki-67 staining and proliferation score. Proliferation was evaluated by Ki-67 staining. We compared preoperative nonalcoholic steatohepatitis (NASH) groups
with NASH 30% PH and NASH 70% PH groups 6 h after PH. Ratios of Ki-67-positive/total hepatocytes were calculated. Significantly fewer Ki-67-positive cells were
noted in the 70% PH group than in the NASH 30% PH group. Ratios (%) are expressed as the mean ± SD. n = 2 per groups, 10 fields per sample. aP < 0.05; bP < 0.01.
Scale bar: 100 μm. PH: partial hepatectomy; NASH: nonalcoholic steatohepatitis.

between the two groups (GADD45A: P < 0.01, PDE4B:
P < 0.05) (Figure 5).

group (P < 0.01) (Figure 2).

Liver regeneration signal

In the normal 70% PH liver group, i.e., the control group,
expression of AKT, STAT3, and ERK1/2 phosphorylation
was observed. In the both NASH 30% PH and 70%
groups, phosphorylation of AKT, STAT3, and ERK1/2 was
significantly lower than in the control group (P < 0.01)
(Figure 3).

DISCUSSION
NAFLD/NASH is a common hepatic disorder that causes
[1-4]
HCC . Recently, the population of patients with NASH
[1,2,10]
and NASH-related HCC has been increasing
.
Hepatectomy is the first-line treatment for patients with
[21]
HCC . After hepatectomy, the incidences of mortality
and morbidity are dependent on the volume and
[17-20]
function of the residual liver
. Previous reports have
demonstrated that steatosis impaired liver regeneration
[11,12]
and caused liver dysfunction after hepatectomy
.
NASH has been proposed to cause liver failure rather
than steatosis because NASH presents with not only
steatosis but also fibrosis, inflammation, and insulin
resistance. However, regarding NASH animal models,
few models completely reflect the histopathology and
pathophysiology of NASH in humans. Therefore, the
effect on the residual liver under NASH conditions has
[26,27]
not been appropriately evaluated
. In our previous
study, we established a novel experimental NASH model
that exhibited histopathological and pathophysiological
[28]
findings similar to that of NASH in humans . In this
study, new NASH mice were received 30% PH or 70%
PH, and the influence of liver resection volume on the
residual liver function in NASH liver was investigated.
Our results indicated that the survival rate after PH
in NASH liver strongly correlated with resected liver
volume and was attributed to the proliferative ability
and the rates of apoptosis and necrosis compared

Histological assay

The number of TUNEL-positive cells in the NASH 70%
PH group was significantly higher than in the other
groups (P < 0.01). The TUNEL-positive rate of normal
liver was significantly higher than that in the NASH 30%
PH group (P < 0.01) (Figure 4A). The area of necrosis
in the NASH 70% PH group was significantly larger than
that in the NASH 30% PH group (P < 0.01). In both
NASH groups, the necrotic area was significantly larger
than that in the normal liver group (P < 0.01) (Figure
4B).

Microarray assay

mRNAs in the NASH 70% PH group with the highest
fold-change (> 1.4 or < 0.70) in expression and with
P-values <0.05 were selected and compared with
those in the NASH 30% PH group (Table 2). PDE4B,
SLC20A1, CXADR, GADD45A, ZSWIM6, and C15orf39
were expressed at higher levels in the NASH 70% PH
group. PDE4B and GADD45A are associated with cell
cycle arrest and apoptosis. Using qPCR, GADD45A and
PDE4B mRNA expression was significantly different
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Figure 3 Protein assay. Expression of phosphorylated (A) Akt, (B) STAT3, and (C) ERK1/2 in normal and nonalcoholic steatohepatitis liver groups 6 h after PH.
Expression levels were detected by western blot analysis. Ratios of densitometry were calculated by each score/score of control 70% PH (D). Data are expressed as
the mean ± SD. n = 5-7 per groups. bP < 0.01 vs other groups.

with those in the normal liver. Even 30% of PH NASH
residual liver could not offer sufficient liver function, and
the volume of the functional residual liver significantly
decreased due to less cell proliferation, apoptosis and
necrosis after hepatectomy. Based on these results, we
hypothesized that the residual liver volume that can
support sufficient function in a normal liver could not
maintain liver function in NASH. Our results suggested
that to avoid liver dysfunction after hepatectomy in
NASH, resection volume should be carefully determined
and not the same as that in patients with normal liver.
In patients with PH, fatty liver causes a high rate of
[11]
mortality and morbidity compared with normal liver .
In NAFLD patients, postoperative complications also
increase in a manner that is similar to patients with fatty
[12,30]
liver
. In animal models with PH, the survival rate of
a fatty liver model decreased compared with a normal
[13,15,16,31]
liver even with the same residual volume
.
In this study, the survival rate after PH remarkably
decreased in the NASH 70% PH group, and 30% of
the deaths occurred within the first 48 h after PH. This
result supported the previous reports, i.e., outcome
of PH significantly influences the survival rate of fatty
[13,15,16,31]
mice
. In NASH liver, it was assumed that other
characteristics, i.e., fibrosis, inflammation, and insulin
resistance, caused increased liver function deterioration.
It was hypothesized that the residual liver volume of
the small group, i.e., 30% of residual volume of the
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NASH liver, could not maintain sufficient liver function for
survival after PH.
Liver regeneration occurred in cases with acute injury
[19]
and/or liver resection . In normal liver after PH, cell
proliferation was observed in a small residual liver but
[24]
not in a large residual liver . Large residual livers have
sufficient volume to maintain liver function, whereas
small residual livers are unable to maintain liver function.
Therefore, promotion of cell proliferation occurs in the
[24]
small residual liver . Ki-67 protein is expressed during
[32,33]
the G1, G2, and S phases of cell division
. In this
study, the number of Ki-67-positive cells in the residual
liver in the 30% PH of NASH liver group was higher than
in the preoperative NASH liver. On the other hand, the
number of Ki-67-positive cells in the residual liver of the
70% PH of NASH liver group was significantly decreased.
These results suggested that NASH hepatocytes would
not have insufficient proliferation ability after large
amount of PH, such as 70%.
Signaling pathways of liver regeneration are pro
moted by cytokines, i.e., interleukin (IL)-6 and tumor
[20]
necrosis factor (TNF)-alpha, and growth factors . The
expression of AKT, STAT3, and ERK1/2 protein play an
important role in liver regeneration, and the IL-6/STAT3
[16,24,34-36]
signaling pathway accelerates liver proliferation
.
STAT3 was expressed at high levels in a liver with
steatosis; however, these phenomena did not induce
[37]
liver regeneration . The NASH liver received continuous
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Figure 4 Histopathological findings. A: Apoptosis was evaluated by TUNEL staining. Ratios of TUNEL-positive/total hepatocytes were calculated; B: Necrosis was
evaluated by HE staining. Ratios of necrosis morphological feature/total area were calculated. Apoptosis and necrosis were higher in the NASH 70% PH group than
in the other groups. Data are expressed as the mean ± SD. n = 2 per groups, 10 fields per sample. bP < 0.01. Scale bar: 100 μm. PH: Partial hepatectomy; NASH:
Nonalcoholic steatohepatitis.
Table 2 Gene expression microarray
Function
Regulate the cellular concentrations of
cyclic nucleotides
Growth arrest
Signal transduction
Stimulates expression of cytokines,
including IL6, MIF and VEGFA
EGF-like growth factor
Cell-cell junctions

Fold-change (> 1.4) P value (< 0.05)

Gene name

Gene abbreviation

Phosphodiesterase 4B, cAMP-specific

PDE4B

2.102691211

0.0063

Growth arrest and DNA-damage-inducible,
alpha
Coronin 1C
Hypoxia inducible lipid droplet associated

GADD45A

1.672778704

0.013

CORO1C
HILPDA

1.489851976
1.481465541

0.031
0.011

HBEGF
MAGI1

1.432049736
1.430522907

0.043
0.0222

ASB13
TIAL1

0.515175325
0.609948905

0.0042
0.027

NABP1
SKP2

0.6558797325
0.6588204077

0.042
0.044

TIMM9

0.6598542503

0.042

BCL6
MCC
ZNF519
RBMX

0.6760241074
0.6761191711
0.6864230003
0.6983542235

0.0097
0.0076
0.028
0.012

Heparin binding EGF-like growth factor
Membrane associated guanylate kinase, WW
And PDZ domain containing 1
Innate immune system
Ankyrin repeat and SOCS box containing 13
Apoptosis and autophagy
TIA1 cytotoxic granule-associated RNA
binding protein-like 1
Gene expression
Nucleic acid binding protein 1
Cell cycle
S-phase kinase-associated protein 2, E3
ubiquitin protein ligase
Mitochondrial metabolism
Translocase of inner mitochondrial membrane
9 homolog (yeast)
Cytokine signaling in immune system
B-cell CLL/lymphoma 6
Cell cycle
Mutated in colorectal cancers
Gene expression
Zinc finger protein 519
Gene expression
RNA binding motif protein, X-linked

In total, 6 genes were overexpressed greater than 1.4-fold in the nonalcoholic steatohepatitis (NASH) 70% PH group compared with their expression in the
NASH 30% PH group, and 7 genes were downregulated by less than 0.70-fold in the NASH PH group compared with their expression in the NASH 30%
PH group (n = 2). PH: Partial hepatectomy.

damage and stress via inflammatory cytokines and cells;
therefore, NASH liver was considered to exhibit limited
[38]
proliferation, which was only induced by hepatectomy .
In this study, the expression of transcriptional factors
induced by cytokines for liver regeneration was not
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recognized in the residual livers of the NASH PH groups.
No significant difference was noted in the activation of
these proteins in both NASH PH groups, but liver cell
proliferation was significantly higher in the 30% PH
NASH liver group than in the 70% PH NASH liver group.
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Figure 5 Gene expression of microarray. GADD45A and PDE4B expression correlated with the cell cycle. RT-PCR demonstrated a significant difference between
the groups. Data are expressed as the mean ± SD. n = 5-7 per groups. aP < 0.05; bP < 0.01. PH: partial hepatectomy; NASH: nonalcoholic steatohepatitis.
few animal models fully reflect both the histopathology and pathophysiology
of NASH in humans, therefore, the metabolism of the residual liver after a
hepatectomy with NASH has not been clarified. We succeeded to establish
a novel experimental NASH model that had same characteristics of
histopathology and pathophysiology of NASH in humans.

Although we need to confirm these findings in future
studies, the consistent decrease in liver proliferation
exists, especially in the 70% PH of NASH liver group, i.e.,
a large hepatectomy volume, which reduces the survival
rate.
In general, the stress of liver resection promotes
[13,39]
apoptosis in the residual liver
, and liver damage
after hepatectomy is considered to be the result of
[38]
apoptosis to some degree . The degree of liver
damage also depends on the extent of the liver resection
[37,39]
volume
. The STAT3 and AKT signaling pathways
not only promote liver regeneration but also inhibit
[38]
apoptosis . In this study, STAT3 and AKT expression
was significantly suppressed, and the number of TUNELpositive cells was higher in the NASH PH groups than in
the control. These results suggest that the difference in
the expression of regenerative signaling proteins affected
the degree of apoptosis. Resection of a large volume
[38]
of the liver also enhanced necrosis . In this study,
microarray analysis revealed GADD45A upregulation in
the NASH 70% PH group. GADD45A promotes apoptosis
[13]
and cell cycle arrest . The differences in the survival
rate between 30% or 70% PH in the NASH groups are
inversely proportional to the incidence of Ki-67-positive
cells, apoptosis, and necrosis. GADD45A upregulation
correlates with the differences between the NASH groups
and the low survival rate in small residual NASH liver
after 70% PH.
In conclusion, residual NASH liver dysfunction after
hepatectomy is attributed to a reduction in liver regene
ration and cell proliferation. These findings suggest
that the resection volume is a more limiting factor in
patients with NASH than in those with a normal liver.
Regarding liver surgery, the risk of complications for
patients diagnosed with NASH by liver biopsy should
be determined before hepatectomy. Further studies are
needed to clarify therapeutic agents for NASH using our
novel NASH model.

Research motivation

In NASH, continuous inflammation contributes to HCC. The cause of HCC is
frequently infection with hepatitis B virus and hepatitis C virus (HCV). New
antiviral medications for hepatitis are currently being used in clinics; therefore,
the number of patients with virus-related HCC is expected to decrease in the
future. By contrast, the number of patients with NASH-related HCC has been
increasing recently, and this trend is expected to continue because no effective
treatments are available

Research objectives

The aim of this study was to investigate whether a difference in liver resection
volume in a novel NASH model influences surgical outcomes.

Research methods

To establishment of a NASH model, mice were fed a high-fat diet for 4 wk,
administered CCl4 for the last 2 wk and administered T0901317 for the last 5
d. These mice were divided into two groups: A 30% partial hepatectomy (PH)
of NASH liver group and a 70% PH of NASH liver group (control). Evaluate the
survival rate, regeneration, apoptosis, necrosis and DNA expression level after
PH.

Research results

In the 70% PH of NASH group, the survival rate was significantly decreased
compared with that in the control and 30% PH of NASH groups (P < 0.01). 10 of
32 mice in the NASH 70% PH group died within 48 h after PH. serum aspartate
aminotransferase (AST) levels and total bilirubin (T-Bil) in the NASH 70% PH
group were significantly higher than the levels in the other two groups (AST: P
< 0.05, T-Bil: P < 0.01). In both PH of NASH groups, signaling proteins involved
in regeneration were expressed at lower levels than those in the control group
(P < 0.01). The 70% PH of NASH group also exhibited a lower number of Ki-67positive cells and higher rates of apoptosis and necrosis than the NASH 30%
PH group (P < 0.01). In addition, DNA microarray assays showed differences in
gene expression associated with cell cycle arrest and apoptosis.

Research conclusions

The residual NASH liver dysfunction after hepatectomy is attributed to a
reduction in liver regeneration and cell proliferation. A larger residual volume is
required to maintain liver functions in mice with NASH.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS

Research perspectives

Research background

This study suggests that the resection volume is a more limiting factor in
patients with NASH than in those with a normal liver. Regarding liver surgery,
the risk of complications for patients diagnosed with NASH by liver biopsy

The population of patients with nonalcoholic steatohepatitis (NASH) and
NASH-related hepatocellular carcinoma (HCC) has been increasing. However,
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should be determined before hepatectomy. Further studies are needed to clarify
therapeutic agents for NASH using our novel NASH model.
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Abstract
AIM
To determine short- and long-term outcomes of
endoscopic submucosal dissection (ESD) using the stag
beetle (SB) knife, a scissor-shaped device.

Informed consent statement: All patients were informed
of the risks and benefits of ESD and provided written informed
consent.

METHODS
Seventy consecutive patients with 96 early esophageal
neoplasms, who underwent ESD using a SB knife at
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conflicts-of-interest related to this article.
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Kure Medical Center and Chugoku Cancer Center,
Japan, between April 2010 and August 2016, were
retrospectively evaluated. Clinicopathological chara
cteristics of lesions and procedural adverse events were
assessed. Therapeutic success was evaluated on the
basis of en bloc , histologically complete, and curative or
non-curative resection rates. Overall and tumor-specific
survival, local or distant recurrence, and 3- and 5-year
cumulative overall metachronous cancer rates were
also assessed.

J Gastroenterol 2018; 24(15): 1632-1640 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i15/1632.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i15.1632

INTRODUCTION
Esophageal carcinoma is the eighth most common
cancer worldwide and the sixth leading cause of cancer[1,2]
related deaths globally . Squamous cell carcinoma
(SCC) is the commonest histotype of esophageal
[1,3]
cancer in Japan and worldwide . Despite advances
in diagnosis and treatment, outcomes in these pa
tients remain poor, with five-year survival rates of
[4,5]
15%-20% . Aggressive use of enhanced imaging
for screening and advanced magnification endoscopy
systems have aided in early diagnosis. However, given
the many possible comorbidities in patients undergoing
conventional treatments (such as esophagectomy) and
the greater likelihood of incomplete resection through
endoscopic mucosal resection, researchers are now
actively investigating endoscopic submucosal dissection
[6-8]
(ESD) of superficial esophageal neoplasms .
A number of conventional ESD devices (i.e., dual,
flush, insulated-tip, and hook knives) have been
[9-14]
utilized for esophageal ESD
. Compared to those of
the stomach, the thin wall (with no serosa) and narrow
lumen of the esophagus make ESD inherently more
challenging. The endoscopic maneuverability difficul
ties imposed by conventional ESD devices are also
problematic, particularly the lack of fixation to targets
and the fact that these devices are partially or entirely
uninsulated. Constraints of this sort are conducive to
unintentional incisions, increasing the potential risk of
adverse events such as perforation and mediastinal
[15-18]
emphysema
.
On the other hand, the stag beetle (SB) knife
(Sumitomo Bakelite Co., Ltd., Akita, Japan), with its
ability to grasp, assess, and then cut targeted tissue,
allows endoscopists to maintain adequate dissection
planes, preventing inadvertent injury to the muscular
[19-23]
layer and promoting safe ESD
. Although early
experiences at selected institutions suggest that the SB
knife is safe and effective, no large series of patients or
[21-24]
long-term outcomes have been reported to date
.
The aim of this study was to investigate use of the SB
knife for ESD of early esophageal neoplasms, assessing
both feasibility and safety. Subsequent short- and longterm clinical outcomes were examined as well.

RESULTS
Eligible patients had dysplasia/intraepithelial neoplasia
(22%) or early cancers (squamous cell carcinoma,
78%). The median procedural time was 60 min
and on average, the lesions measured 24 mm in
diameter, yielding 33-mm tissue defects. The en
bloc resection rate was 100%, with 95% and 81%
of dissections deemed histologically complete and
curative, respectively. All procedures were completed
without accidental incisions/perforations or delayed
bleeding. During follow-up (mean, 35 ± 23 mo), no
local recurrences or metastases were observed. The
3- and 5-year survival rates were 83% and 70%,
respectively, with corresponding rates of 85% and 75%
for curative resections and 74% and 49% for noncurative resections. The 3- and 5-year cumulative rates
of metachronous cancer in the patients with curative
resections were 14% and 26%, respectively.
CONCLUSION
ESD procedures using the SB knife are feasible, safe,
and effective for treating early esophageal neoplasms,
yielding favorable short- and long-term outcomes.
Key words: Neoplasms; Stag beetle knife; Esophageal;
Endoscopic submucosal dissection;Outcome measures
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Various devices designed for endoscopic
submucosal dissection (ESD) are currently under
investigation for their usefulness in the treatment
of early esophageal neoplasms. This study aimed to
evaluate the short- and long-term outcomes of ESD
using the stag beetle (SB) knife, a scissor-shaped
device. Seventy-four patients with 101 esophageal
lesions underwent resection via SB-knife ESD. Rates of
en bloc, histologically complete, and curative resections
were 100%, 95%, and 81%, respectively. The 3- and
5-year survival rates were 83% and 70%, respectively.
The SB knife allows safe and effective ESD of early
esophageal neoplasms.

MATERIALS AND METHODS
Study design

A single-center retrospective review of collected data
was conducted, examining 74 consecutive patients
with 101 esophageal lesions who underwent resection
via SB-knife ESD between April 2010 and August 2016
at Kure Medical Center and Chugoku Cancer Center,

Kuwai T, Yamaguchi T, Imagawa H, Miura R, Sumida Y,
Takasago T, Miyasako Y, Nishimura T, Iio S, Yamaguchi A,
Kouno H, Kohno H, Ishaq S. Endoscopic submucosal dissection
for early esophageal neoplasms using the stag beetle knife. World
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Esophageal ESD
74 patients, 101 lesions

Excluded tumors:
Adenocarcinoma, 3 patients, 4 lesions
Nonepithelial
Granular cell, 0
Leiomyoma, 0
Neuroendocrine, 1 patient, 1 lesion
Undetermined, 0

Superficial epithelial neoplasms
HGIN/SCC
70 patients, 96 lesions

Figure 1 Study design, evaluating the use of the stag beetle knife for esophageal endoscopic submucosal dissection. ESD: Endoscopic
submucosal dissection; HGIN: High-grade intraepithelial neoplasia; SCC: Squamous cell carcinoma.

SB Knife Jr
Scissor-shaped
Opening width: 4.5 mm
Knife length: 3.5 mm

endoscopists of the Japan Gastroenterological Endoscopy
Society, three with no previous conventional esophageal
ESD experience and one with low experience (10
cases). Patients received intravenous nitrazepam for
sedation, and cardiorespiratory function was monitored
throughout the procedure. A single-channel endoscope
equipped with a water jet (GIF-H260Z; Olympus Corp,
Tokyo, Japan) and attached transparent tip hood was
routinely used, along with carbon dioxide insufflation.
Initially, the outside margin of each lesion was marked
using argon plasma coagulation in forced coagulation
mode; the esophageal mucosa was injected with 0.4%
sodium hyaluronate (MucoUp; Seikagaku Corp., Tokyo,
Japan) mixed with a small amount of indigo carmine.
Circumferential excision was then carried out with the
SB Knife Jr (4.5-mm opening width, 3.5-mm length;
Sumitomo Bakelite Co.) (Figure 2). For submucosal
dissection, the SB Knife Short (6-mm opening width,
6-mm length) (Figure 2) was often preferred, because
detachment/peeling of the submucosa was faster, and
it was less likely to engage the muscular layer, given
the curved shape of the blade. The SB knife allowed
grasping of the targeted segment, which was then cut
using a high-frequency generator (VIO300D; ERBE,
Tubingen, Germany) in the endo-cut Q mode (effect
1) for incising mucosa and dissecting submucosa.
The soft coagulation mode (effect 5.40 W) was used
for hemostasis. If repeated coagulation was required,
hemostatic forceps (Coagrasper; Olympus Corp.)
were applied to facilitate endoscopic hemostasis. The
procedure was continued until resection was completed
(Figure 3).
In instances of semi-circumferential or circumfer
ential ESD, intralesional diluted triamcinolone acetonide
injected on postoperative day 2 [Kenacort (40-80 mg);
Bristol-Myers Squibb Co., New York, NY, United States]
or oral prednisolone (30 mg/d) was prescribed and
[25]
tapered gradually over several weeks
to prevent

SB Knife (Short Type)
Banana-shaped
Opening width: 6 mm
Knife length: 6 mm

Figure 2 Features of the stag beetle Knife Jr and short devices.

Japan (Figure 1). All patients underwent resection using
only SB-knife ESD during this time period. Approved
by the National Hospital Organization Kure Medical
Center and the Chugoku Cancer Center Institutional
Review Board Ethics Committee on 3 October 2016, the
study incorporated good clinical practice, conforming
to Declaration of Helsinki principles. All lesions were
diagnosed preoperatively during chromoendoscopy,
identifying areas for biopsy through narrow-band
imaging or iodine staining. Inclusion criteria were
patients with superficial esophageal neoplasms (SENs),
consisting of high-grade intraepithelial neoplasia or
SCC. Exclusion criteria included patients with adeno
carcinoma, non-epithelial tumors (i.e., granular cell
tumors, leiomyomas, and neuroendocrine tumors) or
undetermined tumors.
All patients were informed of the risks and benefits
of ESD and provided written informed consent. ESD was
contraindicated in patients with serious comorbidities,
distant metastasis, or massive submucosal invasion.

ESD procedure

ESD procedures were performed by four board-certified
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A

B

C

D

E

F

G

H

I

H

I

Figure 3 Stag beetle knife used for esophageal endoscopic submucosal dissection in a 79-year-old man. Endoscopic appearance of a 35-mm,
depressed lesion in the middle one-third of the esophagus (A) under white light (B) on a scatter image with Lugol’s iodine applied (C) with argon plasma
coagulation markings; D and E: Use of the SB Knife Jr for full-circumferential incision; use of the SB Knife Short for (F) submucosal dissection and (G)
hemostasis; H: En bloc resection of the lesion; I: Ulcer floor after resection.

Adverse events

[26,27]

postoperative stricture

.

Immediate adverse events such as perforation, delayed
bleeding, and postoperative pneumonia and delayed
adverse events such as esophageal stricture were
recorded.

Histopathology and short-term outcomes

Resected specimens were immediately fixed in 10%
buffered formalin, with samples later selected for
routine processing, embedding in paraffin, and slide
preparation (3-4 µm, hematoxylin & eosin stain). The
histotype, depth of invasion, and resection margins
(vertical and lateral) of the lesions were assessed
microscopically (Figure 4) using an optical micrometer
to measure invasive areas. The tumor size, anatomic
location (upper one-third, middle one-third, or lower onethird of the esophagus), and extent (%) of esophageal
circumferential involvement were documented. Rates
of en bloc resection, histologically complete resection
(i.e., en bloc resection with negative lateral and vertical
margins), and curative or non-curative resection served
as indices of therapeutic success. Curative resection was
defined as complete tumor resection with invasion ≤
200 μm below the deep border of the lamina muscularis
[8]
mucosae and no lymphovascular involvement .

WJG|www.wjgnet.com

Long-term outcomes

To monitor patients, esophagogastroduodenoscopy
was performed 3-6 mo and 1 year following ESD and
annually thereafter; computed tomography was also
performed annually. Three- and 5-year overall survival
rates were assessed for the entire study cohort. SENs
detected > 1 year after curative resection by ESD were
considered metachronous cancers. Cumulative overall
metachronous cancer rates during the 3- and 5-year
periods were also assessed.

Statistical analysis

Continuous variables were expressed as a mean ±
standard deviation or median and range, as appropriate,
and categorical variables as frequency or number of
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cinoma (Figure 1). Fifteen patients had multiple lesions,
harboring two (n = 9), three (n = 3), four (n = 1), or
five (n = 2) lesions. Mean age of the study population
(n = 70; 84% men) was 67 ± 10 years (Table 1). By
location, 11% of lesions involved the upper one-third
of the esophagus, 55% the middle one-third, and 34%
the lower one-third. Macroscopically, majority of the
lesions were depressed (90%) rather than elevated
(7%) or flat (2%).
Resected specimens measured 33 ± 14 mm on
average, with a mean tumor size of 24 ± 13 mm. Most
tumors (61%) involved < one-half of the esophageal
luminal circumference. Histopathological diagnoses
were as follows: dysplasia/intraepithelial neoplasia
(22%), or SCC (78%). Typically, invasive SCCs were
limited to the lamina propria mucosae (41%), with
SM2 or deeper infiltration accounting for 19% (Table 1).

Table 1 Study demographics and clinicopathologic
characteristics n (%)
Characteristics
Number of patients
Number of lesions
Age, mean ± SD (range), yr
Sex
Male
Female
Location of the tumor in the esophagus
Upper one-third
Middle one-third
Lower one-third
Gross appearance
Depressed
Elevated
Flat
Mixed
Resected specimen size, mean ± SD (range), mm
Resected tumor size, mean ± SD (range), mm
Luminal extent
< 1/2
≥ 1/2, < 2/3
≥ 2/3
Histopathologic features
Dysplasia/intraepithelial neoplasia
Squamous cell carcinoma
Epithelial lining
Lamina propria mucosae
Muscularis mucosae
Submucosa (SM1)
Submucosa (SM2 or deeper)

Value
70
96
67 ± 10 (43-87)
59 (84)
11 (16)
11 (11)
53 (55)
33 (34)
86 (90)
7 (7)
2 (2)
1 (1)
33 ± 14 (9-75)
24 ± 13 (1-64)

Short-term outcomes

Short-term outcomes are summarized in Table 2. The
median procedural time was 60 min (range, 25-305
min). Rates of en bloc resection, histologically complete
resection, and curative resection were 100%, 95%, and
81%, respectively.

59 (61)
20 (21)
17 (18)
21 (22)
75 (78)
15 (20)
31 (41)
13 (17)
2 (3)
14 (19)

Adverse events

All lesions were safely resected without any unintentional
incisions/perforations or delayed bleeding episodes.
Pneumonia was observed in 3% of patients and managed
through antibiotic treatment. To prevent postoperative
stricture after semi-circumferential ESD, intralesional
injection of triamcinolone acetonide (3 patients) or oral
prednisolone (7 patients) was administered. Esophageal
strictures were encountered in seven patients, one
requiring balloon dilatation (Table 2).

Table 2 Short-term outcomes and adverse events of
esophageal endoscopic submucosal dissection, n %
95%CI
Procedure duration, median (range)
En bloc resection
Complete resection with negative margins
Curative resection
Adverse events
Perforation
Delayed bleeding
Pneumonia
Esophageal stricture

60 (25-305)
96 (100) [96.2-100]
91 (95) [88.4-97.8]
78 (81) [72.3-87.8]

Long-term outcomes

Curative resection was achieved in 57 patients, three
of whom received additional chemoradiotherapy
(CRT). One of these three patients later developed
metachronous cancer. Seven of the 54 patients who
were given no additional treatment also developed
metachronous cancers. The 3- and 5-year cumulative
rates of metachronous cancer in patients with curative
resections were 14% and 26%, respectively (Figure
5A). Non-curative resection was achieved in 13 patients,
seven of whom underwent additional treatment, either
surgery (n = 4), chemotherapy (n = 1), or CRT (n =
2). No instances of local recurrence or metastasis were
observed in any patient during the mean follow-up
period of 35 ± 23 mo.

0 (0) [0-3.9]
0 (0) [0-3.9]
3 (3) [1.1-8.8]
7 (7) [3.6-14.3]

occurrences. Kaplan-Meier curves were generated to
analyze survival and metachronous cancer rates. A
log-rank test was used to evaluate the significance of
differences between curves, and a P value of less than
5% was considered significant. All statistical analyses
were performed using JMP software (SAS Institute,
Inc., Cary, NC, United States).

Survival analysis

RESULTS

Three- and 5-year overall survival rates for the study
cohort were 83% and 70%, respectively (Figure
5B), with corresponding rates of 85% and 75% in
curative resections, and 74% and 49% in non-curative
resections (Figure 5C). However, the difference in
survival between curative and non-curative resections

Demographic and clinicopathologic characteristics

A total of 96 SENs in 70 patients qualified for analysis.
One subject was excluded, having received a final
diagnosis of nonepithelial tumor, and 4 subjects were
excluded, having received a final diagnosis of adenocar
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A

B

C

D

The size of resected specimens: 40 mm × 22 mm
The size of resected tumor: 33 mm × 17 mm
Procedure time: 55 min

1

6

2

7

3

8

4

9

5

10

Figure 4 Formalin-fixed specimen sliced at 2-mm intervals for routine processing and slide preparation (A); Evaluation of the histotype, invasion depth,
and vertical/lateral resection margins (B-D).
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Figure 5 Long-term outcomes and survival analysis. A: Cumulative metachronous cancer rates in patients with curative resection; B: Kaplan-Meier analysis of
overall survival rates in all patients; C: Patients grouped according to curative and non-curative resection.

by ESD was not statistically significant. Eleven of
70 patients (curative resections, 8/57; non-curative
resections, 3/13) died during follow-up. In patients with
curative resections, causes of death included isolated
instances of unknown primary cancer, hepatocellular

WJG|www.wjgnet.com

carcinoma, lung cancer, pharyngeal carcinoma,
drowning, and aspiration pneumonia, as well as two
instances of interstitial pneumonia. Causes of death
after non-curative resection were oropharyngeal
carcinoma, liver cirrhosis, and aspiration pneumonia,
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each a single occurrence. None of the deaths was
directly attributable to esophageal neoplasms.

(74% and 49%, respectively) rather than curative
(85% and 75%, respectively). Although non-curatively
resected esophageal cancer is typically associated
with a poor prognosis, none of the deaths recorded in
the present study were a direct result of esophageal
cancer. The aforementioned trend may then have a
singular explanation. As ESD ordinarily is not indicated
in patients with SM-level invasive cancer, such patients
who agreed to undergo ESD for excisional biopsy (the
goal being localized control) were included in the noncurative resection group. Consequently, it appears that
achieving local control of esophageal cancer via ESD
is quite feasible in elderly patients and in those with
serious underlying diseases, who ultimately may die
from other causes. By seemingly benefitting from the
safe performance of esophageal ESD, we have thereby
demonstrated the efficacy of the SB knife in a high-risk
population.
Contrary to earlier concerns that the use of the SB
[16,18]
knife might prolong ESD procedures
, we found
that it greatly expedited ESD. The median time needed
to complete ESD was 60 min (mean, 78 min), approxi
mating the time required for conventionally performed
[8]
ESD (median, 90 min) in one large multicenter study .
Our study has three limitations. It is retrospective,
although data were collected from consecutive patients,
it was conducted at a single center; and no comparison
with another device was attempted. However, strengths
of the study include the sizeable patient population and
the extended follow-up period, both providing valuable
data on the feasibility, safety, and efficacy of SB knife
usage for esophageal ESD.
In conclusion, ESD procedures using the SB knife
are feasible, safe, and effective for treating early
esophageal neoplasms, yielding favorable short- and
long-term outcomes. No perforation occurred in our
study population, attesting to the innovative design
of the SB knife, which allows better control for safer
dissection. The availability of this tool may promote
widespread adoption of ESD to treat early-stage cancers
of the esophagus. There is need to conduct RCT studies
to compare this new innovative device with established
devices.

DISCUSSION
Our study suggests that the SB knife is safe and effective
when used for ESD of early esophageal neoplasms. This
technique resulted in high rates of en bloc resection
(100%), histologically complete resection (95%),
and curative resection (81%), with a low incidence of
procedural adverse events, despite three of the certified
endoscopists having either limited or no experience of
esophageal ESD. Specifically, there were no unintentional
incisions/perforations or delayed bleeding events.
Furthermore, no patient experienced local recurrences
or metastases in the long term, and the overall survival
rates were highly favorable and similar to those for other
[8,28,29]
devices
.
Data reported here are consistent with those of a
previous study demonstrating the safety and efficacy
of the SB knife as a means of esophageal ESD in 15
[23]
patients . Importantly, overall adverse events for
[10-14]
the SB knife are relatively low
. Its unique scissoraction allows surgeons to grasp and pull the targeted
tissue away from the muscularis and then inspect the
area before cutting for more controlled resection and
[30,31]
avoidance of perforation. Unlike other devices
, no
complex adjustments or special endoscopic techniques
are required. This facilitated the acquisition of
[19,30]
implementation skills by even general endoscopists
[31-34]
and shortened the training process
, and we
obtained good results from the first case itself. The
notable absence of perforation reflects the safe and
easy use of the SB knife in this setting, despite cyclic
respiratory and cardiac fluctuations encountered during
esophageal ESD. This tool also acts as a hemostatic
clamp, eliminating the need for separate hemostatic
forceps, making the procedure simple and costeffective, and encouraging high resectability rates.
We would like to emphasize that no tumors recurred
when the SB knife was used for esophageal ESD.
Earlier studies have already reported positive shortterm treatment outcomes (i.e., resection rates) using
[23,24]
the SB knife in small series
. The present results
indicate for the first time, in the largest series reported
to date, that use of the SB knife offers excellent shortand long-term outcomes in treating early esophageal
neoplasms. The high resection rates achieved and
absence of local recurrence or metastasis during 35 ±
23 mo of follow-up constitute a new paradigm shift
[14,16,17,28,35]
in the treatment of SEN
. Consistent with
[36]
other published studies , several of our patients with
curative resections (8/57) developed metachronous
lesions, including one of three who received additional
CRT. This finding underscores the need for follow-up
monitoring on a regular basis.
On analyzing longer-term patient outcomes, 3and 5-year survival rates tended to be slightly, but not
significantly, poorer if resections were non-curative
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ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Several conventional endoscopic submucosal dissection (ESD) devices have
been utilized for esophageal ESD. The thin wall with no serosa and narrow
lumen of the esophageal wall make ESD more challenging in the esophagus.
The restricted endoscopic maneuvering required with conventional ESD
devices is also problematic owing to lack of fixation to targets and the fact that
these devices are partially or entirely uninsulated. These factors can lead to
unintentional incisions, increasing the potential risk of adverse events such as
perforation and mediastinal emphysema.

Research motivation

The stag beetle (SB) knife, with its ability to grasp, assess, and then cut the
targeted tissue allows endoscopists to maintain adequate dissection planes,
preventing inadvertent injury to the muscular layer for safe ESD. Because of
these advantages, the SB Knife is gaining acceptance, but relevant long-term
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outcome data is limited.

Research objectives

The aim of this study was to investigate use of the SB knife for ESD of early
esophageal neoplasms, assessing both feasibility and safety. The subsequent
short- and long-term clinical outcomes were examined as well.

7

Research methods

We retrospectively reviewed 70 consecutive patients with 96 early esophageal
neoplasms (HGIN/SCC) treated using ESD. An SB knife was used routinely
in all procedures. Clinicopathologic characteristics of the lesions and rates
of procedural adverse events, en bloc and histologically complete resection,
overall and tumor-specific survival, and local or distant recurrence were
assessed.

8

Research results

The en bloc resection rate was 100%, with 95% and 81% of dissections
deemed histologically complete and curative, respectively. All procedures
were completed without accidental incisions/perforations or delayed bleeding.
During follow-up (mean, 35 ± 23 mo), no local recurrences or metastases were
observed. The 3- and 5-year survival rates were 83% and 70%, respectively.
The 3- and 5-year cumulative rates of metachronous cancer in the patients with
curative resections were 14% and 26%, respectively.

9

Research conclusions

11

10

ESD procedures using the SB knife are feasible, safe, and effective for treating
early esophageal neoplasms, yielding favorable short- and long-term outcomes.
No perforation occurred in our study population, attesting to the innovative
design of the SB knife, which allows better control for safer dissection.

12

Research perspectives

The availability of this tool may promote widespread adoption of ESD to treat
early-stage cancers of the esophagus. There is a need to conduct RCT studies
to compare this new innovative device with established devices.

13

14
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AIM
To investigate novel predictors of survival in hepato
cellular carcinoma (HCC) patients following transarterial
chemoembolization (TACE).

Data sharing statement: Technical appendix, statistical code,
and dataset available from the corresponding author at orensh@
tlvmc.gov.il. Consent was not obtained but the presented data
are anonymized and there is no risk of patient identification. The
potential benefits of sharing these data outweigh the potential

METHODS
One hundred sixty seven patients with un-resectable
HCC were retrospectively analyzed to identify factors
that might contribute to their HCC biology and aggre
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ssiveness. We correlated routine laboratory results (total
bilirubin, AST, ALKP, GGTP, albumin etc .) to maximum
tumor diameter, number of tumor nodules, portal vein
thrombosis and blood alpha-fetoprotein levels. These
4 parameters were previously combined to form an
aggressiveness index (AgI). We used The Wilcoxon ranksum (Mann-Whitney), to test the correlation between
the AgI categories and liver function parameters. The
Cox proportional hazards model was applied to evaluate
the categories of AgI associated with overall survival.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fourth most
common cancer and the third leading cause of cancer[1]
related deaths in the world . In the last several decades
the incidence of HCC in developed countries has been
rising, secondary to an increased incidence of HCV
and non alcoholic steatohepatitis (NASH) associated
[2]
cirrhosis . The annual Nation Cancer Report of the
United States published in 2016, noted that between
2003 and 2012, in contrast to the general decline in
cancer incidence rates, HCC incidence continues to rise.
Most cases of HCC arise on the background of chronic
liver disease. Patients are usually asymptomatic until
late in their disease, when symptoms and signs related
to their cirrhosis are manifested. Early detection of HCC
can be accomplished by screening populations at risk.
The recommended surveillance of cirrhotic patients is
[3]
abdominal ultrasound every six-months . Measuring
levels of alpha fetoprotein (AFP) a serum marker
for HCC can be used together with ultrasonography.
However, due to its low sensitivity and specificity it was
[4]
recently omitted from clinical practice guidelines . A
staging system introduced by the Barcelona Clinic Liver
Cancer (BCLC), is currently recommended as the best
method for HCC staging and treatment allocation. The
system incorporates the dimensions of the primary
lesion, vascular invasion, extra-hepatic spread,
performance status, general symptoms and the degree
of severity of the underlying liver disease according to
[5]
the Child-Pugh-Turcot score .
Trans-arterial chemoembolization (TACE) is per
formed by catheterization of tumor feeding branches
of the hepatic artery and injecting chemotherapy with
Lipidol. After the injection, the artery is embolized by
particles. The TACE procedure is the treatment of choice
for non-operable, intermediate stage HCC according to
[6]
the BCLC classification . Survival after the procedure
[7]
varies and ranges between 12 to 34 mo . Given the
complexity of TACE and the variability in response,
there is an urgent need to identify prognostic indices to
predict overall survival in HCC patients undergoing the
[8]
procedure . Current prognostic indices include different
inflammation scores such as the Glasgow prognostic
score (GPS), neutrophil to lymphocyte ratio (NLR)
and staging systems such as Barcelona Clinic Liver
Cancer (BCLC), and Cancer of the Liver Italian Program
(CLIP) scores. The GPS score was demonstrated as an
independent marker of poor prognosis in patients with
HCC and as a prognostic score predicting survival for
[9-14]
patients with HBV related HCC after TACE
. All these
indices have their shortcomings with some lacking strong

RESULTS
The AgI was strongly correlated with survival in this
novel patient population. Three year survival probability
for AgI > or < 4 was 42.4% vs 61.8%; p < 0.0863
respectively. Several factors independently correlated
with AgI using univariate multiple logistic regression of
AgI with 8 laboratory parameters. Lower albumin levels
had an OR of 2.56 (95%CI: 1.120-5.863 p < 0.026),
elevated Alkaline phosphatase and gamma glutamyl
transpeptidase (GGTP) had ORs of 1.01 (95%CI:
1.003-1.026, p < 0.017) and 0.99 (95%CI: 0.99-1.00,
p < 0.053) respectively. In a Cox proportional hazard
model combining mortality for AgI score and liver
function parameters, only GGTP levels and the AgI
were independently associated with survival. An AgI >
4 had HR for mortality of 2.18 (95%CI: 1.108-4.310,
p < 0.024). GGTP’s single unit change had a HR for
mortality of 1.003 (95%CI: 1.001-1.006, p < 0.016).
These were considered in the final multivariate model
with the total cohort. An AgI > 4 had a HR for mortality
of 2.26 (95%CI: 1.184-4.327, p < 0.016). GGTP had a
HR of 1.003 (95%CI: 1.001-1.004, p < 0.001).
CONCLUSION
Our study validates the AgI in a new population with
un-resectable HCC patients undergoing TACE. The
analysis establishes a correlation between GGTP and
the AgI.
Key words: Hepatocellular carcinoma; Aggressiveness
index; Liver function; Transarterial chemoembolization;
survival
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our cohort’s population included patients
with multiple underlying liver diseases and can be
widely generalized. The aggressiveness index (AgI)
was correlated with survival. AgI > 4 was associated
with decreased survival. Combining the AgI with
elevated GGTP and ALKP levels improved its prognostic
yield in our patient population. We validated the AgI
as a prognostic tool to predict overall survival in a
novel population of hepatocellular carcinoma patients
undergoing transarterial chemoembolization.
Ventura Y, Carr BI, Kori I, Guerra V, Shibolet O. Analysis of
aggressiveness factors in hepatocellular carcinoma patients
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TACE technique

prognostic power (even when combined), and others
lacking validation and or limited to specific populations.
An “HCC Aggressiveness” scoring system was
recently described, which incorporates 4 tumor-related
parameters: maximum tumor diameter (MTD), number
of tumor nodules, portal vein thrombosis (PVT) and
serum AFP levels. The score was shown to predict
[15-17]
survival in HCC patients
.
We retrospectively analyzed laboratory and clinical
data from 167 patients with HCC that underwent TACE
in Tel-Aviv medical Center in order to identify novel
biomarkers to predict survival following TACE. These,
167 patients, were diagnosed predominantly through
screening and thus at an earlier stage in their disease
and some underwent the procedure as bridging for
transplantation.

The TACE procedure was first introduced in 1974 by
[18]
Doyon et al
and was performed in our institute
with the following modifications. In brief: Classical
Seldinger catheterization with an end-hole angiographic
catheter was used. Arteriography of the celiac trunk
or the superior mesenteric artery was obtained to
visualize the arterial vascularization of the liver. The
same catheter was used for both drug injection and
embolization. Selective injection was performed unless
technical difficulties prevented selective catheterization.
If the hepatic artery was occluded, an attempt was
made to catheterize extrahepatic collaterals supplying
the liver such as the inferior diaphragmatic, gastroduodenal and left gastric arteries. The therapeutic
emulsion contained Adriamycin and Lipiodol. The
emulsion was injected into the hepatic artery distal
to the gastroduodenal artery origin. Gelatin sponge
particles, 1-2 mm in diameter, were then utilized to
embolize the feeding vessels until a markedly reduced
flow was observed. Particle size and arterial slow-down
intensity) as evaluated fluoroscopically) were adapted
to the status of the hepatic portal perfusion, being less
aggressive (larger particles and lesser degree of arterial
slowdown) in cases of poor hepatic portal perfusion.
Patients received 1.5 l/d of intravenous fluid from 24 h
before to 48 h after treatment. Cefamezin (1 g) and
Dexamethasone (10-20 mg) was given 1 h before
the procedure. Patients underwent repeated TACE
procedures according to tumor viability and clinical
condition as assessed by a multi-disciplinary team.

MATERIALS AND METHODS
Patients and data collection

We retrospectively analyzed prospectively-collected
data from manual and computerized medical records
of 167 HCC patients at Tel-Aviv Medical center, a
tertiary center with a liver transplantation service, who
underwent the TACE procedure between the years
2000 and 2015. We excluded patients with fibrolamellar
HCC, mixed cholangio-hepatocellular carcinoma and
sarcomatous type HCC.
Data was collected for 161 patients (6 patients were
excluded because of missing data) during the 3 mo
period before the first TACE procedure. Baseline tumor
parameters including: maximum tumor diameter,
number of tumor nodules and presence of PVT - were
gathered from imaging reports carried out at Tel-Aviv
medical center. Labs including: blood count; routine
liver function tests, (total bilirubin, AST, ALKP, GGTP,
albumin) and plasma AFP levels; demographics and
overall survival information. The Tel-Aviv medical
center database management conforms to Israeli
legislation on privacy and this study was approved by
the institutional research committee in Tel-Aviv Medical
Center (Approval number: 0528-16-TLV) in accordance
with the ethical standards of the 1964 Helsinki
Declaration and its later amendments or comparable
ethical standards. We collected data to conform to
the previously described aggressiveness index (AgI):
including the following four parameters: Maximum
Tumor dimension, AFP, presence or absence of PVT,
and the number of tumor nodules. The AgI score was
calculated as follows: MTD (in tertiles): MTD < 4.5; 4.5
≤ MTD ≤ 9.6; MTD > 9.6; scores 1, 2, 3 respectively.
AFP (cut-off): AFP < 100; 100 ≤ AFP ≤ 1000; AFP >
1000 ng/ml; scores 1, 2, 3 respectively. PVT (No/Yes):
PVT (No); PVT (Yes); scores 1, 3 respectively. Tumor
Nodule (number): Nodules ≤ 3; Nodules > 3; scores
1, 3 respectively. The AgI score was divided into three
categories for Cox analysis (Table 1): a, score - < 4; b,
4 < score ≤ 7; and c, score ≥ 8.
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Statistical analysis

Mean and SD for continuous variables were used as
indices of centrality and dispersion of the distribution.
For non-normally distributed values it was necessary to
use a non-parametric methods, The Wilcoxon rank-sum
(Mann-Whitney) test, was used for continuous variables,
to test the comparisons between the AgI categories of
liver function parameters. The Cox proportional hazards
model was applied to evaluate the predictive factors
as categories of AgI score associated with overall
survival. The results were presented as HR with 95%CI.
Unconditional multiple logistic regression model was
used to evaluate the Odds-Ratio of the AgI score (≥ 4)
on the dichotomized Gamma Glutamyl-Transpeptidase
(GGTP). All variables were included together in the
model. The results were presented as OR with 95%CI.
In all models, Cox regression and Logistic regression,
the HR and the OR respectively, represent the risk for
one-unit variation of the predictor variable considered
as dummy variables. Patient survival between the two
categories of AgI score was estimated with the KaplanMeier method and comparison of survival was made
with the Breslow (generalized Wilcoxon) test. The log
rank test was used, due to the small proportion of
patients who died early. When testing the hypothesis of
significant association, p-value was < 0.05, two tailed
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Table 1 Multiple logistic regression of aggressiveness index (score = 4/score > 4) on liver function parameter
All models in total cohort

OR

Variables included together in the model
Total Bilirubin (mg/dL)
2.044
ALKP (IU/mL)
1.013
GGTP (IU/mL)
0.995
AST (IU/L)
1.002
Albumin (g/dL)
3.197
Platelets (× 109/L)
1.014
WBC (× 109/L)
0.811
Lymphocyte (× 109/L)
1.311
Final model from stepwise method in backward
ALKP (IU/mL)
1.014
GGTP (IU/mL)
0.996
Albumin (g/dL)
2.562

se(OR)

P value

95%CI

0.875
0.006
0.002
0.003
1.74
0.008
0.121
0.354

0.095
0.046
0.045
0.442
0.033
0.056
0.158
0.315

0.883 to 4.729
1.000 to 1.025
0.990 to 0.999
0.996 to 1.009
0.101 to 9.288
1.000 to 1.029
0.606 to 1.085
0.773 to 2.227

0.006
0.002
1.082

0.017
0.053
0.026

1.003 to 1.026
0.991 to 1.000
1.120 to 5.863

Aggressiveness index (sum of scores): MTD (in tertiles): MTD < 4.5; 4.5 ≤ MTD ≤ 9.6; MTD > 9.6; scores 1, 2, 3 respectively; AFP (cut-off): AFP < 100; 100
≤ AFP ≤ 1000; AFP > 1000; scores 1, 2, 3 respectively; PVT (no/yes): PVT (no); PVT (yes); scores 1, 3 respectively; nodules (number): Nodules ≤ 3; nodules
> 3; scores 1, 3 respectively. AFP: Alpha-fetoprotein; MTD: Maximum tumor diameter; PVT: Portal vein thrombosis; ALKP: Alkaline phosphatase; GGTP:
Gamma glutamyl transpeptidae; AST: Aspartate aminotransaminase; Hb: Haemoglobin; Plt: Platelet count; WBC: White blood cell.

patients were omitted because of missing data, leaving
161 patients in the final analysis. Sixty seven patients
were under surveillance for their underlying liver
disease. The median age was 64.24 ± 10.35 years, the
majority were males (n = 124, 74.25%) and 80.24%
had cirrhosis with complications, including ascites (n =
40), varices (n = 67), encephalopathy (n = 20), and
abdominal pain (n = 34) at diagnosis. Etiologies of the
underlying liver disease included: HCV (n = 91); HBV
(n = 35); NASH (n = 17); cryptogenic cirrhosis (n =
17); HCV and HBV (n = 3); ASH and HCV (n = 2);
Autoimmune hepatitis (n = 1), Alcoholic steatohepatitis
(n = 1). The mean AFP levels were 53.8 (range:
1-66000). Mean number of tumor nodules was 1.95
+ 1.39 and the MTD was 4.45 ± 2.65 cm. Twenty four
patients (14.37%) had PVT. Mean serum ALKP, GGTP,
bilirubin and albumin levels were 104.68 ± 110.73 IU,
152.26 ± 152.8 IU, 1.23 ± 0.80 (mg/dl) and 3.63 ±
1.93 (g/dl) respectively (Table 2).

Table 2 Characteristics of patients in the total cohort
1

Parameter

Value

Age (yr)
Sex (M) (%)
Cirrhosis (yes) (%)
AFP (ng/dL)
AFP (median, range)
AFP > 100 (%)
Number nodules
MTD (cm)
PVT (yes) (%)
Aggressiveness index score (%)
Score > 4
Total bilirubin (mg/dL)
ALKP (IU/mL)
GGTP (IU/mL)
AST (IU/L)
ALT (IU/L)
Albumin (g/dL)
Platelet count (× 109/L)
WBC (× 109/L)
Lymphocyte (× 109/L)
Survival time (median, range)

64.24 ± 10.35
124 (74.25)
134 (80.24)
1769.49 ± 7297.65
53.80 (1-66000)
54 (40.60)
1.95 ± 1.39
4.45 ± 2.64
24 (14.37)
75 (63.56)
1.23 ± 0.80
133.29 ± 74.74
152.26 ± 152.80
104.68 ± 110.73
77.85 ± 88.25
3.63 ± 1.93
113.78 ± 82.70
5.46 ± 2.59
1.41 ± 0.98
38 (3-175)

Survival analysis and AgI

Median survival from the time of HCC diagnosis to
death or transplantation was 38 mo (range 3-175 mo)
(Table 2). Seventy five (63.5%) patients had a score
of > 4 on the AgI (Table 2). The AgI was correlated
with survival. The 3-year survival probability for AgI of
> 4 vs < 4 was 42.4% vs 61.8%; p < 0.0863, from
the time of diagnosis by Kaplan-Meier plot (Figure 1).
Moreover, according to the univariate Cox proportional
hazard model for mortality with AgI score of > 4, there
was a HR of 2.18 (95%CI: 1.108-4.310, P < 0.024)
(Table 3).

1

All values: mean ± SD for continuous variables; Aggressiveness Index
(sum of scores): MTD (in tertiles): MTD < 4.5; 4.5 ≤ MTD ≤ 9.6; MTD
> 9.6; scores 1, 2, 3 respectively; AFP (cut-off): AFP < 100; 100 ≤ AFP ≤
1000; AFP > 1000; scores 1, 2, 3 respectively; PVT (no/yes): PVT (no);
PVT (yes); scores 1, 3 respectively; Nodules (number): Nodules ≤ 3;
Nodules > 3; scores 1, 3 respectively. AFP: Alpha-fetoprotein; MTD:
Maximum tumor diameter; PVT: Portal vein thrombosis; ALKP: Alkaline
phosphatase; GGTP: Gamma glutamyl transpeptidae; AST: Aspartate
aminotransaminase; ALT: Alanina amminotransferasi; Hb: Haemoglobin;
WBC: White blood cell.

for all analyses. Statistical analysis was performed with
State Corp 2007 State Statistical Software: release 10.
College Station, TX: StataCorp LP.

Correlation of AgI with other parameters

A univariate multiple logistic regression of AgI with 8
laboratory parameters was obtained and two baseline
laboratory parameters were found to independently
correlate with the AgI score (Table 1). Albumin’s
single unit change was associated with an OR of 3.19

RESULTS
Patients’ characteristics

A total of 167 patients were included in this study. Six
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Table 3 Cox proportional hazard model for death on aggressiveness index score and liver function parameters
All models in total cohort
Variables included together in the model
Aggressiveness Index
Score = 4 [Ref. category]
Score > 4
Total bilirubin (mg/dL)
ALKP (IU/mL)
GGTP (IU/mL)
AST (IU/L)
Albumin (g/dL)
Platelets (×109/L)
Final model from stepwise method in backward
Aggressiveness Index
Score = 4 [Ref. category]
Score > 4
GGTP (IU/mL)

HR

se(HR)

P value

95%CI

1
2.185
0.985
0.999
1.003
0.999
0.793
1.002

0.757
0.154
0.003
0.001
0.002
0.250
0.002

0.024
0.925
0.793
0.016
0.511
0.462
0.161

1.108 to 4.310
0.725 to 1.339
0.993 to 1.005
1.001 to 1.006
0.995 to 1.003
0.427 to 1.472
0.999 to 1.006

1
2.263
1.003

0.748
0.001

0.013
0.001

1.184 to 4.327
1.001 to 1.004

Aggressiveness index (sum of scores): MTD (in tertiles): MTD < 4.5; 4.5 ≤ MTD ≤ 9.6; MTD > 9.6; scores 1, 2, 3 respectively; AFP (cut-off): AFP < 100; 100
≤ AFP ≤ 1000; AFP > 1000; scores 1, 2, 3 respectively; PVT (no/yes): PVT (no); PVT (yes); scores 1, 3 respectively; nodules (number): Nodules ≤ 3; nodules
> 3; scores 1, 3 respectively. AFP: Alpha-fetoprotein; MTD: Maximum tumor diameter; PVT: Portal vein thrombosis; ALKP: Alkaline phosphatase; GGTP:
gamma glutamyl transpeptidae; AST: Aspartate aminotransaminase; Hb: Haemoglobin; Plt: Platelet count.

1.0

Categories
Score = 4
Score > 4
P < 0.08631

0.9

Survival probability

0.8
0.7
0.6
0.5
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0.3
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0
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Figure 1 Kaplan-Meier survival plots between categories of aggressiveness Index, in total cohort. Aggressiveness index as sum of scores, MTD (in tertiles):
MTD < 4.5; 4.5 ≤ MTD ≤ 9.6; MTD > 9.6; scores 1, 2, 3 respectively; AFP (cut-off): AFP < 100; 100 ≤ AFP ≤ 1000; AFP > 1000 ng/mL; scores 1, 2, 3 respectively;
PVT (no/yes): PVT (no); PVT (yes); scores 1, 3 respectively; Tumor nodules (number): Nodules ≤ 3; nodules > 3; scores 1, 3 respectively. 1Wilcoxon (breslow) test.
MTD: Maximum tumor diameter; AFP: Alpha-fetoprotein; PVT: Portal vein thrombosis.

(95%CI: 0.101-9.299), followed by ALKP with an
OR of 1.01 (95%CI: 1.000-1.025) (Table 1). These
two parameters were then assessed in a multivariate
multiple logistic regression to a final model which
showed the following correlation: Albumin with an OR
of 2.56 (95%CI: 1.120-5.863) followed by ALKP with
an OR of 1.01 (95%CI: 1.003-1.026) (Table 1).
A univariate Cox proportional hazard model for
mortality with AgI score and liver function parameters
was performed. We found that only GGTP levels and
the AgI were independently associated with survival
of the HCC patients following TACE (Table 3). We used
our cohort to validate the previously described AgI. An

WJG|www.wjgnet.com

AgI with the score > 4 had HR for mortality of 2.18
(95%CI: 1.108-4.310, P < 0.024). GGTP’s single unit
change had an HR for mortality of 1.003 (95%CI:
1.001-1.006, P < 0.016). We considered them in the
final multivariate model with the total cohort. An AgI
with the score > 4 had an HR for mortality of 2.26
(95%CI: 1.184-4.327, P < 0.016). GGTP had an HR of
1.003 (95%CI: 1.001-1.004, P < 0.001) (Table 3).

Comparison of GGTP level groups

We then compared the HCC patients (Table 4)
dichotomized by GGTP levels of 100IU/L (< 100/> 100)
based on a previous finding that there is a marked
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Table 4 Comparisons in hepatocellular carcinoma patients among dichotomization of gamma glutamyl transpeptidase (≤ 100/>
100 IU/L), in the total cohort
GGTP (IU/L)
1

Parameter

Total bilirubin (mg/dL)
ALKP (IU/mL)
GGTP (IU/mL)
AST (IU/L)
Albumin (g/dL)
Platelets (× 109/L)
Aggressiveness index (%)
Score > 4
Survival at time (%)
1 yr
2 yr
3 yr

≤ 100 (n = 81) (50.31%)

> 100 (n = 80) (49.69%)

P 2 value

1.25 ± 0.75
104.55 ± 42.06
55.44 ± 24.46
93.61 ± 79.10
3.70 ± 2.68
100.14 ± 61.45

1.19 ± 0.87
160.92 ± 89.79
250.29 ± 165.35
115.45 ± 137.27
3.56 ± 0.57
129.60 ± 100.06

0.17
< 0.0001
< 0.0001
0.06
0.13
0.02

33 (56.90)

42 (75.00)

0.043

68 (87.18)
52 (66.67)
39 (50.00)

54 (70.13)
37 (48.05)
25 (32.47)

0.013
0.023
0.033

1

All values: mean ± SD; 2Wilcoxon rank-sum (Mann-Whitney) test; 3Test Z for proportions. Aggressiveness index (sum of scores): MTD (in tertiles): MTD < 4.5;
4.5 ≤ MTD ≤ 9.6; MTD > 9.6; scores 1, 2, 3 respectively; AFP (cut-off): AFP < 100; 100 ≤ AFP ≤ 1000; AFP > 1000; scores 1, 2, 3 respectively; PVT (no/yes):
PVT(no); PVT(yes); scores 1, 3 respectively; nodules (number): Nodules ≤ 3; nodules > 3; scores 1, 3 respectively. AFP: Alpha-fetoprotein; MTD: Maximum

Gamma glutamyl transpeptidae (IU/mL) (ln)

tumor diameter; PVT: Portal vein thrombosis; ALKP: Alkaline phosphatase; GGTP: Gamma glutamyl transpeptidae; AST: Aspartate aminotransaminase;
Hb: Haemoglobin; Plt: Platelet count.

shown to have prognostic value in predicting survival of
HCC patients. Our goal was to validate the usefulness of
the recently-described HCC AgI, in a novel HCC cohort
and to assess its usefulness in patients that underwent
TACE while trying to identify additional laboratory
serum parameters to improve its accuracy. We excluded
patients with fibrolamellar HCC, mixed cholangiohepatocellular carcinoma and sarcomatous type HCC,
because of their rarity and their variant clinical course
which may be different then “regular” HCC.
The AgI was recently reported and includes the
following tumor parameters: maximum tumor diameter,
number of tumor nodules and presence of PVT and
plasma AFP levels.
Our cohort included patients with multiple underlying
liver diseases and can be widely generalized, in contrast
to the original cohort, where the underlying etiology of
the liver disease was not specified.
HCC tumor parameters were previously shown to
have prognostic value and were used in various staging
[20]
[7]
systems . In a 2011 paper by Hu et al , analyzing
data from 362 patients undergoing TACE, all 4 of
the AgI parameters were found to be independently
significant predictors of patient’s survival. Maximal
tumor size (HR = 1.66, p < 0.002), Portal vein invasion
(HR = 2.39, p < 0.001), Tumor nodule number (HR
= 1.92, p < 0.001), and AFP value (HR = 1.54, p <
0. 003). Portal vein invasion was associated with a
marked decrease in patients’ survival, while the other
parameters had only a modest effect on survival.
However, combining them in the AgI increased their
predictive power considerably. Furthermore, in their
original paper the authors used single categories
for each parameter, whereas the AgI divides each
parameter into tertiles refining the scoring. We similarly
show that combining these parameters in our specific
population of patients that underwent TACE increases

8
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2

0
-0.5

0

0.5

1.0

1.5

2.0

2.5

3.0

Maximum tumor diameter (cm) (ln)

Figure 2 Scatterplots between maximum tumor diameter (cm) and gamma
glutamyl transpeptidae (IU/mL) (Spearman's rho = 0.2604, P = 0.0012),
together with linear regression line of gamma glutamyl transpeptidae on
maximum tumor diameter, in total cohort. All transformed into natural
logarithm. ln, natural logarithm; Fitted values (-------).

difference in survival of patients with HCC between
[19]
these values . The GGTP < 100 group had 81 patients
and the GGTP > 100 had 80 patients. The GGTP > 100
group had higher liver enzyme levels: ALKP = 160.92
+ 89.79 vs 104.55 + 42.06; respectively (p < 0.0001)
(Table 4). The 1 and 3 year survival was 17% higher in
the GGTP (< or =) 100 group (87.18% vs 70.1% and
50% vs 32.47%, p = 0.01 and p = 0.03, respectively)
(Table 4). We also assessed correlation between
laboratory parameters and MTD. Gamma-glutamyltranspeptidase levels (IU/ml) and the Maximum Tumor
Diameter (cm) showed a low positive correlation with a
Spearman’s coefficient of r = 0.2604 and a p-value of
0.0012 with a linear regression line (Figure 2).

DISCUSSION
Tumor factors and liver function parameters were
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their predictive power.
Our patients had smaller tumors and longer survival
time for both of the < 4 and > 4 score groups compared
[21-23]
to previously reported groups
. The fact that most
of the patients had an underlying liver disease and
40% were under a strict surveillance program made it
possible to detect HCC at an early stage.
We found a significant increase in HR for death in
patients with an AgI > 4, thus expanding the original
observation to our patient population (Table 3).
Our second goal was to examine possible correlation
between the AgI and other laboratory parameters of
liver function (Table 1). We focused on 8 parameters
that were previously shown to be associated with
prognosis in HCC patients. Included were albumin
and bilirubin which are part of the CPT score. Also
included were markers of liver damage such as AST,
[15]
ALK and GGTP . Finally we looked at the hematologic
parameters; platelets that were previously shown to
[16]
be associated with tumor aggressiveness
and WBC
and Lymphocytes, that were considered because
Neutrophils to Lymphocytes ratio predicted overall
[13]
survival in HBV-related HCC patients after TACE .
Other parameters that may better predict liver
function or tumor aggressiveness such as Indocyanine
[24]
Green (ICG) clearance and Des-Gamma carboxypro
thrombin (DCP) were excluded because they were
not routinely utilized in our center and are not in wide
[25,26]
clinical use
.
[10,11,27]
In contrast to previous reports
, and although
albumin was correlated to AgI, we were unable to
show that albumin is an independent predictor of
survival in our cohort. We attribute this discrepancy
to the fact that in a large portion of our cohort the
tumor was discovered early when tumor parameters
were favorable and liver function relatively preserved.
Therefore, most of the patients (n = 110) had Albumin
levels within the normal range.
[15,16]
Similar to previous reports
we also found
elevated GGTP, to be an independent risk factor for
mortality (HR = 1.003; 95%CI: 1.001-1.004; p <
0.001). In earlier publications, elevated levels of GGTP
were found to be a poor prognostic factor after liver
transplantation and before liver resection as they were
associated with advanced tumor stage and aggressive
[28,29]
tumor behaviors
. This factor can now be used as a
predictor of prognosis in the population of TACE treated
HCC patients.
We divided GGTP into two groups with a cutoff of
100IU/L (< 100/> 100). The group with the higher
GGTP (> 100) had higher AgI score (52.5% compared
with 40.7%) and lower survival at 1 and 3 years.
(87.18% vs 70.1% and 50% vs 32.47%, p = 0.01, 0.03
respectively). In a recently published paper by Barman
[30]
et al , focusing on patients undergoing TACE, it was
noted that survival was higher among those patients
with well-preserved liver synthetic function.
We were unable to show that other laboratory
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parameters associated with CPT (Bilirubin and INRdata not shown) were independently associated with
prognosis. Other studies assessing these factors, show
conflicting results. A previously published study found
that elevated bilirubin (HR = 4.2; 95%CI: 2.2-7.9; p
< 0.001) was a significant independent risk factor for
mortality in 84 consecutive patients with HCC treated
with TACE as first-line or second-line treatment that
[31]
were enrolled between 2004 to 2009 . In contrast, a
study of 109 patients who underwent TACE from 2006
to 2012 in a veterans hospital in the United States, did
not show any single component of Child-Pugh score to
[30]
be a predictor of survival . The authors explain their
results stating that their population was mostly males
with HCV and dissimilar to previously published studies
in which the population was mostly Asian with HBV and
preserved liver function. These discrepancies suggest
that different factors may predict tumor aggressiveness
in different patient populations.
We concluded that the AgI is a validated tool to
predict overall survival in unresectable HCC patients
undergoing the TACE procedure. We further suggest
that it can be combined with elevated GGTP levels,
elevated levels of ALKP and decreased levels of
albumin to improve its prognostic yield in this patient
population.

ARTICLEHighlights
HIGHLIGHTS
Article
Research background

Hepatocellular carcinoma (HCC) is a common and deadly cancer. Transterial
chemoembolization (TACE) is the treatment of choice for non-operable,
intermediate stage HCC.

Research motivation

there is a need to identify prognostic indices in HCC patients undergoing
TACE. An “HCC aggressiveness index (AgI)” incorporates 4 tumor-related
parameters: maximum tumor diameter (MTD), number of tumor nodules, portal
vein thrombosis (PVT) and serum alpha fetoprotein (AFP) levels. This score
predicts survival in HCC patients.

Research objective

To identify novel biomarkers to predict survival following TACE and combine
them with the AgI.

Research methods

We retrospectively analyzed data from 167 patients with HCC that underwent
TACE at Tel-Aviv Medical center from 2000 to 2015. Baseline tumor parameters
including: maximum tumor diameter, number of tumor nodules and presence
of PVT; labs including: blood count; routine liver function tests and plasma AFP
levels; demographics and overall survival information were all collected. The
Cox proportional hazards model was applied to identify the correlation of AgI
with overall survival and analyze laboratory factors’ associated with the AgI.

Research results

The AgI was correlated with survival. The 3-year survival probability for AgI
of > 4 vs < 4 was 42.4% vs 61.8%; p < 0.0863, from the time of diagnosis by
Kaplan-Meier plot. Moreover, According to the univariate Cox proportional
hazard model for mortality with AgI score of > 4, there was a HR of 2.18 (95%CI:
1.108-4.310, P < 0.024). We found that only GGTP levels and the AgI were
independently associated with survival of the HCC patients following TACE.
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Research conclusions

AgI was validated as a useful predictor of survival in HCC patients undergoing
TACE. Combining the AgI with liver function parameters may improve its
prognostic yield in this patient population.

15
16

Research prospective

This novel score can be used to assess prognosis in HCC undergoing TACE.
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Abstract

Institutional review board statement: The study was approved
by the Danish Data protection Agency, journal no: 04054, ID:
AHH-2015-075.

AIM
To develop a scale of domains associated with the
health-related quality-of-life (HRQOL) in patients with
cirrhosis-related ascites.

Informed consent statement: All participants signed an
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METHODS
We initially undertook literature searches and a quali
tative study in order to design a cirrhosis-associated
ascites symptom (CAS) scale describing symptoms
with a potential detrimental impact on health related
quality of life (HRQL) (the higher the score, the worse
the symptoms). Discriminatory validity was assessed
in a validation cohort including cirrhotic patients with
(1) tense/severe; (2) moderate/mild; or (3) no ascites
(controls). Patients also completed chronic liver disease
questionnaire (CLDQ) and the EuroQoL 5-Dimensions
5-Level (EQ-5D-5L) questionnaire evaluating HRQL.
The relation between scale scores was analysed using
Spearman correlations.

cirrhosis and ascites are alive, five years after the
initial diagnosis. In addition, the severity of symptoms
associated with ascites may have a detrimental impact
on health-related quality of life (HRQL). Five previous
studies have evaluated the HRQL in patients with
cirrhosis using generic questionnaires including the
Medical Outcome Study Short Form 36 (SF-36), the
Nottingham Health Profile and the Sickness Impact
[3-7]
Profile . All studies found that cirrhosis is associated
with a detrimental effect on HRQL. None of the studies
were designed to evaluate the association between
ascites severity and the quality of life. However,
one study found that disease progression, including
development of ascites, is associated with an impaired
[7]
HRQL . Disease-specific questionnaires developed for
the assessment of HRQL in patients with liver disease
[8,9]
and cirrhosis have reached similar conclusions . The
questionnaires include aspects that are of particular
relevance to patients with cirrhosis, such as concerns
about complications and liver transplantation. The 29
item chronic liver disease questionnaire (CLDQ) was
used to evaluate HRQL in 204 patients representing all
[10]
stages of various liver diseases . The scale correlates
with the severity of the underlying liver disease and
is also associated with active medical and psychiatric
comorbidity. Liver failure, development of minimal
hepatic encephalopathy, malnutrition, abdominal pain,
[11,12]
fatigue, and anxiety may also affect HRQL
.
None of previous studies specifically evaluated the
association between the severity of ascites related
symptoms and HRQL. However, it is likely that the
severity of symptoms is important.
In clinical trials of medical interventions, HRQL as
well as symptom management are important para
meters in the assessment of intervention benefits and
[4,5,13,14]
harms
. A study including 212 outpatients with
cirrhosis found that the management of cirrhosis-related
complications is associated with improved HRQOL
assessed using the Medical Outcomes Study Form, SF-36
and CLDQ questionnaires. The study found that ascites
as well as a decrease in haemoglobin and previous
[15]
hepatic encephalopathy predicted the HRQOL .
We therefore developed and evaluated the predictive
ability of a scale specifically made to assess symptoms
related to cirhosis-associated ascites. We subsequently
undertook a multicenter cohort study to evaluate the
association between our scale and a disease specific
scale (CLDQ) as well as a generic HRQL questionnaire
(EQ-5D-5L).

RESULTS
The final CAS scale included 14 items. The equivalent
reliability was high (Chronbach’s alpha 0.88). The
validation cohort included 103 patients (72% men,
mean age 62.4 years). The mean scores for each
question in the CAS scale were higher for patients
with severe/tense ascites than for mild/moderate
ascites and controls. Compared with controls (mean
= 9.9 points), the total CAS scale score was higher for
severe/tense ascites (mean = 23.8 points) as well as
moderate/mild ascites (mean = 18.6 points) (P < 0.001
both groups). We found a strong correlation between
the total CAS and CLDQ score (rho = 0.82, P < 0.001)
and a moderate correlation between the CAS and the
EQ-5D-5L score (0.67, P < 0.001).
CONCLUSION
The CAS is a valid tool, which reflects HRQOL in patients
with ascites.
Key words: Health-related quality-of-life; Cirrhosis;
Symptom burden; Symptom assessment
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This paper presents a newly generated
cirrhosis-associated ascites symptom scale consisting of
14 items. The questionnaire addresses relevant questions
of symptom burden of cirrhosis-associated ascites, takes
only five minutes to complete and correlates strongly
with chronic liver disease questionnaire score in patients
with cirrhosis and ascites.
Riedel AN, Kimer N, Jensen AS, Dahl EK, Israelsen M, Aamann
L, Gluud LL. Development and predictive validity of the
cirrhosis-associated ascites symptom scale: A cohort study of
103 patients. World J Gastroenterol 2018; 24(15): 1650-1657
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i15/1650.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i15.1650

MATERIALS AND METHODS
The present study was conducted as a multi-center
study, with participation of three university hospitals in
Denmark: Copenhagen University Hospital Hvidovre,
Odense University Hospital and Aarhus University Hospital.
The study was approved by the Danish Data protection
Agency, journal no: 04054, ID: AHH-2015-075.
The development of the cirrhosis-associated ascites
symptom (CAS) scale included a literature review and a

INTRODUCTION
[1,2]

Ascites is a serious complication to cirrhosis . Without
liver transplantation, only about 55% of patients with
WJG|www.wjgnet.com
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Table 1 Cirrhosis-associated ascites symptom scale in Danish
Please answer the following questions with a cross or tick with regards to how you have felt in the past four weeks.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Nej

Sjældent

Indimellem

Ofte

No

Rarely

Sometimes

Often

Har du ondt i maven?
Do you have stomach ache?
Har du ømhed i maven?
Does your stomach feel sore?
Har du kvalme?
Do you feel nauseous?
Har du madlede?
Do you feel an aversion for food?
Har du nedsat appetit?
Do you experience a loss of appetite?
Har du ændret afføring?
Have you experienced a change in your stool?
Har du følt dig utilpas?
Have you felt uncomfortable?
Er du træt?
Are you tired?
Har du åndenød?
Do you experience a shortness of breath?
Har du svært ved at trække vejret helt igennem?
Do you feel troubled when breathing deeply?
Har du svært ved at få tøj eller sko på?
Are you disabled when dressing or putting on shoes?
Har du svært ved at komme rundt derhjemme?
Do you experience difficulties in mobility at home?
Har du svært ved at gå?
Do you experience trouble walking?
Har du ondt i benene?
Do your legs hurt?

qualitative study to evaluate face and content validity as
well as discriminatory ability.
We initially searched for previously validated scales
in MEDLINE and EMBASE (‘ascites’ AND (‘quality of life
[Mesh]’ OR ‘life quality’ OR ‘health-related quality of
life’ OR ‘health related quality of life’ OR ‘symptoms’)
AND (‘cirrhosis’ OR ‘end-stage liver disease’). The
searches were combined with manual searches of
reference lists in potentially relevant articles and
conference proceedings. None of our searches identified
questionnaires evaluating symptoms associated with
ascites.
We then proceeded with a qualitative study. Ini
tially, the study group and ten independent experts
identified and listed what they believed were the
most important symptoms with an expected negative
impact on HRQL (six hepatologists and four nurses with
clinical experience in the management of patients with
ascites from Gastro Unit, medical division, Copenhagen
University Hospital Hvidovre, were interviewed). In
our selection of symptoms (domains), we decided that
they should occur frequently or be severe enough to
have substantial impact on daily function in order to be
considered for our scale.
After the selection of domains, we first conducted
open interviews followed by structured interviews of
ten patients with cirrhosis and moderate (n = 4) or
severe ascites (n = 6). The interviews took place in a
quiet room in the hospital ward. The selected domains

WJG|www.wjgnet.com

were initially presented and patients were asked to
rate them (Supplementary Table 1) according to the
patient’s perceived ‘importance’, on the extent to which
the symptom had bothered them. Each patient was
then asked to complete the preliminary questionnaire
themselves and to answer a debriefing form with the
questions: (1) How long did it take to complete the
questionnaire? (2) Did you need assistance from others
to fill out the questionnaire? (3) Did you find any items
confusing or difficult to respond to (and if so, list the
items)? (4) Did you find any items upsetting? (5) Were
any important items missing? and (6) Do you have any
additional comments?
We revised the questionnaire instrument based
on the answers. One question, which patients found
upsetting and two questions, which patients found to
be irrelevant or unimportant were removed. Revisions
were decided by consensus among investigators.

Validation of the CAS scale (known group comparison)

After the development of the questionnaire, we
prospectively enrolled a validation cohort (known group
comparison) consisting of patients with cirrhosis of
any aetiology and (1) severe/tense ascites; (2) mild/
moderate ascites; and (3) no ascites as determined
through a combination of clinical assessments and
abdominal ultrasound. All gave their informed consent to
participate. Subjects were attending out-patient clinics
or were admitted to hospital ward with ascites as their
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Table 2 Patient characteristics according to degree of ascites n (%)
Control group, no ascites (n = 31)
Age: mean (SD)
Gender: Males
Etiology
Alcohol
Viral
Alcohol and viral
Other
MELD score: mean (SD)
Child PUGH: mean (SD)
Class A
Class B
Class C
Laboratory values (SD)
Hemoglobin (mmol/L)
White blood cells (× 109/L)
Platelets (mmol/L)
Albumin (g/L)
Cogulation factor Ⅱ, Ⅶ, Ⅹ (INR)
Creatinine (μmol/L)
Sodium (mmol/L)
Potassium (mmol/L)

Mild/moderate (n = 27)

Tense (n = 45)

Total (n = 103)

61.5 (8.4)
23 (74)

62.3 (10.2)
19 (70)

63.1 (11.3)
32 (71)

62.4 (10.1)
74 (72)

28 (90)
1 (3)
1 (3)
3 (10)
10.1 (3.3)
6.2 (1.8)
19 (61)
7 (23)
2 (6)

22 (81)
2 (7)
1 (4)
4 (15)
14.8 (6.2)
8.1 (1.3)
4 (15)
17 (63)
2 (7)

38 (86)
3 (7)
3 (7)
6 (13)
15.9 (6.3)
9.1 (1.4)
27 (60)
12 (27)

88 (86)
6 (6)
5 (5)
13 (13)
13.8 (6.0)
7.9 (1.9)
23 (22)
51 (50)
16 (16)

8.4 (1.4)
6.9 (2.6)
145 (65)
35 (5.8)
1.3 (0.3)
74 (17)
138 (3.6)
4.1 (0.4)

7.1 (1.2)
7.2 (3.9)
158 (95)
29 (5.9)
1.4 (0.3)
87 (29)
134 (5.9)
4.3 (0.5)

6.4 (1.4)
7.3 (3.5)
160 (87)
30 (14)
1.5 (0.5)
94 (48)
132 (6.9)
4.2 (0.7)

7.2 (1.6)
7.1 (3.3)
155 (83)
31 (10)
1.4 (0.4)
86 (37)
135 (6.3)
4.2 (0.6)

There were no patients in Child Pugh Class A with tense ascites.

primary problem. Subjects with hepatic encephalopathy
or other cognitive disability were excluded.
Subjects completed the following scales and qu
estionnaires: (1) CAS scale; (2) Chronic Liver Disease
[9]
[16,17]
Questionnaire ; and (3) EQ-5D-5L questionnaire
.

alpha was 0.88 for the total score, which we considered
as acceptable. The validation cohort included 103
patients.
Demographic data are stated in Table 2. Seventyfour were male (72%) and mean age was 62.4 years
(range 38-85). The proportion of patients with Child
Pugh A was 24%, Child Pugh B: 58% and Child Pugh C:
19%. Forty-four percent had severe/tense ascites and
27% had mild/moderate ascites. A control group of 31
patients (30%) had no ascites.

Statistical analysis

Statistics were calculated using STATA IC v14 R2 and
GraphPad Prism v6. We used the Crohnbach’s alpha to
assess equivalent reliability. We defined discriminant
validity as the ability of the questionnaire to discriminate
between the severity of ascites. Discriminant validity
was evaluated using Dunnett’s test to adjust for multi
ple comparisons. The severe and mild ascites groups
(assuming that this group has fewer and less severe
symptoms than patients with severe ascites) were
compared with the control group and P-values < 0.05
were considered significant. We originally planned to
evaluate convergent validity with previously validated
scales assessing symptoms or HRQOL associated with
ascites. Since no previous scales were identified, we
used the CLDQ and the EQ-5D-5L. We compared scale
scores using Spearman correlation and included the (1)
CAS scale; (2) CLDQ; (3) CLDQ subscale parameters;
and (4) EQ-5D-5L. The CLDQ subscale parameters
are defined domains consisting of specific questions
in the CLDQ questionnaire. These domains include
fatigue, emotional function, worry, activity, abdominal
[9]
symptoms and systemic symptoms .
Correlations higher than 0.70 were considered
strong and values below 0.40 were interpreted as poor.

Discriminant validity

The mean scores for each question in the CAS scale
suggested that symptoms were worse for patients with
severe/tense ascites than for controls (Figure 1).
Symptoms also appeared worse for patients with
mild/moderate ascites. Accordingly, the CAS scale
score found that patients with severe/tense ascites or
moderate/mild ascites had significantly worse scores
compared with controls (P < 0.001 and P < 0.001;
Figure 2).
As expected, patients with severe/tense ascites
had the worst symptoms scores. Based on the CLDQ
questionnaire, tense/severe ascites had a detrimental
impact on HRQOL compared with controls (P < 0.001)
as did moderate/mild ascites (P = 0.002). The EQ-5D5L also found a lower HRQOL in patients with severe/
tense ascites (P = 0.002) or moderate/mild ascites (P
= 0.038).

Convergent validity

We found a strong correlation between the CAS and
the CLDQ total score (Spearman’s rho = 0.82, P <
0.001) as well as the CLDQ subscores; fatigue (0.78,
P < 0.001), activity (0.81, P < 0.001) and systemic

RESULTS
The final scale included 14 items (Table 1). Chronbach’s
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to the impact of low quality of life affecting all aspects
of life, allowing a total low score higher statistical
significance. The CAS versus EQ-5D-5L correlation was
moderate. The EQ-5D-5L is a generic scale which aims
[16,18,19]
at examining non-disease specific HRQL
, and
specific symptoms related to cirrhosis and ascites may
be undetected by this questionnaire. On the contrary,
the CLDQ is created for patients with chronic liver
disease, and it includes questions concerning ascites
related symptoms and gains a stronger correlation with
the CAS score.
To our knowledge, no previous study has developed
and validated a questionnaire specifically aimed at
evaluating HRQL in patients with ascites. However,
previous literature describes correlations between
[7,12,20]
disease severity in chronic liver disease and HRQL
.
One study found that ascites had significant effects on
[7]
self-related disease progression in cirrhosis . Another
[12]
showed that ascites was not a predictor for HRQL
and two studies found that management of ascites may
[15,21]
improve HRQL
. In a study evaluating the impact
of the Medical Outcomes Study Short Form (SF-36)
on HRQL in 523 patients with cirrhosis and ascites, a
strong association between the physical component
score (PCS) and leg edema, history of previous hepatic
encephalopathy, severe ascites and low serum sodium
[22]
levels were found . The PCS includes questions on
physical role, physical functioning, and body pain and
general health. Also, a lower mental component score
in the SF-36 was associated with low levels of serum
sodium and treatment with lactulose. Hence, several
factors influence HRQL when measured by SF36 and
the impact of ascites was not clearly established by this
study.
The CAS score comprises only 14 questions with
high compliance to answering, takes only five minutes
to complete and is readily implemented in daily clinic.
The present study supports the results implying corre
lation between ascites severity and HRQL assuming
that the CAS scale is valid and reliable. Progression in
liver disease (e.g., measured by Child Pugh score which
includes presence of ascites) is associated with ascites
severity grade. This argues that our results support
previous literature finding a correlation between liver
disease severity and HRQL.
Our study has some considerable weaknesses.
The relatively small sample size is one of the main
limitations. Moreover, the majority of patients had
cirrhosis due to alcohol. Dependency of alcohol,
concomitant diseases related to alcohol use or cirrhosis
that may impact physical health was not assessed in our
cohort. Malnutrition is a serious complication to cirrhosis
[23]
with impact on HRQL . Also, impact of socioeconomic
[24,25]
factors may influence quality of life substantially
.
Future studies may address the synergy between various
factors affecting quality of life in cirrhosis and ascites.
The CAS scale is a specific scale evaluating the impact
of symptoms related to ascites. When assessing overall
quality of life on chronic liver disease or the impact of

Table 3 Correlation between cirrhosis-associated ascites
symptom score, EuroQoL 5-Dimensions 5-Level scale
questionnaire and chronic liver disease questionnaire total
score and subscores

Total EQ-5D-5L
Total CLDQ score
Fatigue
Emotional function
Worry
Abdominal symptoms
Activity
Systemic symptoms

Rho

P value

-0.67
-0.821
-0.781
-0.55
-0.47
-0.66
-0.811
-0.771

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

1

Strong correlations. CLDQ: Chronic liver disease questionnaire; EQ-5D5L: EuroQoL 5-Dimensions 5-Level scale questionnaire.

3

Control
Mild/moderate ascites
Tense ascites

CAS score

2

1

0

0

1

2

3

4

5

6

7

8

9

10

11 12 13 14

Question no.

Figure 1 Mean cirrhosis-associated ascites symptom scores by question
number and ascites severity.

symptoms (0.77, P < 0.001) (Table 3). The CAS
correlation with the generic scale (EQ-5D-5L) was
moderate (0.67, P < 0.001).

DISCUSSION
We found that the developed CAS scale is effective
in discriminating between various severities of
ascites. It takes five minutes to perform and is easily
implemented in daily practice. Moreover the CAS
scale correlates strongly with the well-developed
[9]
liver disease-specific HRQL instrument, CLDQ . This
suggests that our symptom assessment scale reflects
the perceived HRQL of patients with cirrhosis and
ascites. The CLDQ subparameters: fatigue, activity and
systemic symptoms were likewise strongly correlated
with the CAS scale suggesting that these domains
are influential symptoms or functional limitations for
patient with ascites. Surprisingly, the subparameter
abdominal symptoms was not associated with the CAS
scale. This may be due to use of words or inaccuracy
of the questions, and will need further investigations
for clarification. The total CLDQ was better correlated
with CAS than each subparameter. This may be due
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A

In conclusion, the present construction and validation
of the CAS scale seems promising for future research in
the area of ascites symptom management and HRQL.
Initially the scale requires testing in other study setups
in order to clarify the quality and practicability of the
questionnaire. In future perspectives an optimized
and/or further validated version of the CAS scale can
be used as a monitoring tool in interventional trials
and to assess the effects of standardized treatment.
Ultimately the CAS scale can contribute to gaining
further knowledge on how to treat ascites effectively
and consequently improve patients’ quality of life.
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Research background

Cirrhosis is associated with a detrimental effect on health related quality
of life (HRQL). Disease-specific questionnaires have been developed for
the assessment of HRQL in patients with liver disease and cirrhosis. The
questionnaires include aspects that are of particular relevance to patients with
cirrhosis, such as concerns about complications and liver transplantation.
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Research motivation

No previous studies have specifically evaluated the association between the
severity of ascites related symptoms and HRQL. However, it is likely that the
severity of symptoms is important.
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Research objectives

We therefore developed and evaluated the predictive ability of a symptom
assessment scale specifically made to assess symptoms related to cirhosisassociated ascites. We subsequently undertook a multicenter cohort study to
evaluate the association between our scale and a disease specific scale (CLDQ)
as well as a generic HRQL questionnaire (EQ-5D-5L).

EQ-5D-5L index score divided by ascites severity group
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Research methods

Development of the cirrhosis-associated ascites symptom (CAS) scale included
a literature review, and a qualitative study to evaluate face and content
validity as well as discriminatory ability. We initially searched for previously
validated scales in MEDLINE and EMBASE. The searches were combined
with manual searches of reference lists in potentially relevant articles and
conference proceedings. We then proceeded with a qualitative study, where
ten independent experts identified and listed what they believed were the most
important symptoms with an expected negative impact on HRQL. Symptoms
should occur frequently or be severe enough to have substantial impact on
daily function in order to be considered for our scale.
We then conducted open interviews followed by structured interviews of
ten patients with cirrhosis and moderate (n = 4) or severe ascites (n = 6). The
selected domains were initially presented and patients were asked to rate them
according to the patient’s perceived ‘importance’, on the extent to which the
symptom had bothered them.
We revised the questionnaire instrument based on the answers.
After the development of the questionnaire, we prospectively enrolled
a validation cohort consisting of patients with cirrhosis of any aetiology and
severe, moderate or no ascites. All gave their informed consent to participate.
Subjects completed the following scales and questionnaires: CAS scale;
Chronic Liver Disease Questionnaire; and EQ-5D-5L questionnaire.
We used the Crohnbach’s alpha to assess equivalent reliability.
Discriminant validity was evaluated using Dunnett’s test to adjust for multiple
comparisons. We originally planned to evaluate convergent validity with
previously validated scales assessing symptoms or HRQOL associated with
ascites. Since no previous scales were identified, we used the CLDQ and
the EQ-5D-5L. We compared scale scores using Spearman correlation and
included the CAS scale, CLDQ, CLDQ subscale parameters, and EQ-5D-5L.
Correlations higher than 0.70 were considered strong and values below 0.40
were interpreted as poor.

0.7

0.6

0.5

Control

Mild/moderate

Tense

Figure 2 Median test scores with SEM divided by control, mild/moderate
and tense ascites respectively. A: CAS scale. Control vs mild/moderate, P <
0.001; control vs tense, P < 0.001; B: CLDQ. Control vs mild/moderate P = 0.002;
Control vs tense, P < 0.001; C: EQ-5D-5L. Control vs mild/moderate, P = 0.038;
Control vs tense, P = 0.002. CAS: Cirrhosis-associated ascites symptom scale;
CLDQ: Chronic liver disease questionnaire; EQ-5D-5L: EuroQoL 5-Dimensions
5-Level scale questionnaire.

multi-morbidity in cirrhosis; validated and recommended
scores such as SF36 or CLDQ should be used, with the
[9]
CAS scale as a supplement . Consequently, CAS scale
validation also requires further research on larger sample
size and applied on standardized groups of subjects. An
interesting study setup would be to test the CAS scale
on patients with cirrhosis presented with ascites before
and after treatment. Further, the CAS scale ought to be
tested as a monitoring tool for efficacy in intervention
trials, compared with CLDQ and SF-36 questionnaires.
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Research results

6

The final scale included 14 items. Chronbach’s alpha was 0.88 for the total
score, which we considered as acceptable. The validation cohort included 103
patients.
The proportion of patients with Child Pugh A was 24%, Child Pugh B: 58%
and Child Pugh C: 19%. Fourty-four percent had severe ascites and 27 percent
had moderate ascites. A control group of 30 percent had no ascites. The mean
scores for each question in the CAS scale suggested that symptoms were
worse for patients with severe ascites than for controls. The CAS scale score
found that patients with severe ascites or moderate ascites had significantly
worse scores compared with controls. Based on the CLDQ questionnaire,
severe ascites had a detrimental impact on HRQOL compared with controls
as did moderate ascites. The EQ-5D-5L also found a lower HRQOL in patients
with severe or moderate ascites. We found a strong correlation between the
CAS and the CLDQ total score as well as the CLDQ subscores; fatigue, activity
and systemic symptoms.

7

8

9

Research conclusions

This study has developed and tested a symptom assessment scale for the
impact of ascites in cirrhosis. The CAS scale is easy to use and correlates well
with more extensive QoL questionnaires.

10

Research perspectives

This study has brought focus to the impact and importance of effective
management of ascites in chronic liver disease.
The CAS scale should be tested in larger clinical and interventional trials,
preferably in combination with CLDQ or other generic health related quality of
life questionnaires.
The CAS scale should be tested in larger cohorts with various etiologies
for chronic liver disease and ascites, also in malignant ascites. The CAS scale
should also be tested in interventional trials in which the effect of a given
intervention on the CAS scale is evaluated, to demonstrate whether the CAS
scale is applicable as a monitoring tool in ascites.

11
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Abstract
AIM
To perform a systematic review and meta-analysis on
platelet-to-lymphocyte ratio (PLR) as a risk factor for
post-transplant hepatocellular cancer (HCC) recurrence.

Conflict-of-interest statement: The authors have no conflicts of
interest to declare.

METHODS
A systematic literature search was performed using
PubMed. Participants of any age and sex, who underwent
liver transplantation for HCC were considered following
these criteria: (1) studies comparing pre-transplant low
vs high PLR values; (2) studies reporting post-transplant
recurrence rates; and (3) if more than one study was
reported by the same institute, only the most recent was
included. The primary outcome measure was set for HCC
recurrence after transplantation.
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revised according to the PRISMA 2009 Checklist.
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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
A total of 5 articles, published between 2014 and 2017,
fulfilled the selection criteria. As for the quality of the
reported studies, all the investigated articles presented

Manuscript source: Invited manuscript
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an overall high quality. A total of 899 cases were
investigated: 718 cases (80.0%) were males. Three
studies coming from European countries and one from
Japan presented HCV as the main cause of cirrhosis. On
the opposite, one Chinese study presented a greater
incidence of HBV-related cirrhotic cases. In all the studies
apart one, the PLR cut-off value of 150 was reported.
At meta-analysis, high PLR value was associated with a
significant increase in recurrence after transplantation
(OR = 3.33; 95%CI: 1.78-6.25; p < 0.001). A moderate
heterogeneity was observed among the identified studies
2
according to the Higgins I statistic value.

1996, several other scores have been proposed in the
last decades with the intent to refine the selection of HCC
[5-8]
patients waiting for LT . Apart from tumor morphology,
also biology has been integrated into prognostic scores
in the last years: Thus, the markers alpha-fetoprotein
and des-gamma-carboxy-prothrombin, the radiological
response after locoregional therapies or the tumor
[9-13]
behaviour at PET scan have been largely investigated
.
Recently, also systemic inflammation has been added
as a possible value to add in the complex “mainframe”
[14]
of HCC selection . Among the different evaluated
markers, the neutrophil-to-lymphocyte ratio (NLR) has
been proposed as the most promising predictor of HCC
[15,16]
recurrence
. NLR has been also integrated into several
scores aimed at better select HCC patients waiting for
[17,18]
LT
. However, another less intensely investigated
ratio, namely the platelet-to-lymphocyte ratio (PLR), has
[19,20]
also reported interesting results
.
The main aim of the present study is to report a
systematic review of the literature and a meta-analysis
focused on investigating the role of PLR in the setting
of liver transplantation as a useful predictor of HCC
recurrence.

CONCLUSION
Pre-transplant high PLR values are connected with an
increased risk of post-operative recurrence of hepa
tocellular cancer. More studies are needed for better
clarify the biological mechanisms of this results.
Key words: Recurrence; inflammation; hepatocellular
cancer; liver transplantation; platelet-to-lymphocyte
ratio
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Poor data exist on the role of the inflammatory
marker platelet-to-lymphocyte ratio (PLR) and hepa
tocellular cancer (HCC) recurrence after liver trans
plantation. This is the first systematic review and metaanalysis specifically investigating the role of PLR in
the setting of liver transplant for HCC. Pre-transplant
high PLR values confirmed their utility as predictors of
recurrence, being connected with a 3.33-fold increased
risk of post-transplant HCC recurrence.

Search strategy

A systematic search was done in relation to relevant
studies focusing on the role of PLR in HCC patients
undergoing LT. The search strategy was done in accor
dance with the Preferred Reporting Items for Systemic
Reviews and Meta-Analysis (PRISMA) guidelines,
[21]
as well as PRISMA for abstracts . A search of the
electronic databases MEDLINE-PubMed, Cochrane
Library and EMBASE was conducted using the following
research terms: (liver transplant*[tw]) AND (plateletto-lymphocyte ratio[tw] OR PLR[tw]). Text word [tw]
was preferred respect to MeSH words with the intent to
identify In Process citations. Studies published before
March 6, 2018, were taken into consideration.

Lai Q, Melandro F, Larghi Laureiro Z, Giovanardi F, Ginanni
Corradini S, Ferri F, Hassan R, Rossi M, Mennini G. Plateletto-lymphocyte ratio in the setting of liver transplantation for
hepatocellular cancer: A systematic review and meta-analysis.
World J Gastroenterol 2018; 24(15): 1658-1665 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i15/1658.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i15.1658

Screening process

The present qualitative systematic review included a
priori search criteria of journal articles among adult (age
≥ 18 years) human patients. Studies were limited to
the English language. We defined as enrollable all the
studies based on HCC patients having received LT in
which pre-operative PLR values were correlated with
the risk of post-LT HCC recurrence. Investigated time
to recurrence was set at 5 years after LT.
Exclusion criteria were: (1) papers lacking sufficient
details; (2) review articles; (3) nonclinical studies; (4)
expert opinions; (5) letters; (6) conference summaries;
and (7) case reports.

INTRODUCTION
Liver transplantation (LT) represents the best therapy
[1]
for the treatment of hepatocellular cancer (HCC) .
However, LT represents a scarce resource. As a
consequence, a careful selection of HCC patients must
be done preoperatively, with the intent to minimize
[2]
the risk of post-LT recurrence It is, in fact, clear that
transplanting too advanced tumors is connected with
[3]
a higher risk of poor post-LT outcomes . Moreover, an
error in the selection process corresponds to a “futile
transplant”, avoiding to transplant another patient in
[4]
the waiting list .
After the introduction of the Milan Criteria (MC) in
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Study selection

Two reviewers (QL and FM) independently screened
the identified studies and their extracted data. In case

1659

April 21, 2018|Volume 24|Issue 15|

Lai Q et al . PLR and HCC: A meta-analysis
Table 1 Quality of studies evaluated by the modified Newcastle-Ottawa scale
Ref.

Selection

Comparability

Selection of Definition of Comparable
controls
controls
for therapy

Outcome

Case
definition

Representativeness

Xia et al[24]

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Lai et al[25]

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Parisi et al[26]

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Nicolini et al[27]

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Harimoto et al[28]

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

of disagreement, the paper was discussed by all the
authors.

Integrity of
follow-up

Quality
score
★★★★
★★★★
★★★★
★★★★
★★★★
★★★★
★★★★
★★★★
★★★★
★★★★

the patients with high PLR values had poor prognoses
(higher risk of recurrence), whereas a result < 1 had
the opposite meaning. The analysis was performed
using OpenMEE software (http://www.cebm.brown.
edu/openmee/index.html).

Quality assessment

Selected studies were reviewed based on the repre
sentativeness of the study population, comparability of
cohorts, adequate assessment of outcomes, sufficient
length of follow-up, adequacy of follow-up, and source
of study funding. The quality of the papers was assessed
using the Newcastle-Ottawa Quality Assessment Scale
(NOS): studies with scores > 6 were defined as high[22]
quality studies .
NOS details of each selected study were reported
in Table 1. The characteristics coming from each study
were collected in Table 2. The following features were
collected: first author’s name, reference number,
number of patients, patient age, patient gender, waiting
time duration in months, model for end-stage liver
disease, underlying liver pathology, the diameter of the
major lesion and the number of tumors at the moment
of LT, the MC-OUT status at the moment of LT, AFP
value ≥ 200 ng/mL, any type of locoregional treatment
(LRT), the PLR cut-off used in the article, the area under
the receiver operator curve (ROC) for the diagnosis of
recurrence, the number of post-LT recurrences and the
5-year tumor-free survival (TFS).

RESULTS
The selection process of the articles is explained in
Figure 1.
As for the selection process according to the PRISMA
guidelines, the various examined databases provided
a total of 39 articles to screen. After removing the
duplicates and reading the title and the abstract, 28
articles were removed. Of the remaining 11 papers, 6
were not considered eligible after full-text evaluation.
Two studies coming from Hangzhou China were per
formed on the same population, so only one of these
[23,24]
studies was selected for the last analysis
.
Eventually, 5 articles were identified, with a total of
[24-28]
899 investigated cases (Table 2)
.
As for the quality of the reported studies, all the
investigated articles were retrospective cohort studies
all presenting the excellent NOS value of eight, thus
reporting the overall high quality of the studies focused
on this topic (Table 1).
In the selected series, median/mean age ranged
49-58 years. As for patient gender, 718 cases (80.0%)
were males. Three studies coming from European
countries and one from Japan presented HCV as the
main reason for underlying cirrhotic liver disease (298/556
cases; 53.6%). On the opposite, one Chinese study
presented a greater incidence of HBV-related cirrhotic
cases (320/343 cases; 93.3%).
Last radiology before LT was available in only three
studies, showing a median diameter of the major lesion
ranging 1.3-2.7 cm and a median single lesion (range
0-2). MC-OUT status was observed in 309 (34.4)
patients: interestingly enough, a great discrepancy
was observed among the reported studies, with one
series coming from Europe showing no cases exceeding
the MC, and the study coming from China presenting
58.0% of MC-OUT individuals. Different AFP cut-offs

Statistical analysis

Different PLR cut-offs were observed among the
identified studies. TFS end-point in the different studies
corresponded to 5 years after LT. Summary measures
were extracted from each study and used to generate
2
a pooled odds ratio (OR). Higgins I statistic was used
2
to assess heterogeneity. Higgins I statistic values of
0%-25%, 25%-50%, and > 50% were considered as
indicative of homogeneity, moderate heterogeneity,
and high heterogeneity, respectively. Only the randomeffects model was used, starting from the assumption
that a common OR was unreliable in the analyzed
studies due to the broad eligibility criteria and the
different used PLR cut-off values. OR was considered
statistically significant when the p-value was < 0.05. OR
and 95% confidence intervals (CI) > 1 revealed that
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Additional records identified
through references (n = 0)

Records identified through
database searching (n = 39)

Duplicates removed
(n = 18)

Screening

Records after duplicates
removed (n = 21)

Records excluded based on title, with
reasons (n = 10):
Letter to the editor (n = 2)
Off topic (n = 8)

Records screened (n = 11)

Included

Eligibility

Records excluded based on
abstract (n = 3)
Full-text articles assessed for
eligibility (n = 8)
Full-text articles excluded, with
reasons (n = 3):
Review article (n = 1)
Duplicate data (n = 1)
Off topic (n = 1)
Studies included in qualitative
synthesis (n = 5)

Figure 1 PRISMA flowchart of the literature search and study selection.

0.24), showing a moderate heterogeneity among the
examined studies (Figure 2).

were reported in the studies (200/300/400 ng/mL).
Also in this case, great discrepancies were observed
among the study coming from Hangzhou and the other
ones in terms of cases exceeding the reported threshold
values (48.1% vs 5.5%-15.8%). When reported, LRT
were performed in 47.3%-100.0% of cases.
Specifically investigating the PLR values, the cutoff of 150 was reported in all the series apart from the
study from Fukuoka Japan, in which the median value
of 70.4 was investigated. When the diagnostic power
of PLR in terms of HCC recurrence was investigated, an
area under the ROC curve of 0.63-0.70 was observed,
showing an acceptable-to-good ability of this variable
to diagnose post-transplant recurrence. A total of
180 (20.0%) cases exceeded the proposed threshold
values, with a percentage ranging 7.1%-51.1% in the
various series.
Five-year tumor-free survivals were reported in
four studies. In all of them, patients presenting high
PLR values had worse results, with a value ranging
81%-25% respect to the ones reported in patients with
low PLR values (95%-52%).
The binary random-effects meta-analysis showed
a strong relationship between poor TFS and elevated
PLR values (OR = 3.33, 95%CI: 1.78-6.25; p < 0.001).
2
Higgins I statistic presented a value = 26.8% (p =
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DISCUSSION
Until now, few data have been reported on the
predictive role of PLR as a risk factor for HCC recurrence
after liver transplant. Indeed, only five studies have
been identified in the present systematic review,
[24-28]
the first of whom published in 2014
. However,
although the number of reported cases is relatively
limited (n = 899), the biological effect of PLR looks to
be clear, with a strong correlation between high PLR
values and a greater risk for recurrence. According to
the results of the meta-analysis, subjects having preLT high PLR values present a 3.33-fold increased risk of
experiencing HCC recurrence after LT.
Interestingly enough, the only study in which the
PLR failed to be a prognostic tool for recurrence was
the sole in which only patients meeting the MC were
[26]
transplanted . Such an evidence should represent
a possible explanation for the observed results. It
is, in fact, possible that a direct correlation may
exist between higher PLR values and a progressively
increasing tumor aggressiveness (i.e., higher AFP and
greater tumor burden). As a possible confirmation of
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150

70

190

Parisi et al[26]

Nicolini et al[27]

Harimoto et al[28]

≥ 59:97

57 (51-62)

54 ± 7

58 (54-63)

107 (56)

62 (89)

125 (83)

116 (80)

308 (90)

NA

NA

2 (0-12)

8 (3-10)

NA

Male gender waiting time
(%)
(mo)

≥ 15:60

11 (7-15)

NA

11 (8-11)

13 ± 6

MELD
HBV = 320
Other = 23
HCV = 63
HBV = 26
Other = 57
HCV = 60
HBV = 34
Other = 56
HCV = 41
HBV = 15
Other = 14
HCV = 134
Other = 56

Underlying
disease

> 5:8

1.3 (0.0-2.1)

2.7

2.5 (1.7-3.5)

> 5:110

Major lesion
diam (cm)

> 3:41

1 (0-2)

1

1 (1-2)

> 3:91

Number
lesions

66 (35)

12 (17)

0 (-)

32 (22)

199 (58)

MC-OUT
(%)

30 (16)2

6 (9)1

13 (9)

8 (6)

165 (48)

ng/mL (%)

AFP ≥ 200

NA

70 (100)

71 (47)

136 (93)

222 (65)

LRT (%)

70.4

150

150

150

150

Cut-off

0.70

NA

NA

0.66

0.63

AUROC

97 (51)

5 (7)

17 (11)

28 (19)

33 (10)

> cut-off
(%)

28 (15)

8 (11)

19 (13)

14 (10)

NA

Recurr
(%)

< 70.4:95
≥ 70.4:76

< 150:89
≥ 150:50

NA

< 150: 52
≥ 150:25
< 150:92
≥ 150:81

5-yr TFS

AFP ≥ 400 ng/mL; 2AFP ≥ 300 ng/mL. MELD: Model for end-stage liver disease; MC: Milan Criteria; AFP: Alpha-fetoprotein; LRT: Locoregional treatment; AUROC: Area under the receiver operator curve; TFS: Tumor-free

146

Lai et al[25]

49 ± 10

Age

these data, all the series reported in the present study showed a gradient among PLR values, patients exceeding the MC and worse survival results.
This evidence has been observed also in an ITA.L.I.C.A. study in which a direct correlation between tumor dimension and the absolute number of platelets was
[29]
reported . Another study from Taiwan performed on more than 3000 HCC patients showed that platelets count efficaciously predicted extrahepatic metastases, even
[30]
better than AFP did .
The link between HCC and platelets has been recently documented also in a Korean study only investigating absolute platelets count and HCC recurrence. A platelets
9
value > 75 × 10 /L was connected with higher 5-year recurrence rates (28.2% vs 13.2% in patients with lower count; p = 0.002). Similarly, at multivariable analysis, a
significantly greater recurrence risk was confirmed in the high platelets group (HR = 1.90; 95%CI: 1.02-3.54; p = 0.04). Of interest, platelets count remained significant
as a risk factor for recurrence even when it was introduced in a multivariable model comprehending aspects of tumor biology and morphology. Thus, we can postulate
[31]
that platelets present an independent role in favouring tumor progression .
[32,33]
As a confirmation of this result, it has been well established that platelets are effector cells directly interacting with tumor cells in the metastatic cascade
.
During total hepatectomy for LT, some tumor cells may be observed in the bloodstream due to HCC manipulation, only needing a few hours to days to complete the
[33]
metastatic cascade . Platelets favour some of the mechanisms required for metastatic dissemination: For example, they favour tumor cell surviving in the bloodstream,
[34]
extravasation, initial seeding and tumor re-growth .
All these considerations present great repercussions from a clinical point of view: In fact, platelets might provide a potential therapeutic target for anti-hepatoma
treatments. Of interest, sorafenib already represents an anti-HCC drug directly acting against cellular pathways mediated by platelet-derived growth factors (i.e.,
[35]
vascular endothelial growth factor and platelet-derived growth factor) . Other therapies including cyclooxygenase inhibitors, protease-activated receptor inhibitors, and
[36]
glycoprotein IIb/IIIa inhibitors may further play an underestimated role in this phenomenon .
However, although the reported data suggest an effective biological correlation between platelets and tumor aggressive behaviour, we should underline that further
clinical studies trying to univocally demonstrate the biological role of platelets in the HCC oncogenesis are needed. Indeed, the present meta-analysis was in fact affected
2
by several potential shortcomings. First, moderate heterogeneity was observed among the studies investigated, as clearly shown by the reported Higgins I statistic
value (26.8%). Such a phenomenon was surely caused by the broad eligibility criteria for HCC and the different PLR cut-off values used in the different centers. It is, in

survival; HCV: Hepatitis C virus; HBV: Hepatitis B virus; NA: Not available.

1

343

n

Xia et al[24]

Ref.

Table 2 Demographic and clinical aspects of the selected studies
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Studies
Xia (24)
Lai (25)
Parisi (26)
Nicolini (27)
Harimoto (28)

Estimate (95%CI)
2.844 (1.281, 6.317)
5.286 (1.679, 16.640)
0.399 (0.050, 3.198)
6.556 (0.908, 47.315)
4.253 (1.638, 11.043)

2

Overall (I = 26.83%, P = 0.243) 3.332 (1.778, 6.245)

Weights
34.001%
21.454%
8.130%
8.904%
27.511%
56/243 124/656
0.05

0.1

0.25

0.5

1

2.49 3.33 4.99

9.97

24.93

47.31

Odds ratio (log scale)

Figure 2 Forest plot of odds ratios and 95% confidence intervals for the association between platelet-to-lymphocyte ratio and recurrence in hepatocellular
cancer patients undergoing liver transplantation. Weights are from binary random-effect analysis.
performing the systematic research of studies focused on PLR, HCC and LT.

fact, clear that a meta-regression weighted for the
geographical area, HCV vs HBV as the main cause of
liver failure, living-donor vs deceased-donor LT, and
markers of tumor aggressiveness should represent a
more accurate way for better clarify the role of PLR
in this setting. Unfortunately, the limited number of
cases reported did not consent us to perform more
sophisticated analyses. Secondly, no information was
reported in the different series on the presence and
grade of portal hypertension, a very well known cause
[37]
of thrombocytopenia in cirrhosis .
In conclusion, platelet-to-lymphocyte ratio is an
easy and cheap value to use for selecting patients with
hepatocellular cancer waiting for liver transplantation.
A direct correlation between PLR values and tumor
aggressiveness has been observed in several studies.
High pre-transplant PLR values cause a 3.3-fold
increased risk for post-transplant recurrence. More
studies aimed at better understanding biological and
clinical mechanisms of the link between PLR and HCC
are needed.

Research results

Five articles coming from Europe and Asia have been identified, with a total of
899 subjects investigated. At meta-analysis, high PLR value was associated
with a significant increase in recurrence after transplantation (OR = 3.33;
95%CI: 1.78-6.25; p < 0.001).

Research conclusions

A direct correlation between PLR values and tumor aggressiveness has been
observed. High pre-transplant PLR values cause a 3.3-fold increased risk for
post-transplant recurrence. Platelet-to-lymphocyte ratio is an easy and cheap
value to use for selecting patients with hepatocellular cancer waiting for liver
transplantation. PLR should be taken into account in the creation of new
selection scores for HCC.

Research perspectives

More studies aimed at better understanding biological and clinical mechanisms
of the link between PLR and HCC are necessary.
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Abstract
AIM
To evaluate the impact of enhanced recovery after sur
gery (ERAS) programs on postoperative complications
of pancreatic surgery.

Author contributions: Zhu WT, Wei Q, and Chen QP designed
the research; Ji HB, Wei Q, Wang XX, and Wang HB performed
the research; Ji HB, Zhu WT, and Wei Q analyzed the data; Ji
HB, Wang XX, and Chen QP wrote the paper.

METHODS
Computer searches were performed in databases
(including PubMed, Cochrane Library and Embase) for
randomized controlled trials or case-control studies
describing ERAS programs in patients undergoing
pancreatic surgery published between January 1995
and August 2017. Two researchers independently
evaluated the quality of the studies’ extracted data
that met the inclusion criteria and performed a metaanalysis using RevMan5.3.5 software. Forest plots,
demonstrating the outcomes of the ERAS group vs the
control group after pancreatic surgery, and funnel plots
were used to evaluate potential publication bias.
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RESULTS
Twenty case-control studies including 3694 patients,
published between January 1995 and August 2017,
were selected for the meta-analysis. This study included
the ERAS group (n = 1886) and the control group (n
= 1808), which adopted the traditional perioperative
management. Compared to the control group, the
ERAS group had lower delayed gastric emptying rates
[odds ratio (OR) = 0.58, 95% confidence interval
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(CI): 0.48-0.72, P < 0.00001], lower postoperative
complication rates (OR = 0.57, 95%CI: 0.45-0.72, P
< 0.00001), particularly for the mild postoperative
complications (Clavien-DindoⅠ-Ⅱ) (OR = 0.71, 95%CI:
0.58-0.88, P = 0.002), lower abdominal infection rates
(OR = 0.70, 95%CI: 0.54-0.90, P = 0.006), and shorter
postoperative length of hospital stay (PLOS) (WMD =
-4.45, 95%CI: -5.99 to -2.91, P < 0.00001). However,
there were no significant differences in complications,
such as, postoperative pancreatic fistulas, moderate to
severe complications (Clavien-Dindo Ⅲ- Ⅴ), mortality,
readmission and unintended reoperation, in both groups.

been shown to be effective for reducing PLOS and
[2]
complications . Subsequently, ERAS programs have
been published in numerous areas of surgery, such as
orthopedics, urology, esophageal, gynecology, breast
[3-8]
and hepatobiliary .
An array of studies has shown that the perioper
ative implementation of ERAS programs can reduce
PLOS without increasing complications or mortality.
However, pancreatic surgery is still considered a high-risk
abdominal surgery, due to the anatomical location of the
pancreas and high rate of complications (30%-60%).
Postoperative complications, such as postoperative
pancreatic fistula (POPF), delayed gastric emptying
(DGE), abdominal infection, and so on, are the main
reasons for delayed recovery and the frequent need
for additional interventions, without which the comp
lications are potentially life threatening. For these
reasons, the implementation of ERAS programs has
lagged for pancreatic surgeries.
There had been an increasing number of ERAS
programs implemented in pancreatic surgery when
the ERAS group published evidence-based consensus
[9]
recommendations for pancreatic surgery in 2012 .
The benefit of implementing ERAS programs on post
operative complications in pancreatic surgery has not
reached consensus. For this reason, we performed a
meta-analysis of the available studies on ERAS programs
compared with traditional perioperative management in
patients undergoing pancreatic surgery.

CONCLUSION
The perioperative implementation of ERAS programs in
pancreatic surgery is safe and effective, can decrease
postoperative complication rates, and can promote
recovery for patients.
Key words: Pancreatic surgery; Enhanced recovery
after surgery; Postoperative complication; Meta-analysis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Enhanced recovery after surgery (ERAS) pro
grams have been launched in a variety of surgical fields,
including colorectal, orthopedics, urology, esophageal
and gynecology, demonstrating favorable outcomes.
Pancreatic surgery is considered a high-risk abdominal
surgery, due to increased surgical trauma and high
incidence of postoperative complications. In this metaanalysis we aimed to evaluate the impact of ERAS on
complications of pancreatic surgery. The present study
demonstrates that ERAS could reduce complication rates,
especially of mild complications, delayed gastric emptying,
abdominal infection and postoperative length of hospital
stay, while not affecting the rates of postoperative
pancreatic fistulas, reoperation, readmission and mortality
during the perioperative period.

MATERIALS AND METHODS
Search strategy

A search was performed by two researchers (Ji
HB and Wang XX) in August 2017 of the PubMed,
Cochrane Library and Embase database, spanning
the period from January 1995 to August 2017. The
search language was restricted to English, using the
search terms “enhanced recovery after surgery”,
“fast track surgery”, “ERAS”, “clinical pathways”,
“pancreatectomy”, “pancreatoduodenectomy” and
“duodenopancreatectomy”, and using the Boolean
operators “AND” and “OR”. Synonyms of all these terms
were used in this search. The PubMed search strategy
for the meta-analysis is shown in Table 1.

Ji HB, Zhu WT, Wei Q, Wang XX, Wang HB, Chen QP. Impact of
enhanced recovery after surgery programs on pancreatic surgery:
A meta-analysis. World J Gastroenterol 2018; 24(15): 1666-1678
Available from: URL: http://www.wjgnet.com/1007-9327/full/v24/
i15/1666.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i15.1666

Inclusion/exclusion criteria

Studies meeting all of the following selection criteria
were eligible for inclusion: (1) studies concerning
patients undergoing pancreatic surgery; (2) the ERAS
group implemented ERAS programs management,
and the control group adopted traditional perioperative
management; (3) measures in perioperative mana
gement were described in both groups; and (4) studies
reported at least the following outcome measures,
POPF, DGE, abdominal infection, mortality and PLOS,
and explained their diagnostic criteria for postoperative
complications.

INTRODUCTION
Enhanced recovery after surgery (ERAS; also called
‘fast-track surgery’) was first introduced by Kehlet H, a
[1]
Danish surgeon, in 1997 . ERAS is a multidisciplinary
and evidence-based framework developed to decrease
perioperative surgical stress, accelerate postoperative
recovery and significantly reduce the postoperative
length of hospital stay (PLOS). ERAS programs were
initially implemented in colorectal surgery and have
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Table 1 The search strategy for the PubMed database
Search number
1
2
3
4

5
6

1

Description

Number of publications

Enhanced recovery after surgery [Title/Abstract] OR ERAS [Title/Abstract] OR fast track surgery
[Title/Abstract]
Clinical pathways [MeSH Terms]
1 OR 2
Pancreatectomy [MeSH Terms] OR Pancreatectomy* [Title/Abstract] OR Pancreatoduodenectomy
[MeSH Terms] OR Pancreatoduodenectom* [Title/Abstract] OR duodenopancreatectomy [MeSH
Terms] OR duodenopancreatectom* [Title/Abstract]
3 AND 4 NOT (animals[mh] NOT humans[mh])
5 limited to English

3333
5848
9130
21497

69
68

1

Date of search: August 1, 2017.

Exclusion criteria were (1) sample size of less than
10; (2) comments, guidelines, reviews, case reports,
abstracts, letters and non-comparative studies; (3)
repeated publication of the same study population;
and (4) incomplete clinical data.

other reasons that required reoperation within 30 d after
discharge.

Data extraction

Data were extracted from each study by two authors
(Ji HB and Wei Q) independently. The main parameters
included common information (time of study publica
tion, country, study type, and authors), characteristics
of the study population (sex and age), elements of
ERAS programs, and postoperative outcomes (overall
complications, POPF, DGE, abdominal infection, PLOS,
mortality, readmission, and unintended reoperation). All
continuous outcome variables were described using the
means and standard deviations for this meta-analysis.
We needed to estimate means and standard deviations
[13]
via the methodologies reported by Hozo et al
if the
original data were expressed as medians or ranges.

Outcomes of interest

The outcomes of interest were POPF, DGE, PLOS, ab
dominal infection, mortality, readmission, unintended
reoperation and occurrence of any complication within
a postoperative period of 30 d. POPF was defined using
the International Study Group of Pancreatic Fistula
(ISGPF) guidelines describing a drain output of any
measurable volume of fluid on or after postoperative day
(POD) 3, with an amylase content greater than three
times the serum amylase activity or as defined by the
[10]
study’s authors . DGE was defined according to the
International Study Group of Pancreatic Surgery’s (ISGPS)
recommendation that patients needing maintenance of
a nasogastric tube (NGT) for > 3 d, needing to reinsert
the NGT for persistent vomiting after POD 3, or unable
to tolerate a solid diet by POD 7, should be considered
DGE. In addition, there are another two widely used
definitions for DGE after pancreatic resection (1) Yeo
defined DGE as an NGT left in place for ≥ 10 d plus one
of the following, or for < 10 d plus two of the following
(a) repeated emesis after removal of the NGT, (b)
need for prokinetic agents after POD 10, (c) need for
reinsertion of the NGT, or (d) failure to progress with the
[11]
diet. (2) Van Berge Henegouwen et al defined DGE as
gastric stasis requiring NGT for ≥ 10 d or the inability to
tolerate a regular diet after POD 14. PLOS was defined
as the span from the day of surgery to the day of actual
discharge from the hospital. Abdominal infection was
defined by the study’s authors. Mortality was defined as
the range from the day of hospitalization to the first 30 d
after actual discharge. Readmission was defined as the
patient needing medical attention again within 30 d after
discharge. Overall postoperative complications included
any complication from the time of surgery to discharge,
or within 30 d, with severity grading and classification
[12]
relying on the Clavien-Dindo system . Unintended
reoperation was defined as patients with complications or

WJG|www.wjgnet.com

Quality assessment

The quality assessment of each study was done by
two authors (Zhu WT and Ji HB) independently via
the Methodological Index for Non-Randomized Studies
(MINORS) checklist. It was then summarized by a
French surgeon, and if there was a disagreement,
the third researcher was involved in the negotiation
or adjudication, until a consensus was achieved. The
MINORS checklist includes eight methodological items
for non-comparative studies and an additional four
items for comparative studies. The items are scored
0 (not reported), 1 (reported but inadequate), or 2
(reported and adequate). The overall ideal scores were
24 for comparative studies.

Statistical analysis

The meta-analysis was performed using RevMan5.3.5
software (Ji HB and Wang HB). Continuous and cate
gorical variables were calculated as weighted mean
differences (WMDs) or odds ratios (ORs) with their
corresponding 95% confidence interval (CI), respectively.
Heterogeneity was assessed using a chi-square test,
2
where P > 0.05 was considered non-significant. I values
were used for the evaluation of statistical heterogeneity,
2
and the I value of 50% or more indicated the presence
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scores > 12.

Potentially relevant studies from
the database of PubMed, Embase,
and Cochrane Library: n = 159

RESULTS
Pancreatic fistula

Duplicates: n = 41
Excluded based on screening of
titles and/or abstracts: n = 68

Eighteen studies reported the rates of POPF. The overall
results (OR = 0.87, 95%CI: 0.74-1.03, P = 0.10;
Figure 2), or only those using the ISGPF definition (OR
= 0.90, 95%CI: 0.76-1.07, P = 0.24), showed that
there were no significant differences present in either
group. Furthermore, there was no significant difference
in A (OR = 1.05, 95%CI: 0.81-1.36, P = 0.71), B (OR
= 1.13, 95%CI: 0.85-1.51, P = 0.40), and C (OR =
0.90, 95%CI: 0.60-1.33, P = 0.59) grade of POPF
between the ERAS group and control group.

Studies for more detailed
evaluation: n = 50
Excluded:
Non-English: n = 1
Not original articles or only
abstract: n = 10
No outcome of interest
reported: n = 6
Non-comparative studies: n = 12
Data provided not enough: n = 1

DGE

Eighteen studies reported the rates of DGE. Compared
to the control group, the ERAS group had a lower
incidence of DGE (OR = 0.58, 95%CI: 0.48-0.72, P
< 0.00001; Figure 3). The difference persisted when
including only studies that adopted the ISGPS definition
(OR = 0.50, 95%CI: 0.39-0.65, P < 0.00001).

Studies included in the
meta-analysis: n = 20

Figure 1 The diagram of selected studies for this meta-analysis.

of heterogeneity. The fixed-effects model was used for
2
studies of homogeneity (I < 50%), and the randomeffects model was applied when studies indicated
2
heterogeneity (I ≥ 50%). In addition, funnel plots were
used to evaluate potential publication bias based on the
incidence of POPF and mortality.

Postoperative complications

The rate of overall postoperative complications was
lower in the ERAS group (OR = 0.57, 95%CI: 0.45-0.72,
P < 0.00001; Figure 4). Additionally, the incidence of
mild postoperative complications (Clavien-Dindo I-II),
which relies on the Clavien-Dindo definition of severity
and classification, was lower in the ERAS group (OR
= 0.71, 95%CI: 0.58-0.88, P = 0.002; Figure 5).
There were no statistical differences in the moderate
to severe complication rates (Clavien-DindoⅢ-Ⅴ)
between the ERAS group and control group (OR = 0.90,
95%CI: 0.73-1.11, P = 0.32).

Eligible studies

The search strategy initially identified 159 relevant
studies. No randomized control trials were identified.
Figure 1 shows the process of selecting the studies for
meta-analysis. After removing duplicates, the titles and
abstracts of 118 studies were reviewed. Of these, 68
studies were not related to ERAS in pancreatic surgery,
12 studies did not have a control group, 6 studies did
not have the outcomes of interest reported, 10 studies
only had an abstract or we were unable to get the full
text, 1 study did not have enough data, and 1 study
was published in a language other than English. A total
of 20 studies met the inclusion criteria for the metaanalysis.

Abdominal infection

A total of 12 studies reported the rates of abdominal
infection. The incidence of abdominal infection was
lower (OR = 0.70, 95%CI: 0.54-0.90, P = 0.006;
Figure 6) in the ERAS group.

PLOS

A total of 13 studies reported the PLOS, and they
showed that the ERAS group had shorter PLOS (WMD
= -4.45, 95%CI: -5.99 to -2.91, P < 0.00001; Figure 7)
than the control group.
In addition, there were no significant differences
in rates of mortality (OR = 0.85, 95%CI: 0.54-1.36, P
= 0.51; Figure 8), readmission (OR = 1.04, 95%CI:
0.83-1.30, P = 0.75; Figure 9), and unintended reoper
ation (OR = 0.87, 95%CI: 0.63-1.20, P = 0.40; Figure 10).

Study characteristics and quality assessment

The characteristics and quality assessments of the
[14-33]
included studies are shown in Table 2
. All studies
clearly described an ERAS program. The major com
ponents are summarized in Table 2. All of the studies
used a retrospective case-control model, and of those,
there were 16 studies that had sample sizes greater
than 100. A total of 3694 patients were included, of
which there were 1886 patients and 1808 patients
included in the ERAS group and control group, respe
ctively. In addition, there were 17 studies with MINORS

WJG|www.wjgnet.com

Subgroup analysis

The subgroup analysis, which included only larger
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Table 2 Study Characteristics and Quality Assessment.
Study

Year

Kennedy et al[14]
Vanounou et al[15]
Balzano et al[16]
Kennedy et al[17]
Abu Hilal et al[18]
Braga et al[19]
Pillai et al[20]
Coolsen et al[21]
Nussbaum et al[22]
Yui et al[23]
Nussbaum et al[24]
Kobayashi et al[25]
Shao et al[26]
Joliat et al[27]
Partelli et al[28]
Williamsson et al[29]
Morales Soriano et al[30]
Bai et al[31]
Zouros et al[32]
Dai et al[33]

2007
2007
2008
2009
2013
2014
2014
2014
2014
2014
2014
2014
2015
2015
2015
2015
2015
2016
2016
2017

Country
United States
United States
Italy
United States
Britain
Italy
India
Holland
United States
Japan
United States
Japan
China
Switzerland
Italy
Sweden
Spain
China
Greece
China

1

Study design

Sample size

ERAS programs

MINORS Score

Case-control
Case-control
Case-control
Case-control
Case-control
Case-control
Case-control
Case-control
Case-control
Case-control
Case-control
Case-control
Case-control
Case-control
Case-control
Case-control
Case-control
Case-control
Case-control
Case-control

ERAS group Control group
91
44
145
64
252
252
71
40
20
24
115
115
20
20
86
97
100
142
57
52
50
100
100
90
325
310
74
87
22
66
50
50
41
44
124
63
75
50
68
98

e, f, g, h
c, d, g, h
d, e, f, g, h
d, e, f, g, h
b, e, f, g, h
a, b, c, d, e, f, g, h
c, d, e, f, g, h
b, c, d, e, f, g, h
c, e, f, g, h
e, g, h
c, e, f, g, h
a, e, g, h
d, e, f, g, h
a, b, c, d, e, f, g, h
a, c, d, e, f, g, h
c, d, e, f, g, h
a, b, c, d, e, f, g, h
a, d, e, f, g, h
a, b, c, d, e, f, g, h
a, b, c, e, f, g, h

16/24
15/24
13/24
11/24
15/24
17/24
17/24
12/24
11/24
13/24
16/24
13/24
15/24
15/24
13/24
17/24
17/24
15/24
16/24
15/24

1

ERAS programs: a: No bowel preparation in the preoperative period; b: Clear fluids until 2-3 h before surgery; c: Restrictive policy of intravenous fluids in
the intra-operative period; d: Multimodal analgesia of the postoperative period; e: Clear fluids or food intakes in the early period; f: Enhanced mobilization
in the early period; g: Removal of the drainage tube; h: Others. ERAS: enhanced recovery after surgery; MINORS score: Methodological Index for NonRandomized Studies checklist.

ERAS group Control group

Odds Ratio

Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%CI
Kennedy EP
1
91
3
44
1.3%
0.15 [0.02,1.50]
Balzano G
60 252
65 252 16.4%
0.90 [0.60,1.35]
Kennedy EP
4
71
7
40
2.8%
0.28 [0.08,1.03]
Abu Hilal M
4
20
4
20
1.1%
1.00 [0.21,4.71]
Kobayashi S
9 100
25
90
7.9%
0.26 [0.11,0.59]
Nussbaum DP
26
50
37 100
3.9%
1.84 [0.93,3.67]
Yui R
15
57
22
52
5.6%
0.49 [0.22,1.09]
Braga M
35 115
36 115
8.3%
0.96 [0.55,1.68]
Coolsen MM
11
86
12
97
3.3%
1.04 [0.43,2.49]
Pillai SA
11
20
10
20
1.5%
1.22 [0.35,4.24]
Nussbaum DP
38 100
43 142
7.3%
1.41 [0.82,2.42]
Shao Z
53 325
56 310 15.9%
0.88 [0.58,1.34]
Partelli S
4
22
21
66
2.9%
0.48 [0.14,1.58]
Williamsson C
11
50
14
50
3.6%
0.73 [0.29,1.80]
Morales Soriano R
7
41
7
44
1.9%
1.09 [0.35,3.42]
Zouros E
11
75
11
50
3.7%
0.61 [0.24,1.54]
Bai X
39 124
18
63
5.4%
1.15 [0.59,2.23]
Dai J
28
68
44
98
7.0%
0.86 [0.46,1.61]
Total (95%CI)
1667
1653 100.0%
Total events
367
435
2
2
Heterogeneity: Chi = 26.29, df = 17 (P = 0.07); I = 35%
Test for overall effect: Z = 1.65 (P = 0.10)

Year
2007
2008
2009
2013
2014
2014
2014
2014
2014
2014
2014
2015
2015
2015
2015
2016
2016
2017

M-H, Fixed, 95%CI

0.87 [0.74,1.03]
0.05
0.2
1
5
20
Favors [ERAS group]
Favors [control group]

Figure 2 Forest plots demonstrating the outcomes of postoperative pancreatic fistula.

size studies (n ≥ 100) generated similar results in
postoperative outcomes (Table 3). Furthermore, the
analysis of only high-quality studies (MINORS score
> 12) also yielded parallel results in postoperative
outcomes (Table 3). However, the heterogeneity for
overall complications and PLOS still exists in larger
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studies and high-quality studies.

Sensitivity analysis

We aimed to investigate the influence of a single study
on the overall results by omitting one study in each turn.
This analysis revealed that no single study generated an

1670

April 21, 2018|Volume 24|Issue 15|

Ji HB et al . Impact of pancreatic surgery: A meta-analysis
ERAS group Control group
Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%CI
Kennedy EP
7
91
3
44
1.5%
1.14 [0.28, 4.63]
Balzano G
35
252
62
252 21.5%
0.49 [0.31, 1.78]
Abu Hilal M
1
20
2
24
0.7%
0.58 [0.05, 6.90]
Braga M
11
115
17
115
6.2%
0.61 [0.27, 1.37]
Yui R
3
57
2
52
0.8%
1.39 [0.22, 8.66]
Nussbaum DP
17
100
23
142
6.4%
1.06 [0.53, 2.11]
Nussbaum DP
3
50
3
100
0.8%
2.06 [0.40, 10.62]
Kobayashi S
2
100
9
90
3.7%
0.18 [0.04, 0.87]
Pillai SA
7
20
15
20
3.9%
0.18 [0.05, 0.70]
Coolsen MM
11
86
7
97
2.3%
1.89 [0.70, 5.11]
Williamsson C
13
50
24
50
7.2%
0.38 [0.16, 0.88]
Joliat GR
20
74
29
87
7.8%
0.74 [0.38, 1.46]
Partelli S
7
22
11
66
1.5%
2.33 [0.77, 7.05]
Morales Soriano R
1
41
3
44
1.1%
0.34 [0.03, 3.42]
Shao Z
29
325
52
310 19.5%
0.49 [0.30, 0.79]
Bai X
11
124
10
63
4.9%
0.52 [0.21, 1.29]
Zouros E
9
75
15
50
6.4%
0.32 [0.13, 0.80]
Dai J
0
68
11
98
3.8%
0.06 [0.00, 0.96]
Total (95%CI)
1670
1704 100.0%
Total events
187
298
2
2
Heterogeneity: Chi = 30.33, df = 17 (P = 0.02); I = 44%
Test for overall effect: Z = 5.20 (P < 0.00001)

Odds Ratio
M-H, Fixed, 95%CI

Year
2007
2008
2013
2014
2014
2014
2014
2014
2014
2014
2015
2015
2015
2015
2015
2016
2016
2017

0.58 [0.48, 0.72]
0.01

0.1
1
10
100
Favors [ERAS group]
Favors [control group]

Figure 3 Forest plots demonstrating the outcomes of delayed gastric emptying.
ERAS group Control group
Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95%CI Year
Vanounou T
77 145
40
64
6.6%
0.68 [0.37, 1.24] 2007
Kennedy EP
33
91
19
44
5.4%
0.75 [0.36, 1.56] 2007
Balzano G
119 252
148 252
9.2%
0.63 [0.44, 0.89] 2008
Kennedy EP
11
71
15
40
4.2%
0.31 [0.12, 0.76] 2009
Abu Hilal M
8
20
16
24
2.8%
0.33 [0.10, 1.14] 2013
Coolsen MM
50
86
54
97
6.7%
1.11 [0.62, 1.99] 2014
Braga M
69 115
76 115
7.2%
0.77 [0.45, 1.32] 2014
Yui R
25
57
28
52
5.2%
0.67 [0.31, 1.43] 2014
Kobayashi S
39 100
54
90
6.7%
0.43 [0.24, 0.76] 2014
Pillai SA
5
20
9
20
2.4%
0.41 [0.11, 1.56] 2014
Joliat GR
50
74
71
87
5.5%
0.47 [0.23, 0.97] 2015
Williamsson C
32
50
34
50
4.7%
0.84 [0.37, 1.92] 2015
Partelli S
16
22
37
66
3.4%
2.09 [0.73, 6.01] 2015
Morales Soriano R
12
41
24
44
4.3%
0.34 [0.14, 0.85] 2015
Shao Z
127 325
173 310
9.6%
0.51 [0.37, 0.70] 2015
Bai X
84 124
46
63
5.9%
0.78 [0.40, 1.52] 2016
Zouros E
27
75
25
50
5.5%
0.56 [0.27, 1.16] 2016
Dai J
34
68
89
98
4.7%
0.10 [0.04, 0.23] 2017
Total (95%CI)
1736
1566 100.0%
0.57 [0.45, 0.72]
Total events
818
958
2
2
2
Heterogeneity: Tau = 0.12, Chi = 37.09, df = 17 (P = 0.003); I = 54%
Test for overall effect: Z = 4.73 (P < 0.00001)

Odds Ratio
M-H, Random, 95%CI

0.1

0.2
0.5
1
2
5
Favors [ERAS group]
Favors [control group]

10

Figure 4 Forest plots demonstrating the outcomes of overall complications.

especially strong influence on the results, with estimates
ranging from an OR of 0.54 to 0.62 (Table 4).

DISCUSSION
ERAS requires surgical, nursing, anesthesia, nutritionist
and other specialties to work together and uses a series
of optimal and evidence-based management measures
to lessen perioperative surgical stress while promoting
the recovery of organ function in the early postoperative
[34,35]
period
. ERAS programs were initially implemented in
colorectal surgery, with recommendations for each step

Publication bias

Funnel plots based on the incidence of POPF and
mortality were used to evaluate potential publication
bias in this study (Figure 11). There was no evidence of
publication bias of POPF, mortality or other outcomes of
this study (other figures not shown).
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ERAS group Control group
Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%CI
Vanounou T
53
145
32
64 13.7%
0.58 [0.32, 1.04]
Abu Hilal M
6
20
13
24
4.0%
0.36 [0.10, 1.26]
Coolsen MM
20
86
17
97
6.0%
1.43 [0.69, 2.94]
Braga M
46
115
54
115 15.8%
0.75 [0.45, 1.27]
Yui R
52
57
40
52
1.8%
3.12 [1.02, 9.58]
Partelli S
7
22
26
66
4.3%
0.72 [0.26, 2.00]
Joliat GR
18
74
30
87 10.2%
0.61 [0.31, 1.22]
Morales Soriano R
6
41
12
44
4.8%
0.46 [0.15, 1.36]
Williamsson C
25
50
29
50
7.1%
0.72 [0.33, 1.59]
Zouros E
15
75
15
50
7.0%
0.58 [0.25, 1.34]
Bai X
55
124
30
63 10.8%
0.88 [0.48, 1.61]
Dai J
32
68
68
98 14.4%
0.39 [0.21, 0.74]
Total (95%CI)
877
810 100.0%
Total events
335
366
2
2
Heterogeneity: Chi = 16.67, df = 11 (P = 0.12); I = 34%
Test for overall effect: Z = 3.15 (P = 0.002)

Odds Ratio
M-H, Fixed, 95%CI

Year
2007
2013
2014
2014
2014
2015
2015
2015
2015
2016
2016
2017

0.71 [0.58, 0.88]
0.05

0.2
1
5
Favors [ERAS group]
Favors [control group]

20

Figure 5 Forest plots demonstrating the outcomes of mild complications.

Study or Subgroup
Abu Hilal M
Coolsen MM
Nussbaum DP
Kobayashi S
Yui R
Nussbaum DP
Williamsson C
Morales Soriano R
Shao Z
Bai X
Zouros E
Dai J

ERAS group Control group
Odds Ratio
Events Total Events Total Weight M-H, Fixed, 95%CI
2
20
0
24
0.3% 6.62 [0.30, 146.37]
14
86
15
97
8.5% 1.06 [0.48, 2.35]
16 100
25
142 12.5% 0.89 [0.45, 1.77]
5 100
5
90
3.6% 0.89 [0.25, 3.20]
2
57
10
52
7.3% 0.15 [0.03, 0.73]
6
50
9
100
3.8% 1.38 [0.46, 4.12]
6
50
2
50
1.3% 3.27 [0.63, 17.07]
3
41
2
44
1.3% 1.66 [0.26, 10.46]
46 325
69
310 43.8% 0.58 [0.38, 0.87]
10 124
9
63
7.9% 0.53 [0.20, 1.37]
1
75
0
50
0.4% 2.03 [0.08, 50.92]
2
68
16
98
9.2% 0.16 [0.03, 0.70]

Total (95%CI)
1096
1120 100.0%
Total events
113
162
2
2
Heterogeneity: Chi = 18.46, df = 11 (P = 0.07); I = 40%
Test for overall effect: Z = 2.72 (P = 0.006)

Year
2013
2014
2014
2014
2014
2014
2015
2015
2015
2016
2016
2017

Odds Ratio
M-H, Fixed, 95%CI

0.70 [0.54, 0.90]

0.01

0.1
1
10
Favors [ERAS group]
Favors [control group]

100

Figure 6 Forest plots demonstrating the outcomes of abdominal infection.
[36]

to achieve optimal perioperative care . Subsequently,
ERAS programs had been launched in numerous fields
of surgery, such as orthopedics, urology, esophageal and
gynecology.
The literature from these disciplines has suggested
that standardizing ERAS measures could reduce the
incidence of complications, accelerate recovery for
patients, reduce hospitalization costs and save medical
[3,4,7,8]
resources in perioperative care
. Pancreatic
surgery is an effective treatment of pancreatic tumors,
periampullary tumors, duodenal tumors and distal bile
duct tumors. Currently, despite surgical techniques,
anesthesia, and preoperative imaging assessment
making great progress and the mortality of the procedure
dropping to approximately 2% in high-volume medical
centers, it is still considered a complicated and high-risk
[37]
abdominal surgery .
[38]
Coolsen et al analyzed 8 studies, which related to
pancreatic surgery, and suggested that the ERAS group

WJG|www.wjgnet.com

had shorter PLOS and lower postoperative complication
rates; however, there were no significant differences in
rates of DGE, POPF, readmission, and mortality. Kagedan
[39]
et al
analyzed 10 studies suggesting that the ERAS
group had only shorter PLOS and no differences in other
complications. As mentioned above, we may reasonably
conclude that the influence of ERAS programs on the
postoperative complications of pancreatic surgery is
controversial. Hence, the application of ERAS programs
in the perioperative period of pancreatic surgery is still
being explored in our practices.
The main measures of the ERAS programs include
no bowel preparation and clear fluids until 2-3 h before
surgery, multimodal analgesia of postoperative, clear
fluids or food intakes, enhanced mobilization and
removal of the drainage tube in early period. The ERAS
group has reduced time of fasting in the preoperative
period, which can decrease the insulin resistance in
the postoperative period. We adopted multimodal
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ERAS group
Study or Subgroup Mean

SD

Control group

Total Mean

SD

Mean Difference

Total Weight

IV, Random, 95%CI

Mean Difference
Year

Vanounou T

8

0

145

8

0

64

Not estimable 2007

Kennedy EP

7

0

91

13

0

44

Not estimable 2007

Balzano G

13 17.17

252

15 15.83

252

Kennedy EP

6.7

0

71

10.2

0

40

Abu Hilal M

8.5

4.44

20

13

7.41

Pillai SA

11.3%

-2.00 [-4.88, 0.88] 2008

24

9.4%

-4.50 [-8.05, -0.95] 2013

10.0%

-6.25 [-9.56, -2.94] 2014

Not estimable 2009

15.75

4.25

20

22

6.25

20

21.9

11.9

100

36.3

23.8

90

Coolsen MM

14 12.67

86

20

20.5

97

6.5%

-6.00 [-10.88, -1.12] 2014

Williamsson C

10

7.25

50

14

8.25

50

10.8%

-4.00 [-7.04, -0.96] 2015

Partelli S

14

11.5

22

11

16

66

4.7%

3.00 [-3.16, 9.16] 2015

13.94

7.45

325

17.6

7.71

310

16.9%

-3.66 [-4.84, -2.48] 2015

Joliat GR

15

9.63

74

19 11.11

87

10.3%

-4.00 [-7.20, -0.80] 2015

Dai J

7.5

3.25

68

12

98

14.4%

-4.50 [-6.44, -2.56] 2017

Kobayashi S

Shao Z

Total (95%CI)

1324
2

2

9

IV, Random, 95%CI

5.6% -14.40 [-19.84, -8.96] 2014

1242 100.0%

-4.45 [-5.99, -2.91]

2

Heterogeneity: Tau = 3.28; Chi = 23.85, df = 9 (P = 0.005); I = 62%

-10
-5
0
5
10
Favors [ERAS group]
Favors [control group]

Test for overall effect: Z = 5.67 (P < 0.00001)

Figure 7 Forest plots demonstrating the outcomes of postoperative length of hospital stay.
ERAS group Control group
Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%CI Year
Kennedy EP
1
91
1
44
3.5% 0.48 [0.03, 7.82] 2007
Vanounou T
2
145
1
64
3.6% 0.88 [0.08, 9.90] 2007
Balzano G
9
252
7
252 17.6% 1.30 [0.48, 3.54] 2008
Kennedy EP
1
71
1
40
3.3% 0.56 [0.03, 9.16] 2009
Abu Hilal M
0
20
0
24
Not estimable 2013
Coolsen MM
4
86
6
97 14.0% 0.74 [0.20, 2.71] 2014
Kobayashi S
0
100
1
90
4.1% 0.30 [0.01, 7.38] 2014
Nussbaum DP
0
50
0
100
Not estimable 2014
Nussbaum DP
2
100
6
142 12.7% 0.46 [0.09, 2.34] 2014
Yui R
1
57
1
52
2.7% 0.91 [0.06, 14.94] 2014
Pillai SA
2
20
1
20
2.3% 2.11 [0.18, 25.35] 2014
Braga M
4
115
4
115 10.1% 1.00 [0.24, 4.10] 2014
Williamsson C
0
50
0
50
Not estimable 2015
Partelli S
1
22
1
66
1.2% 3.10 [0.19, 51.68] 2015
Joliat GR
3
74
4
87
9.2% 0.88 [0.19, 4.05] 2015
Morales Soriano R
0
41
2
44
6.2% 0.20 [0.01, 4.40] 2015
Zouros E
3
75
2
50
6.0% 1.00 [0.16, 6.21] 2016
Bai X
1
124
1
63
3.4% 0.50 [0.03, 8.19] 2016
Dai J
0
68
0
98
Not estimable 2017
Total (95%CI)
1561
1498 100.0%
Total events
34
39
2
2
Heterogeneity: Chi = 4.30, df = 14 (P = 0.99); I = 0%
Test for overall effect: Z = 0.66 (P = 0.51)

Odds Ratio
M-H, Fixed, 95%CI

0.85 [0.54, 1.36]

0.005

0.1
1
Favors [ERAS group]

10
Favors [control group]

200

Figure 8 Forest plots demonstrating the outcomes of mortality.

analgesia in the postoperative period, which was able to
reduce the stress caused by pain. The programs, such
as, no bowel preparation before surgery, clear fluids
or food intakes, enhanced mobilization in the early
postoperative period which may promote rehabilitation
[40]
of gastrointestinal function .
The ERAS programs aimed to reduce the incidence
of complications and accelerate recovery for patients.
Among them, gastrointestinal function rehabilitation is
an important part of the rapid recovery in abdominal
surgery. In addition, the early postoperative oral feeding,
which may play an important role in the gastrointestinal
function rehabilitation in the postoperative period. This
is because early postoperative oral feeding is more in

WJG|www.wjgnet.com

line with human physiology of the digestive tract, and
which may have a beneficial effect on immunological,
inflammatory and nutritional status. In addition, early
postoperative oral feeding can promote the recovery
of gastrointestinal motility, protect the gastrointestinal
mucosal barrier, shorten time to gas and stools passage,
and reduce the incidence of complications.
A total of 20 studies and 3694 patients were in
cluded in our meta-analysis. Compared with the control
group, the ERAS group had lower rates of DGE,
lower postoperative complication rates, particularly
lower mild postoperative complication rates, lower
abdominal infection rates, and shorter PLOS. However,
no significant differences existed in POPF, moderate
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ERAS group Control group
Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%CI Year
Kennedy EP
7
91
3
44
2.5% 1.14 [0.28, 4.63] 2007
Vanounou T
13
145
4
64
3.4% 1.48 [0.46, 4.72] 2007
Balzano G
18
252
16
252 10.1% 1.13 [0.56, 2.28] 2008
Kennedy EP
5
71
10
40
8.1% 0.23 [0.07, 0.72] 2009
Abu Hilal M
1
20
2
24
1.2% 0.58 [0.05, 6.90] 2013
Coolsen MM
11
86
14
97
7.8% 0.87 [0.37, 2.03] 2014
Braga M
14
115
12
115
7.1% 1.19 [0.52, 2.70] 2014
Nussbaum DP
31
100
36
142 13.9% 1.32 [0.75, 2.33] 2014
Nussbaum DP
15
50
20
100
6.3% 1.71 [0.79, 3.73] 2014
Pillai SA
0
20
0
20
Not estimable 2014
Shao Z
43
325
44
310 26.5% 0.92 [0.59, 1.45] 2015
Partelli S
3
22
11
66
3.2% 0.79 [0.20, 3.14] 2015
Morales Soriano R
4
41
4
44
2.4% 1.08 [0.25, 4.64] 2015
Zouros E
5
75
3
50
2.3% 1.12 [0.26, 4.91] 2016
Bai X
11
124
2
63
1.6% 2.97 [0.64, 13.83] 2016
Dai J
0
68
6
98
3.6% 0.10 [0.01, 1.88] 2017
Total (95%CI)
1605
1529 100.0%
Total events
181
187
2
2
Heterogeneity: Chi = 14.49, df = 14 (P = 0.41); I = 3%
Test for overall effect: Z = 0.31 (P = 0.75)

Odds Ratio
M-H, Fixed, 95%CI

1.04 [0.83, 1.30]

0.01

0.1
1
10
Favors [ERAS group]
Favors [control group]

100

Figure 9 Forest plots demonstrating the outcomes of readmission.
ERAS group Control group
Study or Subgroup Events Total Events Total Weight
Vanounou T
7 145
4
64
6.8%
Balzano G
17 252
20 252 24.1%
Abu Hilal M
0
20
3
24
4.0%
Nussbaum DP
10 100
18 142 17.3%
Yui R
1
57
1
52
1.3%
Pillai SA
3
20
1
20
1.1%
Coolsen MM
7
86
13
97 14.5%
Braga M
14 115
12 115 13.6%
Morales Soriano R
5
41
5
44
5.5%
Partelli S
1
22
3
66
1.9%
Zouros E
4
75
2
50
2.9%
Bai X
4 124
1
63
1.7%
Dai J
2
68
5
98
5.1%

Odds Ratio
M-H, Fixed, 95%CI
0.76 [0.21, 2.70]
0.84 [0.43, 1.64]
0.15 [0.01, 3.08]
0.77 [0.34, 1.74]
0.91 [0.06, 14.94]
3.35 [0.32, 35.36]
0.57 [0.22, 1.51]
1.19 [0.52, 2.70]
1.08 [0.29, 4.05]
1.00 [0.10, 10.14]
1.35 [0.24, 7.68]
2.07 [0.23, 18.89]
0.56 [0.11, 2.99]

Total (95%CI)
1125
1087 100.0%
Total events
75
88
2
2
Heterogeneity: Chi = 5.20, df = 12 (P = 0.95); I = 0%
Test for overall effect: Z = 0.84 (P = 0.40)

0.87 [0.63, 1.20]

Odds Ratio
M-H, Fixed, 95%CI

Year
2007
2008
2013
2014
2014
2014
2014
2014
2015
2015
2016
2016
2017

0.02

0.1
1
10
Favors [ERAS group]
Favors [control group]

50

Figure 10 Forest plots demonstrating the outcomes of unintended reoperation.
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0.5
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0.1
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Figure 11 The funnel plots were used to evaluate potential publication bias. A: POPF; B: Mortality.

WJG|www.wjgnet.com

1674

April 21, 2018|Volume 24|Issue 15|

Ji HB et al . Impact of pancreatic surgery: A meta-analysis
Table 3 Results of Subgroup Analysis
Outcomes of interest
Studies with cases ≥ 100
POPF
DGE
Overall complications
Mild complications
Abdominal infection
PLOS
Mortality
Readmission
Unintended reoperation
MINORS score > 12
POPF
DGE
Overall complications
Mild complications
Abdominal infection
PLOS
Mortality
Readmission
Unintended reoperation

Studies

Patients

OR/WMD

95%CI

P -value

Heterogeneity
P -value

I 2, %

14
14
14
9
10
10
15
12
9

3067
3117
3045
1470
2087
2394
2802
2877
1955

0.87
0.58
0.57
0.74
0.67
-4.64
0.83
1.05
0.85

0.73-1.03
0.47-0.71
0.45-0.72
0.59-0.93
0.51-0.87
-6.37 to -2.91
0.51-1.37
0.83-1.33
0.60-1.21

0.11
< 0.00001
< 0.00001
0.009
0.003
< 0.00001
0.47
0.68
0.38

0.02
0.07
0.006
0.06
0.07
0.009
1
0.23
0.96

48
39
55
46
42
65
0
22
0

15
16
16
11
10
11
16
13
11

2784
2949
3008
1504
1791
2272
2523
2598
1787

0.84
0.52
0.56
0.67
0.63
-4.35
0.96
1.09
0.96

0.70-1.00
0.42-0.64
0.44-0.71
0.54-0.83
0.46-0.85
-5.97 to -2.72
0.56-1.65
0.84-1.43
0.65-1.41

0.05
< 0.00001
< 0.00001
0.0003
0.002
< 0.00001
0.89
0.52
0.83

0.13
0.12
0.01
0.24
0.05
0.003
0.99
0.82
0.94

30
31
51
21
46
66
0
0
0

CI: Confidence interval; DGE: Delayed gastric emptying; MINORS score: Methodological Index for Non-Randomized Studies checklist; OR: Odds ratio;
PLOS: Postoperative length of hospital stay; POPF: Postoperative pancreatic fistula; WMD: Weighted mean difference.

Table 4 Results of sensitivity analysis by omitting one study in each turn
Studies
[15]

Omitting Vanounou et al
Omitting Kennedy et al[14]
Omitting Balzano et al[16]
Omitting Kennedy et al[17]
Omitting Abu Hilal et al[18]
Omitting Yui et al[23]
Omitting Kobayashi et al[25]
Omitting Coolsen et al[21]
Omitting Braga et al[19]
Omitting Pillai et al[20]
Omitting Joliat et al[27]
Omitting Partelli et al[28]
Omitting Williamsson et al[29]
Omitting Morales Soriano et al[30]
Omitting Shao et al[26]
Omitting Zouros et al[32]
Omitting Bai et al[31]
Omitting Dai et al[33]
Overall effect

OR

95%CI

P -value

0.56
0.56
0.56
0.58
0.58
0.56
0.58
0.54
0.55
0.57
0.57
0.55
0.56
0.58
0.57
0.57
0.56
0.62
0.57

0.44-0.72
0.44-0.71
0.43-0.73
0.46-0.74
0.45-0.73
0.44-0.72
0.45-0.74
0.43-0.69
0.43-0.71
0.45-0.73
0.45-0.73
0.44-0.68
0.44-0.71
0.46-0.74
0.44-0.74
0.44-0.73
0.44-0.71
0.52-0.71
0.45-0.72

< 0.00001
< 0.00001
< 0.0001
< 0.00001
< 0.00001
< 0.00001
< 0.00001
< 0.00001
< 0.00001
< 0.00001
< 0.0001
< 0.00001
< 0.00001
< 0.00001
< 0.0001
< 0.00001
< 0.00001
< 0.00001
< 0.00001

CI: Confidence interval; OR: Odds ratio.

to severe complications, mortality, readmission or
unintended reoperation in both groups.
Many factors, such as age, nutritional status, and
serious comorbidity, can influence patients’ post
operative complication rates and the process of post
[41, 42]
operative recovery
. The patients’ demographic data
in the included studies was basically identical, so these
influences may be eliminated for the outcomes in this
study. In addition, all of the included studies described
the diagnostic criteria for postoperative complications.
Despite our careful work on this meta-analysis of
currently available evidence, some limitations should

WJG|www.wjgnet.com

be acknowledged. First, the diagnostic criteria of
some postoperative complications were not unifor
mly defined, though all the included studies gave a
description of the diagnostic criteria. Therefore, to a
certain extent, information bias was possible, because
some complications did not have national criteria.
Second, only retrospective case control studies were
included in this analysis. Therefore, to a certain extent,
the outcomes of this study may be influenced by the
selection bias. Third, the degree of implementation of
ERAS programs and the compliance of patients may be
different between studies. Finally, there was no evidence
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particularly for mild postoperative complications (Clavien-Dindo Ⅰ- Ⅱ) (OR =
0.71, 95%CI: 0.58-0.88, P = 0.002), lower abdominal infection rates (OR = 0.70,
95%CI: 0.54-0.90, P = 0.006) and shorter PLOS (weighted mean difference
(WMD) = -4.45, 95%CI: -5.99 to -2.91, P < 0.00001). However, there were no
significant differences in postoperative pancreatic fistulas (POPF), moderate
to severe complications (Clavien-Dindo Ⅲ- Ⅳ), mortality, readmission and
unintended reoperation in both groups.

to indicate that major publication bias existed in these
studies, and potential publication bias is impossible
to completely rule out in small studies. Hence, these
factors had some influence on our results.
In summary, the results from our present study de
monstrate that the implementation of ERAS programs
could reduce overall complication rates, especially of mild
complications, DGE, rates of abdominal infection, and
PLOS, while not affecting the rates of POPF, reoperation,
readmission, and mortality during the perioperative
period for pancreatic surgery. The perioperative period
for pancreatic surgery is safe and effective to implement
ERAS programs that can decrease postoperative
complication rates and promote recovery. However, in
the future, we need to include more high-quality and
strict prospective studies to assess the contributions of
individual program components.

Research conclusions

The results from our present study demonstrate that the implementation
of ERAS programs could reduce overall complication rates, especially of
mild complications, DGE, rate of abdominal infection and PLOS, while not
affecting the rates of POPF, reoperation, readmission and mortality during
the perioperative period for pancreatic surgery. The perioperative period for
pancreatic surgery is safe and effective to implement ERAS programs that can
decrease postoperative complication rates and promote recovery

Research perspectives

We need to include more high-quality and strict prospective studies to assess
the contributions of individual program components, such as clear fluids or food
intakes in the early period, and removal of the drainage tube.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

REFERENCES

Enhanced recovery after surgery (ERAS) is a multidisciplinary and evidencebased framework, developed to decrease perioperative surgical stress,
accelerate postoperative recovery and significantly reduce the postoperative
length of hospital stay (PLOS). ERAS programs have been launched in a
variety of other fields of surgery, such as colorectal, orthopedics, urology,
esophageal, and gynecology, and have demonstrated favorable outcomes.
The implementation of ERAS programs has lagged surrounding pancreatic
surgeries because of the anatomical location of the pancreas and the high rate
of postoperative complications (30%-60%). It is very important to promote the
postoperative recovery for this high-risk abdominal surgery via implementing
ERAS programs during the perioperational period.

1
2

3

Research motivation

ERAS requires surgical, nursing, anesthesia and other specialties to work
together and uses a series of optimal or evidence-based management
measures to lessen perioperative surgical stress while promoting the recovery
of organ function in the early postoperative period. The implementation of
ERAS programs may play a very important role in the perioperational period for
pancreatic surgery.

4

5

Research objectives

This study evaluated the impact of ERAS programs on postoperative
complications and PLOS of pancreatic surgery.

6

Research methods

Computer searches were performed in databases (including PubMed, Cochrane
Library, and Embase) for randomized controlled trials or case-control studies
describing ERAS programs in patients undergoing pancreatic surgery published
between January 1995 and August 2017. Two researchers independently
evaluated the quality of the studies’ extracted data that met inclusion criteria
and performed a meta-analysis using RevMan5.3.5 software. Forest plots,
demonstrating the outcomes of the ERAS group versus the control group after
pancreatic surgery, and funnel plots were used to evaluate potential publication
bias.

7

8

Research results

9

Twenty case-control studies, published between January 1995 and August
2017, including 3694 patients, were selected for the meta-analysis. They
included the ERAS group (n = 1886) and control group (n = 1808), which
adopted the traditional perioperative management. Compared to the control
group, the ERAS group had lower delayed gastric emptying (DGE) rates (odds
ratio (OR) = 0.58, 95% confidence interval (CI): 0.48-0.72, P < 0.00001), lower
postoperative complication rates (OR = 0.57, 95%CI: 0.45-0.72, P < 0.00001),
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Abstract
Liver diseases are caused by different etiological agents,
mainly alcohol consumption, viruses, drug intoxication
or malnutrition. Frequently, liver diseases are initiated
by oxidative stress and inflammation that lead to the
excessive production of extracellular matrix (ECM),
followed by a progression to fibrosis, cirrhosis and
hepatocellular carcinoma (HCC). It has been reported
that some natural products display hepatoprotective
properties. Naringenin is a flavonoid with antioxidant,
antifibrogenic, anti-inflammatory and anticancer
properties that is capable of preventing liver damage
caused by different agents. The main protective effects
of naringenin in liver diseases are the inhibition of
oxidative stress, transforming growth factor (TGF-β)
pathway and the prevention of the transdifferentiation
of hepatic stellate cells (HSC), leading to decreased
collagen synthesis. Other effects include the inhibition
of the mitogen activated protein kinase (MAPK), toll-like
receptor (TLR) and TGF-β non-canonical pathways, the
inhibition of which further results in a strong reduction
in ECM synthesis and deposition. In addition, naringenin
has shown beneficial effects on nonalcoholic fatty
liver disease (NAFLD) through the regulation of lipid
metabolism, modulating the synthesis and oxidation
of lipids and cholesterol. Moreover, naringenin protects
from HCC, since it inhibits growth factors such as TGF-β
and vascular endothelial growth factor (VEGF), inducing
apoptosis and regulating MAPK pathways. Naringenin is
safe and acts by targeting multiple proteins. However,
it possesses low bioavailability and high intestinal
metabolism. In this regard, formulations, such as
nanoparticles or liposomes, have been developed to
improve naringenin bioavailability. We conclude that
naringenin should be considered in the future as an
important candidate in the treatment of different liver
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diseases.

the most studied natural compounds are silymarin,
[10,12,14]
quercetin, and curcumin
, but recently, a flavonoid
with very specific hepatoprotective properties has
emerged: naringenin.
Naringenin has been studied in various in vivo and
in vitro liver damage models, using hepatic damage
agents such as carbon tetrachloride (CCl4), alcohol,
N-methyl-N-nitro-Nitroguanidine, lipopolysaccharide
(LPS), and heavy metals, among others, displaying a
good hepatoprotective activity due to its antioxidant
capacity as well as its ability to inhibit inflammatory and
profibrotic signaling pathways. However, despite the
importance of naringenin in liver diseases, there is no
detailed review of the effects of naringenin on hepatic
pathologies.
Therefore, our objective was to document the
effects of naringenin on liver diseases and to highlight
the importance of this flavonoid in the therapeutic of
pathologies of this organ.

Key words: Naringenin; transforming growth factor;
liver; fibrosis; MAPKs; CCl4; flavonoids; JNK; hepatic
stellate cells; cirrhosis; Smads; α-SMA
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Core tip: Natural products such as flavonoids have
been shown to display hepatoprotective properties.
Naringenin possesses the ability to inhibit oxidative
stress and inflammation and has anti-inflammatory
and anticancer properties. Thus, naringenin should be
considered in the future as an important candidate for
the treatment of liver diseases.
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literature search
A systematic literature search was conducted using
PubMed, Scopus and EMBASE.

INTRODUCTION

ABSORPTION, METABOLISM AND
DISTRIBUTION OF NARINGENIN

Liver damage can be caused by alcohol intake, heavy
metal intoxication, hepatitis virus infection, obstruction
of the biliary tract or malnutrition. Chronic hepatic
injury results in organ fibrosis characterized by an
imbalance between the synthesis and degradation
of extracellular matrix (ECM) derived from oxidative
stress and inflammation during liver damage. After
fibrosis, cirrhosis develops with tissue scars, the loss
of parenchymal architecture, the disruption of hepatic
[1,2]
blood flow and organ failure . The main causes of
fibrosis globally are NAFLD (40%), hepatitis B virus
(HBV) (30%), hepatitis C virus (HCV) (15%), and
[3]
harmful alcohol consumption (11%) . The prevalence
of cirrhosis is increasing; in 2010, 33% more people
[4]
died from cirrhosis than in 1990 .
While the elimination of the causative agent may
be the best option for some cirrhotic patients, in most
cases, medical intervention is required. Therefore,
pharmacological strategies should be developed to
prevent or reverse hepatic damage. Researchers have
developed multiple therapeutic strategies to combat
this disease, including transforming growth factor-β
[5]
[6]
[7]
(TGF-β) inhibitors , antivirals , cell-based therapies ,
[8]
[9-15]
nanoparticles , and natural products
.
Liver transplantation is an interesting option; unfor
tunately, the lack of sufficient donors and organ rejection
restrict this surgical procedure. In recent years, the
investigation on hepatoprotective properties of natural
products has increased. Due to their molecular structure,
many of them possess antioxidant properties and display
anti-inflammatory and anticancer properties and are ge
nerally considered safe for human consumption. Among
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Naringenin (4’,5,7-trihydroxy flavanone) is a flavonoid,
specifically a flavanone, and is the aglycone of naringin
[16]
(naringenin-7-rhamnoglucoside) ; naringenin can
also be found as narirutin (naringenin- 7-O-rutinoside)
or naringenin-glucoside (naringenin-7-O-glucoside),
[11]
depending on the sugar motive (Figure 1) .
This review is focused on the effects of naringenin
(aglycone); the reader interested in glycosylated
[11]
molecules is referred to another review . Because
naringenin is found mostly in citrus fruits, natural
intake occurs orally. Due to its chemical structure,
naringenin is very lipophilic; thus, it is readily absorbed
through the intestinal epithelium by passive diffusion
into enterocytes. Once inside the intestinal cells, it can
enter the general circulation by multidrug resistanceassociated proteins (Mrp1) or can be transported by
active efflux protein carriers P-glycoprotein (P-gp)
and Mrp2 back to the intestinal lumen, out of the
[17]
enterocytes, repeating the cycle (Figure 2).
On the other hand, small intestine, colonic epith
elium, and liver metabolize naringenin via phase II
conjugation by UDP-glucuronosyl transferase (UGT),
[18-20]
sulfotransferase, and catechol-O-methyltransferase
.
Naringenin-glucuronides leave the cells by Mrp2 protein
or pass into blood via breast cancer-resistant protein
[21]
(Bcrp1) . Moreover, naringenin can be cleaved by
[22]
β-glucuronidases (GUSB) located in tissues and liver .
This deconjugation results in release of the aglycone,
which in turn can be absorbed by passive transcellular
[19]
diffusion or undergo efflux by Mrp2 and P-gp . Then,
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Naringin (naringenin-7-rhamnoglucoside)

(S)-naringenin (4', 5, 7-trihydroxy flavanone)

Narirutin (naringenin-7-O-rutinoside)
(R)-naringenin (4', 5, 7-trihydroxy flavanone)

Naringenin-glucoside (naringenin-7-O-glucoside)

Figure 1 Chemical structure of naringenin, naringin, narirutin, and naringenin-glucoside. The flavonoid naringenin exists in two forms: Glycosylated (naringin,
narirutin and naringenin-glucoside) and aglycone (naringenina). There are three types of naringenin glycosides depending of sugar moiety bound to the flavonoid:
Naringin (rhamnose), narirutin (rutinose) and naringenin-glucoside (glucose); when the sugar moiety is cleaved by specific enzymes, the aglycone (naringenin) is
released.

naringenin is metabolized in the lower intestine by
Streptococcus S-2, Lactobacillus L-2, and Bacteroides
JY-6 to generate a series of low molecular weight
[11]
aromatic acids (Figure 2).
With respect to naringenin distribution, it has been
found in the stomach, small intestine, liver, kidney,
trachea, lung, heart, fat, muscle, testis, ovary, spleen,
[20,23-25]
brain, and urine
. Furthermore, naringenin and
its metabolites are bound to plasma proteins such as
[26-28]
albumin
.

However, in addition to a direct antioxidant property by
free radical scavenging activity, naringenin possesses
the ability to induce the endogenous antioxidant system.
Classically, naringenin’s antioxidant effect is due
to its hydroxyl substituents (OH), which have high
reactivity against reactive oxygen species (ROS)
and reactive nitrogen species (RNS). In general, the
antioxidant capacity of a given molecule increases
in function with the number of OH radicals in the
molecule, which, in the case of naringenin, is 3. Then,
•
OH can donate its H to free radicals (R ), and later,
[29,30]
naringenin can be stabilized by resonance
(Figure
3). Within the typical structure of flavonoids, the B ring
is very important because when OH groups are in the
•
ring, flavonoids can stabilize hydroxyl (OH ), peroxyl
•
•
(ROO ), and peroxynitrite (ONOO ) radicals, producing
a relatively stable flavonoid radical. On the other hand,
5-OH substitution and a 5,7-m-dihydroxy arrangement

ANTIOXIDANT EFFECTS OF NARINGENIN,
BEYOND THE STRUCTURE ACTIVITY
RELATIONSHIP
Normally, flavonoid antioxidant activity has been attri
buted to the structure-activity relationship of flavonoids.
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in the A-ring is an important feature of naringenin that makes it an antioxidant and, at the same time, serves to stabilize the structure after donating H to the R . Finally,
[29]
the association between 5-OH and 4-oxo substituents contributes to the ability of naringenin to chelate compounds such as heavy metals (Figure 3).
An important phenomenon during liver damage is lipid peroxidation (LP); it can be defined as the abstraction of hydrogen from fatty acid that initiates a complex series
of reactions that terminate in the complete disintegration of the polyunsaturated fatty acid (PUFA) molecules with the formation of aldehydes, such as malondialdehyde (MDA),
•
other carbonyls, and alkanes. LP may be initiated by R . Therefore, maintaining the normal redox balance with antioxidants during liver damage is important to prevent the
[31]
deleterious effects of LP .
[30]
Naringenin trolox equivalent antioxidant activity is 1.53 mmol/L, which is a small value compared with that of quercetin, which is 4.7 mmol/L . In a model of
nonenzymatic LP induction by ascorbic acid, naringenin showed 21%-44% inhibition of MDA formation in a dose-dependent manner; however, quercetin was able to
[32]
prevent 70%-85% of the MDA formation at doses from 0.1 mmol/L to 4.0 mmol/L . During a di(phenyl)-(2,4,6-trinitrophenyl) iminoazanium (DPPH) assay, naringenin
had an ID50 of 225 µmol/L at 2 h, and the number of molecules of DPPH scavenged/naringenin molecule was 0.5, while the ID50 of quercetin was 12.5 µmol/L of DPPH
scavenged/quercetin molecule. In addition, naringenin showed a lower effect than quercetin in an LP model in liver and lung with an ID50 of more than 1000 µmol/L
[33]
and 35 µmol/L, respectively . Moreover, naringenin’s effect on LP induced by iron-ascorbate in hepatic microsomes revealed that naringenin (5 µmol/L and 25 µmol/L)
increases LP, unlike quercetin, which almost completely inhibited LP at the same dose. In this same study, a modest effect of naringenin (25 µmol/L) against LP induced by
3+
Fe -ADP/NADPH or TBH assay was observed. In contrast, naringenin strongly protected hepatocytes from TBH-cytotoxicity, suggesting that naringenin did not exert its
[34]
cytoprotective effects through purely direct antioxidant mechanisms .
Although several reports show that naringenin displays poor antioxidant capacity compared to other flavonoids such as quercetin, the results obtained in the
•
2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) assay showed that naringenin had an IC50 of 7.9 µmol/L, and when the determination of superoxide radical (O2 )
scavenger activity was performed by the nitro blue tetrazolium (NBT) method and the Xanthine oxidase/cytochrome c (CYPc) method, naringenin had an IC50 of 94.7 and 4.4
•
µmol/L, respectively. Moreover, naringenin had an IC50 of 1.06 and 1.55 µmol/L with EDTA and without EDTA on OH scavenger activity, respectively; in addition, the IC50

Figure 2 Absorption and metabolism of naringenin. Small intestine: Naringenin (N, orange arrows) is absorbed through the intestinal epithelium by passive diffusion into enterocytes; then, it can pass to general circulation by multidrug
resistance associated proteins (Mrp1) or transported by active efflux protein carriers P-glycoprotein (P-gp) and Mrp2, back to the intestinal lumen, out of the enterocytes. Inside the enterocyte, naringenin is glucuronized by UDP-glucuronosyl
transferase (UGT), and after that, naringenin-glucuronides (red arrows) leave cells by Mrp2 protein or pass into blood via breast cancer-resistant protein (Bcrp1). Moreover, naringenin-glucuronides can be cleaved by β-glucuronidases (GUSB),
resulting in release of the aglycone. Large intestine: Naringenin undergoes same processes as in small intestine but also is highly metabolized by Streptococcus S-2, Lactobacillus L-2, and Bacteroides JY-6 to generate a series of low molecular
weight aromatic acids. Liver: Naringenin is highly conjugated to form naringenin-glucuronides, which allows it to pass into circulation. On the other hand, naringenin-glucuronides reach the liver from intestine and enter into hepatocytes via
organic anion transporting protein-B (OATP), and then, they are transported by Mrp3 into the circulation.
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antioxidant effects against paraquat-induced toxicity
in human bronchial epithelial cells, since it decreases
[43]
intracellular ROS generation . Moreover, this fla
vanone significantly decreased thiobarbituric acid
reactive substances (TBARS) and improved membrane
phospholipid composition in favor of n-3 PUFAs and
the n-6/n-3 PUFAs ratio in the liver of old-aged Wistar
[44]
rats .
Naringenin has shown the ability of combating LP in
[45]
many organs, tissues and cells, for example, in lung ,
[46]
ankle joints (arthritis model) , retina of streptozotocin[47]
[48]
induced diabetic rats , SH-SY5Y cells , cardiomyoblast
[49]
[50]
[51]
[44,52,53]
cells , skin , testis and, interestingly, in liver
.
It can be concluded that, in contrast to the results
obtained in chemical antioxidant assays, the beneficial
effects of naringenin against LP in systems involving
living organisms or cells, the flavanone shows strong
activity. This characteristic is very important for the
treatment of hepatic diseases, since LP constitutes one of
the main causative agents that triggers liver damage.
In the studies where a reduction in LP by naringenin
was demonstrated, a relationship between reduced
glutathione (GSH) and flavonoid levels is observed. In
fact, it has been observed that naringenin improves GSH
[44,47-52]
levels during oxidative stress
. Improvement of
GSH levels by naringenin is associated with the beneficial
properties of this flavonoid on the liver because oxidative
[54]
stress plays a causative role in hepatic disorders .
The effect of naringenin on GSH levels deserves
further explanation. GSH is a tripeptide (L-γ-glutamylL-cysteinyl-glycine) that serves several essential
functions within the cell. The main functions of GSH
are antioxidant, detoxification of oxygen-derived free
radicals, thiol disulfide exchange and storage/transfer of
cysteine. GSH is formed in two steps: in the first (ratelimiting) step, cysteine and glutamate form c-glutamyl
cysteine by the enzyme glutamyl cysteinyl ligase (GCL);
in the second step, GSH forms from c-glutamyl cysteine
[55-57]
and glycine by GSH synthetase (GSS) catalysis
(Figure 4). It has been observed that naringenin
possesses the ability to increase total and mitochondrial
GSH levels during hydrogen peroxide (H2O2)-induced
[48,49,51]
[52,58,59]
liver damage
, as well total hepatic GSH
[60,61]
and total GSH in other organs
. These effects can be
explained because naringenin increases the expression
of the GCLC catalytic subunit and the GCL modulatory
[60-62]
subunit at both the protein and mRNA levels
.
•
The tripeptide can directly scavenge R or function
as a co-substrate of the internal antioxidant system
enzymes. For example, GSH is the co-substrate of
glutathione peroxidase (GPx) in H2O2 reduction and of
glutathione transferase (GST), which catalyzes xenobi
[56,57]
otics biotransformation in the liver
. In either case,
GSH is oxidized to GSSG, which leads to consumption
of GSH. Therefore, there are mechanisms in charge
of maintaining the GSH/GSSG balance; for example,
glutathione reductase (GR or GSR) is responsible of
GSSG reduction to the disulfide form (GSH) at the

Figure 3 Naringenin antioxidant activity-structure relationship. In red:
Hydroxyl substituents (OH) that have high reactivity against reactive oxygen
species and reactive nitrogen species. In green: 5,7-m-dihydroxy arrangement
in the A-ring serves to stabilize the structure after donating electrons to free
radicals. In blue: The association between 5-OH and 4-oxo substituents
contributes to the chelation of compounds such as heavy metals.
•

•

of naringenin on liver LP in the presence of HO2 or OH
[35]
was 1.21 and 0.23 mmol/L, respectively .
As seen, the antioxidant effect of naringenin can
be considered ambiguous, and it may depend on the
radical formed and the model used and the flavonoid
concentration. Even though naringenin has fewer antioxi
dant functional groups than quercetin, it shows other
properties due to its structure-activity relationship, as it
has been reported that naringenin is able to accumulate
[36]
[37,38]
in cell membranes and biomembranes
. Interaction
with membranes is favored because flavonoids form
reversible bonds with the polar heads of the phospho
[39]
lipids , and this interaction may be possible due to
naringenin’s solubility, since it is highly lipophilic because
of its structure (Figure 4).
Interestingly, it has been shown that naringenin
decreases membrane fluidity. Membrane fluidity is the
relative motional freedom of the lipid molecules in the
membrane bilayer, and naringenin accumulates in the
membrane hydrophobic core, where it modifies lipid
packing order leading to decreased membrane fluidity
in a concentration-dependent manner. Therefore, by
increasing the rigidity of membranes, naringenin can
•
reduce the interaction between R and lipids; as a result,
[38]
LP may be attenuated . In conclusion, in addition
to its antioxidant capacity, naringenin can block LP by
[40]
reducing membrane fluidity (Figure 4).
Although antioxidant assays are important, in vitro
and in vivo model systems offer much more infor
mation since normal functions of a complete system
are preserved. Either by its antioxidant activity or
by protection of lipid membranes, naringenin offers
•
protection against ROS and other R in in vitro and
in vivo models. Naringenin protects against ROS in a
model of neuronal damage, since it reduces their levels
in neurons and decreases mitochondrial dysfunction
[41]
and increases mitochondrial membrane potential .
In addition, naringenin inhibits KO2-induced oxidative
•
stress in a pain model in mice by inhibiting LP and O2
[42]
production . On the other hand, naringenin exerts
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Figure 4 Antioxidant effects of naringenin. Naringenin (N) accumulates in cell membranes, where it provides rigidity to the lipid bilayer; naringenin can reduce
the interaction between free radicals (R•) and the cell membrane, as well as reduce membrane phospholipid attack and prevent lipid peroxidation (LP). Glutathione
(GSH) is formed when cysteine and glutamate form c-glutamyl cysteine by the enzyme glutamyl cysteinyl ligase (GCL); then, glycine and c-glutamyl cysteine form
GSH by GSH synthetase (GSS). Naringenin increases GCLC protein and mRNA levels as well as GSH levels. Naringenin increases activity and protein and mRNA of
superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), glutathione transferase (GST) and glutathione reductase (GR), enzymes that are part of
the endogenous antioxidant system. Naringenin decreases the expression level of miR-17-3p; its targets genes are SOD and GPx. The nuclear factor-erythroid 2-related
factor 2 (Nrf2) is an oxidative stress regulator; it stimulates antioxidant enzyme expression as well as heme oxygenase (OH-1) and NADPH quinone oxidoreductase
(NQO1). Naringenin upregulates the Nrf2 pathway by increasing its activation, nucleus translocation, and protein and mRNA levels through PI3K/AKT, ERK and PKC.
[55-57]

expense of NADPH
. It has been reported that
[59,61]
naringenin increased the GSH/GSSG ratio
by
[44,63-66]
improving GR mRNA levels and activity in the liver
[67,68]
and in other organs
(Figure 4).
Naringenin can influence cellular antioxidant balance
not only through its own chemical structure but also
by inducing the cell antioxidant system. In this regard,
it has been reported that naringenin upregulates
important antioxidant enzymes, such as superoxide
dismutase (SOD), catalase (CAT), GPx and GST.
•
SOD catalyzes the reaction in which O2 is converted
to H2O2, a more stable species but that at high con
centrations is harmful to cells; in turn, CAT eliminates
[69]
excess H2O2, generating water . Naringenin signi
ficantly increases SOD enzyme activity in different
[44,
models of liver damage induced by oxidative stress
50,52,62-65,67,70-74]
. This effect is associated with the ability of
this flavonoid to increase enzyme protein levels in the
[58,59,68]
liver and other organs
. Naringenin can prevent
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CAT activity decrement after damage to several
[44,49,50,52,62-65,67,70-74]
[58,59,68]
tissues
by increasing protein
[43]
and mRNA levels .
SOD and CAT, together with GPx and GST, are
diminished during oxidative stress. It is worth noting
that naringenin has been reported to upregulate these
[44,63-66]
enzymes
(Figure 4). There are some reports trying
to explain the mechanism of naringenin to increase GPx
activity. One report indicates that the flavanone produces
[43]
an increment in GPx mRNA levels , while others
[58,59,68]
indicate that it increases the protein content
.
Another hypothesis postulates that during cell damage,
GSH is almost depleted and, thus, cannot be utilized by
GPx as a cofactor, leading to decreased enzyme activity;
in this situation, naringenin acts by improving GSH levels
[44,49,50,52,63-65,71-74]
and, as a consequence, enzyme activity
.
Further experiments are needed to clarify this point.
Naringenin preserves GST activity under prooxidant
[49-51,63-65,70,72,74]
conditions associated with several illnesses
.
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It has been demonstrated that the flavanone acts
[61,63]
by increasing mRNA levels of GST
, which in turn
induces the transduction of the corresponding functional
[68]
protein . The specific action mechanism by which
naringenin produces these effects remains to be elu
cidated (Figure 4).
As it has been previously described, naringenin
has very important effects on endogenous antioxidant
system enzymes, in contrast to its own weak antioxidant
properties in comparison to those of other natural
compounds, such as quercetin. This low antioxidant
activity suggests that naringenin’s effects are not only a
result of its structural activity relationship but also due
to other properties. In this regard, it is worth noting that
naringenin influences microRNAs (miRNAs) and nuclear
factor-erythroid 2 related factor 2 (Nrf2).
miRNAs are noncoding or nonmessenger RNAs that
are approximately 22 nucleotides in length that regulate
gene expression because they bind to target mRNA,
[75]
inhibiting protein synthesis . miR-17-3p is involved in
oxidative stress, and its targets are mRNAs coding for
SOD and GPx, thereby preventing the expression of
[76]
these proteins . Naringenin decreased the expression
level of miR-17-3p, which is in agreement with increased
[77]
levels of target mRNAs coding for SOD and GPx2 . As
noted, this reduction in miR-17-3p expression may be a
mechanism by which naringenin modulates antioxidant
enzymes; however, more research is needed on the role
of naringenin in miRNA and its effect on the endogenous
antioxidant system (Figure 4).
Nrf2 interacts with the actin binding protein, Kelchlike ECH associating protein 1 (Keap1), inactivating
Nrf2 in the cytoplasm. Nrf2 must be released from
Keap1 to be active. Its release can occur either by
MAPK phosphorylation or by conformational changes
in Keap1 due to ROS. Once free, Nrf2 translocates to
the nucleus, where it forms a dimer with the musculoaponeurotic fibrosarcoma (Maf) family proteins. Nrf2Maf dimer is a transcription factor that binds to the
antioxidant response element (ARE) sequence, resulting
in transcriptional activation of detoxification proteins
such as NADPH quinone oxidoreductase (NQO1), GST,
and aldo-keto reductase (AKR), antioxidant enzymes
such as thioredoxin (TXN1), thioredoxin reductase
1(TXNR), peroxiredoxin 1 (PRDX1), GPx, GCL, GR,
CAT and SOD, and heme and iron metabolism proteins
such as heme oxygenase (OH-1) and ferro chelatase
[78-80]
(FECH)
(Figure 4).
Interestingly, there are reports indicating that narin
genin upregulates Nrf2 in various models. In a model
of UVB irradiation-induced skin inflammation and oxi
dative damage in hairless mice, naringenin significantly
increased Nrf2 mRNA levels compared with those in the
[66]
damaged group . Moreover, in a model of KO2-induced
inflammatory pain in mice, naringenin inhibited the
[42]
KO2-induced decrease in Nrf2 mRNA expression . In
addition, naringenin upregulated the mRNA expression
[46]
of Nrf2 in complete Freund’s adjuvant-induced rats ,
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and naringenin increased Nrf2 mRNA expression in a
[49]
model of oxidative stress induced by H2O2 .
The induction of Nrf2 mRNA may propitiate Nrf2
protein levels to increase. It has been reported that
naringenin is capable of increasing Nrf2 protein levels
[63]
in CCl4-induced hepatic damage . In addition, the
flavonoid protected SH-SY5Y cells against 6-OHDA
neurotoxicity via Nrf2 because it improved the levels
[60]
of this protein . Moreover, one mechanism to explain
why naringenin prevented CCl4-induced acute liver
[59]
injury in mice is by preserving Nrf2 levels . In addition,
naringenin improved intracellular Nrf2 levels in LPS[81]
induced apoptosis of PC12 cells and reduced oxidative
[41]
stress by increasing Nrf2 protein levels in neurons .
Increased Nrf2 protein levels do not necessarily
correlate with increases in Nrf2 activity. Nrf2 must
dissociate from Keap1 to translocate to the nucleus and
to induce proteins of the antioxidant system. Naringenin
activates Nrf2 because it promotes its translocation
[43,61-63,82]
from the cytoplasm to the nucleus
.
Phosphorylation of Nrf2 by extracellular signalregulated protein kinase (ERK) triggers the dissociation
of Nrf2-Keap1 and inhibits the reassociation of Nrf2[83,84]
Keap1 complexes
. Other important proteins
involved in the activation of Nrf2 are 5′ AMP-activated
[85]
protein kinase (AMPK) , phosphatidylinositol-3-kinase
[86]
(PI3K/AKT), and protein kinase C (PKC) . Notably,
it has been observed that naringenin upregulated
phosphorylated ERK1/2, leading to nuclear translocation
of Nrf2 in doxorubicin-induced toxicity in H9c2
[62]
cardiomyocytes . In another report, after treatment
with 40 μg/ml of naringenin, nuclear Nrf2 increased at
0.25 h and remained elevated until 3 h after naringenin
[82]
treatment to H9c2 cells . In addition, naringenin
increased the phosphorylation levels of ERK1/2, PKCδ,
and AKT, but this increase was prevented by chemical
inhibitors of AKT (LY294002), ERK1/2 (PD98059), and
PKCα (rottlerin), which suppressed Nrf2 activation
[82]
induced by naringenin . These results suggest that the
naringenin-induced activation of Nrf2 signaling may be
mediated by the phosphorylation of ERK1/2, PKCδ, and
[82]
AKT (Figure 4).
Nrf2 activation and its translocation to the nucleus
lead to its union with Maf; Nrf2-Maf dimer, in turn,
binds to ARE sequence, which results in transcriptional
activation of detoxification and antioxidant proteins.
Naringenin not only activates Nrf2 but also increases the
mRNA and protein levels of target genes such as NQO1,
[43,46,49,59-63,66,81,82,87]
GPx, GCL, GR, OH-1, and GST
. To
corroborate this effect, experiments have been carried
out to silence Nrf2. A small interfering RNA (siRNA)
study revealed that the knockdown of Nrf2 can abrogate
naringenin-mediated protection of the BEAS-2B cells
[43]
from paraquat-induced cellular toxicity . Another
report showed that naringenin fails to block 6-OHDA
[60]
neurotoxicity if Nrf2 siRNA is administered . Moreover,
naringenin prevented mitochondrial depolarization is
[87]
inhibited by Nrf2 siRNA ; in addition, the naringenin-
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induced upregulation of GCL and HO-1 proteins was
significantly inhibited by Nrf2-siRNA transfection in H9c2
[82]
cells . Finally, silencing of Nrf2 suppressed naringenininduced cytoprotection and mitochondrial protection in
[48]
SH-SY5Y cells exposed to H2O2 (Figure 4).
Due to the important regulatory effects of naringenin
on endogenous antioxidant system, the flavonoid
takes great importance as a possible hepatoprotector,
since one of the main mechanisms of liver damage
[54]
is oxidative stress . In addition, this antioxidant is
different from others, since in addition to its direct
effect as an antioxidant, it induces the expression of
endogenous antioxidants.

Ethanol consumption modifies the phase I and
phase II xenobiotic metabolism enzymes. During
phase I metabolism, enzymes catalyze reactions of
oxidation, reduction, and hydrolysis of xenobiotics to
increase their polarity and improve their excretion. On
the other hand, phase II reactions are glucuronidation,
acetylation, S-methylation, and glutathione- or sulfoconjugation of xenobiotics. These reactions are carried
out on phase I products for their better excretion, since
tissue damage occurs if the products of phase I are
[95]
not eliminated by the enzymes of phase II . It has
been reported that alcohol intake raises the activity
of phase I enzymes such as CYP450, cytochrome b5,
NADH-cytochrome b5 reductase and NADPH-CYP450
reductase. In contrast, ethanol injection decreases
the activity of phase II enzymes such as GST and DT[70,96]
diaphorase
. Interestingly, naringenin was able to
reverse these effects caused by alcohol in both types
of enzymes, leading to efficient elimination of alcohol
metabolism products and reestablishment of the NADH/
+
[70]
NAD ratio (Figure 5).
Due to acetaldehyde accumulation during alcohol
metabolism, oxidative stress is generated. This is
•
characterized by LP, increased R and endogenous
[97]
antioxidant system dysfunction . During ethanol
administration in vivo, significantly elevated levels of
TBARS, lipid hydroperoxides (LOOH), conjugated dienes
(CD), protein carbonyl content and significantly lowered
activities of SOD, GPx, CAT, GR and GST, and lowered
[64,70,94]
levels of GSH have been observed
.
As discussed above, naringenin displays antioxidant
effects at different levels, and this was evident when the
administration of naringin or naringenin prevented and
reverted oxidative stress caused by ethanol, normalizing
levels of TBARS, LOOH, CD, protein carbonyl content,
[64,70,94]
antioxidant enzymes activity and GSH levels
(Figure 5).
If oxidative stress is constant and the antioxidant
system has failed, liver damage is generated; this
liver damage is marked by increases in liver damage
markers such as alkaline phosphatase (AP), aspartate
aminotransferase (AST), alanine aminotransaminase
(ALT), γ-glutamyl transferase (GGT) and lactate dehy
drogenase (LDH) activities or by the elevation of serum
bilirubins and aspartate levels. However, naringenin
administration during ethanol-induced hepatic damage
decreases the activity/levels of liver damage markers,
demonstrating that naringenin protects hepatocytes
against necrosis, cholestasis and membrane perme
[64,70,98]
ation
(Figure 5).
After hepatocyte damage occurs, an inflammatory
reaction is produced that is characterized by increases
in cytokines and proteins that mediate the immune
response. It has been reported that rats that received
20% ethanol equivalent to 6 g/kg body weight (bw)
every day for a period of 60 days showed significantly
elevated mRNA levels of tumor necrosis factor-alpha
(TNF-α), interleukin-6 (IL-6), nuclear factor-kappa

NARINGENIN PREVENTS LIVER DAMAGE
CAUSED BY ALCOHOL
Liver damage induced by excessive alcohol con
[3]
sumption is a worldwide problem . It has been
reported that an intake of 80 g/day by men and 40
g/day by women between 10-20 years may lead to
[88-90]
fibrosis
. Therefore, it is important to find a drug
that prevents or reverses the effects of alcohol abuse in
the population.
Liver alcohol metabolism consists of the following
steps: (1) In the cytosol, alcohol is converted into
acetaldehyde by the enzyme alcohol dehydrogenase
+
(ADH) using NAD to generate NADH; acetaldehyde
is also formed in microsomes by CYP2E1 and in peroxi
somes by CAT; and (2) In the mitochondria, acetaldehyde
dehydrogenase (ALDH) transforms acetaldehyde to
[91-93]
acetate
(Figure 5). During these reactions, secondary
harmful products to hepatocytes are generated;
among the most important of these harmful products
is MDA, which forms adducts with proteins and is also
[91-93]
an important indicator of LP
. Moreover, ROS, such
•
as H2O2 and O2 , are generated during the metabolism
of alcohol by CYP2E1. Additionally, alcohol metabolism
+
induces fatty liver disease by increasing the NADH/NAD
ratio. In general, these processes induce hepatocyte
damage, leading to an inflammatory environment that
[91-93]
activates endothelial cells, Kupffer cells and HSCs
.
The evidence indicates that naringin, the naringeninglycoside, significantly lowered ethanol concentration
[94]
in plasma in a dose-dependent manner . Ethanol
administration resulted in higher ADH and lower ALDH
activities, resulting in toxic acetaldehyde accumulation.
Naringin increased the activities of both enzymes,
resulting in efficient alcohol elimination via acetalde
hyde and its conversion to acetate, preventing the
accumulation of acetaldehyde, and resulting in the rapid
[94]
clearance of alcohol from the serum . In agreement
with these findings, naringenin administration to
alcohol-treated rats increased ADH and ALDH enzyme
[70]
activities . In addition, ethanol increased the activity
of cytochrome CYP2E1, while this effect was reversed
[70]
by naringenin (Figure 5).
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Figure 5 The role of naringenin in alcohol-induced liver damage. Alcohol metabolism: In the cytosol, alcohol is converted into acetaldehyde by alcohol
dehydrogenase (ADH); it is also formed in microsomes by CYP2E1 and in peroxisomes by catalase (CAT). In mitochondria, acetaldehyde dehydrogenase (ALDH)
transforms acetaldehyde to acetate. Ethanol elevates ADH and CYP2E1 activities but decreases ALDH activity, resulting in toxic acetaldehyde accumulation,
free radical (R•) formation in the form of lipid hydroperoxides (LOOH) or protein carbonyls and resulting in the elevation of lipid peroxidation (LP). Naringenin (N)
increases the activities of all those enzymes, which results in alcohol efficient elimination leading to endogenous antioxidant system restoration, oxidative stress
prevention and balance of phase Ⅰ and phase Ⅱ xenobiotic metabolism enzymes. Naringenin also prevents increased levels of alkaline phosphatase (AP), aspartate
aminotransferase (AST), alanine aminotransaminase (ALT), and γ-glutamyl transferase (GGT) as well as inflammation during alcohol-mediated liver damage.

B (NF-κB), cyclooxygenase-2 (COX-2), macrophage
inflammatory protein 2 (MIP-2) and CD14, as well as
increased staining for inducible nitric oxide synthase
(iNOS) protein adducts in the liver. Notably, when
naringenin (50 mg/kg p.o.) was administered every
day during the last 30 d of alcohol intoxication, the
flavanone decreased the mRNA levels of all inflamma
[98]
tory markers , indicating the potent anti-inflammatory
properties of naringenin (Figure 5).
One of the main effects of alcohol abuse on the
liver is lipid accumulation in hepatocytes. Even though
fatty liver is a reversible condition, it can progress to
inflammation and fibrosis. During alcohol consumption,
there is a deregulation of pathways that regulate lipid
synthesis, oxidation and very-low density lipoprotein
(VLDL) exportation that leads to the accumulation
[93]
of triglycerides and fatty acids in the liver . In a
study performed to investigate the effect of naringin
supplements on lipid metabolism in ethanol-treated
rats, the results showed that the concentrations of
plasma/liver total cholesterol and plasma/liver total

WJG|www.wjgnet.com

triglyceride were significantly higher in the ethanoltreated rats and, conversely, decreased the high-density
lipoprotein (HDL)-cholesterol level and HDL-cholesterol/
total-cholesterol ratio, while naringin reestablished
normal levels of all measured lipid parameters. Another
interesting effect of the glycoside was a decreased
number of hepatic cells containing lipid droplets
compared to the alcohol-group, where many of these
cells were observed. It was concluded, therefore, that
naringin is able to prevent lipid accumulation in liver
[94]
caused by alcohol .
In another study, serum insulin was diminished,
glucose/insulin ratio and liver triglycerides were in
creased in ethanol-drinking rats; however, naringenin
co-administration partially protected rats from these
effects produced by alcohol intoxication. Unfortunately,
naringenin was not able to protect from alterations in
serum glucose, triglycerides, total, free and esterified
cholesterol or HDL cholesterol, or from liver and muscle
[99]
triglycerides or glycogen .
Naringenin has effects on several steps of ethanol
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[16]

metabolism, as well as on liver damage by this xeno
biotic, suggesting that it can be used in the prevention
and reversion of alcohol-induced liver damage. However,
more studies are necessary to further investigate
naringenin’s mechanism of action in alcohol-induced
hepatic injury and whether it is able to protect from
fibrosis induced by alcohol abuse.

CCl4 administration .
[105]
Later, Hermenean et al
published an experiment in
which acute liver damage was induced in mice with CCl4
(1.0 ml/kg, olive oil: CCl4, 1:1, i.p.), and naringenin (50
mg/kg) pretreatment for seven days was evaluated.
The elevation of serum AST, ALT and LP levels as well
as the reduction of CAT, SOD and GPx activities and
GSH levels in livers from rats intoxicated with CCl4 were
all significantly prevented by naringenin. Moreover,
naringenin prevented necrotic changes of hepatocytes,
fatty degeneration, sinusoidal dilatation, mild fibrosis,
and inflammatory cell infiltration and retained the
normal ultrastructure of the hepatocytes, including mild
restoration of normal bile canaliculi configuration filled
[105]
with microvilli .
The action mechanism of naringenin on acute liver
damage induced by CCl4 can be explained by different
mechanisms. CCl4 is activated in hepatocytes by
•
CYP2E1; therefore, the R formed attacks membranes
of these cells, generating LP. During CCl4 administration,
the expression of CYP2E1 is elevated; however, it has
been reported that naringin strongly inhibited this
cytochrome; therefore, one possible mechanism of
hepatoprotection is the inhibition of CYP2E1 by the
[59]
flavanone, preventing bioactivation of CCl4
(Figure
6). Another mechanism is associated with the ability
of naringenin to induce the endogenous antioxidant
system by upregulating Nrf2. It was reported that
the administration of 50 mg/kg of naringenin to
rats significantly increased Nrf2 protein levels in the
cytoplasm and nucleus, elevating mRNA levels of its
[63]
target genes, such as HO-1, NQO1 and GST ; in
addition, naringenin can prevent the decrease in Nrf2,
HO-1 and SOD protein levels exerted by CCl4 treatment
[59]
in mice (Figure 6).
In addition to oxidative stress, inflammation plays a
crucial role in the development of liver damage. During
fibrosis produced by CCl4 chronic administration, there
is a proinflammatory environment generated by Kupffer
cells and HSCs. In these cells, inflammatory signaling
pathways, mainly NF-κB-related signaling pathways,
are activated. This pathway starts when TLRs are
activated; then, intermediaries lead to inhibitor κB (IKB)
phosphorylation by IκB kinase (IKK) and NF-κB release
into the cytoplasm. NF-κB then translocates into nucleus
to induce the transcription of target genes. NF-κB
regulates proinflammatory protein expression of TNF-α,
[59,31,106]
IL-1β and IL-6
. In addition, NF-κB binds to iNOS
and COX-2 gene promoters, activating the transcription
of these genes; iNOS catalyzes the production of nitric
[107,108]
oxide (NO), which is a highly oxidizing product
.
On the other hand, during the NF-κB pathway, the
intermediate TGF-β-activated kinase 1(TAK1) is
activated. Additionally, through MAPKs, NF-κB activates
activator protein 1 (AP-1), a factor that promotes the
[106,109]
transcription of genes related to inflammation
.
Moreover, high mobility group box 1 (HMGB1) is widely
involved in proinflammatory processes through its

EFFECT OF NARINGENIN ON CCl4INDUCED LIVER DAMAGE
CCl4 is a haloalkane widely used to induce liver
[100]
damage
. To induce liver damage, CCl4 must be
activated by CYP2E1, CYP2B1 or CYP2B2, and CYP3A,
•
to form the trichloromethyl radical (CCl3 ). This radical
reacts with oxygen to form the trichloromethylperoxy
•
radical (CCl3OO ), a highly reactive species. These two
species are highly reactive; they can bind to cellular
molecules, for example, nucleic acids, proteins or
•
lipids. CCl3OO initiates the chain reaction of LP, which
attacks and destroys PUFAs, those associated with
phospholipids in cell membranes as the mitochon
drial or the reticulum membranes. This membrane
damage leads to hepatocyte damage, which in turn
activates Kupffer cells and HSC, regulating fibrosis and
[31,101]
cirrhosis
(Figure 6).
[102]
Facino et al
were pioneers to study the effe
ctiveness of naringenin against CCl4 damage. In this
study, a glycosidic fraction (containing naringeninglycoside) and naringenin-glycoside extracted from the
flowering tops of Helichrysum italicum G. Don were
utilized to investigate the effect of these flavonoids on
CCl4-induced rat microsomes, finding that microsomal LP
was reduced by the glycosidic fraction and by naringenin[102]
glycoside
. Another study showed that CCl 4induced liver damage was decreased by concomitant
administration of an aqueous extract of the rhizomes of
Sansevieria liberica, containing 5.99% naringenin, since
AP, AST and ALT activities and fatty degeneration of
[103]
hepatocytes were prevented . Finally, another report
investigated the effect of an aqueous extract of Trifolium
pratense L. (Leguminosae) leaves on CCl4-induced liver
damage; it was observed that naringenin in the extract
was able to reduce LP levels and xanthine oxidase (XOD)
[104]
activity .
On the basis that natural extracts containing na
ringenin had positive effects against injury induced
by CCl4, different protocols have been carried out to
evaluate naringenin hepatoprotective capacity. In
[16]
2009, Yen et al
evaluated the ability of naringenin
to prevent acute liver failure induced by CCl4 in rats.
Naringenin (100 mg/kg) was administered during three
consecutive days, and then on the fourth day, CCl4 was
intraperitoneally (i.p.) administered with a single dose
(3 ml/kg, olive oil: CCl4, 1:1). The flavonoid was able to
prevent AST, ALT and LP elevations and the reduction of
SOD, CAT and GPx levels, and it significantly suppressed
the activation of caspase (Cas)3 and Cas9 induced by
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CYP3A (CYP) to form the trichloromethyl radical (CCl3•); then, it reacts with the oxygen-forming trichloromethylperoxy radical (CCl3OO•). The CCl3OO• initiates
lipid peroxidation (LP), free radical (R•) generation, and imbalance of the endogenous antioxidant system formed by superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPx), glutathione (GSH), heme oxygenase (OH-1), NADPH quinone oxidoreductase (NQO1) and nuclear factor-erythroid 2 related factor
2 (Nrf2). Naringenin prevents CCl4 metabolism, LP and imbalance of the antioxidant system. Naringenin also prevents increased levels of alkaline phosphatase
(AP), aspartate aminotransferase (AST), alanine aminotransaminase (ALT), and γ-glutamyl transferase (GGT). On the other hand, CCl4 increases intrinsic and
extrinsic apoptosis pathways in hepatocytes; however, naringenin prevents CYPc release, as well as BCL2-associated X protein (Bax), BCL2-antagonist/killer 1
(Bak), Caspase 3 (Cas3) and Caspase 9 (Cas9) elevation, a protein related with the intrinsic pathway. For the extrinsic apoptosis pathway, naringenin prevents
Fas and Fas ligand (FasL) increases produced by CCl4 administration. During CCl4-induced fibrosis, there is a proinflammatory environment generated by Kupffer
cells and HSCs. The NF-κB pathway starts when TLRs are activated; then, intermediates are activated leading to inhibitor κB (IKB) phosphorylation by IκB kinase
(IKK) and NF-κB release. NF-κB regulates inflammatory protein expression, including tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), cyclooxygenase-2
(COX-2), interleukin-1 (IL-1) and inducible nitric oxide synthase (iNOS), while naringenin maintains normal levels of these proteins during CCl4-induced liver damage.
Transforming growth factor-β (TGF-β) activates receptor-activated Smad3 (Smad3), leading to transcriptional induction of α-smooth muscle actin (α-SMA), connective
tissue growth factor (CTGF), and collagen-1 (Col-1). Moreover, Smad3 is also activated by JNK via linker domain phosphorylation. Naringenin prevents Smad3
activation and α-SMA, CTGF, and Col-1 elevation because it inhibits TGF-β elevation and JNK activation. Metalloproteases (MMPs) cleave extra cellular matrix
(ECM) proteins, favoring TGF-β release as well as HSC migration to other sites, increasing fibrosis development; naringenin prevents MMPs elevation. On the other
hand, CCl4 decreases Smad7 protein levels; this protein inhibits the TGF-β signaling pathway by TGF-β receptor I (TβRI) ubiquitination, but nevertheless, naringenin
maintains normal levels of Smad7 during CCl4 treatment.

receptor for advanced glycation end product (RAGE)
and TLRs; HMGB1 is released by necrotic cells and by
[110]
monocytes or macrophage .
Because inflammation plays a pivotal role in the
establishment and perpetuation of liver diseases,
naringenin has been evaluated as an anti-inflammatory
therapeutic agent. In this context, a recent paper
reported that naringenin (30, 60 and 120 mg/kg)
administration to mice treated with CCl4 (0.3% CCl4, 10
ml/kg, dissolved in olive oil) showed that at a dose of
120 mg/kg, the flavonoid dramatically downregulated
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the expressions of TLR4, TNF-α, IL-1β, IL-6, iNOS,
[59]
AP-1, COX-2, HMGB-1 and NF-κB . Another report of
a study carried out in rats that were acutely intoxicated
with CCl4 indicates that naringenin (50 mg/kg) prevents
the CCl4-induced increases in TNF-α and elevations in
[63]
iNOS, COX-2 protein and mRNA . Figure 6 shows
that naringin and naringenin possess important antiinflammatory properties by blocking the NF-κB signaling
pathway.
During hepatic damage, hepatocytes may undergo
apoptosis mediated by intrinsic or extrinsic pathways.
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In the intrinsic pathway, BCL2-associated X protein (Bax)
and BCL2-antagonist/killer 1 (Bak) are activated by
proapoptotic stimuli, resulting in the release of electron
transport protein CYPc from the mitochondria to the
cytoplasm; then, this protein binds to Apaf-1, forming
the apoptosome. In turn, the apoptosome activates
Cas9, which cleaves procaspase 3 zymogens, amplifying
[11]
the cell death cascade .
The administration of CCl4 induces apoptosis in
hepatocytes as well as DNA fragmentation, increases
the mRNA levels of Bax, Bak, Cas3 and Cas9 and
[59,31,101]
increases CYPc release
. It has been reported
that glycosylated naringenin (naringin) effectively
prevented CCl4-induced DNA fragmentation, apoptosis
and mitochondrial injury by attenuating the release of
CYPc, therefore inhibiting apoptosis initiation. Another
explanation is that naringin significantly increased the
expression of antiapoptotic proteins B-cell CLL/lymphoma
2 (Bcl-2) and BCL2-like 1 (Bcl-xL) but decreased Bax,
[59]
Bak, Cas3 and Cas9 mRNA levels (Figure 6).
Through the extrinsic pathway, Fas is activated by
Fas ligand (FasL), which then binds to Fas-associated
protein with a death domain (FADD). The Fas-FADD
complex activates procaspase 8, which in turn activates
[111]
other Cas, leading to apoptosis . After CCl4-induced
acute liver damage, the mRNA levels of Fas, FasL, and
proapoptotic protein p53 are increased, but preventive
administration of naringin inhibited this increase and
[59]
reduced apoptosis in liver (Figure 6).
While there are some reports indicating evidence
of the beneficial effects of naringenin on acute liver
damage induced by CCl4, there is little information
on the effect of this flavanone on chronic treatment.
Recently, we have demonstrated that naringenin
effectively prevents liver cirrhosis induced by chronic
[112]
administration of CCl4 in the rat
. Moreover, we
studied the molecular mechanisms involved in the
hepatoprotective effects of naringenin on CCl4-induced
liver fibrosis. Our results indicate that naringenin
prevented necrosis and cholestasis and improved liver
biosynthetic capacity in CCl4-treated rats since the
flavonoid completely prevented the increase in ALT, AP
and GGT serum activity and hepatic glycogen depletion.
In addition, naringenin inhibited oxidative stress caused
by chronic liver damage, maintaining normal levels of
MDA, GSH and GPx activity. Moreover, inflammation
was prevented by naringenin since the levels of NFκB, IL-1β and IL-6 were preserved within normal values
[112]
despite CCl4 administration .
Perhaps the most important feature of chronic liver
damage is the deposition of scar tissue in the hepatic
parenchyma, leading to fibrosis and cirrhosis. In general,
livers of rats treated with CCl4 presented macro nodular
fibrosis; the tissue showed liver parenchymal disruption,
steatosis, hyperchromatic nuclear hepatocytes, and
atypical pleomorphic nuclei. In addition, cirrhotic rats
presented large amounts of collagen around fibrotic
nodules. In contrast, rats treated with naringenin

WJG|www.wjgnet.com

had livers without macro nodular fibrosis; collagen
accumulation as well as regenerative nodules were
prevented, and it was found that total collagen and
collagen-I (Col-I) accumulation was prevented by
naringenin. One of the main profibrogenic signaling
molecules is TGF-β, which exerts its effects by activating
receptor-activated Smads (R-Smads), leading to
transcriptional induction of α-smooth muscle actin
(α-SMA), the main marker of transdifferentiation of HSCs,
and connective tissue growth factor (CTGF), a TGF-β
[113,114]
downstream signal amplifier
. Notably, naringenin
was able to maintain basal levels of TGF-β, as well as
α-SMA, CTGF and Col-I, in rats treated with CCl4. In
addition to being activated by TGF-β, MAPKs also activate
R-Smads in an alternative pathway (non-canonical),
where the linker domain is phosphorylated instead
[115,116]
of the carboxyl domain in R-Smads molecules
.
After the administration of CCl4 for 8 wk, activated
JNK levels increased significantly, as well as total and
phosphorylated Smad3 in the linker domain (pSmad3L);
however, naringenin was able to prevent these effects,
providing another explanation for the antifibrotic effect
of the flavonoid (Figure 6). Moreover, metalloproteases
(MMPs), produced by the activated HSCs, cleave TGF-β,
leading to further activation and proliferation of HSCs and
collagen fiber formation; consequently, fibrosis ensues.
In agreement with these findings, we noticed that
chronic CCl4 administration produced increased MMP2,
MMP9 and MMP13; notably, we found for the first time
that naringenin treatment preserved normal levels of
[117]
these MMPs
(Figure 6).
Furthermore, CCl4 decreased Smad7 protein levels;
Smad7 inhibits the TGF-β profibrogenic signaling
[118]
pathway by TGF-β receptor I (TβRI) ubiquitination .
Nevertheless, naringenin was able to maintain normal
levels of Smad7 during CCl4 treatment, therefore
preserving the normal/physiological antifibrotic pathway
and, thus, blocking ECM deposition in the hepatic
parenchyma (Figure 6).
Our working group recently showed that naringenin
also has effects on the reversion of a previously
established fibrosis (unpublished data). CCl4 was given
for 12 weeks to male Wistar rats (400 mg/kg, 3 times/
wk); however, naringenin (100 mg/kg/two times a
day, p.o.) was administered at the beginning of week
9 of CCl4 treatment to determine its ability to reverse
established experimental cirrhosis. Different techniques
demonstrated that naringenin had the ability to reverse
elevated liver damage biochemical markers and to
restore GSH and glycogen levels. Additionally, the high
levels of TGF-β and α-SMA (protein and mRNA) observed
during CCl4 treatment were diminished by naringenin
administration. The protein levels of CTGF, Col-1 and
MMP13, as well as the activity of MMP2 and MMP9,
proteins involved in MEC remodeling, were restored by
the flavonoid. The protein levels of NF-κB, IL-1β and
IL-10 were elevated during CCl4 intoxication; however,
naringenin reversed this effect. Naringenin also reversed
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JNK activation and Smad3 phosphorylation in the linker
domain, as well as total protein and total Smad3 mRNA.
The results demonstrate that naringenin blocks TGFβ-Smad3 and JNK-Smad3 pathways, and thereby, it
has antifibrotic effects, making it a good candidate for
properly performed clinical studies. In summary, these
results show that naringenin not only reduces CCl4induced acute liver damage but also reduces fibrosis.
The action mechanism of naringenin to protect the liver
from chronic liver damage covers several fronts. This
flavonoid displays important effects on the endogenous
antioxidant system, blocks the main proinflammatory
factor, NF-κB, and inhibits many profibrogenic pathways.
These actions make this flavonoid an effective compound
to not only to prevent but also to reverse chronic hepatic
damage induced by CCl4.

carcinogens because of their role in mutagenesis and the
[127]
consequential chromosomal aberrations , as well as in
[128]
the regulation of tumor promotion and progression .
It is worth noting that ROS have been linked to the
hepatocarcinogenic process because they are implicated
in the activation of cellular signaling pathways, such
as those mediated by MAPKs, NF-kB, PI3K, p53, and
b-catenin/Wnt, which are associated with mutagenesis,
[129,130]
angiogenesis, tumor promotion, and progression
(Figure 7).
Abundant evidence from humans and experimental
animals has shown that a high intake of natural products
rich in antioxidants is associated with a decreased
[131-135]
risk of many cancers
. Flavonoids have diverse
biological activities because of their antiallergic, antiinflammatory, antioxidant, and anticancer properties
[134,135]
without significant systemic toxicity
. Naringenin
has been found to exhibit antioxidant, antimutagenic
[65,136,137]
and anticarcinogenic effects
and acts as
chemopreventive agent against colon carcinogenesis in
[138,139]
vitro and in vivo
. It is worth noting that naringenin
inhibits cell proliferation via the downregulation of NFκB, VEGF, and MMPs and induces apoptosis via Bcl-2,
Bax and Cas in a rat model of hepatocarcinogenesis by
[140]
N-nitrosodiethylamine (NDEA) . Arul and Subramanian
demonstrated that naringenin attenuates NDEAinduced hepatocarcinogenesis; they postulated that the
flavanone aids in liver cell regeneration, leading to the
protection of hepatic cells and membrane integrity by
•
scavenging R and enhancing the antioxidant status, thus
[141]
hindering the process of carcinogenesis . A growing
body of evidence indicates that naringenin prevents
liver damage in chemically induced hepatotoxicity by
•
inhibiting R and LP and by enhancing the antioxidant
[65,112,142-144]
system of the cell
. Accordingly, the admini
stration of naringenin effectively suppressed NDEAhepatocarcinogenesis and preneoplastic lesions by
modulating antioxidant enzymes and attenuating LP
through the scavenging of free radicals, thus enhancing
[141]
the antioxidant status
. Taken together, naringenin
can markedly modulate oxidative stress by its activation
of the antioxidant defense system. Thus, naringenin
appears to be an attractive candidate as an antioxidant
supplement for HCC prevention (Figure 7).
In another study, naringenin was found to inhibit the
growth of Hep G2 cells in a concentration-dependent
[145]
manner . The activation of p53 has been implicated
in triggering cell cycle arrest, including both G1 and G2
phases of the cell cycle. Notably, naringenin induced a
rapid accumulation of p53 in a dose-dependent manner,
which might account for the naringenin-induced G0/G1
[145]
and G2/M phase arrests in Hep G2 cells
(Figure 7).
In addition, evidence has shown that the anti
proliferative effect of natural products is associated
[146,147]
with the induction of apoptosis
. In agreement,
naringenin was found to exert antiproliferative effects by
inducing apoptosis, as evidenced by the nuclei damage
[148,149]
of Hep G2 cells
. The dysregulation of the cell cycle

ANTICANCER ACTIVITY OF NARINGENIN
IN THE LIVER
HCC is one of the most frequent tumor types world
wide. It is the fifth most common cancer in men and
the ninth in women, with approximately 500000 and
[119]
200000 new cases per year, respectively .
HCC is a genetically heterogeneous tumor. Hepa
tocarcinogenesis is complex and, therefore, requires
several genetic and epigenetic alterations. Several
etiological factors of HCC have been defined, including
HBV, HCV, excessive alcohol consumption, obesity, and
aflatoxins, and the prevalence/contribution of these risk
[120]
factors vary by region
. In Western countries, the
increasing prevalence of nonalcoholic steatohepatitis
(NASH), known as the manifestation of the metabolic
syndrome, is becoming the most prevalent risk cause
[3]
for liver failure and HCC .
[121]
HCC is strongly associated with oxidative stress ;
hepatic virus infection, the deposition of heavy metals,
and fatty liver disease are closely associated with chronic
inflammation, which in turn can induce oxidative stress
[122]
in hepatocytes
. Alterations in cell structure and
mitochondria can generate electron leakage from the
mitochondria, resulting in the activation of pro-oncogenic
[123]
pathways . In addition, Kupffer cell activation during
inflammation produces ROS that are liberated in
the liver tissue, inducing damage to the hepatocyte
[124]
membrane .
Elevated levels of intracellular ROS induce the accu
mulation of many genetic and epigenetic modifications
that may play a pivotal role in the induction of many
proinflammatory, onco-suppressor- and onco-promoter[125]
related genes that participate in HCC development .
When ROS are increased for prolonged periods of
time, the antioxidant defense capacity and the repair
systems of the cells can be insufficient and lead to lipid,
protein and DNA damage, altering different cellular
pathways and influencing gene expression, cell adhesion,
[126]
cell metabolism, the cell cycle, and cell death
. In
general, ROS have negative effects; they are potential
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Figure 7 Naringenin in cancer development. Hepatocellular carcinoma is strongly associated with elevated levels of free radicals such as lipid hydroperoxides
(LOOH•), peroxyl radicals (ROO•), and hydroxyl radicals (OH•), leading to the development of lipid peroxidation (LP), oxidative stress and finally to an imbalance
of the endogenous antioxidant system. Naringenin (N) inhibits oxidative stress by its intrinsic antioxidant properties and by improving the endogenous antioxidant
system. Notably, oxidative stress has been linked to the hepatocarcinogenic process because it is implicated in the activation of mitogen activated protein kinases
(MAPKs), nuclear factor-kappa B (NF-κB), or phosphatidylinositol-3-kinase (PI3K/AKT) pathways, increasing the production and activity of metalloprotease 9 (MMP9),
which is involved in migration and invasion processes. When toll-like receptors (TLRs) are activated, TRAMP is recruited to activate TRIF; in turn, it promotes
transforming growth factor beta-activated kinase 1 (TAK1) activation, which phosphorylates IκB kinase (IKK). Then, IKK promotes NF-κB release via inhibitor κB (IKB)
phosphorylation. On the other hand, phospholipase C (PLC) catalyzes phospholipid hydrolysis, generating inositol triphosphate (IP3) and diacylglycerol (DAG); the
latter is an activator of protein kinase C (PKC), which can induce the NF-κB pathway in a TRAMP-dependent manner. Then, NF-κB induces the expression of MMP9.
Epidermal growth factor (EGF) is highly involved in carcinogenic pathways; it binds to epidermal growth factor receptor (EGFR) promoting Grb2, SOS, Ras, Raf and
mitogen-activated protein kinase kinase (MKK) activation, which participates in extracellular signal-regulated protein kinase (ERK), c-Jun N-terminal kinase (JNK) and
p38 (MAPK) phosphorylation and activation. Then, MAPKs promote activator protein 1 (AP-1) activation by c-Jun and Fos dimerization. After that, AP-1 induces the
expression of MMP9. Alternatively, MAPKs are activated via PI3K/AKT. PI3K produces phosphatidylinositol (3, 4, 5)-trisphosphate (PIP3) from phosphatidylinositol
4,5-bisphosphate (PIP2); PIP3 activates AKT, which promotes MAPK activation in a Ras-dependent pathway. It has been reported that naringenin inhibits MM9
expression and secretion through diminution of p38, JNK, ERK, IKB, and PI3K/AKT phosphorylation as well as NF-κB and AP-1-DNA binding. In addition, naringenin
inhibits PKC cytoplasm-to-membrane translocation. Notably, naringenin induces p53 accumulation, leading to p21 expression. Then, p21 inhibits cyclin E/cyclindependent kinase 2 (CDK2) complex, which participates in proliferation. p53 accumulation results in naringenin-induced G0/G1 phase arrests. An important
mechanism for the elimination of cancer cells is apoptosis. Naringenin induces apoptosis by increased cytochrome c (CYPc) release, as well as BCL2-associated
X protein (Bax), BCL2-antagonist/killer 1 (Bak) and Caspase 3 (Cas3) elevation. Additionally, naringenin inhibited B-cell CLL/lymphoma 2 (Bcl-2) an antiapoptotic
protein. Two-pore channels (TPCs) are members of the voltage-gated ion channel superfamily localized in acidic calcium (Ca2+) stores and have been implicated in
angiogenic processes. Vascular endothelial growth factor (VEGF) and its receptor vascular endothelial growth factor receptor (VEGFR) promotes TPC activation via
nicotinic acid adenine dinucleotide phosphate (NAADP); then, Ca2+ is transported to the cytoplasm through TPCs, activating angiogenic signals. Naringenin inhibits
VEGF angiogenesis induction blocking NAADP activation and NAADP/TPC association.

mechanism and the induction of cancer cell apoptosis
are recognized as important targets in cancer therapy.
In this sense, naringenin is known to induce apoptosis
through the modification of Bcl-2 family of proteins
involved in the apoptotic mitochondrial pathway, and
the results from HepG2 cells showed that naringenin
[145]
increases the activity of Cas3
. Additionally, flow
cytometry with Annexin V-FITC/PI staining demonstrated
that the flavonoid increased apoptotic cells, confirming
[145]
that naringenin induced apoptosis in HepG2 cells
.
The accumulated data suggest that naringenin, as well
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as other compounds derived from plants, may induce
apoptosis through the mitochondria-initiated death
[148,150,151]
pathway
(Figure 7).
On the other hand, two-pore channels (TPCs), are
members of the voltage-gated ion channel superfamily
2+
and localize in acidic Ca stores and have been impli
[152,153]
cated in different pathophysiological processes
;
TPC2 is expressed predominantly in late endosomes
[154]
and lysosomes . It has been found that naringenin
impairs TPC2-dependent biological activities, leading to
antiangiogenic effects mediated by VEGF. Overall, these

1692

April 28, 2018|Volume 24|Issue 16|

Hernández-Aquino E et al . Naringenin on liver damage
data suggest that naringenin inhibition of TPC2 activity
and the observed inhibition of the angiogenic response
to VEGF are linked by impaired intracellular calcium
[155]
signaling . Therefore, TPC2 inhibition is emerging as
a key therapeutic step in the progression and metas
tatic potential of malignant cells. The identification of
naringenin as an inhibitor of TPC2-mediated signaling
provides a novel and potentially relevant tool for the
advancement of anticancer research (Figure 7).
12-O-tetradecanoylphorbol-13-acetate (TPA) is
widely utilized for studying the mechanisms of carcino
[156]
genesis . TPA upregulated MMP9 expression via PKCdependent activation of the Ras/ERK signaling pathway,
[157]
increasing invasiveness in cell lines
and tumor
[158]
[159]
metastasis . Importantly, Yen et al
demonstrated
that naringenin possesses a strong antiinvasive and
antimigratory effect in TPA-activated hepatoma cells
via the downregulation of PKC, epidermal growth factor
(EGF), MAPK and PI3K/Akt signaling pathways, and NFκB, AP-1 and MMP9 activities (Figure 6).
In conclusion, naringenin is highly effective in inhi
biting cell proliferation and inducing apoptotic cell death
in HepG2 cells and reducing invasion and metastasis.
Therefore, it may be a promising candidate for hepato
carcinogenesis treatment.

(DMT1). In hepatocytes, iron is incorporated into the
[162]
ferritin molecule that preserves iron bioavailability
(Figure 8).
•
•
One of the most reactive R is O2 ; under normal
conditions, it is produced in the respiratory chain by
NADP oxidase, and then, it is neutralized by SOD,
generating H2O2. Intracellular iron is released from
•
ferritin by O2 ; next, free iron reacts with H2O2 in the
•
Fenton reaction, generating high amounts of OH , and
•
in turn, OH attracts the double bonds of DNA bases.
In the case of lipids, free iron produced LP forming
•[160]
ROO
. These processes produce hepatocyte damage,
such as mitochondrial dysfunction and apoptosis,
which results in the recruitment of Kupffer cells that
phagocyte damaged hepatocytes, leading to the release
of proinflammatory and profibrogenic cytokines that
[161-163]
activate HSCs; as a result, hepatic fibrosis ensues
.
The Fenton reaction is inhibited by flavonoids
with 3´,4´-catechol, 4-oxo, and 5-OH arrangements.
Chelating complexes with cations may form between the
[29]
5-OH and 4-oxo group or between the 3´- and 4´-OH .
Using an electrospray mass spectrometry study, it was
observed that naringenin can form complexes with
Fe(III) through its 4-oxo and 5-OH groups; in addition,
this flavonoid is oxidized in the presence of metal ions,
[164]
which are consequently reduced
. Furthermore,
naringenin was investigated for its ability to suppress
the Fenton reaction characteristic of the iron-ATP
complex; the flavanone interfered with the voltammetry
catalytic wave associated with the iron-ATP complex in
the presence of H2O2 because it has the arrangement
of 4-oxo and 5-OH that is indispensable for this
[165]
inhibition
(Figure 8).
In an experiment where the modulation of DNA
integrity in Fenton’s system by naringin was studied,
it was shown that the glycoside protected DNA from
•
damage caused by OH generated during the Fenton
reaction; naringin blocks the Fenton reaction by iron
chelation rather than by antioxidant mechanisms or
reduction of Fe(III) to Fe(II), and as a result, damage
[166]
is prevented . In another study, the isolated mouse
liver mitochondrial fraction was incubated with naringin
before Fe(III) loading, generating elevations in LP,
protein carbonyl content and DNA oxidation, while iron
overload decreased GSH levels and GST, GPx, CAT and
SOD activities; however, pretreatment with naringin
[167]
inhibited these iron effects . Iron exposure in HepG2
cells caused a decline in cell survival, a time-dependent
increase in DNA oxidation, an elevation in DNA strand
breaks, a high level of LP, and a depletion of GSH as
well as decreases in GPx, CAT and SOD levels. Notably,
the pretreatment of HepG2 cells with naringin resulted
in cell survival induction, DNA damage prevention,
improvement in the antioxidant system and the inhibition
[168]
of iron-mediated cellular damage
(Figure 8).
Regarding naringenin’s effects on iron-induced
damage in vivo, it has been reported that the flavanone
protected against iron-induced neurotoxicity in the

NARINGENIN PROTECTS FROM LIVER
DAMAGE INDUCED BY HEAVY METALS
Heavy metals can be classified according to their
mechanism of action in redox-active metals or redoxinactive metals. Redox-active metals such as iron
(Fe), copper (Cu), chromium (Cr), cobalt (Co), among
others, develop redox cycling reactions, and they
•
produce R in biological systems, producing oxidative
stress, LP, DNA damage and other deleterious effects.
Meanwhile, redox inactive metals such as cadmium
(Cd), arsenic (As) and lead (Pb) bind to proteins and
[160]
sulfhydryl groups and induce GSH depletion .
In this section, liver damage caused by redox-active
and -inactive metals will be discussed.

Iron

Iron is an indispensable micronutrient for living organ
isms; it participates in oxygen transport, DNA synthe
sis and host defense, among others. Total body iron
content ranges from 3 to 5 g, but its level increases
[161]
due to diseases or intoxication . The liver is the main
iron depot; thus, it is highly susceptible to damage
[161,162]
induced by iron overload
.
Iron is captured by hepatocytes through transferrin
receptor 1 (TfR1); during iron overload, its transcript is
degraded and its synthesis is inhibited; however, iron
uptake can be mediated by TfR2 even with high iron
[161,162]
levels
. When iron binding capacity or transferrin
saturation is exceeded, non-transferrin bound iron
(NTBI) is elevated, and then it is transported into
hepatocytes through divalent metal transporter 1
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Figure 8 Naringenin inhibits hepatic damage induced by heavy metals. Heavy metals can be classified according to the mechanism of action in redox-active
metals such as iron (Fe) and copper (Cu) or redox-inactive metals such as cadmium (Cd), arsenic (As) and lead (Pb). One of the main free radicals is superoxide
radical (O2•); normally, it is produced by NADP oxidase, and then, it is neutralized by superoxide dismutase (SOD), generating hydrogen peroxide (H2O2). Intracellular
Fe is releases from ferritin by O2•; next, free Fe reacts with H2O2 in the Fenton reaction, generating high amounts of hydroxyl radicals (OH•). After that, OH• attacks
double bonds of DNA bases. In the case of lipids, free Fe produces lipid peroxidation (LP) through peroxyl radicals (ROO•), producing lipid hydroperoxides (LOOH•),
conjugated dienes and protein carbonyl. Regarding Cu, once inside the hepatocyte, Cu ion (Cu2+), can be reduced to cuprous ion (Cu1+) when reacting with O2•;
then, it mediates H2O2 decomposition in OH• via the Fenton reaction. These processes result in hepatocyte and liver damage. Naringenin can chelate these metals,
preventing their participation in the Fenton reaction; naringenin also inhibits oxidative stress by its antioxidant capacity and by promoting the endogenous antioxidant
system. On the other hand, redox-inactive metals such as Cd, arsenic (As) and lead (Pb) form complexes with thiol groups, such as glutathione (GSH), in the
cytoplasm and mitochondria. GSH level reduction, GSH inactivation, and GSH system deregulation increase metal toxicity. In addition, Cd can replace Fe and Cu
in ferritin or apoferritin; thus, free Fe and Cu ions cause oxidative stress via the Fenton reactions and elevation of BCL2-associated X protein (Bax), Caspase 3
(Cas3) and cytochrome (CYPc) proapoptotic proteins. Naringenin improves the antioxidant system by increasing SOD, catalase (CAT), glutathione peroxidase (GPx),
glutathione transferase (GST) enzymes and GSH levels.

cerebral cortex of Wistar rats. After four weeks of iron
administration, LP and protein oxidation were increased,
but SOD, CAT, total thiols and ascorbic acid were
decreased. Significant decreases in acetylcholinesterase
and Na+/K+-ATPase activities were also shown, along
with a substantial rise in NO levels. Co-administration
with naringenin blocked the development of oxidative
stress and improved antioxidant enzyme activities in
[169]
the cerebral cortex . In another work, the effect of
naringenin on iron-induced hippocampus damage was
investigated: iron administration for 28 d induced an
impairment of the anxiogenic-like behavior and induced
purinergic and cholinergic dysfunctions with oxidative
stress-related disorders on mitochondrial function in the
rat hippocampus, but naringenin was able to restore
[170]
those parameters
(Figure 8).
As seen, naringenin and naringin have the ability
to block iron-induced oxidative stress; these natural
compounds are able to chelate metal ions such as iron;
thus, free iron is not available for the Fenton reaction,
•
and therefore, OH generation is blocked, as is oxidative
stress. The chelation capacity is given in the naringenin
molecule by the 4-oxo and 5-OH groups, which probably
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represent the place where an iron ion is conjugated. In
the absence of this arrangement, some flavonoids do not
[164-166]
have chelating capacity or are less effective
. This
structure-activity relationship indicates that naringenin
and naringin can act as antioxidants or as chelators,
depending on the hepatotoxic agent employed.

Copper

Copper is a redox active metal, and an imbalance in
its metabolism produces disorders such as Wilson´s
disease, Indian childhood cirrhosis or endemic Tyrolean
infantile cirrhosis, which share the common end of
cirrhosis due to excessive copper accumulation; another
problem is copper toxicity caused by copper poisoning or
[160,171,172]
dietary copper toxicity
. Like iron, copper exerts
its hepatotoxic effects by oxidative stress generation; this
is a consequence of its redox reactivity, triggering events
that end in liver damage.
Like iron, copper is stored in the liver; it is intro
duced into the hepatocyte through the high-affinity
[173]
human copper transporter (hCtr1)
. Once inside
the hepatocyte, cupric ion (Cu(II)), can be reduced to
•
cuprous ion (Cu(I)) when reacting with O2 , ascorbic
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acid or GSH; meanwhile, Cu(I) mediates H2O2 decom
•
[160]
position in OH via the Fenton reaction . The formed
•
OH reacts with lipids, proteins and DNA, as well as
with practically any biological molecule, generating lipid
radicals, protein carbonyls or DNA strand breaks and
oxidation of bases; in fact, copper is more powerful that
[160,174]
iron in enhancing DNA breakage
. Furthermore,
copper binds directly to free thiols of cysteines, which
can result in oxidation and subsequent crosslinks
between proteins, leading to impaired activity of
[171]
target enzymes . In addition, copper induces LP and
4-hydroxy-2-nonenal (HNE) formation. Importantly,
HNE may increase the phosphorylation of JNK and p38,
[160]
AP-1 activity and the expression of Col-I and TGF-β ,
resulting in the exacerbation of fibrosis (Figure 8).
As previously mentioned, naringenin may act as a
metal chelator. In this regard, two studies have reported
the chelating capacity of the flavonoid on copper.
[164]
Fernández et al
showed that naringenin, at various
stoichiometries (metal: flavonoid) with copper, 1:1, 1:2,
2:2 and 2:3, produces several complexes, preferably
with Cu(II). Additionally, comparing the 4-oxo and 5-OH
arrangement with the 4-oxo and 3-OH arrangement,
[164]
the first one seems to favor cooper chelation
.
[175]
Meanwhile, Mira et al
reported that naringenin has
higher reducing capacity for copper ions than for iron
ions. Additionally, the copper reducing activity seems
to depend largely on the number of OH groups. In
2+
addition, naringenin chelates Cu at pH 7.4 and pH 5.5
between the 5-OH and the 4-oxo groups, producing
+
7.1 ± 1.1 mmol Cu /mmol naringenin, indicating that a
large number of copper ions per molecule of flavonoid
[175]
were chelated
(Figure 8).
It has been shown that copper induces the oxidation
of low-density lipoproteins (LDL); as a consequence,
PUFAs in the lipoprotein are rapidly converted to
[160,176,177]
LOOH and aldehydic breakdown products
. It
has been reported that when freshly isolated human
LDL (50 μg protein/ml) was incubated with 2 μmol/L
2+
Cu at 37 ℃, naringenin (25 μmol/L) slightly inhibited
LDL oxidation, but prenylflavanones (25 μmol/L)
such as 8-geranylnaringenin, 6-prenylnaringenin,
8-prenylnaringenin and 6,8-diprenylnaringenin effec
tively inhibit LDL oxidation dienes formation. Then,
2+
Cu -mediated LDL oxidation was evaluated by
measuring TBARS levels; the results showed that
prenylflavanones significantly inhibited TBARS for
mation and were ranked as follows: 8-geranylnaringenin
> 6,8-diprenylnaringenin, 6-geranylnaringenin,
[177]
8-prenylnaringenin > 6-prenylnaringenin
(Figure 8).
As seen, naringenin and its derivatives can inhibit
the first steps of copper-induced damage by preventing
the Fenton reaction and by preventing lipid and protein
oxidation.

induce oxidative stress in other ways. In addition, there
is no mechanism for cadmium excretion in humans;
[160,178]
thus, cadmium accumulates in tissues indefinitely
.
Cadmium is absorbed though the intestines, and
in the liver, DMT1, ZIP8 and ZIP14 are responsible for
[178]
Cd uptake into hepatocytes
. Once inside hepatic
cells, cadmium follows two pathways to exert liver
damage: (1) Cadmium forms complexes with thiol
groups of proteins or small peptides, such as GSH, in
the cytoplasm and mitochondria. GSH is the first line
of defense against cadmium-induced damage; thus,
GSH level reduction, inactivation, and GSH system
deregulation increase cadmium toxicity. In mitochondria,
thiol group inactivation causes oxidative stress,
mitochondrial permeability transition, and mitochondrial
[178,179]
dysfunction
. And (2) Cadmium can replace iron
and copper in ferritin or apoferritin; thus, free iron and
copper ions readily cause oxidative stress via the Fenton
[160,178]
reaction
. Thereby, although cadmium is unable
•
•
to generate R directly, indirect formation of ROS, O2 ,
•
OH and NO has been reported. In addition, increased
LP levels and antioxidant system deregulation has
[160,178,179]
been observed during cadmium liver damage
.
Because of oxidative stress induced from cadmium
intoxication, Kupffer and HSCs cells can be activated,
and thus, a large number of inflammatory and cytotoxic
[178,179]
mediators can be produced
(Figure 8).
One of the first reports on the beneficial effect
of naringenin on damage induced by cadmium was
performed in kidney, and after 4 wk of CdCl2 admini
stration (5 mg/kg/d), TBARS, LOOH and protein
carbonyl levels were elevated. Conversely, total
sulfhydryl groups, GSH, vitamin C and vitamin E levels,
as well as SOD, CAT, GPx, GST and GR, and glutathione6-phosphate dehydrogenase (G6PD) activities were
decreased. Co-administration of naringenin (25 and
50 mg/kg daily) resulted in the prevention of Cdinduced LP and in the restoration of the endogenous
antioxidant system. Histopathological analysis showed
that naringenin markedly reduced CdCl2 toxicity and
preserved the normal histological architecture of renal
[180]
tissue .
[65]
Later, Renugadevi et al
reported that cadmium
(5 mg/kg) administered orally for 4 wk induced liver
damage. Increased activities of serum AST, ALT, AP,
LDH, GGT and bilirubin were found. Furthermore, LP
and protein carbonyl contents were elevated. Antio
xidant enzymes such as SOD, CAT, GPx, and GST as
well as GSH, vitamin C and vitamin E concentrations
were diminished. Naringenin (50 mg/kg) significantly
prevented the elevation of serum hepatic marker
enzymes. Additionally, the flavonoid significantly
reduced LP and restored antioxidant defense levels.
The histopathological studies showed that naringenin
[65]
preserved normal histological architecture of the tissue .
The same working group reported that naringenina plus
vitamins C and E improved the altered biochemical and
histopathological changes in the liver of Cd-intoxicated

Cadmium

Unlike iron and copper, cadmium is a redox inactive
•
metal; although it does not directly form R , it can
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rats to a greater extent than naringenin or vitamins
[72]
alone (Figure 8).
In another work, naringenin (4 and 8 mg/kg)
was orally administered to mice 30 min before oral
administration of CdCl2 (12 mg/kg) for 11 consecutive
days. Cotreatment with naringenin significantly
prevented disarrangement in body and organ weights,
hematological profiles, serum and hepatic altered
[181]
biochemical parameters in Cd-intoxicated mice .
Naringin also displays protective effects in cadmiuminduced damage to HepG2 cells, where the glycoside
maintained redox homeostasis, mitochondrial membrane
potential, reduced Cas3 and CYPc and reduced apoptosis
by regulating the Bax/Bcl2 ratio. Moreover, naringin
prevented diminution of protein thiol levels, SOD,
GST and CAT activities, and LP development through
[182]
increasing Nrf2 and metallothionein (MT)
(Figure 8).
Most evidence concurs that naringenin prevents
cadmium-induced liver damage by protecting enzymatic
and non-enzymatic antioxidant systems and by safe
guarding GSH thiol groups. The antioxidant actions of
naringenin may also be associated with its ability to
chelate heavy metals, thus preventing the formation
of ROS and with its ability to increase Nrf2. These data
show that naringenin is effective in preventing damage
induced by cadmium.

simultaneous administration of naringenin prevented
[68,74]
hepatic injury by arsenic
.
[73]
Jain et al
reported that NaAsO2 administration
(8 mo) to male Wistar rats induced high levels of ROS
in blood and liver and increased levels of hepatic LP;
simultaneously, the endogenous antioxidant system was
attenuated, leading to a reduction of GSH levels and
to the inhibition of GPx, GST, SOD and CAT activities in
liver. Once liver damage was established, naringenin
was administered for two weeks; the flavanone was
able to reverse oxidative stress, since ROS and TBARS
levels were diminished. Moreover, the enzymatic
[73]
antioxidant system was restored by naringenin .
Naringin also has been shown to prevent liver and
kidney damage induced by NaAsO2 (5 mg/kg); the
glycoside inhibited increased serum levels of ALT and
AST as well as prevented SOD and GSH depletion. In
addition, naringin downregulated the expression of
[186]
TGF-β, Cas3 and TNF-α in kidney
(Figure 8).
In summary, naringenin and naringin display hepa
toprotective effects in arsenic-induced liver injury mainly
by improving the endogenous antioxidant system and
probably by their chelating effect.

Lead

The mechanism of action of lead toxicity is similar
to those of cadmium and arsenic. This heavy metal
does not generate free radicals directly; instead, lead
deactivates antioxidant pools by binding to sulfhydryl
groups of protein or peptides. For instance, leadGSH interaction inactivates GSH antioxidant activity;
moreover, lead reduces GSH levels bay blocking GR,
GSG and δ-aminolevulinic acid dehydratase (ALAD),
an enzyme in charge of preserving the GSH/GSSG
[160,187-189]
balance
. The inhibition of the antioxidant GSH
•
• 1
•
system produces R such as O2 , O2 and ROO , which
destabilize cellular membranes through LP processes,
resulting in mitochondria and DNA damage leading
to p53 upregulation, an imbalance of Bax/Bcl-2 and
apoptosis. After oxidative damage caused by lead,
proinflammatory pathways are activated, exacerbating
[187,188]
preexisting liver damage
(Figure 8).
Two reports have been published dealing with
naringenin’s effects on lead-induced liver injury. Wang
[58]
[144]
et al
and Ozkaya et al
reported that rats treated
with lead acetate in drinking water showed significant
increases in MDA and depletion of GSH levels and GPx
activity. Elevated levels of ALT and AST in serum and
[58]
decreased SOD activity in liver were also shown .
Furthermore, histopathological results showed that
the livers of lead-intoxicated rats had periportal cell
infiltration, sinusoidal congestion, hepatic steatosis,
[144]
and capsular fibrosis
. Naringenin administration
(50 mg/kg) prevented the disarrangement of most
parameters studied, and histopathological abnormalities
such as necrosis, hydropic degeneration, and hepatic
cord disorganization were attenuated by naringenin
[58,144]
treatment
(Figure 8).

Arsenic

Arsenic is a highly distributed metal that is found in
organic and inorganic forms; both forms are toxic,
although inorganic arsenic is more toxic than organic
[160]
arsenic
. This metal is metabolized by reduction
and methylation reactions, which are catalyzed by
glutathione-S-transferase omega-1(GSTO1) and arsenic
(III) methyltransferase (AS3MT); it has been reported
that during arsenic metabolism, high amounts of re
[160,183]
active species are generated
.
Like cadmium, arsenic induces cellular damage
through binding to sulfhydryl groups and inducing mito
chondrial dysfunction. Cadmium produces oxidative
•
stress-generating species such as O2 , singlet oxygen
1
•
( O 2), ROO , NO, H 2O 2, dimethylarsinic peroxyl
•
radical [(CH3)2AsOO ] and dimethylarsinic radical
• [160,184]
[(CH3)2As ]
. In general, an oxidative environment
results in GSH depletion, LP elevation, protein oxidation,
DNA damage, morphologic changes in mitochondrial
integrity and a rapid decline of mitochondrial membrane
[160,184,185]
potential
. Oxidative stress induces hepatocyte
apoptosis as well as total bilirubin, ALT, and AST
[183]
elevation and liver damage
(Figure 8).
Since arsenic induces damage via oxidative stress,
naringenin has been studied in arsenic-induced liver
damage. Arsenic administration (2 mg/kg) for 28 d to
rats or 14 d (3 mg/kg) to mice produced elevations
in AST, ALT and AP activities, high LP markers,
hepatic GSH depletion and reductions in SOD, CAT,
GPx, GST and GR activities. In addition, arsenic
exposure produced DNA fragmentation. However, the
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[192]

These studies show that naringenin has hepa
toprotective effects against lead-induced liver damage;
however, more studies are needed to further understand
the naringenin mechanism of action.

healthy hepatocytes
(Figure 9).
An interesting phenomenon is that HCV circulates
in the blood in the form of a lipoprotein complex called
lipoviroparticle (LVP); it has been reported that HCV
may be associated with lipoproteins such as VLDL and
low-density lipoprotein (LDL). Notably, the binding of
lipoviroparticle to receptors as LDLR or SR-B1 enables
the infectivity of HCV and its escape from the humoral
[190-193]
immune response
. A relationship between the
virion production process and lipoproteins, cholesterol,
triglycerides and fatty acids has been suggested. HCV
assembly appears to occur on lipid droplets, and the
core protein clearly coats the surface of this organelle,
but the lipid droplet not only serves as a site for viral
assembly but also supplies lipoproteins that complex
[191]
with HCV particles
(Figure 9).
It has been reported that HCV core protein is bound
to apolipoprotein (Apo) B-100 and, therefore, to VLDL
in HCV secreted by infected cells in the JFH1/Huh7.5.1
full viral life-cycle model. In addition, the HCV-VLDL
complex is actively secreted by the cells; moreover, the
colocalization of HCV’s core and ApoB100 was found in
the cytoplasm of infected cells. Interestingly, silencing
ApoB production by a SureSilencing shRNA in the cell
downregulates HCV core protein secretion and HCV[193]
positive strand RNA secretion
(Figure 9).
Naringenin was used as an ApoB100 inhibitor
because the flavonoid reduces microsomal triglyceride
transfer protein (MTP) and enzyme acyl-coenzyme A
(CoA): cholesterol acyltransferase (ACAT) activity, whose
[11,193]
expression is indispensable for ApoB synthesis
.
The results showed that naringenin inhibits the se
cretion of HCV core and HCV-positive stranded RNA,
as well as HCV secretion, more than ApoB10 silencing
by the SureSilencing shRNA. Nevertheless, intracellular
levels of HCV-positive strand RNA and intracellular HCV
core protein expression remained unchanged; despite
this, the ability of the secreted virus to infect cells was
strongly inhibited following naringenin treatment. This
inhibition by naringenin was mediated by a reduction
in MTP activity and by the transcriptional inhibition of
3-hydroxy-3-methylglutaryl CoA reductase (HMGCR)
and acyl-coenzyme A: Cholesterol acyltransferase
[193]
(ACAT2)
(Figure 9).
Inhibition of HCV secretion by naringenin is mediated
by a reduction in ApoB100 synthesis because naringenin
regulates proteins related with ApoB. Normally, cholesterol
is synthetized in an HMGCR-dependent pathway which is
the rate-limiting enzyme for cholesterol synthesis; then,
cholesterol is converted to cholesteryl esters (CEs) by
ACAT. CEs are very important to VLDL and LDL assembly.
Another important element to VLDL and LDL assembly
is MTP, which plays a key role in ApoB100 secretion by
catalyzing the transfer of lipids to the nascent ApoB100;
if ApoB-MTP binding is inhibited, ApoB is predicted to
[11]
undergo degradation .
Naringenin improves metabolic imbalance by reducing
the activity and mRNA levels of HMGCR, which explains

ANTIVIRAL PROPERTIES OF NARINGENIN
The study of hepatovirus has been an important issue
in hepatology research in the last four decades. HBV
and HCV are most studied, as they produce chronic
[190]
liver damage, leading to cirrhosis and HCC
. As
global causes of liver cirrhosis, HBV accounts for
30%, HCV for 28%, alcohol for 27% and others for
14% of cirrhosis cases. The etiology of liver cancer is
HBV (45%), HCV (26%), alcohol (20%), and others
[3]
(39%) . Therefore, research on treatment for these
infections is important for the prevention/reversion of
chronic liver diseases.
HCV is a virus belonging to the Flaviviridae family;
its genome consists of a positive-sense single-stranded
RNA. Hepatocytes are the major site of HCV replication,
but peripheral blood mononuclear cells and lymph
[3,191,192]
nodes are also natural HCV targets
.
HSC machinery processes three structural HCV
proteins (core, E1 and E2), an ion channel protein (p7)
and six non-structural proteins (NS) (NS2, NS3A, NS4A,
[191]
NS4B, NS5A and NS5B) . HCV adopts an icosahedral
structure with a lipid envelope and glycoproteins E1 and
E2 immersed in the envelope. Underneath the envelope
is the nucleocapsid, composed of multiple copies of core
forming the internal viral coat that encapsulates the
[192]
genomic RNA
(Figure 9).
E1 and E2 are responsible for receptor binding and
HCV entry into hepatocytes. Among the receptors for
HCV, CD81 is probably the best characterized; lowdensity lipoprotein receptor (LDLR), scavenger receptor
class B type I (SR-B1), human scavenger receptor,
and glycosaminoglycans may also act as receptors for
[191,192]
HCV
. After binding to its receptor, HCV endocytosis
is activated, leading to the uptake of HCV particles
[191]
across the cell plasma membrane . After endocytosis,
nucleocapsids are deposited into the cytoplasm via a
low pH dependent mechanism; then, the nucleocapsids
[191,192]
are uncoated, and their RNA is released
(Figure 9).
Genomic RNA translation is mediated by an internal
ribosome entry site (IRES) binding to the ribosome;
then, the HCV polyprotein is produced in the rough
endoplasmic reticulum (RER) membrane, and after
that, viral proteins remain associated with intracellular
membranes and gave rise to a seemingly ER-derived
membranous web where NS proteins form the replication
[191,192]
complex (RC)
. Within the RC, the positive-stranded
RNA genome is used as a template for synthesis of
negative-stranded RNA, which in turn serves as a
template for new positive-stranded synthesis. New viral
RNA is encapsulated within multiple copies of the core to
form the nucleocapsid, and then, it acquires envelope;
HCV virions are exported out the cell ready to infect
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Figure 9 Antiviral properties of naringenin. The Hepatitis C virus (HCV) genome consists of a positive-sense single-stranded RNA. HCV adopts an icosahedral
structure with a lipid envelope and glycoproteins E1 and E2 immersed in the envelope. Underneath the envelope is the nucleocapsid, which is composed of multiple
copies of core forming the internal viral coat that encapsulates the genomic RNA. HCV may be associated with lipoproteins such as very-low density lipoprotein (VLDL),
forming a lipoprotein complex called lipoviroparticle. Binding of lipoviroparticle to very-low density lipoprotein receptor (VLDLR) results in virus endocytosis; after that,
nucleocapsids are deposited into the cytoplasm. Then, nucleocapsids are uncoated, and the RNA is released. The genomic RNA is translated to the endoplasmic
reticulum when HCV polyprotein is produced. The positive-stranded RNA genome is used as a template for synthesis of negative-stranded RNA; this new viral RNA is
encapsulated within multiple copies of the core to form the nucleocapsid, and then, it acquires envelope and HCV virions, which are exported out of the cell in a Golgidependent manner. Naringenin inhibits the secretion and assembly of HCV through regulating lipid metabolism via 3-hydroxy-3-methylglutaryl CoA reductase (HMGCR),
and acyl-coenzyme A: cholesterol acyltransferase (ACAT) inhibition. Cholesterol is synthetized in an HMGCR-dependent pathway; it is the rate limiting enzyme for
cholesterol synthesis, and then, cholesterol is converted to cholesteryl esters (CEs) by ACAT. CEs are very important to VLDL assembly. In addition, microsomal
triglyceride transfer protein (MTP) catalyzes the transfer of lipids to the apolipoprotein (Apo) B-100 ApoB100; if the ApoB-MTP binding is inhibited, VLDL assembly
in inhibited. Reduction in the bioavailability of CEs, triglycerides and cholesterol by naringenin reduces MTP activity and apoB-MTP binding. In addition, naringenin
decreased intracellular triglycerides through peroxisome proliferator activated receptor alpha (PPARα), a regulator of lipid metabolism. Through these mechanisms,
naringenin leads to a reduction in VLDL assembly and to the inhibition of ApoB-dependent HCV secretion. Additionally, naringenin inhibits viral NS5A protein, a
multifunctional HCV nonstructural protein. Furthermore, naringenin could be an NS2 protease and core protein inhibitor.

the finding that the flavanone can decrease hepatic
cholesterol. In addition, naringenin possesses the ability
to reduce the CE mass and cholesterol esterification
[11,194-196]
by decreasing ACAT1 and ACAT2 activity
.
The mRNA levels of MTP are significantly reduced by
naringenin; therefore, ApoB-MTP binding is inhibited, and
consequently, ApoB is degraded. In addition, although
ApoB mRNA levels are not affected by naringenin, the
protein does not accumulate in hepatocytes, suggesting
that naringenin promotes the degradation of ApoB.
Thereby, the reduction in the bioavailability of CEs,
triglycerides and cholesterol by naringenin reduces

WJG|www.wjgnet.com

MTP activity and ApoB-MTP binding, leading to ApoB
[11,197-203]
degradation
(Figure 9). This seems to be the
primary mechanism by which naringenin blocks ApoB
secretion and VLDL and LDL assembly and, therefore,
the inhibition of ApoB–dependent HCV secretion.
[204]
In addition, the same group
reported that
naringenin treatment did not lead to the intracellular
accumulation of infectious HCV particles compared with
brefeldin A (BFA), a toxin known to disrupt HCV mature
Golgi-dependent export; hence, naringenin blocks the
assembly of HCV prior to viral egress. The inhibition of
MTP and BFA treatment in JFH1-infected Huh7.5.1 cells
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blocks the accumulation of intracellular infectious HCV
particles, indicating that MTP activity is essential for HCV
assembly. Treatment of JFH1-infected Huh7.5.1 cells
with naringenin (MTP inhibitor) and BFA decreased the
accumulation of infectious particles, suggesting that the
[204]
flavonoid inhibits the assembly of HCV LVP
(Figure 9).
MTP inhibition can lead to lipid accumulation and
steatosis; however, treatment with naringenin decreased
intracellular triglycerides, and this was mediated by
activation of peroxisome proliferator-activated receptor
alpha (PPARα), a regulator of lipid metabolism.
Naringenin and WY14643 (a classical PPARα agonist)
were compared to reduce ApoB and virus production
in the HCV model. The results showed that both the
flavonoid and the PPARα agonist caused a significant
inhibition of MTP activity and ApoB secretion, as well
as a significant inhibition of HCV RNA secretion without
affecting the intracellular levels of the HCV core protein.
In addition, the treatment with naringenin led to a rapid
1.4 log reduction in secreted HCV in cell culture, but this
[204]
effect was reversible by PPARα inhibitor treatment .
In summary, naringenin inhibits the assembly and longterm production of infectious HCV particles through a
PPARα-mediated mechanism that includes the inhibition
of MTP and the inhibition of lipid accumulation (Figure 9).
[205]
Interestingly, Khachatoorian et al
compared the
antiviral effects of naringenin, quercetin and catechin.
The evidence demonstrated that in an HCV system,
naringenin significantly reduced intracellular viral
protein translation as well as viral protein production
during one viral life cycle; however, quercetin showed
better results, but the infectious virion secretion was
not inhibited by any flavonoid. Naringenin significantly
blocked infectious virion assembly; in this case,
[205]
naringenin was more effective than quercetin .
NS5A is a multifunctional NS protein and viral RC
component; it participates in HCV genome replication,
viral protein translation, virion assembly, and viral
[191,192,205]
secretion
. NS5A mRNA and protein levels
were measured, finding that naringenin reduced both
parameters. Then, in a cell culture-based bicistronic
reporter system, catechin, naringenin, and quercetin
were tested to measure levels of viral IRES-mediated
translation; all bioflavonoids significantly decreased
IRES-mediated translation, but quercetin completely
blocked NS5A-augmented IRES activity in contrast
to catechin and naringenin, which demonstrated only
mild inhibition. According to these results, quercetin
demonstrated a marked decrease in HSP70 expression
in treated cells. A slight decrease in HSP70 was seen
with naringenin and catechin treatments. The complex
of HSP70 with NS5A, NS5A-HSP70, is important for
viral protein production; therefore, the disruption of this
complex results in a marked decrease of viral protein
[206,207]
synthesis
(Figure 9).
On the other hand, in silico studies have been
carried out to evaluate naringenin activity on the HCV
[208]
particle. Mathew et al
in 2014 reported a docking
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interaction study between the 3D structure of capsid
core protein of HCV-genotype 3 (G3) (Q68867) and
its subtypes 3b (Q68861) and 3g (Q68865) from
north India and naringenin. The results indicated that
the flavonoid exhibited five, seven and nine H-bond
interactions within the core protein of HCV-G3, subtypes
3b and 3g, respectively. In HCV-G3, naringenin formed
H-bonds individually with GLU69 and ASN115 and three
H-bonds, with SER103 exhibiting the highest interaction
energy (-129.636 kcal/mole). In the case of HCV-3b,
naringenin formed three H-bonds with TRP90, two
with GLN86, and one with GLY84 and TRP93, with an
interaction energy of -145.682 kcal/mole. Finally, the
flavanone binds to HCV-3g through two H-bonds with
TRP73 and GLY77 and individually with ASN85, TYR78
and TRP73 with an interaction energy of -159.483 kcal/
[208]
mole . These results suggest that naringenin binds
to the core protein of three important HCV genotypes
in India, especially to HCV-3 based on their interaction
energies; this ability of naringenin to bind core protein
could be involved in the inhibition of viral particle
assembly that was previously reported. Naturally, in vivo
studies are needed to confirm predictions suggested by
this docking study (Figure 9).
NS2 is a transmembrane protein of 21-23 kDa that
is not required for RNA replication but that is vital to
produce infectious viruses in vitro, and it acts as an
[191,209]
apoptosis inhibitor
. Using a docking analysis,
it has been identified that naringenin could be an
NS2 protease inhibitor. Molecular rigid docking of
the modeled NS2 protease was performed with the
naringenin molecule. The flavanone had a binding
energy of -7.97 kcal/mol when interacting with amino
acids such as LEU9, VAL27, LEU54, ASP6, ALA5, ILE31,
ALA30, LEU2, PHE33, ILE34, VAL44, ALA47, ALA43, and
LEU46. In addition, naringenin possesses lower binding
energy than the commercially available drugs such as
eltrombopag (-5.07 kcal/mol), ribavirin (-5.89), and
[209]
telbivudine (-6.39 kcal/mol)
(Figure 9). Therefore,
naringenin appears to be a strong NS2 protein inhibitor
and, thus, prevents efficient HCV infection.
More in vivo and in vitro studies are needed to
further investigate the effectiveness of naringenin to
fight virus infection in the liver and to elucidate the
action(s) mechanism(s) involved in such protection.

ANTIDIABETIC EFFECT OF NARINGENIN
In addition to its antioxidant, scavenger, anti-inflammatory,
antiviral and antifibrotic properties, naringenin possesses
antidiabetic effects. It has been reported that, in diabetic
rats, the flavonoid reduced diabetic markers through
PPARγ and glucose transporter type 4 (GLUT4) and
increased their gene and protein expression levels in
[210]
pancreas . In the liver, naringenin increased glycogen
content, decrease activities of glycogen phosphorylase
[211]
and glucose-6- phosphatase
and ameliorated diabetes[212,213]
induced hepatotoxicity
. For more information see
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[214]

Nyane et al

.
4

NARINGENIN SAFETY AND TOXICITY
The first study about the toxicity of naringenin was
carried out in 1996, and it was found that in a model
system of isolated rat liver nuclei, the flavonoid induced
a concentration-dependent peroxidation of nuclear
[215]
membrane lipids concurrent with DNA strand breaks .
It has been reported that the flavonoid can be oxidized
[216]
to form naringenin phenoxyl radicals
and that the
[217]
medium lethal dose (LD50) is > 5000 mg/kg
.
Interestingly, embryos exposed to naringenin with
hydroxyurea were significantly protected from growth
and developmental retardation, and abnormalities
[218]
induced by hydroxyurea . Only a few studies on the
safety, teratogenicity and toxicity of naringenin have
been published, therefore use of this flavonoid in the
clinical setting should be cautious.

CONCLUSION
Naringenin displays poor direct antioxidant properties
as a free radical scavenger; however, due to its ability
to induce the endogenous antioxidant system by upre
gulating Nrf2, this flavanone exerts important effects to
maintain the normal redox of the cell, even in disease
conditions where free radicals are generated as a
mechanism of damage. In this scenario, throughout this
review, we have described the benefits of this flavonoid
in many types of liver damage in which oxidative stress
plays a crucial role as causative agent. Of note, the antiinflammatory activity of naringenin by blocking NFκB, affords protection or relief to liver pathologies as
inflammation is a common cause of damage. Moreover,
naringenin displays a multitarget effect to fight fibrosis
through both canonical and non-canonical TGF-β
pathways and by regulating metalloproteinase activity.
Additionally, this abundant citrus flavonoid has shown
anticancer and antiviral activities. Even though NAR
has disadvantages such as its low bioavailability, there
are pharmaceutical formulations that can solve this
problem. Given the evidence provided in this review, it is
concluded that naringenin is a useful natural product for
the treatment of many liver diseases by its antioxidant
capacity, anti-inflammatory abilities, antifibrogenic
properties, fibrolytic actions and anticancer and antiviral
properties. However, more basic and clinical studies are
needed to further support the use of this flavonoid in
humans.
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Abstract
The annual number of deaths caused by hepatitis B
virus (HBV)-related disease, including cirrhosis and
hepatocellular carcinoma (HCC), is estimated as 887000.
The reported prevalence of HBV reverse transcriptase
(RT) mutation prior to treatment is varied and the
impact of preexisting mutations on the treatment of
naïve patients remains controversial, and primarily
depends on geographic factors, HBV genotypes, HBeAg
serostatus, HBV viral loads, disease progression,
intergenotypic recombination and co-infection with
HIV. Different sensitivity of detection methodology
used could also affect their prevalence results. Several
genotype-dependent HBV RT positions that can affect
the emergence of drug resistance have also been
reported. Eight mutations in RT (rtL80I, rtD134N,
rtN139K/T/H, rtY141F, rtM204I/V, rtF221Y, rtI224V,
and rtM309K) are significantly associated with HCC
progression. HBeAg-negative status, low viral load, and
genotype C infection are significantly related to a higher
frequency and prevalence of preexisting RT mutations.
Preexisting mutations are most frequently found in the
A-B interdomain of RT which overlaps with the HBsAg
“a” determinant region, mutations of which can lead
to simultaneous viral immune escape. In conclusion,
the presence of baseline RT mutations can affect drug
treatment outcomes and disease progression in HBVinfected populations via modulation of viral fitness and
host-immune responses.
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preexisting RT mutations on treatment-naïve patients
remains controversial. In addition, the relationship
between preexisting RT mutations and advanced liver
diseases, such as cirrhosis and HCC, has not been
[20]
fully investigated . Therefore, this review focuses
primarily on factors affecting the prevalence and types
of preexisting RT mutations in treatment-naïve patients
and the relationship between these mutations and
disease progression.

Core tip: The prevalence of preexisting reverse tran
scriptase (RT) mutations in treatment-naïve patients
largely depends on geographic factors, HBV genotypes,
HBeAg serostatus, hepatitis B virus (HBV) viral loads,
disease progression, intergenotypic recombination, coinfection with HIV and the method used for detecting
the mutation. Genotype-dependent polymorphic amino
acid substitutions in RT may affect the emergence of
drug resistance, and genotype C exhibits relatively
elevated spontaneous RT mutation rates. HBeAgnegative status and low viral loads are significantly
associated with a higher frequency and prevalence of
HBV preexisting RT mutations. Preexisting mutations
are most frequently found in the A-B interdomain of
RT, mutations of which can lead to simultaneous viral
immune escape.

DISTRIBUTION OF PREEXISTING HBV
NAR MUTATIONS IN SAMPLES FROM
TREATMENT-NAÏVE PATIENTS
[21]

Liu et al
identified pre-existing HBV RT mutations in
42 potential NAr RT positions from 192 treatment-naïve
Chinese patients and arranged them into following four
mutation categories: primary drug resistance (Category
1); secondary/compensatory mutation (Category 2);
putative NAr (Category 3); and pretreatment (Category
4) (Table 1). To understand the global prevalence of
these 42 naturally occurring NAr resistance mutations of
[12,20-68]
RT, we reviewed a total of 50 previous studies
and
collated their results (Figure 1). These include 32 articles
published from institutions based in Asia (12 published
from China, four from Iran, four from Turkey, four from
India, three from Japan, two from Taiwan, and one each
from Korea, Jordan, and Indonesia), 11 articles published
from institutions based in Europe (six from Italy, two
from Germany, and one each from Austria, Ireland,
and Spain), four articles published from institutions
based in North America (three from United States
and one from Canada), two articles published from
institutions based in South America (both from Brazil),
and one article published from an institution in South
Africa (supplementary Table 1). Among the 50 studies,
[12,20,21,32-58,60-65]
36
used direct PCR sequencing methods,
[22-28,59,66-68]
[29-31]
11
used the INNO-LiPA line assay, and 3
detected RT mutations by ultra-deep pyrosequencing
[21,26,27,30,31,34,35,37-39,42,43,46-48,53,58]
(UDPS). Seventeen articles
included treatment-naïve patients infected with
[32]
genotypes B and C, one study
with genotypes
[22,28,29,36,50,51,55,56,60,63,68]
A and D, eleven studies
with
[33]
genotype D, one study
with genotype C, and fifteen
[20,23-25,40,41,44,45,52,54,57,61,64,65,67]
studies
with more than three
genotypes (e.g., A, C, and D or A, B, C, and D). In five
studies, genotypes of patients were not mentioned. Our
literature-based study demonstrated that preexisting RT
mutations were also found in treatment-naïve patients
at 40 of 42 preciously identified NAr RT positions, the
two exceptions were rtF242A, a pretreatment mutation
and rtF166L, a lamivudine (LMV)-associated putative
mutation. The distribution and overall incidence of RT
mutations is presented in Figures 1 and 2.
Primary drug resistance mutations are amino acid
changes that cause direct NA resistance by decreasing
[69-71]
viral susceptibility to NAs
. Mutated RT positions
known to induce primary drug resistance are rt169,

Choi YM, Lee SY, Kim BJ. Naturally occurring hepatitis B virus
reverse transcriptase mutations related to potential antiviral drug
resistance and liver disease progression. World J Gastroenterol
2018; 24(16): 1708-1724 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i16/1708.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i16.1708

INTRODUCTION
Although an effective and safe vaccine against hepatitis
[1]
B virus (HBV) has been available since 1982 , app
roximately 257 million people are chronic carriers of
the virus. The annual number of deaths caused by HBV
related diseases, including cirrhosis and hepatocellular
carcinoma (HCC), was estimated as 887000 in 2015
[2]
(WHO, 2017) .
Reverse transcriptase (RT) conducts the major enzy
matic activity required for viral replication. Nucleos(t)ide
[3]
[4]
analogs (NAs) such as lamivudine , adefovir dipivoxil ,
[5]
[6]
[7]
entecavir , telbivudine , and tenofovir , for treatment
of HBV infection, mainly target RT and function as
reverse transcriptase inhibitors by mimicking natural
nucleosides and integrating within the DNA molecules
[8,9]
to interfere with viral replication . However, due to
the lack of proof reading ability of RT, the error rate
-7
for viral genome replication is as high as 10 per
nucleotide, which is 10-fold greater than that of other
[10]
DNA viruses , resulting in the emergence of antiviral[11-15]
drug resistance mutations
. These NA-resistant (NAr)
mutants are the greatest challenge for treatment of
HBV because they change the conformational structure
of RT and lower the effectiveness of NAs by impeding
[16]
their binding . In addition, RT partially overlaps with
HBV surface antigen (HBsAg) and RT mutation may
simultaneously generate HBsAg mutations, which can
alter the antigenicity, immune recognition, replication
[17-19]
capacity, and virulence of HBV
.
The reported prevalence of preexisting HBV po
lymerase RT mutations is varied and the impact of
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Change in HBsAg
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Drug resistance
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Location

Ref.

B, C, D
B, C
A, B, C, D
A, B, C, D
B, C, D
A, B, C, D
A, B, C, D
B, C
B, C, D
A, C, D
B, C
B, C
B, C
B, C,
B, C, D
A, B, C
B, C,

South Korea, China, Italy
South Korea, China
Germany, China, Italy
China, India
South Korea, Italy, China,
China, Italy, India, Turkey
South Korea, China
South Korea, China
China, India
Indonesia, Italy, India, China, South Korea, Germany
South Korea, China
China, Indonesia
South Korea, China
China, South Korea
China, South Korea, Indonesia
South Korea, India, Indonesia, China
China, South Korea

[33,39,51,58]
[27,33,42]
[27,32,39,83]
[39,40,42,58]
[30,33,53,83]
[30,39,51,53-55]
[21,33,42,58]
[33,42,58]
[54,58,128]
[25,38,40,58,78,79]
[21,33,39,58]
[21,38,58]
[33,58]
[21,33,58]
[21,33,38,58]
[33,38,54,58]
[21,33,39,58]

B, C
China
[20,53]
A, B, C, D
Canada, Italy, China, United States
[24,25,30,39,45,51,53]
A, B, C, D
Canada, China, South Korea
[24,27,33]
B, C, D
Indonesia, Italy
[38,51]
A, B, C, D
Canada, China, Spain, Italy
[24,27,30,57,59]
A, B, C, D Canada, Italy, South Korea, China, Indonesia, United States, Turkey [24,25,27,30,33-36,38, 39,47,52,53]
B, C
China
[27,30,47]
A, B, C, D
Canada, Italy, China, United States
[24,25,27,45]
A, B, C, D
Canada, Italy, South Korea, Indonesia, China
[24,25,33,38,47,53]
A, B, C, D
China, Canada, Italy
[20,24,25,30,39,47]
A, B, C, D
Canada, South Korea, China, Italy, Indonesia
[24,25,27,30,33,38, 39,47,53]
B, C
China, South Korea
[21,33,58]
A, B, C, D
Italy
[83]
C
South Korea
[33]
B, C
South Korea, China
[33,53,127]
B, C, D
China, Indonesia, India
[21,38,54,58]
A, B, C, D
South Korea, China, India
[33,54,58]
B, C, D
Indonesia, China, India
[38,53,54,58]
A
India
[54]
B, C, D
South Korea, Indonesia, China, India
[33,38,54,58]

Genotype

Well known NA resistance mutations (primary and secondary) with phenotypic data; 2Putative and pretreatment mutations relevant to NA resistance but not experimentally confirmed; 3Changes in HBsAg, reported in Sheldon
et al[17], Liu et al[21], Locarnini et al[72], and Yang et al[77]. Rt139 is shared in both Categories 3 (N139D/E/Q) and 4 (N139K/H). Overall, 42 positions in the RT region were studied. ADV: Adefovir dipivoxil; ETV: Entecavir; Ldt:
Telbivudine; LMV: Lamivudine; TNF: Tenofovir.

1

I169T
ETV
A181T/V
sW172 stop
LMV, LdT, ADV, TNF
T184A/C/F/G/I/L/M/S
ETV, LMV
A194T
no change in HBsAg
ADV, TNF
S202C/G/I
ETV, LMV
M204I/V/S
V-sI195M, I- sW196S/L/Stop
LMV, LdT, ADV, TNF, ETV
N236T
ADV, TNF
M250I/L/V
ETV
Secondary1
L80I/V
no change in HBsAg
LMV
V173L
sE164D
LMV
L180M
no change in HBsAg
LMV, ETV, LdT
Putative2
S53N
LMV
T54N
sP46T
ADV
L82M
LMV
V84M, S85A
ADV
I91L
no change in HBsAg
LMV
Y126C/R/H
C-sT118A
ADV
T128I, T128N
N-sG145R, I-sP120S
LMV
N139D/E/Q
W153Q/R/E
Q- sP120T/ sG145R, E-sD144E/G145R
LMV
F166L
sF158Y
LMV
V191I
sW182 stop
LMV, ADV
A200V
sL192F
LMV
V207I
sW199 stop, sM198I
LMV
S213T
LMV, ETV
V214A
T-sS204R
ADV
Q215E/H/P/S
LMV, ADV
L217R, E218D, F221Y
D-sS210I/T
ADV
L229G/V/W
LMV
L229F
F-sC221L, V-sF220L
LMV
I233V
ADV
P237H, N238D/S/T, Y245H
N/A
ADV
S/C256G
LMV, ETV
Pretreatment2
T38A, T38K
K-sQ30K
Y124H/D/N
D134E/N
sI126S/N
N139K/H
K-sT131N, T-sT131P, H-sG139N
I224V
No change in HBsAg
R242A

Primary

1

Mutation

Table 1 Distribution of preexisting RT mutation in 42 potential NAr regions in treatment naïve patients
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[24]

is 2.67%. Other studies, including Fung et al ,
[38]
[25]
Yamani et al , and Mirandola et al
reported that
the prevalence rates of rtL180M were 10.0%, 2.08%,
and 1.18% in Chinese, Indonesian, and Italian HBV
carriers, respectively. The rtL80I/V mutation also occurs
[38]
frequently in treatment-naïve patients. Yamani et al ,
[33]
[25]
Kim et al , and Mirandola et al
found pre-existing
rtL80I/V mutation frequencies of 1.07%, 3.82%, and
[33]
0.78%, respectively. Notably, Kim et al
reported
that rtL80I/V was the most frequently encountered
preexisting mutation of secondary drug resistance
mutations in South Korea (3.8%, 5/131 patients), even
higher than rtL180M frequency (2.3%, 3/131 patients).
Another compensatory RT mutation, rtV173L, was also
detected in several studies of treatment-naïve patients,
[20]
[39]
[25]
where Zheng et al , Wang et al , and Mirandola et al
reported that it occurred in 0.6%, 0.56%, and 0.39% of
their patients, respectively.
RT mutations which have been identified as asso
ciated with drug resistance, but have not been con
firmed experimentally in vitro, are defined as putative
[75-77]
NA resistant mutations
. A total of 26 types of RT
mutations, including rtS53N, rtT54N, rtL82M, rtV84M,
rtS85A, rtI91L, rtY126C, rtT128I/N, rtN139D, rtW153Q,
rtF166L, rtV191I, rtA200V, rtV207I, rtS213T, rtV214A,
rtQ215P/S, rtL217R, rtE218D, rtF221Y, rtL229G/
V/W, rtI233V, rtP237H, rtN238D/S/T, rtY245H, and
rtS/C256G, are considered putative drug resistance
[21]
mutations (Category 3) (Table 1) . Other amino acid
substitutions, which were detected before treatment,
but for which the association between their occurrence
and drug resistance has not been evaluated, are defined
as pretreatment mutations, these include rtT38A,
rtY124H, rtD134E/N, rtN139K/H, rtI224V, and rtR242A
[21,38]
(Category 4) (Table 1)
.
Recently, it has been proven through in vitro
and in vivo experiments that several putative or pre
treatment mutations, including rtL229F, rtS13T, and
rtI233V, can also contribute to the development of
[40,78,79]
drug resistance
. In addition, several studies
have reported that treatment-naïve patients with only
putative RT mutations, and without primary or secondary
changes, developed drug resistance since treatment
[41]
initiation . Our literature based pooled incidence data
showed that several putative or pretreatment mutations,
including rtI91L, mutations in 6 positions of A-B
interdomain (rtY124H, rtY126C/R/H, rtT128I/N, rtD134E/
N, rtN139D/E/H/K/Q and rtW153Q/R/E), rtF221Y and
rtI224V, were encountered with high frequency from
[20,21,33,38,39,42]
the treatment naïve patients
. Of these, a
RT mutation in the A-B interdomain, rtD134E/N, which
also cause a simultaneous sI126N/S mutation of the
HBsAg “a” determinant, was found to have the highest
frequency in treatment-naïve patients (1.70%) (Figure
2). Of note, the following four putative or pretreatment
mutations found in treatment naïve patients, rtD134E/
N, rtN139D/E/H/K/Q, rtF221Y, and rtI224V, are also
reported as associated with progression of severe liver
diseases, such as HCC and cirrhosis (described below).

a
5.89

6

4

a
2.96

2
0.85

0.81
0.20

80

M
A1
81
C/
T
F/
/V
G/
I/
L/
M
/S
A1
S2 94T
02
C/
G
M
20 /I
4I
/V
/S
N2
36
M
T
25
0I
/L
/V

0.06 0.07

T1

84

A/

L1

73

L

0.12 0.15

V1

L8

0I
/V

0

1.16

9T

a
0.46

I1
6

Prevalence of RT mutation (%)

8

Figure 1 Pooled incidence and distribution of preexisting primary and
secondary reverse transcriptase mutations compiled using data from
50 previous studies. The distribution and overall incidence of RT region is
presented; numbers indicate the pooled incidence rate of the RT mutation in a
total of 8,435 treatment-naïve patients. aPre-existing RT mutation associated
with the progression of HCC in treatment-naïve patients.

rt181, rt184, rt194, rt202, rt204, rt236, and rt250.
The mutations rtA181T/V, rtM204I, and rtM204V also
cause the simultaneous HBsAg mutations, sW172
[17,72]
stop, sW196S/L/Stop, and sI195M, respectively
(Table 1). Our literature based pooled incidence data
showed that of primary drug resistance mutations,
M204I/V is the most frequently encountered in
[14,28,33]
treatment-naïve patients
(5.89%), which was
far more than the pooled mutation rate of rtA181T/V,
rtS202C/G/I and rtN236T (incidence: 1.16%, 0.85%
and 0.81%, respectively). Mutation of rtI169T (0.12%),
rtT184G (0.06%), rtA194T (0.07%), and rtM250V/L
(0.20%) had a very low pooled incidence (Figure
[73]
1). A systematic review by Zhang et al
revealed
that the global incidence of rtM204I/V/S is 4.85%.
[24,28,34-37]
Several other studies
have also reported
the frequent incidence of rtM204I/V/S in treatment[34]
naïve patients. For examples, Kobayashi et al , Lee
[35]
[36]
[24]
et al , Tuncbilek et al , Fung et al , and Huang
[37]
et al
reported rtM204I/V/S mutation frequencies in
Japanese, Taiwanese, Turkish, Canadian, and Chinese
treatment-naïve patients reached of 27.8%, 57%,
7.8%, 12%, and 26.9%, respectively.
Secondary, or compensatory, mutations refer to
amino acid substitutions that compensate for replication
defects caused by primary drug resistance mutations
and may reduce drug susceptibility by restoring viral
[38,69,74]
replication fitness
. The mutations rtL80I/V,
rtV173L, rtL180M are known for secondary resistance
mutations. Our literature based incidence data showed
that rtL180M had the highest natural incidence (2.96%),
which was higher than the pooled mutation rate of
rtL80I/V and V173L (incidence:0.46% and 0.15%,
[73]
respectively) (Figure 1). Similarly, Zhang et al
reported that the overall frequency of rtL180M mutation
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Figure 2 Pooled incidence and distribution of preexisting putative and pretreatment reverse transcriptase mutations compiled using data from 50 previous
studies. The distribution and overall incidence of RT region is presented; numbers indicate the pooled incidence rate of the RT mutation in a total of 8435 treatmentnaïve patients. aPre-existing RT mutation associated with the progression of HCC in treatment-naïve patients; bA-B interdomain region.

Moreover, some of these mutations also overlapped with
genotype-dependent polymorphic sites, as described in
the next section.

A, rt238 in domain D and rt256 in domain E) affect drug
[21,85]
[21]
treatment outcomes
. Liu et al
also showed that
rtL91 and rtI91 were generally favored by genotypes B
and C, respectively, and that rtS256 was prevalent in
both genotypes, with rtC256 more common in genotype
C than in genotype B. rtL91 and rtC256 were also more
closely correlated with failure of extended LMV therapy,
compared with other polymorphisms (rtI91and rtS256)
leading to the suggestion that they may represent
[86]
potential pretreatment markers .
[83]
Mirandola et al
further extended the eight
genotype dependent polymorphic-sites suggested by Liu
[21]
et al
into a total of 27 polymorphic-sites potentially
affecting treatment, via sequence analysis of 200
treatment-naïve chronically infected patients from northeast Italy, infected with the six HBV genotypes; A, B,
C, D, E, and F. In this study, substitutions at residues
rt53, rt54, and rt91 of the 27 genotype-dependent
polymorphic sites were the most frequent single AA
substitutions, and HBV-DNA levels of patients with
these mutations were significantly lower than those
of patients with no mutations, suggesting that these
changes contributed to reducing viral fitness during
infections. The authors also found that patients with
multiple mutations were mainly infected with genotype D,
rather than other genotypes (A, B, C, E, or F), strongly
supporting previous results indicating that HBV-D may
have the highest genetic variability among all HBV[87]
genotypes .
[38]
Yamani et al
demonstrated that the distribution
of primary and secondary drug resistance mutations
was not significantly different between genotypes B
and C; however, significant differences were identified
in some genotype-dependent polymorphic sites. For
example, rtL91I and rtY221F were more common in
genotype C, compared to genotype B (p < 0.001) (Table
2). Moreover, some genotype dependent mutations,
such as rtM129L, rtD134N, rtM145L, and rtE263H/D/Q,

DISTRIBUTION OF GENOTYPEDEPENDENT AMINO ACID POLYMORPHIC
SITES IN TREATMENT-NAÏVE PATIENTS
To date, a total of 10 HBV genotypes (A-J) and several
sub-genotypes have been identified; genotypes are
separated from each other by sequence differences
of more than 8% by phylogenetic analysis, based on
[80,81]
whole genome sequences
. HBV genotypes, in
cluding genotypes A-J and the various sub-genotypes,
are associated with several distinct traits, including
geographical distribution, host ethnicity, and patho
[82]
genicity . Since specific mutational patterns of muta
tion can be restricted by structural/functional constraints
to particular genotypes, HBV genotype can influence the
evolution frequency, or types, of mutations associated
with NAr in treatment-naïve patients, as described by
[21]
Liu et al . Moreover, HBV genotypes can affect LAMresistant mutations in the YMDD motif of viral RT in
patients with chronic infections after long term drug
[42,43,83]
[83,84]
treatment
. Two recent studies
reported
that genotype A favors the rtM204V mutation, while
HBV-B, C, and D select for rtM204I at higher rates,
[21]
compared with rtM204V. Moreover, Liu et al identified
eight genotype-dependent AA polymorphic positions,
(i.e., rt53, rt91, rt124, rt134, rt221, rt224, rt238, and
rt256) useful as signature for B- and C-genotypes with
mutations at the 42 positions associated with NAr,
and which are important for the distinction between
mutations and mere polymorphisms during genotypic
mutation analysis of samples from infected patients.
These specific, genotype-dependent AA polymorphic
positions in RT functional domains, (i.e., rt91 in domain
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Table 2 Genotype-dependent amino acid polymorphic sites and reverse transcriptase mutations in treatment-naïve patients
RT position Drug resistance

Mutations in RT region of four genotypes
A

38
53
54
84
85
91

T (4.4)4
LMV
ADV

N (2.2)2

I (100)3
H (47.0)2

124

H (2.2)3

126

H (6.7)4

LMV

C

N (2.2)2

129
L (100.0)2

I (0.5)2
I (1.5)2
T (0.6)2
L (23.5)2

H (20.0)3
H (3.6)3
D (5.5)3

H (11.8)3
H (6.6)3

I (1.9)2

L (60.0)2
L (26.2)2
L (9.0)2
N (40.5)2
E (23.1)3
E (5.8)3

L (1.9)2

134

139

LMV
LMV

200
207

LMV
LMV

214

LMV/ADV

215

ADV

217
221

ADV

Q (100)2
I (4.6)2
V (2.2)2

L (3.7)

M (6.0)2 L (2.3)2

I (5.9)2
I/L/G (2.1)2
A (5.9)2
I (0.6)2
E (7.7)2

A (0.5)2 I (0.5)2
H (0.9)2
L (6.7)4

F (40.5)2
H/T (33.3)2

LMV, ETV

H(1.0)2 W(1.0)2

Q (3.9)2
Q (1.82)2

ADV
LMV

H/T (2.4)2
T (8.7)2
S (2.19)2 T (0.73)2
T (3.87)2

H (7.4)3

H (4.8)3
G (40.0)2

G (20.0)2
G (5.45)2

Polymorphism

Ref.

A/T/T/A
I/N/S/N
T/T/T/H
V

[83]
[21]
[83]
[127]
[21]
[127]
[83]
[44]
[40]
[40]
[44]
[83]
[21]

D

I (16.7)4
I (14.3)2
I (1.67)3
H (6.66)2
L/V/I(25.0)2

S
I/L/I/L
V
F
N/N/Y/H

R (23.7)4
R (17.9)4
Y (1.4)4 Q (0.5)4
N (1.4)2 I (1.4)2

Y/H/H/H

L (21.4)2

M

T

L (3.3)2
E (5.0)3
K (11.9)2
K (2.3)3

D/N/D/D

Q/N/N/N

M
W/R/R/R
V/I/I/V

V (8.3)2
F (7.7)2

D (2.2)2 T (2.2)2
245
248
256

K (1.5)3
L (40.5)2

2

145
153
191

226
237
238

I/S (1.8)3
K (3.7)2

LMV

1

T (14.0)4

D/T (1.8)4

I (20.0)4

LMV

103
122

128

B

A
V

A (2.3)2
A (0.8)2 E (0.7)2
H (5.0)2 S (5.0)2
H (3.0)2 S (4.3)2
P (2.8)2 S (4.2)2
R (0.9)2
Y (5.1)2
T (6.4)2
H (2.3)2

D (1.4)2
H (1.4)2
G (10.7)2
G (3.7)2
G (3.7)2

V
Q

R/L/L/L
Y/Y//F/F
N
P
N/H/N/N

Y
N
S/S/S/C

[83]
[44]
[83]
[83]
[38]
[44]
[38]
[40]
[38,54]
[21,54]
[21]
[38]
[83]
[21]
[83]
[40]
[39]
[54]
[83]
[26]
[83]
[39]
[83]
[127]
[54]
[127]
[83]
[83]
[38]
[83]
[38]
[127]
[127]
[21]
[39]
[83]
[83]
[38]
[44]
[83]
[21]
[26]

A total of 29 reported genotype-dependent amino acid polymorphic sites in the RT region in treatment-naïve patients are shown. The first column contains
the RT positions and the second column details the relationship between mutations and drug resistance. Column three to six indicate the prevalence of
each mutation as percentages, according genotype. Consensus amino acids are presented in column seven. 1Incidence (%) of mutations in the RT region;
2
Putative mutation; 3Pretreatment mutation; 4Novel mutation. ADV: Adefovir dipivoxil; ETV: Entecavir; Ldt: Telbivudine; LMV: Lamivudine; TNF:
Tenofovir.

were more frequent in in genotype C than genotype
B viruses (p < 0.001). Notably, rtN226H/T was the
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only pretreatment mutation, which is more common in
[44]
genotype B than genotype C (p < 0.001). Singla et al
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Table 3 Positive relationships between HBeAg negative serostatus and preexisting reverse transcriptase mutation frequency in the
treatment- naïve patients
HBeAg-positive
1

HBeAg-negative
2

Mutations

3/14 (21.4)
6/24 (25.0)
0/4 (0.0)
3/6 (50.0)
8/12 (67.0)
27/43 (62.8)
8/13 (61.5)
0/5 (0.0)
0/4 (0.0)

1

HBV genotype (%)

Location

Ref.

B, C, E
B, C, B-C
A, B, C, D, F
D
NA
B, C
B, C
NA
NA

California
China
California
Turkey
Taiwan, China
China
China
Japan
Japan

[26]
[27]
[45]
[36]
[35]
[46]
[47]
[34]
[88]

2

HBV-DNA

Mutations

HBV-DNA

7.8
5.5
7.2
8.0
7.9
5.7
6.3
NA
NA

11/14 (78.6)
18/24 (75.0)
4/4 (100.0)
3/6 (50.0)
4/12 (33.0)
16/43 (37.2)
5/13 (38.5)
5/5 (100.0)
4/4 (100.0)

5.7
3.9
4.7
3.2
6.9
4.7
5.4
NA
NA

1

Number of patients with RT mutation (%); 2HBV-DNA level (log10 IU/mL).

also showed that rtL91I and rtM129L are more common
in samples from genotype C, than genotype D, infected
patients. Overall, these findings indicate that distribution
of genotype dependent polymorphic sites in treatmentnaive patients could affect drug treatment outcomes via
modulation of viral fitness or replication. The distribution
of the 29 genotype-dependent polymorphic-sites in
the HBV RT region among treatment naïve patients
identified in other reports is summarized in Table 2.

the subgroup analysis by genotype, that HBV genotype
C had a tendency of toward a higher spontaneous
YMDD mutation frequency (19.32%) than genotype B
(15.01%) or D (14.79%). The increased spontaneous
mutations in the viral genome of HBV genotype C could
translate to a higher risk of primary NA resistance in
HBV endemic areas, where genotype C infections are
prevalent, including China and South Korea.

CLINICAL FACTORS (HBEAG
SEROSTATUS AND HBV VIRAL LOADS)
AFFECTING INCIDENCE OF PREEXISTING
RT MUTATIONS IN TREATMENT-NATIVE
PATIENTS

GENOTYPE DISTRIBUTION OF PRIMARY
RT MUTATIONS IN TREATMENT-NAÏVE
PATIENTS
[25]

Mirandola et al
identified the different genotype
different distributions of antiviral drug resistant RT muta
tions using INNO LiPA line probe analysis of samples
from treatment-naïve patients; RT mutations were
detected in 13 (5%) of 255 HBV infected patients.
Of these, 10 patients had mutations associated with
primary resistance or reduced sensitivity, including three
cases with a YMDD mutation (rtM204V), three with
the mutation, rtM250L/V, which is associated with ETV
resistance, and four with the mutation rtI233V, which
is associated with reduced sensitivity to ADV. Notably
all the three patients with the rtM204V mutation also
had coexisting L180M compensatory mutations, and all
were infected with HBV-C genotype viruses, suggesting
that naturally occurring LMV-resistant HBV may be
more frequent in patients infected with genotype C
virus. This hypothesis is strongly supported by the
[33]
recent report of Kim et al of the high frequency of the
YMDD mutation, (rtM204V/I) (6.87%, 9/131 patients),
in Korean treatment-naïve patients with HBV genotype
[39]
C2 infections. Wang et al
also reported that RT
mutations were only found in genotype C treatmentnaïve patients; however, no primary or secondary
RT mutations were found in genotype B patients. In
addition, a systemic meta-analysis review by Zhang
[73]
et al showed that rtM204V/I had the highest incidence
of 4.89% (95%CI: 4.13%-5.65%) among primary and
secondary RT mutations. These authors also found, via
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The majority of studies have consistently reported
a significant association between the prevalence
of preexisting RT mutations and lower HBV DNA
loads, or HBeAg-negative status, in treatment-naïve
[26,27,34-36,45-47,88]
[26]
patients
(Table 3). Vutien et al reported
that treatment-naïve patients with HBeAg-negative
status had higher RT mutation frequencies (78.57%),
compared with HBeAg-positive patients (21.42%).
These authors also showed that HBeAg-negative
patients had significantly lower HBV DNA viral loads
compared with HBeAg-positive patients (5.65 log10 IU/
[27]
mL vs 7.82 log10 IU/mL, respectively). Zhao et al also
reported similar results showing that 75% of patients
with RT mutations were HBeAg-negative and had lower
HBV DNA levels (3.92 log10 IU/mL) whereas 25% of
patients with RT mutations were HBeAg-positive with
higher HBV DNA loads (5.54 log10 IU/mL). Similarly,
[89]
Zhu et al
found that Chinese patients with chronic
HBV carrying preexisting RT mutations had significantly
decreased serum baseline HBV DNA loads (p = 0.0363)
and blood platelet counts (p = 0.0181) compared with
those without RT mutations.
[34,45,88]
Several other studies
also found RT mutations
only in HBeAg-negative patients, and the patients were
also more likely to have decreased HBV DNA levels
[45]
compared with those who were HBeAg-positive .
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[34]

Kobayashi et al
reported that all asymptomatic
HBV carriers with YMDD mutation were HBeAgnegative and eAb-positive, suggesting that sustained
host immune pressure may be a major force driving
[73]
potential NAr mutations. Zhang et al
also reported
a systemic meta-analysis finding that patients with
chronic hepatitis B (CHB) and genotype C infections,
who were male and HBeAg-negative tended to have
higher spontaneous mutation rates in subgroup
[46]
analysis. Xu et al
reported no significant correlation
between pre-existing mutations and the majority of
clinical factors including gender, age, HBV genotype,
ALT, HBeAg, and HBV DNA loads, in a Chinese
population; however, subgroup analysis indicated that
pre-existing mutations were strongly associated with
lower HBV DNA levels in HBeAg sero-negative, but not
HBeAg sero-positive, patients (HBeAg+ vs HBeAg-:
5.74 log10 IU/ml vs 4.72 log10 IU/ml, p = 0.0112).
These findings suggest that preexisting RT mutations
might lead to lower HBV viral loads in treatment-naïve
patients with HBeAg-negative serostatus. Several other
studies have reported similar positive associations
between the frequency of pre-existing RT mutations
[33,42,83]
and decreased HBV viral loads
.
Taken together, there appears to be a clear causal
link between preexisting RT mutations and HBeAgnegative status, decreased HBV DNA load, or liver
disease progression. This may be because mutations
in the RT active domain, could impair enzyme activity,
particularly at the HBeAg negative immune clearance
stage, thus decreasing the efficacy of virus replication
and, resulting in liver disease progression and poor
[17,42,90,91]
treatment outcomes
.

131 treatment-naïve patients infected with genotype
C2 reported an overall rate of 12.98% for primary
(rtT184A/C/F and rtM204I/V) or compensatory (rtL80I
and rtL180M) mutations. According to a systemic
[73]
meta-analysis review conducted by Zhang et al , the
overall prevalence of spontaneous mutations among
treatment-naïve patients worldwide was 5.73%. The
highest pooled prevalence (8.00%) was identified in
samples from China, followed by Japan, Turkey, Korea,
South America, and Europe at 6.62%, 6.43%, 5.72%,
3.89%, and 2.53%, respectively. Another study of 325
genotype D infected treatment-naïve patients using
[50]
direct PCR sequencing
reported overall incidence of
15.69% for primary and secondary drug resistance
mutations, including L80V/I, L180M, M204I/V, and
S213T/N.
In contrast, several studies have reported prevalence
rates of less than 5 % for pre-existing RT mutations
(primary and secondary RT mutations) in treatmentnaïve patients (Table 4). For example, using direct
sequencing of samples from treatment-naïve patients
[45]
from the United States, Nguyen et al
demonstrated
that only four (0.9%) of 472 patients were infected
with viruses with primary and secondary mutations
(rtA181A/S, rtA194S, and rtM250I). Similarly, Zollner
[32]
et al screened a total of 96 patients infected with
HBV genotypes A and D (52.08% and 47.92%,
respectively) using a direct sequencing assay, but found
no primary or secondary resistance mutations. Another
[51]
study by Salpini et al
using the direct sequencing
method reported that, of 140 treatment-naïve patients
infected with genotype D, only 1.4% had primary drug
resistance mutations, while 2.1% carried secondary
mutations.
Overall, preexisting RT mutation prevalence
clearly reflects the geographical distribution of HBV
infection. For example, China is an area with high
levels of endemic area of HBV infection (8%, according
to a national survey in 2006) and also has higher
[73]
prevalence of pre-existing RT mutations . Meanwhile,
in Europe, which has low levels of endemic HBV
infection (approximately 2%), there is a low incidence
[73]
of spontaneous mutations (2.53%) . Since the HBV
geographic distribution has also a close relationship
with the genotype distribution, the majority of countries
in Asia with prevalent genotype B and C infections
have high rates of spontaneous RT mutation (≥
[27,33-35,39,47,73]
5%)
, whereas countries in Europe, where
genotype A and D infections are dominant, tended to
[32,49,51]
have low incidences (≤ 5%)
.

GENOTYPE DISTRIBUTION AND
GEOGRAPHICAL FACTOR AFFECTING
THE INCIDENCE OF PREEXISTING RT
MUTATIONS
Reports of the incidence of preexisting RT mutations
in treatment-naïve patients are highly variable,
[25,26,28,32-35,48,92,93]
ranging from 0% to 57%
. This huge
discrepancy among studies may be due to differences
in factors such as the geographical or ethnic
backgrounds of studied patients, sample size, and
[27]
viral genotype . A number of studies have reported
prevalence rate of preexisting RT mutations (primary
and secondary RT mutations) of more than 5% in
[24]
treatment-naïve patients (Table 4). Fung et al found
a higher rate of baseline RT mutations (12% M204I/V,
10% L180M) by using the INNO-LIPA v.3 assay. In this
study, many patients, most of whom were infected with
genotype D, carried rtL180M, rtM204V/I, and rtL80V/I
[94]
mutations. In addition, Nishijima et al
identified
a high mutation rate (35.7%) in 14 treatmentnaive patients in Japan, using UDPS. Also, a recent
[33]
study using direct sequencing
of samples from
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HBV INTERGENOTYPIC RECOMBINATION
AND COINFECTION WITH HIV
AFFECTING THE INCIDENCE OF
PREEXISTING RT MUTATIONS
HBV intergenotypic recombination between different
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Italy
China
Canada
Turkey
South Korea
Turkey
China
China
Japan
Iran
Taiwan, China
China
Meta-analysis (China)
Japan
Iran
China
Japan
California
Italy
Italy
Germany
Brazil
California

Location
255
269
209
71
131
77
213
104
18
325
28
357
8156
14
147
328
20
472
100
140
96
189
198

No. of cases
A, C, D
B, C, B-C
A, B, C, D
NA
C2
D
B, C
B, C, B-C
NA
D
NA
B, C
B, C, D
B, C
D
B, C
NA
A, B, C, D, F
NA
D
A, D
A, C, D, F
B, C

Genotype
5.0
4.9
7.0
NA
6.5
7.3
6.2
4.5
NA
NA
7.5
6.3
NA
4.9
NA
6.9
NA
5.3
NA
4.0
NA
3.2
4.2

HBV DNA loads (log10 IU/mL)
5.0% mutations overall
8.9% mutations overall
12% M204I/V, 10% L180M, 9% L80V/I, 3%V173L
18.3% YMDD mutations
12.98% mutations overall
7.8% YMDD mutations
6.1% mutations overall
26.9% YMDD mutations
27.8% YMDD mutations
15.69% mutations overall
57% YMDD mutations
16.8% mutations overall
8.00% mutations overall
35.7% YMDD mutations
None
3.6% mutations overall
None
< 1% mutations overall
None
3.5% mutations overall
None
overall 6.0% in Northeast/ 0% in North
1% mutations in polymerase

RT mutations prevalence
INNO-Lipa HBV DR v.3
INNO-Lipa HBV DR v.3
INNO-Lipa HBV DR v.3
INNO-Lipa HBV DR v.1
Direct Sequencing
Direct Sequencing
Direct Sequencing
Direct Sequencing
Direct Sequencing
Direct Sequencing
Direct Sequencing
Direct Sequencing
Record screening
Ultra-deep sequencing
Direct sequencing
Direct sequencing
Direct sequencing
Direct sequencing
Direct sequencing
Direct sequencing
Direct sequencing
Direct sequencing
INNO-Lipa HBV DR v.3

Mutation detecting methods

[95,96]

[25]
[27]
[24]
[28]
[33]
[36]
[47]
[93]
[34]
[50]
[35]
[39]
[73]
[94]
[56]
[53]
[48]
[45]
[49]
[51]
[32]
[41]
[26]

Ref.

genotypes is regarded as an important strategy for HBV genetic diversity and may impose challenges on vaccine designation and antiviral therapy strategies
. In
[97]
particular, the high prevalence of vertical infections in HBV endemic areas, such as Asia or Africa, could lead to a life-long chronic infection , resultantly leading to a
[96,98-101]
high probability of co-infection and a high risk for virus recombination
. Previous studies on HBV recombination have identified different types of intergenotypic
[96,98-103]
[100]
recombinants in HBV RT, most of which have recombination in RT/S overlapping region
. Of note, a recent study conducted by Liu et al
demonstrated that,
through full-length HBV RT sequences analysis from 201 Chinese chronic hepatitis B (CHB) patients, 38.10% (24/63) infected with genotype B had recombination
with genotype C in the 3′-terminal RT sequences. These authors also showed that these intergenotypic recombinants were associated with enhanced viral DNA load
and higher RT point mutation rates, compared with their parental genotype B or C, highlighting the importance of monitoring intergenotypic RT recombinants in HBV
endemic areas to ensure optimal management.
Approximately, 10% of HIV-infected persons worldwide are chronically infected with HBV, and co-infection of two viruses is most frequently identified (up to 25%) in
[104]
sub-Saharan Africa and Asia . HBV and HIV co-infection is a major cause of morbidity and mortality because it could contribute to an increased risk of liver cirrhosis
[105]
[106,107]
and HCC . In general, previous studies showed a predominance of HBV genotype A in HIV infected individuals, compared with other genotypes
. In particular,
[108]
Makondo et al
reported that the ratio of genotype A to non-A (97% to 3%) was higher in the HBV/HIV co-infected Southern Africa patients compared with monoinfected individuals. These authors also showed that 10 percent, 3 out of 29 patients prior to the initiation of antiretroviral therapy (ART), had drug resistance mutations
[12]
rtV173L, rtL180M+rtM204V, and rtV214A. In South Africa, rtM204I has been mainly detected in treatment-naïve HBV/HIV co-infected individuals
with rtM204V in
[109]
treated HBV mono-infected participants , suggesting HIV co-infection could affect HBV preexisting RT mutation pattern. A study of South African patients conducted
[12]
by Selabe et al
demonstrated that HBV lamivudine‐resistant strains were detected in three out of 15 treatment-naïve mono‐infected chronic hepatitis B patients,

HBV DNA RT mutations < 5%

HBV DNA RT mutations ≥ 5%

Prevalence

Table 4 Variation in the prevalence of preexisting reverse transcriptase mutations according to mutation detection methods, genotype, and geographic distribution
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Table 5 Relationship of preexisting reverse transcriptase mutations with disease severity
Type of mutation in RT
rtL80I2
rtD134N4
rtN139K/T/H4
rtY141F5
rtM204I/V1
rtF221Y3
rtI224V4
rtM309K5

Chang in HBsAg

Genotype

Location

Disease progression

P value

Ref.

NC
sI126S/N
sT131N/P
sM307T
sW196L/S/W
NA
NC
NA

C
B, C
C
Ce
C
B,C,D
C
C

South Korea
China
South Korea
Taiwan
South Korea
China
China
China

HCC
HCC
HCC
HCC
HCC
HCC, poor survival rate
HCC
HCC

0.036
0.007
0.008
0.029
0.021
0.028/0.004
0.005
0.007

[33]
[114]
[33]
[37]
[33]
[20,115]
[116]
[116]

HBV polymerase RT mutation; 1Primary; 2Secondary; 3Putative; 4Pretreatment; 5Novel RT mutation. HCC: Hepatocellular carcinoma; NA: Not available;
NC: Not changed; RT: Reverse transcriptase.

[66]

whereas detected in 10 out of 20 treatment-naïve
HBV/HIV-coinfected patients. In contrast, a multinational study of HIV/HBV-coinfected individuals
[110]
carried out by Thio et al
demonstrated that no
subject had preexisting RT mutations in the majority
population of the quasispecies, suggesting no need
for HBV drug-resistance testing prior to starting antiHBV therapy in HIV-HBV co-infected individuals. It is
also supported by a recent study of Ghana patients
[111]
conducted by Archampong et al
. Taken together,
geographical factors and HBV genotypes could
have effects on the preexisting HBV RT mutation in
treatment-naïve HBV/HIV-coinfected patients.

rtA181T mutation (1.0% ratio). Similarly, Aberle et al
also compared the detection efficacies for preexisting
RT mutations between the INNO-LiPA assay and direct
sequencing. The former identified additional mutations
in 8 (14%) of 56 patient samples, which could not
be detected using the latter method, indicating the
superiority of the former over the latter for RT mutation
detection. Overall, these data demonstrate that the
method used for detecting the mutations can affect the
prevalence estimates of preexisting RT mutations in
treatment-naïve patients, which may cause discrepancies
among the results of different studies.

PREEXISTING RT MUTATIONS ARE
RELATED TO THE PROGRESSION OF
LIVER DISEASES

DIFFERENT SENSITIVITY OF DETECTION
METHODOLOGY USED CAN AFFECT
THE REPORTED PREVALENCE OF
PREEXISTING RT MUTATIONS:
LIMITATION OF THE STUDIES IN
PREEXISTING RT MUTATIONS

Although the clear association between preexisting RT
mutations and advanced liver disease has not been fully
investigated, several types of HBV mutations in RT have
previously been reported as related to the progression of
liver diseases, such as cirrhosis and HCC (Table 5). Kim
[33]
et al compared types and frequencies of pre-existing
RT mutations between CHB and HCC treatment-naïve
patients. These authors found a significantly higher
rate of RT mutations in HCC patients than in those with
chronic hepatitis (3.17% vs 2.09%, p = 0.003) and
also identified a total of three NAr mutations (rtL80I,
rtN139K/T/H, and rtM204I/V) significantly associated
with HCC progression. RT mutations rtN139K/T/H and
rtM204I/V also cause simultaneous mutations in the
overlapped HBsAg coding sequence (sT131N/P and
[17,21,72]
sI195M, or sW196S/L/Stop)
. Of these, the YMDDmotif mutation (rtM204I/V) was found in 9 patients
of 131 patients (8 HCC and 1 CHB) with the other
two types of mutation, rt204I and rt204V, in 8 and 1
patients, respectively. The other HCC-related mutation
(rtL80I) was first identified as a compensatory mutation
[69,112]
associated with LMV resistance
. Its relationship
with clinical deterioration is also corroborated by other
reports that it was associated with increased viral loads,
accompanied by an elevation in serum aminotransferase
activity, and exacerbation of liver disease in every

The detection methods used can also have a profound
effect on the reported incidence results of preexisting
RT mutations. The majority of studies have used
direct sequencing methods, which can lead to the
underestimation of preexisting RT mutations, due to the
[39]
relative low sensitivity of these assays. Wang et al
reported that the sensitivity of direct sequencing-based
protocols declined when circulating viral subspecies (AA
substitutions) levels were at ratio below 20%-25%.
Similarly, there were several studies have reported
discordance in the incidence of pre-existing RT mutations
detected by direct sequencing and other screening
methods, such as the INNO-LiPA assay, or UDPS. For
[52]
example, Margeridon-Thermet et al
reported that
direct sequencing found an average of 5.9 mutations
per sample, while UDPS identified an additional 4.6
mutations per sample, which could not be detected by
direct sequencing. In that study, two of 17 treatmentnaïve patients had mutations which were detected only
by UDPS, but not by direct sequencing; one rtM204I
mutation with (1.3% mutant ratio) and the other an
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rtF221Y mutation was also associated with poor overall
survival (hazard ratio, 2.557; p = 0.004), suggesting
that it is a potential independent risk factor and viral
marker for HCC. Those results were consistent with
[115]
the report of Li et al , which identified the rtF221Y
mutant as an independent risk factor for recurrence
of HCC and poor overall survival (p = 0.001 and p =
[116]
0.004, respectively). Wu et al
also investigated
preexisting RT mutations potentially related to HCC in
Chinese patients and identified rtI224V and rtM309K
as significant risk factors for HCC (p = 0.005 and p =
0.007, respectively).
In addition, the number of RT mutations is associated
[89]
with the liver disease progression. Zhu et al revealed
that patients with multiple RT mutant sites showed a
significantly higher rate of liver fibrosis (p = 0.0128),
suggesting a link between viral mutation and clinical
progression of chronic hepatitis, and also highlighting that
the natural accumulation of RT mutations is a process
involved in viral survival during chronic liver fibrosis.
Overall, eight mutations in the RT region, namely
rtL80I, rtD134N, rtN139K/T/H, rtY141F, rtM204I/V,
rtF221Y, rtI224V, and rtM309K, are significantly related
to liver disease progression. The majority of HCCrelated RT mutations were reported from studies of
treatment-naïve patients infected with genotype C HBV.
This supports previous reports that HBV genotype C
is more likely to lead to severe and aggressive liver
[112,117-122]
disease than other HBV genotypes
. Of note,
association of the following three mutations, rtM204V,
rtL80I, and rtD134N, with disease progression provides
a likely explanation for the positive relationship between
lamivudine resistance and liver disease progression.

Table 6 Distribution of preexisting reverse transcriptase
mutations among reverse transcriptase domains
Mutation frequency (%)
2

Domains
1.45
1.37
1.07
0.43

1

A-B
3
interdomain

Non-A-B
4
interdomains

3.51
4.4
7.5
3.82

2.58
3.77
3.16
0.52

P value5

Ref.

< 0.001
< 0.001
0.008
0.0014

[38]
[20]
[33]
[21]

1

Mutation frequency was calculated as the number of mutations found in
a specific RT domain divided by the total number of sites in the domain;
2
Domain including RT mutation sites; rt38, rt84, rt207, rt233, rt238, and
rt256; 3A-B interdomain including RT mutations sites: rt53, rt191, rt213,
rt218, rt229, and rt242; 4Non-A-B interdomains including RT mutation
sites: rt124, rt126, rt128, rt134, rt139, and rt153; 5P-values of comparisons
of mutation frequencies between A-B interdomain and other functional
domains.
[113]

[33]

case
. Interestingly, Kim et al
also showed that
rtL80I was combined with the rtM204I/V mutation in
five of nine rtM204I/V cases, and that patients with
L80I had increased HBV replication compared with
those without this mutation, suggesting that, together
with rtM204I/V, it may contribute to HCC generation
in treatment-naïve patients by compensating for the
defective replication of caused by rtM204I/V.
[114]
In another study, Yin et al
analyzed the as
sociation of the mutations of HBV polymerase with
postoperative survival in 92 patients with HBV-related
HCC using direct sequencing. They discovered three
nucleotide sites, one (31st nucleotide) in a spacer
th
th
region and two [529 (p = 0.007) and 1078 (p =
0.038)] in the RT region, which could be considered
independent predictors of postoperative survival in
HBV-related HCC. Of the two sites in RT related to HCC
outcomes, rtD134N (mutation G529A) was associated
with lamivudine resistance, further supporting previous
findings of potential correlation between resistance
to the anti-HBV nucleoside analog, lamivudine, and
[114]
HCC prognosis
. Since rtD134N also causes an
amino acid change in HBsAg (sI126N/V), it can induce
changes in the antigenic properties of HBsAg. Further
functional studies are necessary to determine whether
the rtD134N mutation can induce HCC via modulation
of RT activity or through its effects on HBV replication.
[37]
Huang et al
found seven viral single nucleotide
polymorphisms (SNPs) in HBV polymerase, which
enhance viral replication and liver disease progression
in HBeAg negative subjects. Of these SNPs, rtY141F
(Y487F), which is located in the RT region of HBV
polymerase was associated with increased viral load
and HCC (p = 0.0291). Moreover, rtY141F, a genotype
C-related SNP, also led to a simultaneous amino acid
change in the overlapping ’a’ determinant region of
[115]
HBsAg (sM307T). In addition, Li et al
and Zheng
[20]
et al
reported that the rtF221Y mutation was
strongly related to HCC prognosis after liver resection
(hazard ratio, 2.345; p = 0.001). Moreover, the
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DISTRIBUTION AND FREQUENCY
OF PREEXISTING RT MUTATIONS IN
DIFFERENT RT REGIONS
HBV RT consists of seven functional domains (G, F, A, B,
C, D, and E) and five inter-domains (F-A, A-B, B-C, C-D,
[18,31,123]
and D-E) which link the functional domains
.
[20,21,33,38]
Previous studies
reported a higher frequency
of preexisting RT mutations in the A-B inter-domain,
compared with other regions.
[21]
Liu et al
revealed that all six sites in the A-B
interdomain, rt124, rt126, rt128, rt134, rt139, and
rt153, exhibit mutations (6/6, prevalence 100%),
indicating high genetic variability of this region
compared with other sites within RT domains (sites
with mutations: 6/22, 27.27%; p = 0.0014). In
this study, the mutation frequency of the A-B interdomain (44/1152, 3.82%) was also significantly higher
than those in other RT domains (Table 6). This result
[20]
is in line with that reported by Zheng et al , who
demonstrated that A-B interdomain exhibits higher
mutation frequencies (4.3%, 5.3%, 3.6%) than those
of other RT domains (1.4%, 1.4%, 1.3%) in Chinese
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√ Effect on mutation prevalence and frequency

√ Genotype (C > A, B, D)
√ HBeAg serostatus ( - > + ),
√ Geographical factor
(Asia > Europe or United States)
√ Disease progression
( HCC, cirrhosis > ASC, CHB)

√ Modulation of viral fitness
√ Escape of host immune response

√ Pre-existing RT mutations
√ Genotype-dependent polymorphic sites
√ Overlapped HBsAg mutations
(“a” determinant)
√ Intergenotypic recombination
√ Co-infection with HIV

√ Antiviral drug treatment outcomes
√ Liver disease progression
(HCC or cirrhosis)

Figure 3 Schematic representation indicating the role of preexisting hepatitis B virus reverse transcriptase mutations in liver disease progression and
treatment outcomes. HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; ASC: Asymptomatic carriers; CHB: Chronic hepatitis B; HIV: Human immunodeficiency
virus.

treatment-naive patients with CHB, cirrhosis, and HCC.
Specifically, they found that there was a clear tendency
toward frequent mutations of the A-B interdomain in
patients with cirrhosis suggesting a relationship between
mutations in the A-B inter-domain and the development
of this condition.
[38]
Similarly, Yamani et al also reported that the A-B
interdomain had the highest mutation prevalence and
frequency (3.51% ± 2.53%) compared with functional
domains and non-A-B interdomains (1.45% ± 1.05%
and 2.58% ± 0.51%, respectively) in Indonesian
treatment-naïve patients (Table 6). Moreover, they
found that genotype C had substantially higher
mutations rates in the A-B interdomain than genotype
[33]
B (p < 0.001). Kim et al
also revealed that
mutations within the A-B interdomain were most
frequent in treatment-naïve Korean patients infected
with genotype C2, compared with other domains,
with 46 of 79 patients (58.22%) with preexisting RT
mutations having changes in the A-B inter-domain.
In this study, rtD134E/N/C was the most frequently
encountered hot spot site among the six A-B interdomain sites and was mutated in 12/79 patients
(15.2%). The authors also showed that the mutation
frequency of A-B interdomain (59/786, 7.50%) was
higher than that of non A-B interdomain (3.16%) (Table
6). Our pooled incidence also supported the previous
notion of higher frequency of persisting RT mutations
in A-B interdomain compared with other region in RT
(Figure 2).
RT and HBsAg mutations can occur simultaneously,
due to the overlap of RT region and HBsAg gene
[19,124]
[21]
sequences
. Liu et al
reported that 14 of 18
mutated positions in RT overlapped with HBsAg, and
that RT mutations at 12 out of 14 RT positions (except
those at rt124 and rt126) also led to simultaneous
HBsAg mutations of 19 types in 16.67% (32/192)
of isolates (Figure 1). Notably, these authors also
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found that RT mutations in the A-B interdomain could
lead to simultaneous AA substitutions sI126A/N/S/,
sG130N, sT131N/P, and sG145R of the overlapped ‘a’
determinant of HBsAg, including the most frequently
described immune-escape mutation sG145R (1/192,
[125,126]
[33]
0.52%)
. Similarly, Kim et al demonstrated that
RT mutations at 10 of 42 NAr positions could lead to
15 types of simultaneous overlapped HBsAg mutations
in 32.06% (42/131) patients. Of interest, they also
found that the RT mutations at 3 NAr positions (rt134,
rt139, and rt153) located in the overlapped HBsAg “a”
determinant region from 22 treatment-naïve patients
also had simultaneous “a” determinant mutations in
two positions, S126 and S131, in 15 patients (15/22,
68.2%) (12 patients with mutations at rt134, leading to
10 changes of AA S126, and 8 patients with mutations
at rt139, leading to 5 alterations of AA S131).
Overall, preexisting RT mutations are distributed
in a non-random manner, and most frequently found
in the A-B interdomain, overlapped with the HBsAg
“a” determinant region, than in other domains.
Moreover, the A-B interdomain also contains the most
abundant mutations, indicating that these positions
might be preexisting mutation hotspots in treatmentnaïve patients. Of six positions’ mutation in the A-B
interdomain, three RT mutations, rtD134E/N, rtN139D/
E/H/K/Q, and rtW153E/Q/R, that overlap with HBsAg “a”
determinant region are hotspots found most frequently
in treatment-naïve patients, which could contribute to
HBV viral persistence via generation of immune escape
“a” determinant mutants proteins. In general, A-B
interdomain mutations are prevalent in patients with
genotype C2 infections and could contribute to HBVassociated disease, such as HCC and cirrhosis.

CONCLUSION
Preexisting HBV RT mutations in treatment-naïve
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patients are related to potential drug resistance and
progression of liver disease, such as HCC or cirrhosis.
In addition, genotype-dependent polymorphic amino
acid substitution in RT can also affect the emergence of
drug resistance and treatment outcomes. The reported
prevalence of spontaneous RT mutations in treatmentnaïve patients is varied, and largely depends on
geographic factors, HBV genotypes, HBeAg serostatus,
HBV viral loads, disease progression, intergenoytpic
recombination, and co-infection with HIV. Different
sensitivity of detection methodology used could also
affect their prevalence results. The INNO-LiPA assay
and UDPS method detect higher prevalence rates of
preexisting RT mutations compared with direct PCR
sequencing in treatment-naïve patients. Genotype C
infection, HBeAg-negative status, and low viral loads
are significantly associated with higher frequencies
and prevalence rate of pre-existing HBV RT mutations.
Higher frequencies of preexisting RT mutations
were also generally associated with liver disease
progression, including of HCC and cirrhosis. Eight
mutations in RT region, rtL80I, rtD134N, rtN139K/T/H,
rtY141F, rtM204I/V, rtF221Y, rtI224V, and rtM309K
were significantly associated with progression of
HCC in treatment-naïve patients. Of RT domains,
preexisting RT mutations occur most frequently in
the A-B interdomain which overlaps with the HBsAg
“a” determinant region, in which mutations can lead
to simultaneous viral immune escape (Figure 3). In
conclusion, the presence of baseline preexisting RT
mutations can affect drug treatment outcomes and
disease progression in populations by modulation of
viral fitness and host-immune responses.
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Abstract
Nucleotide-binding oligomerization domain 1 (NOD1)
is an intracellular innate immune sensor for small
molecules derived from bacterial cell components. NOD1
activation by its ligands leads to robust production of
pro-inflammatory cytokines and chemokines by innate
immune cells, thereby mediating mucosal host defense
systems against microbes. Chronic gastric infection due
to Helicobacter pylori (H. pylori ) causes various upper
gastrointestinal diseases, including atrophic gastritis,
peptic ulcers, and gastric cancer. It is now generally
accepted that detection of H. pylori by NOD1 expressed
in gastric epithelial cells plays an indispensable role in
mucosal host defense systems against this organism.
Recent studies have revealed the molecular mechanism
by which NOD1 activation caused by H. pylori infection
is involved in the development of chronic gastritis and
gastric cancer. In this review, we have discussed and
summarized how sensing of H. pylori by NOD1 mediates
the prevention of chronic gastritis and gastric cancer.
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induces the activation of NOD1 and such NOD1 activation
[11]
mediates antimicrobial immune responses . In this
review, we have summarized and discussed how sensing
of H. pylori by NOD1 mediates the prevention of chronic
gastritis and gastric cancer.

Minaga K, Watanabe T, Kamata K, Asano N, Kudo M.
Nucleotide-binding oligomerization domain 1 and Helicobacter
pylori infection: A review. World J Gastroenterol 2018;
24(16): 1725-1733 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i16/1725.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i16.1725

Cytokine and chemokine
responses in the gastric mucosa
harboring H. pylori infection

INTRODUCTION
Helicobacter pylori (H. pylori) is a Gram negative
bacterium that preferentially colonizes the human
[1,2]
gastric mucosa . Infection due to this organism is
[1,2]
usually established during childhood , which then
causes various upper gastrointestinal (GI) disorders,
including atrophic gastritis, peptic ulcers, gastric
mucosa-associated lymphoid tissue lymphoma, and
gastric cancer. Thus, it is now generally accepted that
persistent H. pylori infection in the gastric mucosa
is the highest risk factor for the development of the
[3]
aforementioned diseases . This notion is supported by
recent studies indicating that successful eradication of H.
[4,5]
pylori prevents the development of gastric cancer .
Colonization of the human stomach by H. pylori
triggers innate and adaptive immune responses. As in
the cases of other microbial infections, sensing of H.
pylori by pattern recognition receptors (PRRs) expressed
in innate immune cells, such as epithelial cells (ECs)
and antigen-presenting cells (APCs), is an initial step
for eradicating this organism. Toll-like receptors (TLRs)
and nucleotide-binding oligomerization domain (NOD)like receptors (NLRs) are the prototypical PRRs and
[6,7]
represent the first line of defense against H. pylori .
Indeed, gastric epithelial cells and APCs express
functional TLRs and lipopolysaccharide (LPS)-mediated
TLR4 activation is involved in the development of gastric
[8]
mucosal inflammatory responses . However, the
ability to stimulate TLRs by H. pylori-derived antigens
is much lower than that by other pathogenic bacteria.
For example, H. pylori-derived LPS and flagellin exhibit
[9,10]
low stimulatory activity toward TLR4 and TLR5
.
Thus, H. pylori might evade the major innate immune
system molecules, TLRs, to establish persistent gastric
infection. Therefore, it is possible that PRRs other than
TLRs might play a major role in mucosal host defense
systems against H. pylori although roles played by TLRs
need to be determined in future studies.
NOD1 is a prototypical innate immune receptor be
longing to the NLR protein family, which detects small
[7,11]
molecules derived from Gram-negative bacteria
. NOD1
activation induced by intestinal microflora is associated
[12]
with lymphoid tissue genesis
and development of
[13-15]
[16]
pancreatitis
. In 2004, Viala et al . demonstrated that
gastric mucosal host defense against H. pylori depends on
the activation of NOD1 in gastric ECs. Many efforts have
been made by gastroenterologists, microbiologists, and
immunologists to elucidate the molecular mechanisms
by which colonization of the human stomach by H. pylori
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Gastric inflammation caused by chronic H. pylori
infection is mediated by gastric mucosal T helper type
1 (Th1) and Th17 cells producing IFN-γ and IL-17,
[17]
respectively . Initial studies addressing the role of
IFN-γ in H. pylori-induced gastritis revealed that lack
of chronic gastritis in IFN-γ-deficient mice is associated
with higher colonization of the gastric mucosa by this
[18]
organism than in IFN-γ-intact mice . In addition,
+
gastric mucosal CD4 T cells isolated from H. pyloriinfected patients have been reported to produce a high
[19]
level of IFN-γ . Thus, gastric mucosa harboring chronic
H. pylori infection is characterized by Th1 responses that
[20]
are involved in both eradication and inflammation .
In addition to a well-established role played by Th1
cells, recent studies have highlighted the importance of
[20]
another type of Th cells, Th17 cells, producing IL-17 .
The development of chronic gastritis is significantly
attenuated in IL-17-deficient mice in long-term H.
[20]
pylori infection . Moreover, treatment of mice with a
neutralizing anti-IL-17 antibody reduced the H. pylori
[21]
burden and inflammation in the stomach . In line with
[22]
these experimental studies, Serrano et al . provided
evidence that downregulation of Th17 responses is
associated with reduced gastritis in H. pylori-infected
patients. Therefore, both Th1 and Th17 cells are
involved in the development of chronic gastritis caused
by persistent H. pylori infection in the gastric mucosa.
Differentiation of Th1 and Th17 cells requires
cytokines produced by APCs such as dendritic cells and
[23]
macrophages . Differentiation of Th1 cells depends
on IL-12, whereas that of Th17 cells depends on IL-1β,
IL-6, and IL-23. Expression of IFN-γ and IL-17 in the
gastric mucosa of mice challenged with H. pylori was
accompanied by IL-12 and IL-23 expression, derived
[21]
from APCs . Furthermore, the levels of APC-derived
pro-inflammatory cytokines in the gastric mucosa,
including IL-1β, IL-6 and TNF-α were significantly higher
in H. pylori-positive patients than in H. pylori-negative
[24]
patients . Thus, it is likely that pro-inflammatory
cytokines produced by APCs contribute to H. pyloriinduced gastric pathology through differentiation of Th1
and Th17 cells. Consistent with this idea, the exposure of
human APCs to H. pylori results in robust production of
[25,26]
IL-6, IL-12, and TNF-α
.
ECs are an important source of chemokines that
[27,28]
[28]
attract immune cells to the lesions
. Yamaoka et al .
assessed chemokine responses in the gastric mucosa
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of patients with H. pylori infection and found that H.
pylori infection is associated with increased expression of
C-X-C motif chemokine ligand 8 (CXCL8) and chemokine
(C-C motif) ligand 5 (CCL5). In addition to CXCL8 and
CCL5, the gastric mucosa of H. pylori-positive patients
[29]
exhibited enhanced expression of CXCL9 and CXCL10 .
Given the fact that CXCL8 is a strong attractant for
neutrophils and that CXCL9 and CXCL10 are strong
[28,29]
attractants for Th1 cells
, these results suggest
that EC-derived chemokines are also involved in the
development of chronic gastritis caused by persistent H.
pylori infection. Taken together, these findings suggest
that cytokines and chemokines produced by immune
cells and ECs play a substantial role in the development
of H. pylori-induced gastric pathology.

intracellular receptor for cagPAI-positive H. pylori and
that NOD1 activation is necessary for eradication of this
organism.

Outer membrane vesicle of H.
pylori and NOD1 activation
Outer membrane vesicles (OMVs), which are released
by Gram-negative bacteria during normal growth,
[32]
contain bacterial cell components, including PGN .
[33]
Kaparakis et al . addressed the possibility that
OMVs released from H. pylori activate cytosolic NOD1
through intracellular delivery of PGN. OMVs isolated
from H. pylori activate nuclear factor kappa B (NFκB) in AGS cells, a gastric cancer cell line, in a cagPAIindependent manner. Importantly, knockdown of NOD1
expression by siRNA abrogated CXCL8 production in
AGS cells upon exposure to H. pylori-derived OMVs.
Furthermore, intragastrically delivered OMVs efficiently
induced gastric mucosal expression of CXCL2, a
murine chemoattractant for neutrophils, and antibody
responses against OMVs. These innate and adaptive
responses to OMVs depend on NOD1 activation
because NOD1-deficient mice exhibit defective CXCL2
expression and OMV-specific antibody responses. Thus,
these data suggest that intracellular delivery of PGN
as a form of OMVs activates NOD1 in gastric ECs in a
cagPAI-independent manner.
A study has highlighted the role of autophagy to
address the molecular mechanisms accounting for
[34]
[34]
OMV-mediated NOD1 activation . Irving et al . first
found that H. pylori-derived OMVs induce autophagy
in ECs. Consistent with autophagy induction, mouse
embryonic fibroblasts (MEFs) deficient in ATG5, a
critical molecule for autophagy, exhibited diminished
production of CXCL2 compared with ATG5-intact
MEFs upon exposure to H. pylori-derived OMVs.
Autophagosome formation was diminished in NOD1knockdown AGS cells stimulated with H. pylori-derived
OMVs, suggesting the involvement of NOD1 activation
in autophagy induction. Fluorescent labeling studies
clearly demonstrated that EEA1 (early endosome
antigen 1)-positive early endosomes containing both
OMVs and PGN recruit NOD1 and its downstream
kinase, receptor interacting protein 2 (RIP2). Such
endosomal interactions between H. pylori-derived
OMVs, NOD1, and RIP2 are necessary for chemokine
production and autophagy induction, as RIP2 inhibitor
efficiently blocks these responses. Collectively, these
studies provide the evidence that NOD1 recognizes H.
+
pylori-derived PGN within EEA1 early endosomes and
subsequently activates RIP2 to induce autophagy and
[34]
pro-inflammatory chemokine responses . However,
it should be noted that involvement of RIP2 in the
induction of NOD1-mediated autophagy requires future
studies, as it has been previously observed that NOD1
activation induces RIP2-independent autophagy in case
[35]
of Shigella flexneri infection .

Type IV secretion system of H.
pylori and NOD1 activation
NOD1 is expressed in the cytosolic regions of innate
[7,11]
immune cells, such as APCs and ECs
. Peptidoglycan
(PGN) is a polymer consisting of sugars and amino
acids that constitute the cell wall of both Gram[7]
positive and Gram-negative bacteria . Small peptides
derived from the PGN layer of Gram-negative bacteria
[7,11]
activate intracellular NOD1
. γ-D-glutamyl-mesodiaminopimelic acid (iE-DAP) is considered as the
minimal motif of the NOD1 ligand, and NOD1-deficient
[30]
mice exhibit impaired responses to iE-DAP . Two
models have been proposed by which H. pylori activates
intracellular NOD1.
H. pylori is classified into two types according to
[1]
the expression of cag pathogenicity island (cagPAI) .
cagPAI is a gene locus necessary to assemble type IV
secretion system (T4SS), a syringe and needle-like
[1,31]
structure
. The primary function of T4SS, encoded by
cagPAI, is the injection of pathogenic factors, such as
cytotoxin-associated gene A (CagA) into the host gastric
[1,31]
ECs upon attachment to the epithelium
. Thus,
cagPAI-positive H. pylori can cause gastric mucosal
injury through injection of CagA mediated by T4SS.
Hence, T4SS may enable H. pylori to deliver its cell
wall components, such as PGN, into the host ECs. Viala
[16]
et al . addressed this possibility and demonstrated
that intracellular NOD1 expressed in gastric ECs sense
H. pylori-derived PGN delivered to the cytosolic region
through T4SS. NOD1 activation is not observed in
gastric ECs upon exposure to H. pylori harboring nonfunctional cagPAI, which supports the idea that NOD1
functions as an intracellular innate immune sensor for
cagPAI-positive H. pylori. Interestingly, H. pylori burden
in the stomach was much higher in NOD1-deficient mice
than in the NOD1-intact ones, when they were orally
[16]
challenged with cagPAI-positive H. pylori . In contrast,
H. pylori burden in the stomach was comparable
between NOD1-intact and NOD1-deficient mice when
mice were orally challenged with cagPAI-mutated H.
pylori. Thus, these studies showed that NOD1 is an
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Figure 1 Nucleotide-binding oligomerization domain 1-mediated mucosal host defense against Helicobacter pylori infection. Nucleotide-binding
oligomerization domain 1 (NOD1) recognizes Helicobacter pylori (H. pylori)-derived peptidoglycan (PGN) or outer membrane vesicles (OMVs). Sensing of H. pyloriderived PGN or OMVs by intracellular NOD1 in the gastric epithelial cells induces production of type I IFN and C-X-C motif chemokine ligand 10 (CXCL10) through
the receptor interacting protein 2 (RIP2)-TNF receptor-associated factor 3 (TRAF3)-interferon regulatory factor 7(IRF7)-IFN-stimulated gene factor 3 (ISGF3) pathway,
thereby promoting T helper type 1 (Th1) responses. ISGF3 is a heterotrimeric complex composed of signal transduction and activator of transcription 1 (Stat1), Stat2,
and IRF9. NOD1 activation also induces production of anti-microbial peptides (AMPs) through nuclear translocation of nuclear factor-kappa B (NF-κB) subunits. IFN-γ
and AMPs exert bactericidal effects.

in gastric ECs, such as AGS cells, upon exposure to H.
[36-38]
pylori
. However, it remains controversial whether
activation of NF-κB/MAPKs and production of CXCL8 are
dependent upon the recognition of H. pylori by NOD1.
[36]
Grubman et al established a stable AGS cell line with
diminished expression of NOD1 (NOD1 knockdown,
NOD1 KD cells), and found that NF-κB activation and
CXCL8 production are markedly reduced in NOD1 KD
cells than in AGS cells with intact NOD1 expression.
Moreover, H. pylori-induced CXCL8 production by
gastric ECs is partially mediated by MAPK activation
following the recognition of this organism by NOD1,
as knockdown of NOD1 expression by siRNA results
in reduced activation of MAPKs and MAPKs inhibitors
[39]
efficiently blocks CXCL8 production . These reports
support the idea that activation of NF-κB/MAPK and
production of CXCL8 induced by exposure to H. pylori
are dependent on NOD1. On the other hand, Hirata
[38]
et al
reported that knockdown of NOD1 or RIP2
expression by specific siRNAs did not affect H. pyloriinduced NF-κB/MAPK activation or CXCL8 production
in AGS cells. Future in vitro studies are required to
determine the contribution of NOD1 in NF-κB activation

Cytokine and chemokine
responses against H. pylori by
NOD1 activation
NOD1 senses H. pylori-derived PGN that is delivered to
the cytosolic region of gastric ECs via T4SS and/or OMV
transport. The next question is how NOD1 activation
leads to the induction of Th1 and Th17 responses, both
of which are characteristics of chronic H. pylori infection
(Figure 1).
NOD1 activation leads to the physical interaction
between NOD1 and RIP2, its downstream effector
[7,11]
molecule
. NOD1-induced RIP2 activation triggers
the pro-inflammatory signaling cascade through nuclear
[7,11]
translocation of NF-κB subunits
. In addition to NFκB, the interaction between NOD1 and RIP2 leads to
the activation of mitogen-activated kinases (MAPKs),
including extracellular signal-regulated kinase, c-JUN
[7,11]
N-terminal kinase, and p38
. Thus, one major
outcome of NOD1-mediated signaling pathways is the
[7,11]
activation of NF-κB and MAPKs
. Activation of NF-κB
and MAPKs as well as production of CXCL8 is induced
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in response to H. pylori infection.
Human gastric mucosa with persistent H. pylori
infection is characterized by Th1 responses. CXCL9,
CXCL10, and CXCL11 are EC-derived chemokines that
play a pivotal role in the generation of Th1 responses
through the attraction of Th1 cells expressing C-X-C
[40]
chemokine receptor type 3 (CXCR3) . High expression
of CXCL9 and CXCL10 in the human gastric mucosa
with chronic H. pylori infection strongly suggests
that CXCL9 and CXCL10 contribute to the generation
[29,41]
of Th1 responses
. We discerned from previous
studies that stimulation of colon and gastric cancer
cell lines (HT-29 and AGS cells) with NOD1 ligands
lead to the robust production of CXCL9, CXCL10, and
[11,27,42]
CXCL11
. Surprisingly, NOD1-induced CXCL10
production by colonic and gastric ECs is not dependent
on NF-κB or MAPK activation, because blockade of
these pathways by specific pharmacological inhibitors
or siRNA transfection did not alter the production
[11,27,42]
of CXCL10
. Instead, NOD1-induced CXCL10
production is markedly decreased by the addition of
type I IFN receptor antibody, suggesting that type I
IFN production is one of the major outcomes following
NOD1 activation. Indeed, HT-29 cells produce a large
amount of type I IFN upon stimulation with NOD1
ligand.
Next, we focused on identifying the signaling
pathways involved in type I IFN production through
NOD1 activation. Detailed knockdown and overexpression studies revealed the involvement of TNF
receptor-associated factor 3 (TRAF3) in the induction
[11,27,42]
of type I IFN
. The interaction between NOD1 and
RIP2 initiates recruitment of TRAF3 to this complex
and leads to the activation of downstream signaling
molecules, TANK-binding kinase 1 (TBK1) and IκB
kinase ε (IKKε), both of which play an indispensable
role in the induction of type I IFN responses through
nuclear translocation of interferon regulatory factor
[43,44]
3 (IRF3) and IRF7
. Indeed, the RIP2-TRAF3TBK1-IKKε-IRF7 axis plays a key role in inducing the
[27,42]
production of type I IFN by ECs
. Furthermore,
NOD1-mediated type I IFN production promotes the
transcription of CXCL10 through nuclear translocation
of the heterotrimeric complex, IFN-stimulated gene
factor 3 (ISGF3), composed of signal transduction and
activator of transcription 1 (Stat1), Stat2, and IRF9,
because gene silencing of Stat1 or Stat2 by siRNA
leads to a marked reduction in CXCL10 production.
Thus, these data suggest that NOD1 activation induces
the production of type I IFN and CXCL10 through
activation of the RIP2-TRAF3-TBK1-IKKε-IRF7-ISGF3
[11,27,42]
pathway
.
The relevance of NOD1-mediated type I IFN
responses was examined in animal studies in which
NOD1-intact and NOD1-deficient mice were challenged
with H. pylori. As expected, NOD1-deficient mice
exhibited a higher bacterial burden in the stomach
two weeks after the infection, and the effects were
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accompanied by reduced expression of type I IFNrelated factors, such as IFN-β, IFN-γ and CXCL10,
rather than NF-κB-related factors, such as TNF-α
[11,27,42]
and CXCL2
. Reduced expression of phosphoStat1 (p-Stat1) and p-Stat2 is observed in the gastric
mucosa of NOD1-deficient mice, when compared with
that in NOD1-intact mice. However, comparable levels
of NF-κB activation are observed in both mice. Finally,
the blockade of type I IFN signaling pathways by Stat1
siRNA increased bacterial burden in the stomach upon
oral infection with H. pylori in NOD1-intact mice. Its
effects were accompanied by reduced expression
of IFN-γ and CXCL10 in the stomach. In contrast,
blockade of NF-κB signaling pathways by NF-κB decoy
oligonucleotide did not alter the bacterial burden or
expression of IFN-γ or CXCL10 in the stomach, although
these treatments reduced the gastric expression of
TNF-α and CXCL2. Collectively, these data suggest
that sensing of H. pylori-derived PGN by intracellular
NOD1 in gastric ECs induces production of type I IFN
and CXCL10 through the RIP2-TRAF3-TBK1-IKKε-IRF7ISGF3 pathway and thereby promotes Th1 responses.
Because IFN-γ produced by Th1 cells enhances the
[27,42,45]
expression of NOD1
, we propose that the type
I IFN-CXCL10-IFN-γ axis induced by NOD1 activation
forms a positive feedback loop for the generation of
Th1 responses in the gastric mucosa with persistent H.
pylori infection.
Little is known about the molecular mechanisms
accounting for NOD1-mediated Th17 responses in
H. pylori infection. In this regard, a recent study has
highlighted the importance of NOD1 activation in nonhematopoietic cells, i.e. ECs, in the generation of Th17
[46]
responses . Therefore, it is possible that the sensing
of H. pylori-derived PGN or OMVs by intracellular NOD1
in gastric ECs is involved in Th17 responses.

Response of anti-microbial
peptides against H. pylori by NOD1
activation
Antimicrobial peptides (AMPs) constitute a part of
[47]
the innate host defense system . AMPs released
by APCs and ECs rapidly act to eradicate invading
[47]
[36]
microorganisms . Grubman et al
reported that
AGS cells release β-defensins upon exposure to cagPAIpositive H. pylori. Production of β-defensins by AGS
cells is dependent on NOD1 activation, because stable
NOD1-knockdown AGS cells exhibit reduced production
of AMPs. Moreover, AMPs induced by exposure to
H. pylori exhibit potent H. pylori eradicating activity.
Consistent with this, the expression of β-defensin 4 in
the stomach is markedly decreased in NOD1-deficient
mice than in NOD1-intact mice following H. pylori
[48]
infection . Collectively, these in vitro and in vivo
studies suggest the possible involvement of NOD1dependent production of AMPs in the mucosal host
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Figure 2 Prevention of gastric cancer development by nucleotide-binding oligomerization domain 1. Sensing of Helicobacter pylori (H. pylori)-derived
peptidoglycan (PGN) by intracellular nucleotide-binding oligomerization domain 1 (NOD1) in gastric epithelial cells induces activation of TNF receptor associated factor
3 (TRAF3) as mentioned in Figure 1. TRAF3 activation by NOD1 negatively regulates expression of caudal-related homeobox 2 (Cdx2) via the inhibition of nuclear
factor-kappa B (NF-κB) activation to prevent intestinal metaplasia and gastric cancer (left panel). On the other hand, lack of NOD1-mediated negative regulation on
Cdx2 expression promotes the development of gastric cancer (right panel).

defenses against H. pylori infection (Figure 1).

in the presence of such polymorphisms associated with
gastric cancer.

NOD1 polymorphisms and upper
gastrointestinal diseases

PREVENTION OF GASTRIC CANCER BY
NOD1 ACTIVATION

Several reports have suggested an association between
[49-51]
NOD1 gene polymorphisms and upper GI diseases
.
[51]
Wang et al
identified the NOD1 rs7789045 TT
genotype as an increased risk for gastric cancer in
a Chinese population. Another Chinese cohort study
reported that the risk of gastric cancer is high in H.
pylori-infected subjects carrying the NOD1 rs 2709800
[52]
[53]
TT genotype . Moreover, Hofner et al reported that
the G796A NOD1 polymorphism is associated with
peptic ulcers in H. pylori-infected patients. Although
these studies support the correlation between NOD1
polymorphisms and upper GI disorders caused by H.
pylori, the mechanisms by which NOD1 polymorphisms
lead to the development of H. pylori-associated diseases
remain unknown. Because NOD1 deficiency increases
gastric H. pylori burden in animals and its expression is
lower in the cancerous tissues of the stomach than in
[54]
the non-cancerous tissues , it would be interesting to
study whether NOD1 function is impaired or enhanced
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NOD1 activation is required for mucosal host defense
against H. pylori infection. This protective effect is
partially mediated by the activation of type I IFN
signaling pathways following the molecular interaction
[11,27]
[54]
between NOD1 and TRAF3
. Suarez et al
have
addressed the clinical relevance of NOD1-TRAF3
interaction in human H. pylori-associated diseases.
They reported that expression levels of NOD1 and
TRAF3 are much weaker in gastric cancer tissues than
in non-cancerous tissues. Thus, these studies utilizing
human gastric cancer samples strongly suggest that
impaired activation of NOD1 and TRAF3 is involved
in the pathogenesis of gastric cancer and that NOD1TRAF3 interaction may play a protective role in the
development of gastric cancer (Figure 2).
Thus, after confirming the possible involvement
of NOD1 activation in the development of human
gastric cancer, the next question is how NOD1 serves
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as a protective factor for gastric cancer development.
Intestinal metaplasia, wherein the gastric mucosa
exhibits an intestinal phenotype, is a pre-neoplastic
[55]
lesion of gastric cancer . Aberrant expression of caudal[55]
related homeobox 2 (Cdx2) , a transdifferentiation
factor, in the gastric tissue induces intestinal metaplasia
and gastric carcinogenesis. We hypothesized that NOD1
activation inhibits the development of gastric cancer
[37]
through negative regulation of Cdx2 . To address this
question, we performed a long-term infection study
in which NOD1-intact and NOD1-deficient mice were
challenged with cagPAI-positive H. pylori. Interestingly,
formation of gastric intestinal metaplasia was observed
in NOD1-deficient mice, eight months after initial
challenge with H. pylori, but not in NOD1-intact mice.
This effect was accompanied with higher expression of
Cdx2 in the gastric mucosa of NOD1-deficient mice than
in the NOD1-intact mice. On the contrary, expression
of TRAF3 was lower in the gastric mucosa of NOD1deficient mice than in NOD1-intact mice. Furthermore,
development of gastric intestinal metaplasia in the
absence of intact NOD1 signaling pathways is associated
with enhanced activation of NF-κB, because most gastric
ECs are positive for nuclear p65 staining. Detection of H.
pylori in gastric mucosa exhibiting intestinal metaplasia
[56]
is difficult in human samples . Consistent with this, H.
pylori burden in the gastric mucosa was much lower in
[37]
NOD1-deficient mice than in the NOD1-intact mice .
Thus, the results of our long-term H. pylori infection
[54]
study support the data obtained from human gastric
cancer samples, demonstrating that impaired activation
of NOD1-TRAF3 signaling pathways is involved in the
[37]
development of intestinal metaplasia .
Regarding the molecular mechanisms by which
NOD1 activation prevents the development of intestinal
metaplasia and gastric cancer, we provided evidence
that NOD1 activation upon exposure to H. pylori
negatively regulates Cdx2 expression through activation
[37]
of TRAF3 . Exposure to H. pylori upregulates
Cdx2 expression in gastric cancer cell lines, and the
effects are enhanced or diminished by gene silencing
of NOD1 by siRNA or over-expression of TRAF3,
[37]
respectively . Furthermore, promoter gene and gel
shift assays revealed that interaction between NOD1
and TRAF3 inhibits the expression of Cdx2 through
negative regulation of NF-κB activation. Thus, these in
vitro studies have elucidated a part of the molecular
mechanisms accounting for the prevention of intestinal
metaplasia followed by gastric cancer via H. pyloriinduced NOD1 activation. Collectively, these two
recent studies strongly suggest that NOD1 activation
by H. pylori infection plays a protective role in the
development of gastric cancer.

addition, NOD1 activation negatively regulates Cdx2
expression, and thereby inhibits the development of
gastric cancer. Molecules involved in NOD1-mediated
signaling pathways might be new therapeutic targets
for treating chronic gastric diseases and gastric cancer.
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Diversion colitis is characterized by inﬂammation of
the mucosa in the defunctioned segment of the colon
after colostomy or ileostomy. Similar to diversion colitis,
diversion pouchitis is an inﬂammatory disorder occurring
in the ileal pouch, resulting from the exclusion of the
fecal stream and a subsequent lack of nutrients from
luminal bacteria. Although the vast majority of patients
with surgically-diverted gastrointestinal tracts remain
asymptomatic, it has been reported that diversion
colitis and pouchitis might occur in almost all patients
with diversion. Surgical closure of the stoma, with
reestablishment of gut continuity, is the only curative
intervention available for patients with diversion disease.
Pharmacologic treatments using short-chain fatty
acids, mesalamine, or corticosteroids are reportedly
effective for those who are not candidates for surgical
reestablishment; however, there are no established
assessment criteria for determining the severity of
diversion colitis, and no management strategies to
date. Therefore, in this mini-review, we summarize
and review various recently-reported treatments for
diversion disease. We are hopeful that the information
summarized here will assist physicians who treat
patients with diversion colitis and pouchitis, leading to
better case management.
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Core tip: Diversion colitis is characterized by inﬂam
mation of the mucosa in the defunctioned segment
of the colon after colostomy or ileostomy. The vast
majority of diverted patients remain asymptomatic,

1734

April 28, 2018|Volume 24|Issue 16|

Tominaga K et al . Diversion colitis and pouchitis
[31]

however diversion colitis occurs in almost all diverted
patients. Pharmacologic treatment using short-chain
fatty acids, mesalamine, or corticosteroids are reportedly
effective for those who are not candidates for surgical
reestablishment; however, there are no established
assessment criteria for determining the severity of
diversion colitis, and no management strategies to date.
In this mini-review, we summarize and review various
recently-reported diversion disease treatments. We
hope this review will be useful for future treatment.

the first time by Triantafillidis et al
in 1991; Glotzer
[2]
et al reported the efficacy of steroid enemas in patients
with diversion colitis in 1984, and similar results were
[32]
[33]
subsequently reported by Lim et al and Jowett et al .
Nonsurgical treatments include short-chain fatty acids,
5-aminosalicylic acids, glucocorticoids, antibiotics, and
so on. However, due to the lack established assessment
methods, the efﬁcacy of these treatments has not been
clearly confirmed. Consequently, surgical re-anastomosis
remains the most reliable and effective treatment
option. There is an unmet need for a summary of these
therapeutic options and information regarding the
disease assessment, and this need informed the present
literature review. We believe that the information
summarized in this mini-review will help physicians treat
cases and, by increasing the number of treated cases,
we will support the establishment of novel criteria for
disease assessments and therapeutic decision trees.

Tominaga K, Kamimura K, Takahashi K, Yokoyama J, Yamagiwa
S, Terai S. Diversion colitis and pouchitis: A mini-review. World
J Gastroenterol 2018; 24(16): 1734-1747 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i16/1734.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i16.1734

INTRODUCTION

LITERATURE ANALYSIS

[1]

Diversion colitis was first described by Morson et al in
1974 as a non-specific inflammation in the diverted colon.
[2]
Glotzer et al labeled this inflammation “diversion colitis”
in 1981. Since then, the disease has been reported in
[3-20]
[21-27]
both retrospective
and prospective studies
which
have described the characteristic clinical, endoscopic, and
pathological findings. Surprisingly, the prospective study
reported that almost all cases exhibit colitis, evidenced by
[21]
endoscopic analyses, 3 to 36 mo after the colostomy .
Symptomatic cases make up only around 30% of all
cases diagnosed via endoscopic studies, and the precise
pathogenesis of this condition remains unclarified.
Although a wide range of symptoms are reportedly asso
ciated with the disease, including abdominal discomfort,
tenesmus, anorectal pain, mucous discharge, and rectal
[3,4]
bleeding , there are no established diagnostic criteria
for assessing disease severity. Diversion pouchitis is
similar to diversion colitis, featuring inflammation of the
ileal pouch that results from fecal stream exclusion and
the subsequent lack of nutrients from luminal bacteria.
Therefore, the difference between the pouchitis and
diversion puchitis is whether the lesion is exposed to
the fecal stream or not. Patients generally present with
varying symptoms such as tenesmus, bloody or mucus[28]
like discharge, and abdominal pain . The incidence of
diversion pouchitis is unknown; however, it appears more
commonly in patients with underlying inﬂammatory
bowel disease (IBD). Nonsurgical approaches for the
treatment of diversion pouchitis include the use of short
chain fatty acids (SCFA), topical 5-aminosalicylic acids,
and topical glucocorticoids. Unfortunately, efficacy study
outcomes are conﬂicting, and the only curative approach
is surgical re-anastomosis with the reestablishment of
[28-30]
gut continuity
.
In their 1989 examination of non-surgical treatment
[5]
options procedure, Harig et al reported the efficacy
of short-chain fatty acids. The usefulness of the 5-ASA
enema in patients with diversion colitis was reported for

WJG|www.wjgnet.com

A literature search was conducted using PubMed and
Ovid, with the terms “diversion colitis” or “diversion
proctitis” and “diversion pouchitis” used to extract
studies published over the preceding 45 years. All
appropriate English-language publications from relevant
journals were selected. We summarized the available
information on demographics, clinical symptoms,
endoscopic and histological findings, treatment, and
the clinical course.

CLINICAL CHARACTERS
Epidemiology

A total of 69 articles, including 25 case reports, were
matched to our definition of diversion colitis and
pouchitis assessment; this information is summarized
in Tables 1 and 2. Based on our review, the prevalence
estimates of these conditions appear extremely high,
reaching almost the entire population of interest if
the phenomenon is followed prospectively, beginning
[21]
at 3 to 36 mo after colostomy . In a recent study,
[3]
Szczepkowski et al described more than 90%
incidence of diversion colitis on endoscopy in a series
of 145 patients. The study further reported that there
were no significant associations between diversion
colitis and age, sex, type of stoma, or mode of surgery
performed. The frequency of disease occurrence ranged
[22]
from 70%-74% in patients without pre-existing IBD
[6,21]
and 91% in patients with pre-existing IBD
. In
patients with histories of Crohn’s disease chronic severe
inﬂammation, often with transmural disease, has been
[34]
described after defunctioning colostomies . It has also
been hypothesized that diversion colitis may be a risk
factor for ulcerative colitis in predisposed individuals,
and that ulcerative colitis can be triggered by anatomi
[35]
cally discontinuous inﬂammation in the large bowel .
Among the 46 reported cases of diversion colitis and
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1984

1984

1984

Scott et al[46]

Korelitz et al[42]

3

4

1981

Reporting
yr

lusk et al[39]

Glotzer et al[2]

Reference

2

1

Case
(No)

United
States

United
States

United
States

United
States

Country

M

65

22

F

M

M

68

21

M

28

M

F

41

70

F

43

M

F

70

26

M

78

M

F

56

83

M

49

Crohn's Disease

Gunshot

Sigmoid carcinoma

Colonic ileus secondary
to anticholinergics for
Parkinson's disease
Perforated sigmoid
colon for gunshot

Sigmoid diverticulitis
with perforation
Fecal incontinence after
T9-10 cord transection

Adenocarcinoma.
Protect low anastomosis
Sigmoid diverticulitis
with perforation
Sigmoid diverticulitis
found at pelvic
operation
Sigmoid diverticulitis
with perforation
Fecal incontinence
secondary to cordotomy
for pain
Sigmoid diverticulitis
with perforation

Free perforation
sigmoid diverticulum

Age
Gender
Primary illness
(yr) (male/female) (reason for diversion)

Table 1 Clinical characteristics of case report

Ileostomy and
subtotal colectomy

Loop transverse
colostomy
Loop transverse
colostomy

Loop sigmoid
colostomy

Loop transverse
colostomy

Loop transverse
colostomy
Loop transverse
colostomy

Loop transverse
colostomy

Loop sigmoid
colostomy
Loop sigmoid
colostomy

Loop transverse
colostomy
Loop sigmoid
colostomy
Loop sigmoid
colostomy

Loop sigmoid
colostomy

Type of diversion
(surgical procedure)

2 yr

2 mo

6 wk

6 wk

4 mo

7 yr

6 mo

3 yr

18 mo

8 mo

3 mo

6 mo

3 mo

2.5 mo

Period of up to
diagnosis from
operation

Erythema, friability,
granularity,
petechiae,
inflammatory polyp
Erythema, friability,
granularity
Erythema, friability,
petechiae

Erythema, friability,
petechiae

Erythema, friability

Erythema, friability,
petechiae
Erythema, friability,
granularity
Erythema, friability,
nodularity

Erythema, friability,
petechiae, atrophy

Endoscopy findings

Surface epithelial cell
degeneration, chronic
inflammation.
Crypt abscess

Crypt abscess

Crypt abscess, surface epithelial
cell degeneration, chronic
inflammation, regeneration.

Crypt abscess, acute
inflammation.
No biopsy

Regeneration

No biopsy

Crypt abscess, surface
epithelial cell degeneration,
acute inflammation, chronic
inflammation, regeneration
Normal

Pathological findings

Multiple, small,
Mucosal biopsies of the rectal
polypoid lesions
lesions were interpreted as
in the rectum and
“chronic nonspecific colitis with
sigmoid colon up to
pseudopolyps, probably from
the cutaneous part of
diversion colitis”.
the mucous fistula.
No symptoms
Friable, nodular
Not obtained

No symptoms

Erythema,
friability, petechiae,
inflammatory polyp
No symptoms Red granular rectum Moderate loss of goblet cells with
with aphthous ulcers focal edema and lymphocytosis
of the lamina propria.
No symptoms
Multiple aphthae
Not obtained

No symptoms

Rectal
discharge

No symptoms

No symptoms

No symptoms

No symptoms

No symptoms

No symptoms

No symptoms

No symptoms

Symptoms

Diversion
colitis

Diversion
colitis
Diversion
colitis

Diversion
colitis

Diversion
colitis

Diversion
colitis
Diversion
colitis

Diversion
colitis

Diversion
colitis
Diversion
colitis

Diversion
colitis
Diversion
colitis
Diversion
colitis

Diversion
colitis

Diagnosis
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1992

1995

Tripodi et al[43]

Lu et al[38]

9

10

1991

1989

Harig et al[5]

7

Triantafillidis
et al[31]

1987

Frank et al[13]

6

8

1985

Fernand et al[40]

5

United
States

United
States

Greece

United
States

United
States

United
States

M

56

45

85

F

F

F

M

54

64

F

M

M

F

63

63

38

67

M

M

31

32

F

34

Small bowel perforation
with a ruptured
chronic pelvic
abscess secondary to
diverticular disease
Chronic constipation

Diverticula with
perforation

Diverticulitis

Perianal fistulas

Irradiation of rectum

Perineal laceration as
result of a motor vehicle
accident
Neurogenic fecal
incontinence

Perforated sigmoid
diverticulum

Crohn's ileitis

Crohn's ileitis

Crohn's ileitis

Loop transverse
colostomy

End transverse
colostomy

Hartman's type of
operation laparotomy

Mucus fistula

Rectosigmoid pouch

Mucus fistula

Mucus fistula

End sigmoid
colostomy

Loop sigmoid
colostomy

Ileocolic anastomosis
and Loop ileostomy
Ileocolic anastomosis
and Loop ileostomy

Ileocolic anastomosis
and Loop ileostomy

25 yr

10 wk

16 mo

N/A

35 mo

2 wk

13 mo

1 yr

22 yr

1 yr

1 yr

2 yr

Sepsis(no
symptoms
such as rectal
bleeding)

Large ulcers
with overlying
pseudomembrane

Endoscopic index of
10

Diffuse nodularity
and ulceration

N/A

Friable, exudate

Aphthous lesions

Exudate

Diffuse multiple superficial
ulcerations and intense
inflammatory infiltrates
composed mainly of plasma
cells, lymphocytes, and some
eosinophils.
Moderate to severe nonspecific
inflammation.

Not obtained

Focal chronic inflammation,
edema, erosions, and an increased
number of lymphoid follicles.
Chronic inflammation

Infiltration primarily with plasma
cells and lymphocytes was noted,
as well as a moderate numbers of
polymorphonuclear cells, large
lymphoid aggregates were seen
in the lamina propria

Inflammatory infiltrate of both
acute and chronic cells in the
lamina propria and the crypt
abscess. Lining epithelial cells
show decreased mucin secretion.
Bloody
Endoscopic index of Erosions, surface exudate, crypt
discharge
10
abscesses, edema.
Bloody
Endoscopic index of
Lymph follicles
discharge
9
N/A
Endoscopic index of
N/A
8
Bloody rectal
Endoscopic index Severe inflammatory infiltration,
discharge
of 9 (quite inflamed
formation of lymph follicles,
with friability and
surface erosions, edema, and
erythema)
crypt abnormalities.
Bloody rectal
Erythematous and Acute and chronic inflammation
discharge
friable, with diffuse
with cryptitis.
exudation, petechiae,
and ulceration

Bloody
discharge

Rectal bleeding

Rectal bleeding

No symptoms

No symptoms

No symptoms

Diversion
colitis

Diversion
colitis

Diversion
colitis
Diversion
colitis
Diversion
colitis
Diversion
colitis

Diversion
colitis

Diversion
colitis

Diversion
colitis
Perforation
due to
complication
of barium
enema and
diversion
colitis
Diversion
colitis

Diversion
colitis
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16

Komuro et al[41]

2003

2001

2000

Lim et al[35]

14

Kiely et al[36]

2000

Jowett et al[33]

13

15

1999

1997

Lim et al[32]

Lai et al[47]

12

11

Japan

United
Kingdom

United
Kingdom

United
Kingdom

United
Kingdom

United
States

46

M

M

10

F

8

M

M

3

3

M

M

6

66

F

M

16

75

F

M

60

49

Ascending colon
diverticular perforation
(systemic lupus
erythematosus and
chronic renal failure)

Rectovesical fistula

Hirschsprung's disease

Aplastic anemia, a large
solitary rectal ulcer

Perforated typhoid
disease

Ulcerative colitis

Sigmoid carcinoma

Faecal incontinence

Imperforate anus

Faecal incontinence for
DM

Intractable ileus,C6
ASIAB tetraplegic

Loop sigmoid
colostomy
Loop transverse
colostomy

ileostomy

Loop sigmoid
colostomy

Subtotal colectomy
and ileostomy

Hartmann’s
procedure with
colostomy.
Total colectomy and
ileostomy

End colostomy

Ileostomy and
colostomy

End sigmoid
colostomy

Colostomy

N/A ( On
surveillance
colonoscopy)

N/A

N/A

4 mo

5 mo

9 mo

18 mo

8 mo

6 mo

6 mo

10 yr

Rectal pain and Partial stricture 70
Extravasation of erythrocytes,
Diversion
bleeding.
cm proximally to the lymphocytic and neutrophilic
colitis
rectum. The colonic cells infiltrates, and edema were
mucosa appeared
present within the lamina progranular and friable pria. No evidence of malignancy
with evidence of
and glandular dysplasia was
linear ulceration.
found. Pathologic report was
consistent with chronic colitis.
Blood and
Edematous mucosa Active chronic colitis with focal
Diversion
mucus per
with bloodstained
cryptitis and crypt abscesses.
colitis → UC
rectum
mucopurulent
exudate
Active inﬂammation with
Blood and
Granular,
Diversion
mucus per
erythematous
polymorphs inﬁltrating crypts colitis → UC
rectum
mucosa with contact
and a diffuse increase in
bleeding
lymphocytes and plasma cells in
the lamina propria.
Blood and
Granular, congested, Mixed inﬂammatory cell inﬁltrate Diversion
mucus per
and oedematous
with distortion of the crypt
colitis (→
rectum
mucosa with contact
architecture and cryptitis.
UC)
bleeding
No symptoms
Mildly inflamed
Active colitis
Diversion
colitis (→
UC)
Rectal bleeding Endoscopic index of
Lymphoid hyperplasia,
Diversion
8
lymphoplasmacytosis, crypt
proctocolitis
abscesses and moderate mucosal
architectural disruption.
Rectal bleeding Endoscopic index of Lymphoplasmacytic infiltration
Diversion
and abdominal
8
of lamina propria, and
proctocolitis
pains
architectural disruption.
Rectal
Endoscopic index of
Lymphoplasmacytic and
Diversion
discharge
9
neurophilic infiltrate in the
proctocolitis
lamina propria, mucin depletion,
and Paneth cell metaplasia.
Rectal bleeding
Florid colitis
Lymphoid hyperplasia,
Diversion
lymphoplasmacytosis and mucin proctocolitis
depletion,
Rectal
Florid colitis
Lymphoid hyperplasia,
Diversion
discharge
lymphoplasmacytosis.
proctocolitis
No symptoms Mild colitis with a
N/A
Diversion
decreased vascular
colitis
pattern, oedema and
mucosal tear
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2008

2009

2013

2014

2015

2016

2017

Haugen et al[49]

Talisetti et al[50]

Kominami et al[51]

Watanabe et al[44]

Gundling et al[45]

Matsumoto et al[52]

Custon et al[29]

19

20

21

22

23

24

25

United
States

Japan

Germany

Japan

Japan

United
States

United
States

United
Kingdom

United
Kingdom

44

65

75

76

84

19

36

29

40

M

M

F

F

M

F

F

M

M

Subtotal colectomy
and ileostomy

3-stage pancolectomy
with construction of
an IPAA
Permanent endcolostomy

Subtotal colectomy
and ileostomy

Laparoscopic
sigmoid colostomy
and creation of a
Hartmann's pouch
Gastrostomy and
ileostomy

Subtotal colectomy

Rectal stump and
ileostomy, subtotal
colectomy and
ileostomy

UC complicated by
Total
colitis-associated low- proctocolectomy with
grade dysplasia
2-stage IPAA

UC pancolitis-type

Chronic constipation

UC

Angiodysplasia S/O

Megacystismicrocolon-intestinal
hypoperistalsis
syndrome (MMIHS)

Faecal incontinence due
to spina bifida

Life-long constipation

UC pancolitis-type

7 yr

4 mo

N/A

13 yr

5 yr

4 yr

N/A

15 yr

5 mo

The mucosa of
the rectal stump
was found to be
chronically inflamed
and ulcerated.
N/A

Severe chronic
inflammation
with ulceration
and numerous
inflammatory polyps

N/A

Inflammatory change

Diffuse chronic inflammation
with patchy cryptitis

Blood in the
stool

[2,5,13,29,31-33,35-52]

Edematous and
coated with old and
fresh blood

N/A

Abdominal
Friable mucosa with
Acute cryptitis and scattered
pain and rectal
areas of pinpoint
crypt abscesses, consistent with
bleeding
hemorrhage from the
diversion colitis.
anal verge to 30 cm
proximally
Blood in the Granular, edematous
Lymphoplasmacytic and
stool
mucosa with contact
neurophilic infiltrate in the
bleeding
lamina propria.
Bloody
Severely active
N/A
purulent rectal pouchitis with large
discharge
erosions
Conﬁrmed histologically
Tenesmus and Severe DC was seen
severe rectal
on colonoscopy
pain
Rectal bleeding Moderate mucosal
Ulcer, granulation tissue and
inflammation
epithelial defect

Rectal
discharge

Rectal bleeding
and anal pain

Blood and
mucus per
rectum

Diversion
colitis or
exacerbation
of UC was
suspected.
Severe
diversion
pouchitis

Diversion
colitis

Diversion
pouchitis

Diversion
colitis

Diversion
colitis

Diversion
colitis

Divesion
collitis with
caused by
clostridium
difficile
infection.
Diversion
pouchitis

The basic mechanisms underlying diversion colitis are still unclear. Glotzer hypothesized that it might be the result of bacterial overgrowth, the presence of harmful bacteria,

Pathogenesis

pouchitis, there was a slight male predominance (28 males, 18 females), and the age of the patients ranged from 3 to 85 years old
. The period from diagnosis
to surgical treatment was a median of 8 mo, ranging from 2 wk to 25 years (Table 1). The types of diversions included: 9 cases of loop sigmoid colostomy; 3 cases of end
sigmoid colostomy; 9 cases of loop transverse colostomy; 4 cases of loop ileostomy; 7 cases of ileostomy and colostomy; 3 cases of proctocolectomy; 2 cases of Hartmann’s
type with colostomy; and only one case of other operations (Table 1).

2008

2006

Boyce et al[37]

Tsironi et al[48]

18

17
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Table 2 Clinical course of case reports
Case (No)
1

Ref.

Age (yr)

Gender
(male/female)

Ineffective
treatment

Glotzer et al[2]

49

M

N/A

56

F

N/A

78

M

N/A

70

F

N/A

43

F

N/A

41

F

N/A

65

M

N/A

83

M

N/A

26

M

N/A

70

M

N/A

2

Lusk et al[39]

28
68

M
M

-

3

Scott et al[46]

21

M

-

4

Korelitz
et al[42]

22

F

Steroid enemas

34

F

-

31

M

-

32

M

-

5

Fernand
et al[40]

67

F

-

6

Frank et al[13]

38

M

Oral and topical
steroids

7

Harig et al[5]

63
63
54
56

M
F
M
M

N/A
N/A
N/A
N/A

8

Triantafillidis
et al[31]

64

F

-

9

Tripodi et al[43]

85

F

-

10

Lu et al[38]

45

F

Intravenous
metronidazole

11

Lai et al[47]

49

M

-

12

Lim et al[32]

60

F

-

0

M

Closure of the
loop ileostomy→
oral prednisolone,
oral olsalazine and
oral metronidazole
→sigmoid loop
colostomy

75
66

F
M

-

13
14

Jowett et al[33]
Lim et al[35]
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Effective treatment

Prognosis

Asymptomatic. Proctoscopy and biopsy
normal 2.5 and 30 mo postclosure.
Recurrent Ca. Mucosa not inflamed grossly
Closure 3 mo post-diversion
or microscopically 18 mo post closure.
Closure 6 mo post-diversion
Asymptomatic 1 yr postclosure.
Asymptomatic. Normal sigmoidoscopy 2
Closure 5 mo post-diversion
mo postclosure.
Asymptomatic. Normal sigmoidoscopy 3 yr
Closure 2 yr post-diversion
postclosure.
None
Asymptomatic 2 yr after ileostomy.
Abdominal cramps purulent rectal
None
discharge. Continued inflammation 8 yr
after colostomy.
Asymptomatic. Continued mild
None
inflammation 4.5 yr after colostomy.
Steroid enemas
Inproved. Continued 8 yr after colostomy.
Tenesmus, discharge and fever 4 yr after
Steroid enemas
colostomy. Resolved with steroid enemas.
Continued inflammation at 8 yr.
Colostomy closure
Normal at 16 mo follow-up.
Colostomy closure
Normal at 7 wk after clousure.
One month later, the patient was examined
by flexible sigmoidoscopy, which
Colostomy closure
demonstrated normal mucosa throughout
with no sign of pseudopolyps.
Ileocolic reanastomosis (ileostomy 3 mo (interval from reanastomosis to normal
closure)
sigmoidoscopy), 7 yr (duration normal).
1 mo (interval from reanastomosis to normal
Ileostomy closure
sigmoidoscopy), 2 yr (duration normal).
3 mo (interval from reanastomosis to normal
Ileostomy closure
sigmoidoscopy), 18 mo (duration normal).
2 mo (interval from reanastomosis to normal
Ileostomy closure
sigmoidoscopy), 14 mo (duration normal).
Left hemicolectomy and left salpingoShe recoverd well and discharged 9 d later.
oophorectomy
Abdominoperineal resection of
No evidence of inflammatory bowel disease
the diverted loop and permanent
has developed. Barium study of the small
colostomy
bowel was normal 1 yr after surgery.
Short-chain-fatty acid irrigation
N/A
Short-chain-fatty acid irrigation
N/A
Short-chain-fatty acid irrigation
N/A
Short-chain-fatty acid irrigation
N/A
There were no differences in the degree of
5 aminosalicylic acid enemas
clinical improvement, or in the endoscopic
comparison with Betamethasone
and histologic scores seen at the end of the
enemas
trials, between betamethasone and 5-ASA.
Clinically asymptomatic at a 6-mo follow5-aminosalicylic acid enemas
up.
Without complications and has been doing
Colectomy of the diverted segment
well postoeratively.
Daily 5-ASA suppository and total 6 wk of treatment with 5-ASA, the patient
parenteral nutrition
had decreased rectal pain and bleeding.
Oral prednisolone, oral mesalazine, PSL was tapered off over four months and
and mesalazine enemas
she remained well.
The defunctioned rectosigmoid
was partially removed, leaving the
lower rectum and anal canal; the
loop colostomy was refashioned into He subsequently made a good recovery and
an end colostomy→colectomy and
steroid therapy was discontinued.
removal of residual rectal stump and
anal canal was performed and an end
ileostomy fashioned
Topical steroid enemas.
UC
Steroid enemas
6 mo later he developed ulcerative colitis.
Closure 4 mo post-diversion
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15

Kiely et al[36]

6

M

PSL and AZA

SCFA

3

M

Salazopyrine

SCFA

8

F

-

SCFA

3
10

M
M

N/A
N/A

SCFA
SCFA

Oral PSL was continued at the reduced rate
of 5mg on alternate days until he underwent
an uneventful rectal excision and J-pouch
anal anastomosis 1 mo later. Two months
after this, his ileostomy was closed.
His ileostomy was closed 3 mo later, and he
was remained symptom free.
Her ulceration was virtually healed and
showed a reduction in endoscopic index
from 9 to 3. Treatment was maintained
until her colostomy was reversed a month
later. After stoma closure, SCFAs were
discontinued with no further recurrence of
symptoms.
For redo pull-through
Rectal excision
The post endoscopic course was uneventful
without any treatment.

16

Komuro
et al[41]

46

M

-

-

17

Tsironi et al[48]

40

M

Mesalazine
suppository and
steroid enemas

Metronidazole suppository

Improved quickly and remains well and
asymptomatic 12 wk after treatment.

18

Boyce et al[37]

29

M

-

Completion proctectomy

Completion proctectomy was uneventful
and from which the patient made an
unremarkable recovery.

F

The water and
vinegar solution
enema, steroid
enema, bismuth
subsalicylate
(standard treatment
SCFA enmas was
not option due to
insurance and spina
bifida)

Antegrade irrigations of her distal
bowel with tap water

Weekly to twice weekly irrigations
completely stopped the malodorous and
troublesome discharge.

SCFA enema,
steroids,
metronidazole

Colectomy(entire colon was ultimately
resected, Since only 15 cm of jejunum
appeared healthy, her mid and distal
small bowel was also resected up to 15
cm from the ligament of Treitz)

N/A

5-aminosalicylic acid enemas

Undergoing 5-aminosalicylic acid enemas
maintenance therapy.

Leukocytapheresis, following
low dose of metronidazole and
ciproﬂoxacin

After 18 mo, her condition remains stable
without the need for medication.

Autologous fecal transplantation

All symptoms improved dramatically within
5 d after the first treatment. Colonoscopy 28
d after the first treatment showed no major
signs of inflammation in the colonic stump.

A combined mesalazine plus
corticosteroid enema

Finally proctectomy and ileal pouch-anal
anastomosis were successfully performed.

Dextrose( hypertonic glucose ) spray
endoscopically

The patient did not experience further
episodes of recurrent bleeding during the
6-mo follow-up. No prescribed medicines
were given after the endoscopic therapy.

19

Haugen
et al[49]

36

20

Talisetti
et al[50]

19

F

21

Kominami
et al[51]

84

M

22

Watanabe
et al[44]

76

F

23

Gundling
et al[45]

75

F

24

Matsumoto
et al[52]

65

M

25

Custon et al[29]

44

M

Short-chain fatty
acid enema
Oral mesalazine,
corticosteroid,
metronidazole, and
ciproﬂoxacin
Enemas containing
5-aminosalicylic
acid and steroids
and antibiotic
therapy
Corticosteroid and
mesalazine enemas,
prednisolone
injections.
-

nutritional deficiencies, toxins, or disturbance in the
symbiotic relationship between luminal bacteria and
[2]
the mucosal layer . Reportedly, concentrations of
carbohydrate-fermenting anaerobic bacteria and patho
[5,23,53]
genic bacteria are reduced in de-functioned colons
and these reports indicate that the overgrowth of
anaerobic bacteria or a pathogenic bacterium is
unlikely to be an important etiological factor. On the

WJG|www.wjgnet.com

other hand, there is an increase of nitrate-reducing
[7]
bacteria in patients with diversion colitis and nitratereducing bacteria produce nitric oxide (NO) which plays
a protective role in low concentrations, but at higher
[54]
levels it becomes toxic to the colonic tissue . Thus, it
has been suggested that increases in nitrate-reducing
bacteria may result in toxic levels of NO, leading to the
diversion colitis.
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Afferent ileal loop

A

Colostomy
Diversion colitis
B
Efferent ileal loop
C

Immune disorder?

Lack of SCFA?

Increasing of
aerobic bacteria?
Cause of diversion colitis

Figure 1 Schematic presentation of diversion colitis and pouchitis.

Recently, ischemia has been proposed as a cause
[8]
of diversion colitis . The explanation surely lies in
changes to the luminal ﬂora consequent to fecal stream
interruption. Normal luminal bacteria produce SCFA,
such as butyric acid. Butyrate is the principal oxidative
[55]
substrate for colonocytes and patients with diversion
colitis may improve following topical treatment with
[5,36]
SCFA, especially with butyrate enemas
. This
hypothesis is based on evidence that suggests SCFA
relax vascular smooth muscle and that butyrate
deﬁciencies may induce increased tone in the pelvic
arteries, therefore leading to relative ischemia of the
[5]
colorectal mucosa and intestinal wall . It is obvious
that additional, basic research is necessary in order to
discern disease mechanisms. We have summarized the
pathogenesis of this disease entity in Figure 1.

Symptoms

review also showed that clinical symptoms of rectal
bleeding were seen in 25 cases, abdominal pain in 3
[38]
cases, anal pain in 3 cases, and sepsis in 1 case .
On the other hand, 21 of 46 cases had no symptoms
[24]
(Table 1), as previously reported . Additionally, in the
presence of Crohn’s disease and ulcerative colitis, the
number of symptomatic patients rises to 33% and 87%
[53]
respectively . Our review showed cases with primary
illness of diverticula with perforation (n = 11), fecal
incontinence (n = 6), chronic constipation or ileus (n =
5), ulcerative colitis (n = 5), Crohn’s disease (n = 4),
carcinoma (n = 3), and various other diseases (Table 1).

Macroscopic findings

Macroscopically, diversion colitis may involve the whole
de-functioned colon or isolated segments. These findings
include erythema, diffuse granularity, and blurring of
vascular pattern in about 90% of the population. It is
also associated with mucosal friability (80%) edema
(60%), apthous ulceration, and bleeding, to varying
[2,3,8-12,39,40]
degrees
. There is a case report of diversion
colitis causing mucosal tears within the defunctioned
[41]
[57]
colon . Recently, Hundorfean et al
reported a first
description and in vivo diagnosis of diversion colitis after
surgery, by virtual chromoendoscopy and fluoresceinguided confocal laser endomicroscopy. Our literature
review showed that endoscopic findings were evidenced
in 44 out of 46 cases, and severe inflammation with
ulceration (endoscopic index ≥ 8) in 17 cases.

[22]

Most patients are asymptomatic , however about one
third of patients may exhibit symptoms of diversion
[2,3,6,9]
colitis
. Patients generally present with varying
symptoms such as abdominal discomfort, tenesmus,
anorectal pain, mucous discharge, and rectal bleeding.
The most common symptoms include bloody, serous,
or mucous discharge in 40% of the population,
and abdominal pain and tenesmus in 15% of the
[3]
population . There have been several reports of severe
[24,29,56]
rectal bleeding
. There is a report of massive
[37]
rectal distension causing bilateral ureteric obstruction
and a case report of diversion colitis causing severe
[38]
sepsis requiring a colectomy . These symptoms can
[22,24]
start within 1 mo to 3 years after surgery
. Our
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usually vary with degree of severity, therefore, no
specific microscopic findings have been noted. The
histological features of diversion colitis can mimic those
of IBD, even when a pre-existing IBD has not been
[10,11,13-15]
documented
. The most notable feature often
seen in diversion colitis is lymphoid follicular hyper
[9,14,58]
plasia
. Atrophy, crypt branching, mucin depletion,
crypt distortion, regenerative hyperplasia, paneth cell
metaplasia, thickening of muscularis mucosa, diffuse
active mucosal inflammation with crypt abscesses,
ulceration, and vacuolar and epithelial degeneration
along with features of chronic inflammation (usually
confined to the mucosa) are seen with varying degrees
[9-12,14,16,17,59]
of severity
. More recently, features of
ischemia, such as superficial coagulative necrosis and
[8]
fibrosis, have been described . Our review showed
that 37 out of 46 cases exhibited pathological findings
[2]
including 15 cases of crypt abscess or cryptitis , and
14 cases of lymphoid follicular hyperplasia (which
was not previously identified as a feature of diversion
colitis). These features are non-specific and, to date, no
characteristic feature or features of diversion colitis have
been identified.

sepsis, perianal fistulous disease, anal incontinence, and
uncontrolled symptoms related to diversion colitis.

Diet and lifestyle

Nutritional imbalance in the excluded colon is likely
responsible for the pathologic changes and symptoms
of diversion colitis. However, current evidence does not
support the effectiveness of lifestyle modifications or
[60]
nutritional imbalance .
Pharmacologic treatment is generally indicated for
the temporary control of symptoms in preparation for
surgery. It is used occasionally for patients who are
not considered surgical candidates because of severe
medical comorbidities, poor sphincter function, or
reasons of technical difficulty.

Short-chain-fatty acid

Short-chain fatty acids, mainly butyrate, are the
major fuel source for the epithelium. Their absence in
the diverted tract may produce mucosal atrophy and
inflammation. Bacteria produce SCFAs as byproducts
of carbohydrate fermentation in the colonic lumen, and
SCFAs provide the primary energy source for colonic
[13]
mucosal cells . In human neutrophils, SCFAs reduce
the production of reactive oxygen species, which are
[61]
the agents of oxidative tissue damage . Treatment
of diversion colitis with SCFA or butyrate has shown
inconsistent results. Harig successfully improved
symptoms and endoscopic inflammatory change by
[5]
[10]
SCFA . Komorowski et al
reported similar results in
four patients with diversion colitis with SCFA irrigation.
[16,28]
However, Guillmot et al
. failed to demonstrate
either histological or endoscopic improvement The
differences in response may be partially accounted for
by disease groupings. In recent years, several studies
on the usefulness of SCFA, including of butyrate, are
[19,62]
[27]
reported
. Cristina et al
proposed that butyrate
enemas may prevent the atrophy of the diverted colon/
rectum, thus improving the recovery of tissue integrity.

Treatment

Because of the small number of patients and the
unknown etiology, there is no established standard
therapy for diversion colitis and pouchitis. Szczepkowski
[4]
et al proposed a management strategy for patients
with de-functioned distal stomas. He divided patients
with diversion colitis into three groups based on a study
of 145 patients. These groups consisted of Group 1
(no clinical, morphological or endoscopic evidence of
diversion colitis), Group 2, (mild or moderate signs of
diversion colitis), and Group 3 (severe diversion colitis).
Group 1 can be treated conservatively, Group 2 can
be treated using conservative management prior to
restoration of colonic continuity and Group 3 should
ideally undergo restoration of colonic continuity. If a
surgical option is not feasible, pharmacologic treatment
options should be tried to resolve the inflammation. A
summary of the clinical courses of case reports is shown
in Table 2.

5-aminosalicylic acid

Usefulness of 5-aminosalicylic acid (5-ASA) enemas
in diversion colitis was reported for the first time by
[31]
[43]
Triantafillidis et al
in 1991. Tripodi et al
has also
[63]
reported similar results in 1992. Caltabiano et al
reported that 5-ASA enema reduces oxidative DNA
damage in colonic mucosa and reduces mucosal damage
using rats in a diversion colitis model. It is considered
that the mucosal disorder may be improved by protective
action against oxidative DNA damage and the anti[64]
inflammatory action of 5ASA .

Surgery

Treatment of diversion colitis should be primarily directed
at restoring bowel continuity to restore the luminal
flow. This will resolve the symptoms and assist the
bowel to return to normal. Re-anastomosis has proven
to be consistently effective in halting the symptoms of
[2,10,25,39,42]
diversion colitis in a number of studies
. Reanastomosis of diverted segments in patients with
preexisting inflammatory bowel disease is a more
difficult decision because inflammation in the diverted
segment could represent inflammatory bowel disease or
diversion colitis, each of which dictate different courses
[3,21,42]
of action
. Resection is not typically required.
Indications for resection include uncontrolled perianal
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Corticosteroids

Glotzer reported on several patients with diversion
[2]
colitis treated by steroid enemas in 1984 . Lim and
Jowett also reported the efficacy of the steroid enemas
[32,33]
in 2000
. Corticosteroids are first-line agents for
symptomatic diversion colitis, with varying effectiveness.
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Table 3 Summary of pharmacologic treatments
Treatment

Ref.

Surgical
anastomosis

Procedure/standard dosage

Efficacy

Complications/main side effects

[2,3,10,21,25,39,42]

Mobilization of both ends of the
The most effective method
Bleeding, infection, anastomotic
bowel with either sutured or
of eliminating the signs and
leak, anastomotic stricture,
stapled anastomosis.
symptoms
anesthetic risks
Corticosteroids
[2,32,33]
Hydrocortisone (100 mg per 60 Response to treatment is generally
Local pain and burning,
mL bottle) enema is administered
seen in 3 to 5 d.
occasionally rectal bleeding.
once daily for up to 3 wk.
Occasional treatment may be
Prolonged treatment may result
given for 2 to 3 mo depending on
in systemic absorption, causing
clinical response.
systemic side effects.
5-aminosalicylic
[31,43,63,64]
4 g of mesalazine in 60 mL
Varying effect
Occasionally produces acute
acid (5-ASA)
suspensions, administered rectally
intolerance manifested by
enemas
once-daily dose for 4 to 5 wk.
cramping, acute abdominal pain,
bloody diarrhea, fever, headache,
and rash.
Short-chain-fatty
[5,10,13,18,19,26,27,61,62]
SCFA enema rectally twice a
Varying effect
None
acid (SCFA)
day for 2 wk, and then tapered
according to response over 2 to 4
wk.
Irrigation with
[65,66]
Solution containing 5% fibers (10
The endoscopic score which is
Probably none
Fibers
g/d) for 7 d.
used to quantify the intensity of
the inflammation at the mucosa
at the diverted colon diminished
after treatment.
Leukocytapheresis
[44]
Leukocytapheresis, at flow rate
Significant improvement in her
The common side effects were
of 40 mL/min for 60 min, once
pouchitis disease activity index
nausea, vomiting, fever, chills,
weekly for 5 wk, following
(PDAI) from 14 to 1.
and nasal obstruction.
low dose of metronidazole and
ciproﬂoxacin, another set of
weekly leukocytapheresis was
added.
Autologous fecal
[45]
Feces were collected from the
All symptoms improved
None, patient's tolerance required.
transplantation
colostomy bag, diluted with 600 dramatically within 5 d after the
ml of sterile saline (0.9 %), stirred first treatment. Colonoscopy 28 d
and filtered three times using an after the first treatment showed
ordinary coffee filter, irrigation no major signs of inflammation in
endoscopically. This procedure
the colonic stump
was repeated 3 times within 4 wk
(on day 0, day 10 and day 28).
Dextrose spray
[29]
Endoscopically sprayed with 150
Follow-up pouchoscopy 2 wk
It has a very low chance of
(hypertonic glucose)
mL 50% dextrose via a catheter.
after the dextrose spray showed causing transient hyperglycemia
normal pouch mucosa with no because there is no direct injection
evidence of bleeding or mucosal
of the hypertonic solution into
friability.
blood vessels.
SCFA: Short chain fatty acids; 5-ASA: 5-aminosalicylic acid.

Irrigation with fibers

leukocytapheresis in a patient with chronic antibioticrefractory diversion pouchitis following IPAA for UC
with diverting ileostomy. The mucosa of the diverted
pouch is less exposed to the fecal stream and patho
gens. Therefore, altered immunity likely plays a major
role in the maintenance of diversion pouchitis. Leukocy
tapheresis to address the altered immunity would
seem a reasonable approach for antibiotic-refractory
pouchitis following IPAA for UC with diverting ileostomy,
and its effectiveness in the case suggests that altered
immunity may be a key contributing factor compared
with dysbiosis, bacterial pathogens, and ischemia.

Resolution of diversion colitis, based on endoscopic and
histologic examination, has been reported following
irrigation of the diverted segment of the colon with
[65,66]
[66]
fibers
. Joaquim et al
investigated the effect
of irrigating the colorectal mucosa of patients with a
colostomy using a solution of ﬁbers. In 11 patients with
loop colostomies, the diverted colorectal segment was
irrigated with a solution containing 5% ﬁbers (10 g/d)
for 7 d. Irrigation with ﬁbers improves inﬂammation
within the defunctionalized colon, so this therapy
may play a role in the preoperative management of
colostomies, potentially decreasing the high incidence of
diarrhea after reestablishment of the intestinal transit.

Leukocytapheresis

[44]

Watanabe et al

Autologous fecal microbiota transplantation

Fecal microbiota transplantation (FMT), which consists of
transferring stool from a healthy donor to the patient’s
colon, is an effective treatment for some diseases of the

reported successful treatment of
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colon such as Crohn’s disease and recurrent Clostridium
[67]
[45]
difﬁcile infections . Gundling et al
presented that
autologous FMT might be an effective and safe option
for relapsing DC after standard therapies have failed.
Since the interruption of the fecal stream is central to
the development of DC, FMT seems to be a hopeful
treatment.
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METHODS
We utilized two readily available mouse models of
nonalcoholic fatty liver disease (NAFLD) with or without
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progressive fibrosis: Lep /Lep (ob/ob ) and FATZO mice
on high trans -fat, high fructose and high cholesterol
(AMLN) diet. Presence of NASH was assessed using
immunohistochemical and pathological techniques, and
gene expression profiling. Morphological features of
mitochondria were assessed via transmission electron
microscopy and immunofluorescence, and function was
assessed by measuring oxidative capacity in primary
hepatocytes, and respiratory control and proton leak in
isolated mitochondria. Oxidative stress was measured
by assessing activity and/or expression levels of Nrf1 ,
Sod1 , Sod2 , catalase and 8-OHdG.

Boland ML, Oldham S, Boland BB, Will S, Lapointe JM,
Guionaud S, Rhodes CJ, Trevaskis JL. Nonalcoholic steatohepatitis
severity is defined by a failure in compensatory antioxidant
capacity in the setting of mitochondrial dysfunction. World J
Gastroenterol 2018; 24(16): 1748-1765 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i16/1748.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i16.1748

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD), now the
most common liver disease, encompasses a spectrum
of disorders from benign simple fatty liver to the more
severe non-alcoholic steatohepatitis (NASH) that can
progress to liver cirrhosis and hepatocellular carcinoma.
Given the strong association of NAFLD with obesity,
type Ⅱ diabetes and other aspects of the metabolic
syndrome, the current estimated NAFLD prevalence of
[1-3]
20%-40% worldwide is expected to increase . While
no FDA-approved pharmacotherapies for NAFLD/NASH
currently exist, more than 100 clinical trials are now
targeting this highly significant unmet medical need.
Insulin resistance is a major pathophysiological factor
that underlies the strong association between obesity/
type Ⅱ diabetes and NAFLD. Increased circulating
free fatty acids and de novo lipogenesis lead to excess
lipid storage in the hepatocyte, and accumulation
of intrahepatic lipid is linked to pathogenic insulin
resistance and subsequent onset of type 2 diabetes.
This lipid overload also places a unique burden on the
mitochondria and promotes mitochondrial dysfunction
in vitro and in animal models. Data from multiple
studies suggest that while TCA cycle activity is increased
in NAFLD, mitochondrial respiratory chain inefficiencies
lead to increased generation of reactive oxygen species
(ROS) and lipotoxic intermediates that further promote
[4-7]
oxidative damage and inflammation . Importantly,
while increased hepatic mitochondrial respiration was
observed in obese patients with and without fatty liver,
this increase was lost in obese patients with NASH and
was associated with increased mitochondrial content,
[8]
proton leakage and oxidative stress .
While dysregulated mitochondrial metabolism has
been implicated in NALFD pathogenesis and progression,
the specific contribution to disease etiology remains
[9,10]
an active area of investigation
. Multiple lines of
evidence suggest that therapeutically targeting the
mechanisms leading to mitochondrial dysfunction may
[10,11]
improve liver disease
. The use of pre-clinical models
that mimic human pathology in the context of known
risk factors, including obesity and insulin resistance,
are necessary to understand the clinical translatability
of pharmacological interventions given the difficulty of
studying humans with a slow progressing disease that
[12]
cannot be confirmed non-invasively .
Hepatic mitochondrial function and oxidative stress
in metabolically-relevant, pre-clinical models of simple
fatty liver vs NASH have not been fully assessed. Here,

RESULTS
When challenged with AMLN diet for 12 wk, ob/ob
and FATZO mice developed steatohepatitis in the
presence of obesity and hyperinsulinemia. NASH
development was associated with hepatic mitochondrial
abnormalities, similar to those previously observed
in humans, including mitochondrial accumulation
and increased proton leak. AMLN diet also resulted
in increased numbers of fragmented mitochondria in
both strains of mice. Despite similar mitochondrial
phenotypes, we found that ob/ob mice developed
more advanced hepatic fibrosis. Activity of superoxide
dismutase (SOD) was increased in ob/ob AMLN mice,
whereas FATZO mice displayed increased catalase
activity, irrespective of diet. Furthermore, 8-OHdG, a
marker of oxidative DNA damage, was significantly
increased in ob/ob AMLN mice compared to FATZO
AMLN mice. Therefore, antioxidant capacity reflected as
the ratio of catalase:SOD activity was similar between
FATZO and C57BL6J control mice, but significantly
perturbed in ob/ob mice.
CONCLUSION
Oxidative stress, and/or the capacity to compensate
for increased oxidative stress, in the setting of mito
chondrial dysfunction, is a key factor for development
of hepatic injury and fibrosis in these mouse models.
Key words: Nonalcoholic steatohepatitis; Steatosis;
Fibrosis; Mitochondrial function; Oxidative stress
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: ob /ob and FATZO mice developed nonalcoholic
fatty liver disease/nonalcoholic steatohepatitis (NASH)
when fed a high trans -fat, high fructose and high
cholesterol diet, in the context of obesity and insulin
resistance, but showed differences in liver disease
severity including collagen deposition and monocyte/
macrophage infiltration. Mitochondrial dysfunction and
increased numbers of mitochondria were observed in
both models, similar to that reported in human NASH.
Oxidative damage and antioxidant capacity were as
sociated with disease severity. FATZO mice displayed
increased catalase activity and reduced oxidative DNA
damage compared to ob /ob mice, which may explain
their lower disease burden.
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Plasma insulin and pancreatic insulin content

two pre-clinical mouse models of simple steatosis
and NASH were investigated: ob/ob mice on NASH[13]
inducing AMLN diet , and the recently described
polygenic FATZO mouse which develops high-fat dietinduced obesity and impaired glucose tolerance and
[14,15]
which retains an intact leptin axis
. Importantly,
these models are readily available and rapidly and
consistently develop clinically relevant disease. We
characterized the contribution of mitochondria and
oxidative stress to disease phenotype and demonstrate
that a reduced ability to combat oxidative stress in the
setting of mitochondrial dysfunction is associated with
the progression to NASH with advanced fibrosis. These
data highlight the utility of these models to dissect the
underlying pathobiology of NAFLD disease progression
and to predict pharmacological efficacy.

To isolate pancreatic insulin, the tissue was incubated
in a 1.5% HCl/70% EtOH solution overnight at -20 ℃.
The tissue was homogenized and frozen again overnight
at -20 ℃. Following centrifugation at 2000 rpm for 15
min, the aqueous layer was transferred to a new tube
and neutralized upon the addition of 1 mol/L Tris, pH
7.5 at a 1:1 ratio. Plasma and pancreatic insulin levels
were measured via immunoassay (K152BZC, MesoScale
Diagnostics, Rockville, MD, United States).

Histological analysis and quantification of liver tissue

Livers were fixed in 10% neutral buffered formalin for
24 h. Paraffin-embedded tissue sections were stained
with hematoxylin and eosin using standard procedures.
Histological assessments were conducted by a pathologist
under blinded conditions. A modified scoring system,
based on the Brunt and Kleiner NAFLD activity score,
previously developed and validated to enable a more
reproducible and semi-quantitative assessment of murine
liver was used to quantify various parameters of liver
[16]
phenotype . The following parameters were graded to
generate the overall NASH score: macrovesicular stea
tosis (0: < 5%, 1: 5%-33%, 2: 34%-66%, 3: > 66%);
ballooning degeneration (0 = absent, 1 = present);
lobular inflammation (0 = no foci, 1 = rare foci, 2 =
occasional foci, 3 = frequent foci); biliary hyperplasia (0 =
none, 1 = mild, 2 = prominent); CD68 immunoreactivity
(0 = normal, 1 = minimal increased, 2 = more than
minimal increase).
Customized algorithms (Definiens, Munich, Germany)
were applied to the liver sections to quantify macro
steatosis per liver area, total collagen area and number
of CD68-positive cells. White spaces, non-native liver
tissues, large blood vessels and bile ducts were excluded
from the analyses.

MATERIALS AND METHODS
Animals

Animal studies were conducted in accordance with
protocols approved by the Institutional Animal Care
and Use Committee (IACUC) at MedImmune and
in compliance with the applicable national laws and
regulations concerning use of laboratory animals and
the AstraZeneca Animal Welfare and Bioethics policies.
ob
ob
Eight-week old male C57BL6J or Lep /Lep (ob/ob)
mice (Jackson labs, Bar Harbor, ME, United States)
and 8-week-old male FATZO mice (Crown Bioscience,
Indianapolis, IN, United States) were housed in standard
caging at 22 ℃ in a 12-h light: 12-h dark cycle at
standard temperature and humidity conditions with ad
libitum access to water and food. Mice were maintained
on test diets for 12 wk. The following test diets were
used: 2018 Tekland rodent diet (Envigo, United States),
low-fat diet (LFD; 10% kcal/fat; D09100304, Research
Diets, New Brunswick, NJ, United States) and the Amylin
Liver NASH (AMLN) diet high in fat (40% kcal), fructose
(22% by weight), and cholesterol (2% by weight)
(D09100301 Research Diets). Study groups comprised
C57BL6J chow fed (lean) mice (n = 6), ob/ob mice on
LFD (n = 8) and ob/ob mice on AMLN diet (n = 10), or
C57BL6J lean mice, FATZO mice on LFD, or FATZO mice
on AMLN diet (all n = 5 per group).

Immunohistochemistry

Immunohistochemistry was performed using a Ventana
Discovery ULTRA Staining Module (Ventana Medical
Systems, Tucson, AZ, United States). Formalin-fixed,
paraffin embedded liver sections were stained with
anti-CD68 (ab125212 Abcam, Cambridge, MA, United
States), anti-collagen type 1 A1 (1310-01 Southern
Biotech, Birmingham, AL, United States), or anti-catalase
(PA5-29183, ThermoFisher).

Measurement of plasma ALT

Terminal blood was collected in EDTA-coated tubes
and centrifuged at 10000 × g for 10 min. The plasma
was collected and analyzed for ALT levels using a
biochemistry analyzer (Cobas c-111, Roche Diagnostics,
Indianapolis, IN, United States).

Transmission electron microscopy

Freshly isolated liver was chemically fixed in 0.1 mol/L
cacodylate buffer containing 4% paraformaldehyde and
2% glutaraldehyde. Samples were resin-embedded,
[17]
sectioned, and stained as previously described .
Samples were imaged using the FEI Tecnai G2 SPIRIT
electron microscope equipped with a CCD camera
(Pleasanton, CA, United States) at 120000 V. Images
were acquired using GATAN digital micrograph software
(Warrendale, PA, United States). Electron micrographs

Liver lipid quantification

Total lipids were measured in liver samples using a Bruker
LF-90 minispec system (Bruker Biospin Corporation,
Billerica, MA, United States). The data are expressed as
the percent lipid relative to the total tissue mass.
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[18]

[8]

were viewed in a blinded fashion using 3Dmod software
on a Wacom Cintiq 22HD art tablet (Vancouver, WA,
United States). Mitochondrial area and number were
quantified per total cytoplasmic area from ≥ 10 electron
micrographs per group via manual tracing using the art
tablet as previously described (N ≥ 3 biological replicates,
2
[19]
≥ 1.5 mm total cytoplasmic area) .

proton leak, respectively . Briefly, 5 μg of mitochondria
were loaded per well of the seahorse plate in assay
medium (70 mmol/L sucrose, 220 mmol/L mannitol, 10
mmol/L KH2PO4, 5 mmol/L MgCl2, 2 mmol/L HEPES, 1
mmol/L EGTA, 0.2% (w/v) fatty acid-free BSA, pH 7.2
supplemented with complex Ⅱ substrate succinate at
10 mmol/L). The following injections were performed:
4 mmol/L ADP (state 3), 1 μmol/L oligomycin (state
3o), 1 μmol/L FCCP (state 3U) and 4 μmol/L antimycin
A/ 2 μmol/L rotenone. RCR is represented by the ratio
of ADP-stimulated respiration (state 3) to respiration
in the presence of oligomycin (state 3o), and LCR is
represented by the ratio of respiration in the presence
of oligomycin (State 3o) to FCCP-stimulated respiration
(state 3U).

Immunofluorescence

FFPE liver sections were deparaffinized followed by
blocking of endogenous peroxidases. Antigen retrieval
was carried out by heating samples at 119 C for 6.5
min in citrate buffer solution (Dako Target Retrieval
Solution, Agilent Technologies, Santa Clara, CA, United
States). After blocking with 1.5% horse serum, slides
were incubated overnight in anti-HSP60 (D6F1, Cell
Signaling Technology, Danvers, MA, United States) in
Dako antibody diluent (S3022, Agilent Technologies).
Secondary antibody incubation with goat anti-rabbit
Alexa 488 (ThermoFisher) was carried out at room
temperature for 1 h. Slides were mounted using Prolong
Gold plus DAPI (ThermoFisher). Slides were imaged
using a Leica TCS SP5 X confocal microscope. Confocal
images were viewed in a blinded fashion using 3Dmod
software on a Wacom Cintiq 22HD art tablet (Vancouver,
WA, United States). Mitochondrial length and number
per total cytoplasmic area were quantified from ≥
15 images per group (n ≥ 3 biological replicates) via
manual tracing of cell boundaries, nuclei, lipid droplets
and mitochondria. Total cytoplasmic area was calculated
as area within the cell boundary minus the nuclei and
lipid droplet areas.

Citrate synthase activity

Mitochondrial content was quantified by citrate synthase
activity (CSA) of freshly isolated primary hepatocytes
or liver mitochondria using the Citrate Synthase Activity
Colorimetric Assay Kit (BioVision, Milpitas, CA, United
States) according to the manufacturer’s instructions and
normalized to total protein assessed by the Pierce BCA
protein assay kit (ThermoFisher).

Isolation of liver mitochondria

Excised liver was rinsed in several changes of PBS and
homogenized in ice cold isolation buffer (70 mmol/L
sucrose, 210 mmol/L mannitol, 5 mmol/L HEPES, 1
mmol/L EGTA, 0.5% w/v fatty acid-free BSA, pH 7.2)
using a Wheaton™ Dounce Tissue Grinder (Fisher
Scientific). After centrifugation at 800 x g for 10 min at
4 ℃, the supernatants were collected and centrifuged at
8000 × g for 10 min at 4 ℃. The resulting mitochondrial
pellet was washed two times and resuspended in a
minimal volume of isolation buffer. The isolated mitochon
dria were kept on ice until use. Protein concentration
was determined using the Pierce BCA Protein Assay Kit
(ThermoFisher).

Primary hepatocyte isolation

Murine primary hepatocytes were isolated using a
modified two-step non-recirculating perfusion method
[20]
as previously described . All assays were carried out
within 18-24 h post-plating.

Mitochondrial oxygen consumption

Mitochondrial oxygen consumption was measured using
the Seahorse Xfe96 analyzer (Agilent Technologies).
Primary hepatocytes were plated at a density of 7500
cells per well and allowed to recover overnight. The
medium was exchanged (DMEM containing 5 mmol/L
glucose, 4 mmol/L L-glutamine, 2 mmol/L sodium
pyruvate, pH 7.4) and the plate was placed in a CO2free incubator for 30 min prior to being placed in the
analyzer. The following compounds were used in the
mitochondrial stress test: 1 μmol/L oligomycin (Sigma,
St Louis, MO, United States), 0.5 μmol/L FCCP (Sigma),
and 5 μmol/L antimycin A (Sigma). The data represent
the average of three independent experiments each
with a minimum of 8 replicates per group.

RNA isolation and real-Time PCR

Total liver RNA and genomic DNA were isolated using
standard procedures. Qiagen RNeasy ® columns
(Qiagen, United States) were used for RNA purification
according to the manufacturer’s protocol, including
an on-column DNA digestion using DNaseI. Equal
amounts of RNA were reverse transcribed to cDNA
using SuperScript Ⅲ First Strand cDNA synthesis kit
(Invitrogen, Carlsbad, CA, United States) according to
the manufacturer’s instructions. Real-Time PCR was
performed on a QuantStudio-7 Flex System (Applied
Biosystems, Foster City, CA, United States) using Applied
Biosystems TaqMan Fast Universal PCR Master Mix and
TaqMan probes. Each sample was assayed in triplicate
and quantified using the ΔΔCT method normalized to
endogenous control Ppia (mRNA) or nuclear encoded
gene β-globin (gDNA). The following Taqman probes
were used in qPCR assays: collagen type 1 alpha 1
(Col1a1, Mm00801666_g1), collagen type 1 alpha 2

Mitochondrial coupling and proton leak

The respiratory control ratio (RCR) and leak control ratio
(LCR) were quantified using freshly isolated hepatic
mitochondria as an index of mitochondrial coupling and
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(Col1a2, Mm00483888_m1), TIMP metallopeptidase
inhibitor 1 (Timp1, Mm01341361_m1), interleukin 1
beta (Il1b, Mm00434228_m1), cluster of differentiation
68 (Cd68, Mm03047343_m1), tumor necrosis factor
alpha (Tnf, Mm00443258_m1), PPARG coactivator 1
alpha (Ppargc1a, Mm01208835_m1), nuclear respiratory
factor 1 (Nrf1, Mm01135606_m1), transcription factor
A, mitochondrial (Tfam, Mm00447485_m1), superoxide
dismutase 1, soluble (Sod1, Mm1344233_g1), superoxide
dismutase 2, mitochondrial (Sod2, Mm01313000_m1),
catalase (Cat, Mm00437992_m1), glutathione per
oxidase (Gpx1, Mm00656767_g1), and peptidylprolyl
isomerase A (Ppia, Mm02342430_g1).

(5% lipid, p < 0.0001; Figure 2B). Plasma ALT was also
significantly increased in ob/ob LFD vs lean animals (771
U/L vs 160 U/L, p < 0.0001) and was further elevated
in ob/ob AMLN animals (1160 U/L, p < 0.001 vs ob/ob
LFD; Figure 2C).
Macrovesicular steatosis was prominent in both
ob/ob LFD (60%) and ob/ob AMLN animals (67%, p
< 0.001 vs ob/ob LFD; Figure 2D). Hepatic fibrosis
assessed by quantification of type 1 collagen stained
area was significantly greater in ob/ob LFD vs lean
livers (p < 0.01) and even greater in ob/ob AMLN liver (p
< 0.0001 vs ob/ob LFD) (Figure 2E). Immunolabeling
with the monocyte/macrophage marker CD68 was also
markedly elevated in ob/ob AMLN livers compared to
ob/ob LFD and lean controls (p < 0.0001 vs ob/ob LFD;
Figure 2F).
We analyzed hepatic transcript levels of genes
involved in fibrosis and inflammation that differentiate
the more benign disease observed in ob/ob LFD liver
histopathology from the steatohepatitis observed in ob/
ob AMLN livers. Transcripts encoding the most abundant
form of liver collagen, type 1 (Col1a1 and Col1a2), in
addition to type 3 collagen (Col3a1) were significantly
elevated in ob/ob AMLN livers vs lean and ob/ob LFD
livers (p < 0.001, p < 0.01, p < 0.0001, respectively, vs
ob/ob LFD; Figure 2G). Timp1, another gene associated
with increased extracellular matrix turnover, was
significantly elevated in ob/ob AMLN compared to ob/ob
LFD and lean livers (p < 0.001 vs ob/ob LFD; Figure
2G). The expression of cytokines including Tgfb, Tnf,
Il1b, and Il10, and chemokines including Ccl2, Ccl3, and
Ccl11 were similarly upregulated in ob/ob AMLN livers
compared to ob/ob LFD and lean controls (p < 0.01, p
< 0.05, p < 0.05, p = 0.2; p < 0.01, p < 0.001, p < 0.01,
respectively, vs ob/ob LFD; Figure 2H). Additionally,
Lgals3, a marker associated with multiple inflammatory
cell types and thought to contribute to fibrogenesis,
was highly expressed in the livers of ob/ob AMLN but
not lean or ob/ob LFD mice (30-fold induction vs lean
controls, p < 0.001 vs ob/ob LFD; Figure 2H).
The steatosis grade was significantly higher in
ob/ob LFD (grade 2.5, p < 0.0001) and ob/ob AMLN
(grade 3, p < 0.0001) compared to lean livers (grade
0; Figure 3A). A significant increase in the number
of inflammatory foci (Figure 3B), biliary hyperplasia
(Figure 3C) and CD68-positive cells (Figure 3D) was
observed in ob/ob AMLN vs lean (p < 0.0001) and
ob/ob LFD livers (p < 0.0001). Ballooned hepatocytes
were only observed in ob/ob AMLN livers (Figure
3E). An integrated NASH score was generated by
combining the grades of steatosis, inflammation,
biliary hyperplasia, CD68 positive cells, and ballooning
degeneration (Figure 3F), which reflected the clear
distinction between ob/ob LFD and ob/ob AMLN liver
histopathology.

Oxidative stress assays

Superoxide dismutase activity (7501-500-K, Trevigen,
Gaithersburg, MD, United States) and catalase activity
(707002, Cayman Chemical, Ann Arbor, MI, United
States) were measured in freshly prepared liver homo
genates according to the manufacturer’s protocols. The
levels of 8-hydroxydeoxyguanosine (8-OHdG) were
measured via ELISA using approximately 20 μg of total
hepatic genomic DNA (4380-096-K, Trevigen).

Statistical analysis

All statistical analyses were carried out using GraphPad
Prism 7 (GraphPad Software, San Diego, CA, United
States). The data were analyzed via one-way or twoway ANOVA and Tukey’s post-test. Data are shown as
the mean ± SE. Values of p ≤ 0.05 were considered
significant.

RESULTS
ob/ob mice develop NASH with fibrosis in the setting of
obesity and insulin resistance

NASH induction was assessed in ob/ob mice, a
proposed NASH model when challenged with AMLN diet.
C57BL6J mice served as healthy age-matched controls
(lean) and were compared to ob/ob mice maintained
on LFD (ob/ob LFD) or AMLN diet (ob/ob AMLN) for 12
wk. After the 12-wk disease induction period, ob/ob
LFD and ob/ob AMLN mice weighed significantly more
than lean controls (p < 0.0001), but did not significantly
differ from one another (Figure 1A). While non-fasting
blood glucose was slightly reduced in ob/ob AMLN
animals compared to lean controls (132 mg/dL vs 186
mg/dL, p < 0.05; Figure 1B), plasma insulin levels (p
< 0.05; Figure 1C) and pancreatic insulin content (p <
0.01; Figure 1D) were concomitantly increased.
We measured markers associated with NAFLD
including liver weight, liver lipid, and plasma alanine
aminotransferase (ALT). Liver weight was significantly
greater in ob/ob LFD vs lean animals (8.6% vs 4.5%,
p < 0.0001), and was further increased in ob/ob AMLN
animals (12.7%, p < 0.0001; Figure 2A). Similarly, ob/
ob AMLN livers contained approxiately 34% intrahepatic
lipid, which was significantly greater than livers from
ob/ob LFD (25% lipid, p < 0.0001) and lean animals

WJG|www.wjgnet.com

Fragmented mitochondria in ob/ob AMLN hepatocytes

We examined mitochondrial ultrastructure in livers from
lean, ob/ob LFD and ob/ob AMLN mice by transmission
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electron micrography (TEM; Figure 4A). Quantitative
assessment of TEM images showed ob/ob AMLN
hepatocytes had increased numbers of mitochondria
(approximately 1.5-fold, p < 0.001 vs ob/ob LFD; Figure
4B). While lean and ob/ob LFD hepatocytes contained
a mixture of elongated and fragmented mitochondria,
ob/ob AMLN hepatocytes contained smaller, more
2
fragmented mitochondria (average area = 70 μm for
2
lean controls vs 45 μm for ob/ob AMLN, p < 0.01; Figure
4C); however, no overt defects in outer membrane
integrity or cristae formation were observed. Similarly,
quantification of mitochondrial length and number from
HSP60 immunostained liver sections revealed increased
numbers of mitochondria overall in ob/ob AMLN livers
(p < 0.005 vs lean controls; Figure 4D) and a significant
increase in shorter, more fragmented mitochondria
(Figure 4E). Citrate synthase activity (CSA), another
measure of mitochondrial content, was increased over
2-fold in primary hepatocytes isolated from ob/ob AMLN
mice vs lean controls (p < 0.05; Figure 4F). In line with
smaller mitochondria in ob/ob AMLN hepatocytes, the
expression of proteins required for mitochondrial fusion,
mitofusin 1 (Mfn1) and dynamin-like 120 kDa protein,
mitochondrial (Opa1), was significantly decreased in ob/
ob AMLN livers compared to lean controls (p < 0.01 and
p < 0.05, respectively; Supplementary Figure 4G).
WJG|www.wjgnet.com

To assess whether this increase in mitochondrial
number was due to increased biogenesis, we quantified
the expression of transcription factors required for
mitochondrial biogenesis and components of the
electron transport chain (ETC). While the expression of
PPARγ-coactivator 1a (Ppargc1a) was slightly increased
in ob/ob LFD livers (1.4-fold, p = 0.06 vs lean controls),
it was unchanged in ob/ob AMLN vs lean livers (data
not shown). Similarly, nuclear respiratory factor 1 (Nrf1)
and mitochondrial transcription factor A (Tfam) mRNA
levels were unchanged in ob/ob AMLN vs lean and ob/
ob LFD livers (data not shown). Additionally, expression
of mitochondrial autophagy genes Bnip3, Park2 and
Pink1 was not different between groups (Figure 4G).
Although ob/ob AMLN hepatocytes displayed increased
mitochondrial number, they contained significantly
less mitochondrial DNA (mtDNA) as assessed by the
expression of mitochondrially-encoded genes Cytb and
Nd-1 relative to the expression of nuclear encoded
β-globin (approximately 30% reduction, p < 0.05 vs
lean controls; Supplementary Figure 4H).

Hepatic ob/ob AMLN mitochondria have reduced
respiratory capacity and increased proton leak

To assess mitochondrial function, oxygen consumption
of intact primary hepatocytes from lean, ob/ob LFD
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and ob/ob AMLN animals was measured (Figure
5A). ob/ob AMLN hepatocytes displayed significantly
reduced basal respiration that was approximately

WJG|www.wjgnet.com

50% lower compared to lean (p < 0.01) and ob/ob
LFD hepatocytes (p < 0.05) (Figure 5B). Maximal
mitochondrial respiratory capacity was significantly
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increased in ob/ob LFD compared to lean hepatocytes
(+45%, p < 0.05; Figure 5B). In contrast, ob/ob AMLN
hepatocytes displayed significantly reduced maximal
respiration compared to lean (-45%, p < 0.05) and ob/
ob LFD hepatocytes (-60%, p < 0.001; Figure 5B).
We also assessed mitochondrial coupling and
proton leak. The mitochondrial respiratory control ratio
(RCR) and leak control ratio (LCR) were quantified
using isolated mitochondria from lean, ob/ob LFD and
ob/ob AMLN livers. Mitochondria from ob/ob mouse
liver displayed slightly increased proton leak without a
[21]
significant decrease in respiratory control , and AMLN
diet further increased proton leak and reduced RCR.
Mitochondrial coupling was decreased in ob/ob AMLN
mice compared to mitochondria from lean mice (4.2 vs
5.6; Figure 5C), although this difference did not reach
statistical significance. ob/ob AMLN mitochondria also
displayed a higher LCR compared to lean controls (0.35
vs 0.23, p = 0.06; Figure 5D), indicating increased
proton leak.

and C57BL6J strains with a predisposition to obesity and
[14,15]
insulin resistance, but intact leptin axis
.
After 12 wk on diet, FATZO mice fed LFD (FATZO
LFD) weighed significantly more than lean (C57BL6J)
controls (43 g vs 35 g, p < 0.0001), while FATZO mice
fed AMLN diet (FATZO AMLN) weighed significantly
more than both FATZO LFD and lean controls (50 g, p
< 0.001 vs FATZO LFD; Figure 6A). Plasma glucose was
slightly elevated in FATZO LFD (271 mg/dL) and FATZO
AMLN mice (236 mg/dL) compared to lean controls (186
mg/dL; Figure 6B). FATZO AMLN mice displayed severe
hyperinsulinemia with average plasma insulin levels that
were significantly greater compared to FATZO LFD and
lean controls (p < 0.01 for ob/ob AMLN vs lean controls;
Figure 6C). Both FATZO LFD and FATZO AMLN mice
had increased pancreatic insulin content, which was
significantly greater in FATZO AMLN mice compared to
lean controls (+50%, p < 0.05; Figure 6D).
Markers of liver disease including hepatomegaly,
hepatic steatosis and elevated plasma ALT levels
were present in both FATZO LFD and FATZO AMLN
mice. Relative liver weight was significantly increased
in FATZO LFD vs lean animals (7.3% vs 4.4%, p <
0.0001), and was further increased in FATZO AMLN
animals (10.6%, p < 0.001 vs FATZO LFD) (Figure 7A).
Similarly, hepatic lipid content was significantly greater
in FATZO LFD compared to lean controls (20% vs 6%)
and was greatest in FATZO AMLN mice (30%, p <
0.0001 vs FATZO LFD; Figure 7B). Plasma ALT was also
significantly increased in FATZO LFD vs lean animals

FATZO mice fed AMLN diet display enhanced
microvesicular steatosis and lobular inflammation but
minimal fibrosis

While the ob/ob mouse exhibits key aspects of human
metabolic disease and, importantly, develops dietinduced NASH with consistent grade 2-3 fibrosis, most
humans with NAFLD/NASH are likely hyperleptinemic as
opposed to leptin-deficient. We therefore investigated
the FATZO mouse, an inbred polygenic cross of AKR/J

WJG|www.wjgnet.com
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(260 U/L vs 50 U/L, p < 0.0001) and was further
elevated in FATZO AMLN animals (370 U/L, p < 0.01 vs
FATZO LFD; Figure 7C), but was nonetheless still much
lower than levels observed in ob/ob AMLN mice (>1100
U/L, Figure 1C).
Assessment of HE-stained liver samples revealed
the presence of prominent steatosis, both micro- and

WJG|www.wjgnet.com

macrovesicular, in both FATZO LFD and FATZO AMLN
animals (Figure 7D). Increased macrophage/monocyte
infiltration was also observed in FATZO LFD and
FATZO AMLN mice (Figure 7E), paralleled by increased
expression of hepatic Cd68 (3.5-fold in FATZO LFD and
5.2-fold in FATZO AMLN; p < 0.05 FATZO LFD vs FATZO
AMLN; Figure 7H). Mild collagen deposition was also
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apparent in FATZO animals but did not worsen upon
AMLN diet feeding (Figure 7F).
Transcriptional profiling of genes involved in
hepatic fibrosis and inflammation revealed additional
evidence of active liver disease in FATZO mice.
Collagens including Col1a1, Col1a2 and Col3a1 were
increased in FATZO LFD livers compared to lean
controls (approximately 6-8-fold for each), and were
further induced in FATZO AMLN livers (Figure 7G). All

WJG|www.wjgnet.com

cytokines assayed including Tgfb, Tnf, Il1b, and Il10,
and chemokines including Ccl2, Ccl3, and Ccl11 were
similarly upregulated in FATZO LFD livers compared to
lean controls and even further induced in FATZO AMLN
livers (Figure 7H). Additional fibrosis related genes
Timp1 and Lgals3 were significantly elevated in FATZO
LFD livers compared to lean controls, with even further
induction observed in FATZO AMLN livers (Figure 7G,
H). Integrated NASH scores generated from combining
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FATZO AMLN livers compared to lean controls (-40%, p
< 0.05 for FATZO LFD, -25%, p = 0.08 for FATZO AMLN
vs lean) with no changes observed in Park2 or Pink1
expression (Supplementary Figure 9E). No differences
in the mitochondrial:nuclear DNA ratio were observed
(Figure 9F), suggesting that mtDNA replication is
occurring normally in contrast to that observed in the
ob/ob AMLN model.
To assess hepatic mitochondrial function in the
FATZO mice we measured mitochondrial coupling and
proton leak in isolated mitochondria. While there was
a trend for reduced RCR in FATZO AMLN mitochondria
compared to lean controls, this reduction was small
and did not reach statistical significance (4.1 vs 4.9, p
= 0.5; Figure 9G). Similar to the ob/ob models, both
FATZO LFD and FATZO AMLN mitochondria displayed
a trend for increased proton leak compared to lean
controls (0.43 for both FATZO LFD and AMLN vs 0.32
for lean controls; p = 0.08 and p = 0.07, respectively;
Figure 9H).

grades of steatosis (Figure 8A), inflammation (Figure
8B), biliary hyperplasia (Figure 8C), CD68-positive cells
(Figure 8D) and hepatocyte ballooning (Figure 8E) were
significantly greater for FATZO LFD and FATZO AMLN
mice compared to lean controls, but did not significantly
differ from one another (Figure 8F).

Increased mitochondrial fragmentation in FATZO mice is
associated with mild mitochondrial dysfunction

Similar to ob/ob mice, FATZO AMLN mice displayed
significantly increased numbers of fragmented mito
chondria (Figure 9A, B) and hepatic CSA (Figure 9C)
compared to FATZO LFD and lean controls. In contrast,
this increase was associated with a significant induction
of mitochondrial biogenesis genes in FATZO mice.
Nrf1 was consistently induced in both FATZO LFD and
FATZO AMLN livers compared to lean controls (p <
0.01 for FATZO LFD, p < 0.0001 for FATZO AMLN vs
lean), Ppargc1a was significantly induced in FATZO LFD
livers compared to lean controls (1.75-fold, p < 0.001)
and Tfam was significantly induced in FATZO AMLN
livers vs lean controls 1.4-fold, p < 0.01; Figure 9D).
Additionally, decreased mitophagy may contribute to
increased mitochondrial content, although only Bnip3
expression was significantly reduced in FATZO LFD and

WJG|www.wjgnet.com

ob/ob mice display a reduced ability to manage
oxidative stress compared to FATZO mice

The oxidative stress responsive transcription factor
Nrf2 was significantly induced in both ob/ob and
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containing macrosteatosis; (E): Representative CD68-stained liver sections; (F): Representative collagen type 1 alpha 1 stained liver sections and quantification of
collagen area; (G, H): Hepatic expression of genes associated with fibrosis and inflammation. aP ≤ 0.05, bP ≤ 0.01, cP ≤ 0.001, dP ≤ 0.0001 vs C57BL6J; eP ≤ 0.05,
f
P ≤ 0.01, gP ≤ 0.001, hP ≤ 0.0001 vs LFD. LFD: Low-fat diet.

FATZO mice on LFD and further induced by AMLN
diet, indicating that the antioxidant response system
was induced. Interestingly, when we quantified the
expression levels of antioxidant enzymes that are
collectively required for ROS detoxification, including
superoxide dismustase 1 (Sod1), superoxide dismutase
2 (Sod2) and catalase (Cat), we detected unchanged or
reduced hepatic expression in all diseased livers. Sod1
mRNA was significantly reduced in both ob/ob LFD and
ob/ob AMLN livers compared to lean controls (-25%, p
< 0.001 for both; Figure 6A), while Sod2 expression was
significantly reduced in ob/ob AMLN livers compared to
lean controls (-25%, p < 0.05; Figure 10A). All diseased
livers displayed significantly reduced Cat expression
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compared to lean controls (-50%, p < 0.0001 for ob/
ob LFD and AMLN vs lean controls; -20%, p < 0.05 for
FATZO LFD and AMLN vs lean controls; Figure 10A).
FATZO AMLN livers, however, did display significantly
increased glutathione peroxidase (Gpx1) mRNA levels
(+50%, p < 0.01 vs C57BL6J, Figure 10A).
Despite reduced (ob/ob mice) or unchanged (FATZO
mice) Sod1 and Sod2 mRNA, there was a trend for
increased hepatic superoxide dismutase activity for
ob/ob and FATZO mice compared to lean controls (p
< 0.05 ob/ob AMLN vs lean; Figure 10B). Catalase
activity was increased approximately 2-fold in both
FATZO LFD (p < 0.001) and FATZO AMLN livers (p <
0.01), but unchanged in ob/ob LFD and ob/ob AMLN
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[27]

mouse . To a lesser extent, C57BL6J mice fed a high-fat
(AMLN) diet will also develop NASH when given enough
time (> 24 wk), but this model does not develop as
[28,29]
advanced fibrosis
. Other reported models of liver
disease do not develop liver inflammation, such as the
[27]
APOE2 knock-in mouse , or lack metabolic context,
such as the CCl4 and MCDD models.
We report herein that both the leptin-deficient ob/
ob mouse and hyperleptinemic FATZO mouse develop
steatohepatitis within 12 wk of AMLN diet feeding.
Despite similar levels of liver lipid and less severe
hyperinsulinemia, ob/ob AMLN mice displayed a worse
liver phenotype with increased inflammation and more
advanced fibrosis relative to FATZO mice. Notably,
hepatic expression of macrophage markers and related
inflammatory chemokines were more prominently
upregulated in ob/ob AMLN compared to FATZO AMLN
mice, but were similar in ob/ob LFD and FATZO LFD
animals, suggesting that the baseline inflammatory
status and matrix deposition of the livers is similar in
these models and that leptin deficiency per se does
not predispose the liver to inflammation and fibrosis,
but nonetheless may contribute to a proinflammatory,
profibrotic phenotype upon dietary challenge.
While the precise pathophysiology of NASH remains
to be fully determined, one aspect that has emerged in
recent years is the role of mitochondrial (dys)function
in hepatocytes associated with NAFLD/NASH. Evidence
[8,30]
from human studies has recently emerged
, however
similar analyses in mouse models of NASH has not

livers compared to lean controls (Figure 10C). We also
detected increased catalase expression in liver sections
from FATZO LFD and FATZO AMLN mice compared
to lean controls (Figure 10D). Further, the ratio of
hepatic catalase:SOD activity was reduced in ob/ob
LFD mice and worsened by AMLN diet, but unchanged
in FATZO animals compared to lean controls (Figure
10E). Hepatic 8-hydroxydeoxyguanosine (8-OHdG), a
marker of oxidative DNA damage, tended to be higher
in ob/ob LFD animals compared to both lean controls
and FATZO LFD mice (Figure 10F). In ob/ob AMLN
mice, hepatic 8-OHdG levels were significantly higher
than both FATZO mice and lean controls (2.5-fold, p <
0.01 vs lean; Figure 10E). Additionally, we observed
a negative correlation between catalase activity and
hepatic 8-OHdG levels (Figure 10G). Taken together
these data suggest that a reduced ability to manage
ROS may be a key mechanism underlying the more
severe liver phenotype observed in ob/ob AMLN mice.

DISCUSSION
The increasing health and economic burden and lack
of FDA-approved therapies underscore the importance
[22]
of appropriate pre-clinical models for NAFLD/NASH .
Surprisingly, only a handful of animal models are av
ailable that reflect human disease with respect to
[23,24]
metabolic status and liver pathology
. These models
are similar in that their genetic background predisposes
to diet-induced NASH, and include the DIAMOND
[25]
[13,26]
model , the ob/ob mouse
, and the LDLR knockout
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been reported. Multiple interconnected facets of
mitochondrial biology including morphology, overall
content (numbers and size), and respiratory capacity
influence mitochondrial function. Our data show that
ob/ob AMLN mice developed NASH associated with
increased numbers of fragmented mitochondria with
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reduced respiratory capacity but without overt defects
in mitochondrial membrane integrity or cristae struc
ture. Similarly, FATZO AMLN mice displayed fragment
ed mitochondria with a trend for reduced respiratory
control, but nonetheless better responded to oxidative
damage and presented less overall fibrosis.
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[34]

NAFLD . Mfn1 and Opa1 expression were significantly
reduced in ob/ob mice when fed AMLN diet. Consistent
with transcript levels, we observed smaller but more
numerous mitochondria in both ob/ob AMLN and
FATZO AMLN hepatocytes. Increased mitochondrial
fragmentation and uncoupling have been proposed as
adaptive mechanisms to reduce ROS levels and maintain
energy balance by limiting ATP production in states of
excess substrate supply which may explain the more
fragmented, leaky mitochondria in ob/ob AMLN and
FATZO AMLN livers.

Mitochondrial morphology is appreciated to play an
active role in regulating energy metabolism and cell
death and can therefore influence NASH development
[31,32]
at numerous stages
. Leptin has previously been
shown to alter mitochondrial morphology and function.
In primary mouse hepatocytes, leptin treatment induced
mitochondrial fusion through induction of Ppargc1a
and Mfn1 and was associated with protection from
[33]
high-glucose induced fatty acid accumulation . Com
plementary work demonstrated that inhibition of mito
chondrial fission reduced steatosis and development of
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Reduced mitochondrial function assessed by cou
pling efficiency and proton leak was also observed in
both models; however, only ob/ob AMLN livers displayed
significantly reduced mtDNA levels, similar to patients
[35,36]
with NAFLD
, which may affect other aspects of
mitochondrial function including ATP generation and
ROS production. Moreover, ROS itself may promote
[37]
mtDNA mutation and degradation , leading to a feedforward loop of continuous oxidative damage that leads
to hepatocyte cell death, inflammation and fibrosis
development. As such, targeting hepatic oxidative stress
driven by chronic overnutrition could be an important
therapeutic target for NASH prevention.
The capacity to manage oxidative stress was
dissimilar between ob/ob and FATZO mice. Multiple
antioxidant molecules within the cell are regulated
by the transcription factor NRF2. While hepatic Nrf2
expression was significantly upregulated in both ob/
ob and FATZO livers, indicative of increased oxidative
stress, oxidative DNA damage was only detected in
ob/ob livers. Increased hepatic superoxide dismutase
activity was detected in both ob/ob and FATZO
animals, suggestive of elevated hydrogen peroxide
in these livers, but concomitantly increased catalase
activity and Gpx1 expression was detected only in
FATZO liver. Increased hepatic hydrogen peroxide
levels have been reported for humans with NASH and
correlated with catalase activity and oxidative DNA
[8]
damage . In line with these human studies, hepatic
catalase activity was indeed negatively correlated with
8-OHdG levels.
In the clinic, single antioxidant therapy has shown
mixed efficacy. Among these agents, vitamin E
(despite its limited antioxidant efficacy) is the most
[38,39]
investigated
. While the majority of studies showed
improvements in select features, including steatosis,
serum ALT and histopathology, none have demonstrated
improvement in fibrosis, the key feature linked to
[40]
disease progression . Strategies to enhance antioxidant
defenses are also being actively explored. One such
target is NRF2, which can be activated by numerous
natural products, including resveratrol and synthetic
[41]
compounds . Combination strategies that include the
oxidant scavenging effects with an anti-fibrotic molecule
such as the anti-galectin 3 drug GR-MD-02, currently in
[42]
Phase 2 trials may be informative.
In summary, we have described convenient mouse
models of NAFLD/NASH that accurately reflect human
disease context (obesity and insulin resistance) and
liver pathology (steatosis, ballooning degeneration,
inflammation and fibrosis). Additionally, both models
appear to mimic reported aspects of mitochondrial
phenotype in human NASH, including elevated mitoch
ondrial numbers and increased proton leak. The unanti
cipated differences in disease severity may in part be
due to an increased ability to manage oxidative stress
in the FATZO mouse. These models may better predict
therapeutic efficacy of putative NASH treatments in the
clinic, particularly for agents targeting mitochondrial/
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oxidative pathways.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Non-alcoholic steatohepatitis (NASH) is an unmet medical need with no
approved therapies. Studies here characterize the hepatic phenotype of two
different diet-induced mouse models of NASH with a focus on mitochondrial
function and ability to regulate oxidative damage.

Research motivation

Emerging evidence from cross-sectional human studies suggests a role for
mitochondrial function in the development of NASH. As the pathogenesis
of NASH remains largely unknown it is imperative to characterize potential
therapeutic agents in a relevant preclinical model.

Research objectives

The primary objective was to characterize NASH histopathology (e.g., NASH
activity score for steatosis, inflammation, ballooning and fibrosis) and function
with a focus on mitochondrial biology and capacity to respond to oxidative
stress. We contrast these endpoints in two distinct mouse strains (genetically
obese Lepob/Lepob (ob/ob) and polygenic obesity-prone FATZO mice) on a
previously validated NASH-inducing diet that is high in trans-fat, fructose and
cholesterol (AMLN diet).

Research methods

Development of NASH was assessed using blinded qualitative (HE stained
sections) and quantitative (% collagen-stained area) methods. Mitochondria
were assessed via transmission electron micrography and immunofluorescent
detection of HSP60. Mitochondrial function was assessed in primary
hepatocytes using Seahorse. Activity of superoxide dismutase and catalase
were measured from whole liver tissue homogenates. Candidate genes from
total liver RNA were measured using quantitative PCR.

Research results

Both ob/ob and FATZO mice developed NASH with concomitant obesity
and hyperinsulinemia when challenged with AMLN diet for 12 wk, and was
associated with mitochondrial accumulation and reduced function. The degree
of hepatic fibrosis, however, was markedly greater in ob/ob mice and was
associated with increased activity of superoxide dismutase (SOD), whereas
FATZO mice displayed increased catalase activity. Antioxidant capacity,
reflected as the ratio of catalase: SOD activity, was significantly perturbed in
ob/ob mice with diet-induced NASH.

Research conclusions

Both of these commonly available mouse models develop AMLN diet-induced
NASH after 12 wk, associated with reduced mitochondrial function and
perturbed morphology. The intrinsic capacity of the FATZO mice to increase
antioxidant capacity in the face of impaired mitochondrial function/increased
oxidative damage due to diet may be contributory towards the reduced level of
fibrosis in that model.

Research perspectives

The AMLN mouse model of NASH is gaining widespread academic and
industry acceptance as a translatable model of NASH. These studies extend
previous observations in the model to highlight mitochondrial dysfunction thus
confirming the model as relevant for prosecution of therapeutic agents targeting
improvement in mitochondrial function for NASH. Furthermore, the contrasting
fibrosis between ob/ob and FATZO mice implicates the capacity to adapt to
oxidative damage as a key regulator of liver fibrosis in diet-induced NASH.
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Abstract
AIM
To explore the significance of corticotropin-releasing
hormone (CRH)-receptor (R)2 in mucosal healing
of dextran sulfate sodium (DSS)-induced colitis and
the effect of Tong-Xie-Yao-Fang (TXYF) on CRH-R2
expression and regulation.

Institutional animal care and use committee statement:
All procedures involving animals were reviewed and approved
by the Institutional Animal Care and Use Committee of Zhejiang
Chinese Medical University.
Conflict-of-interest statement: No potential conflicts of interest
exist.

METHODS
Ulcerative colitis was induced in mice by administration of
3% (w/v) DSS for 7 d. Once the model was established,

Data sharing statement: No additional data are available.
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mice were administered urocortin-2 (30 µg/kg), a peptide
which binds exclusively to CRH-R2, or various doses
of aqueous TXYF extracts (2.8-11.2 g/kg), a CRH-R2
antagonist Astressin (Ast)2B (20 µg/kg), Ast2B + Ucn2,
or Ast2B with various doses of aqueous TXYF extracts for
9 d. Colonic mucosal permeability was then evaluated by
measuring the fluorescence intensity in serum. The colitis
disease activity index (DAI), histology, body weight loss
and colon length were assessed to evaluate the condition
of colitis. Terminal deoxynucleotidyl transferase dUTP
nick-end labeling was used to detect apoptosis of the
intestinal epithelial cells. The expression level of Ki-67
represented the proliferation of colonic epithelial cells and
was detected by immunohistochemistry. The expression
levels of inflammation cytokines IL-6, TNF-α and CXCL-1
were examined in colon tissues using real-time PCR and
ELISA kits.

Astressin 2B; Mucosal healing; Ulcerative colitis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Mucosal healing is a desired therapeutic
endpoint in the treatment of inflammatory bowel
disease. However, it is difficult to treat inflammatory
bowel disease thoroughly, and there are some adverse
reactions. Studies have shown that corticotropinreleasing hormone (CRH)-receptor (R)2 can activate
the inflammatory response of intestinal mucosa and
exert an antiinflammatory effect. Our preliminary
study found that Tong-Xie-Yao-Fang could reduce the
expression of CRH-R1, increase CRH-R2, and participate
in reconstruction of the intestinal barrier. The aim of
this study was to explore the significance of CRH-R2 in
the mucosal healing of dextran sulfate sodium-induced
colitis and study the effect of Tong-Xie-Yao-Fang on
CRH-R2 expression and regulation.

RESULTS
Compared with the DSS group, mice treated with the
CRH-R2 antagonist Ast2B showed greater loss of body
weight, shorter colon lengths (4.90 ± 0.32 vs 6.21 ±
0.34 cm, P < 0.05), and higher DAI (3.61 ± 0.53 vs
2.42 ± 0.32, P < 0.05) and histological scores (11.50
± 1.05 vs 8.33 ± 1.03, P < 0.05). Additionally, the
Ast2B group showed increased intestinal permeability
(2.76 ± 0.11 μg/mL vs 1.47 ± 0.11 μg/mL, P < 0.001),
improved secretion of inflammatory cytokines in colon
tissue, and reduced colonic epithelial cell proliferation
(4.97 ± 4.25 vs 22.51 ± 8.22, P < 0.05). Increased
apoptosis (1422.39 ± 90.71 vs 983.01 ± 98.17, P
< 0.001) was also demonstrated. The Ucn2 group
demonstrated lower DAI (0.87 ± 0.55 vs 2.42 ± 0.32,
P < 0.001) and histological scores (4.33 ± 1.50 vs
8.33 ± 1.03, P < 0.05). Diminished weight loss, longer
colon length (9.58 ± 0.62 vs 6.21 ± 0.34 cm, P <
0.001), reduced intestinal permeability (0.75 ± 0.07 vs
1.47 ± 0.11 μg/mL, P < 0.001), inhibited secretion of
inflammatory cytokines in colon tissue and increased
colonic epithelial cell proliferation (90.04 ± 15.50 vs
22.51 ± 8.22, P < 0.01) were all observed. Reduced
apoptosis (149.55 ± 21.68 vs 983.01 ± 98.17, P <
0.05) was also observed. However, significant statistical
differences in the results of the Ast2B group and Ast2B
+ Ucn2 group were observed. TXYF was also found to
ameliorate symptoms of DSS-induced colitis in mice
and to promote mucosal repair like Ucn2. There were
significant differences between the Ast2B + TXYF
groups and the TXYF groups.

Gong SS, Fan YH, Wang SY, Han QQ, Lv B, Xu Y, Chen X, He
YE. Mucosa repair mechanisms of Tong-Xie-Yao-Fang mediated
by CRH-R2 in murine, dextran sulfate sodium-induced colitis.
World J Gastroenterol 2018; 24(16): 1766-1778 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i16/1766.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i16.1766

INTRODUCTION
Inflammatory bowel diseases (IBD), including Crohn’s
disease and ulcerative colitis (UC), are a group of chronic
inflammatory disorders of the gastrointestinal tract,
characterized by intestinal inflammation and mucosal
[1]
damage . In traditional Chinese medicine theory, UC
[2]
is known as the “changpi” and chronic dysentery .
Characterized by chronic mucosal inflammation and
damage of the colon, UC presents with bloody diarrhea,
tenesmus, abdominal pain, weight loss, anemia, and
even toxic megacolon. Intestinal perforation, intestinal
obstruction, intestinal bleeding and cancer are also
[3]
observed, thus affecting an individual’s quality of life .
Treatment targets for IBD have changed over the
recent years. Previous therapeutic strategies focusing
on induction and maintenance of clinical remission have
[4,5]
shown no effect on the natural course of the disease .
However, in the late 1990s, the advent of biologic
agents for the treatment of IBD showed that while
patients may be in clinical remission, ongoing mucosal
inflammation may still be present, resulting in structural
[6-11]
damage
.
This finding has led to the concept of mucosal healing
as a more meaningful therapeutic target in clinical
practice. Indeed, emerging data suggests that mucosal
healing is strongly associated with a reduction in steroid
[12]
use, complications, hospitalizations, and surgeries .

CONCLUSION
CRH-R2 activates the intestinal mucosal antiinflam
matory response by regulating migration, proliferation
and apoptosis of intestinal epithelial cells in colitisinduced mice, and plays an important antiinflammatory
role. TXYF promotes mucosal repair in colitis mice by
regulating CRH-R2.
Key words: Tong-Xie-Yao-Fang; Aqueous extracts;
Corticotropin-releasing hormone receptor 2; Urocortin 2;

WJG|www.wjgnet.com

1767

April 28, 2018|Volume 24|Issue 16|

Gong SS et al . Mucosa repair mechanisms of UC
Mucosal repair of the intestinal barrier is a tightly
coordinated response to injury that preserves homeo
stasis and limits the adverse effects of inflammation.
After damage to the epithelial tissue, intestinal epithelial
cells migrate to the site of injury in a critical process
[13-15]
known as epithelial restitution
. Restitution is fo
llowed by epithelial cell proliferation and differentiation
which is regulated by factors that promote cell viability
[14,16]
and limit apoptosis
. IBD is a chronic relapsing
inflammatory disorder that involves a defective epithelial
[17]
barrier .
Corticotropin-releasing hormone (CRH), the primary
mediator of the stress response, is expressed in both
the central nervous system and the periphery, including
[18]
the intestine . The CRH family of peptides interacts
with a variety of cell types in the intestinal mucosa,
including epithelial cells, enteric neurons, and immune
[19]
cells . In addition to CRH, three distinct peptides
known as urocortins (Ucn1, Ucn2, and Ucn3) bind to
two types of G protein-coupled receptors to exert their
effects, CRH receptor (R)1 and CRH-R2. Yet, Ucn1 has
greater affinity for CRH-R2 than CRH-R1, and Ucn2
[20]
and Ucn3 bind exclusively to CRH-R2 . Interactions
between CRH-Rs and their ligands modulate several
functional and pathophysiologic responses within the
gut, including stress-induced alterations in motility, ion
secretion, and visceral pain, and the development and
[21]
maintenance of intestinal inflammation .
Studies from others have found that CRH may be
involved in the maintenance of intestinal barrier integrity
by regulating autophagy in the intestinal epithelial
[18]
cells . Our previous studies have also found that CRH
could cause an increase in intercellular permeability in
[22]
the intestinal epithelium . Some studies have found
that CRH-R2 can activate the antiinflammatory response
of intestinal mucosa and exert an antiinflammatory
[23]
effect . In addition, activation of CRH-R2 can promote
the migration and proliferation of colon cancer cells and
[24,25]
gastric mucosa cells
. Furthermore, the expression
of CRH-R2 was found to be down-regulated in the
[26]
biopsy specimens of UC patients
and CRH-deficient
mice are unable to initiate healing responses after acute
[27]
experimental colitis , suggesting a role for the CRH
peptide family, especially CRH-R2, in mucosal repair
mechanisms.
Tong-Xie-Yao-Fang (TXYF) is a prescription in
traditional Chinese medicine, used for relieving abdo
minal pain and diarrhea. TXYF has also been shown
to be involved in the reconstruction of the intestinal
epithelial barrier and to promote the healing of mucosa
[28,29]
in UC
. While the mechanism is not understood, it
is thought to target and intervene with CRH-R2. This
regulates the migration, proliferation and apoptosis of
[30,31]
epithelial cells, like the role of Ucn2
.
The overall aim of the present investigation was to
determine whether CRH-R2 regulates mucosal repair
on dextran sulfate sodium (DSS)-induced colitis in mice
and to examine the relationship between TXYF and
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Table 1 Criteria for disease activity index
Score
0
1
2
3
4

Weight loss, % Stool consistency Bloodstain or gross bleeding
None
1-5
5-10
10-15
> 15

Normal
Loose stool
Diarrhea

Negative
Positive
Gross bleeding

CRH-R2 signaling.

MATERIALS AND METHODS
TXYF composition and dosage preparation

TXYF was prepared with large head atractylodes
rhizome (Rhizoma Atractylodis Macrocephalae), white
peony root (Radix Paeoniae Alba), dried tangerine
peel (Pericarpium Citri Reticulatae) and divaricate
[32]
saposhnikovia root (Radix Saposhnikoviae) , which
were used in a 15:12:6:10 proportion. Raw components
were soaked in an 8-fold volume of distilled water for 1
h and boiled twice for 0.5 h each time. Two of the boiled
ingredients were filtered, mixed together, concentrated
at a 1:1 ratio (100% concentration), and stored at 4 ℃
for later use.

Animal modeling and drug treatment

Male CD-1(ICR) mice (8-10 wk old) were purchased
from Shanghai Xipuer-bikai Experimental Animal Co.,
Ltd., (Shanghai, China) and housed 1 wk under a 12 h
light/dark cycle at 22-24 ℃ with 50%-60% humidity
and a noise level < 50 d. Prior to experimentation,
mice were allowed free access to food and tap water.
All the procedures involving animals were conducted
in accordance with the ethical principles adopted by
the Animal Experimental Center of Zhejiang Chinese
Medical University and were approved by the Ethics
Committee on Animal Experiments at Zhejiang Chinese
Medical University.
Mice (n = 110) were randomized into 11 assigned
groups as follows: control group (n = 10), DSS group
(n = 10), DSS + Astressin (Ast)2B group (Ast2B group;
n = 10), DSS + Ucn2 group (Ucn2 group; n = 10),
DSS + Ast2B + Ucn2 group (Ast2B + Ucn2 group; n
= 10), DSS + Ast2B + low-dose (2.8 g/kg•d) aqueous
TXYF extract group (Ast2B + TXYF-L group; n = 10),
DSS + Ast2B + medium-dose (5.6 g/kg•d) aqueous
TXYF extract group (Ast2B + TXYF-M group; n = 10),
DSS + Ast2B + high-dose (11.2 g/kg•d) aqueous TXYF
extract group (Ast2B + TXYF-H group; n = 10), DSS
+ low-dose (2.8 g/kg•d) aqueous TXYF extract group
(TXYF-L group; n = 10), DSS + medium-dose (5.6
g/kg•d) aqueous TXYF extract group (TXYF-M group;
n = 10), and DSS + high-dose (11.2 g/kg•d) aqueous
TXYF extract group (TXYF-H group; n = 10). Colitis
was induced in mice by administering 3% (w/v) DSS
(MP Biomedicals, Inc., Aurora, OH, United States) in
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Table 2 Histological score to quantify the degree of colitis
Score

Inflammation

Depth of lesions

Destruction of crypt

Width of lesions, %

None
Slight
Moderate
Severe
-

None
Mucosa
Mucosa and submucosa
Transmural
-

None
Basal 1/3 damaged
Basal 2/3 damaged
Intact epithelium only
Total crypt and epithelium

1-25
26-50
51-75
76-100

0
1
2
3
4

Immunohistochemistry and imaging

their drinking water for 7 d. On days 8 to 16, mice
were switched to normal water. Additionally, the mice
treated with Ast2B were injected daily with the CRH-R2
antagonist Ast2B (Sigma-Aldrich, St. Louis, MO, United
States) administered intraperitoneally (20 µg/kg). The
mice treated with Ucn2 received an intraperitoneal
injection of Ucn2 (Peptide Institute Inc., Osaka,
Japan) (30 µg/kg). The mice treated with TXYF were
administered the aqueous TXYF extract. The doses of
2.8 g/kg•d, 5.6 g/kg•d, and 11.2 g/kg•d aqueous TXYF
extract represented an equivalent of 0.5 ×, 1.0 × and 2.0
× for the human adult dosage.

Formalin-fixed, paraffin-embedded colons were
sectioned (1 µm) and stained with a Ki-67 antigen
(dilution 1:100; AF0198; Affinity Biosciences, Cincinnati,
OH, United States) or terminal deoxynucleotidyl
transferase dUTP nick-end labeling (TUNEL) with the
Apop-Tag Plus Peroxidase in situ cell death detection
kit, POD (11684817910; Roche, Basel, Switzerland)
according to the manufacturer’s instructions. To
quantify Ki-67 immunoreactivity and TUNEL, pixelbased quantification of staining intensity was performed
with Image-ProPlus 6.0 software. Stained sections were
observed under a 40 × objective lens.

Disease activity index

In vivo intestinal permeability

Intestinal disease activity was assessed based on weight
loss, the presence of diarrhea accompanied by blood and
[33]
mucus, and colonic shortening . DAI was calculated by
scoring weight loss, diarrhea and rectal bleeding, based
on a previous scoring system (Table 1) described by
[34]
Murthy et al
with little modification. Weight loss was
defined as the difference between the initial and final
weights. Diarrhea was defined by the absence of fecal
pellet formation and the presence of continuous fluid
fecal material in the colon. Rectal bleeding was assessed
based on the presence of diarrhea containing visible
blood and on the presence of gross rectal bleeding, and
was scored as diarrhea. Disease activity index (DAI)
values were calculated using the following formula:
DAI = [(weight loss score) + (diarrhea score) + (rectal
bleeding score)]/3. The clinical parameters used in the
present study were chosen to represent the subjective
clinical symptoms observed in human UC.

The intestinal permeability was measured by de
termination of the amount of FITC-dextran (molecular
weight 4.0 kDa; Sigma-Aldrich) in blood after oral
[36]
administration, as described previously . Briefly, mice
were fasted overnight and FITC-dextran solution (4
kDa, 600 mg/kg) was administered. Blood samples
were obtained after 3 h, centrifuged at 10000× rpm for
5 min, and serum was collected. Serum levels of FITC
were read at 483 nm and 525 nm on a full wavelength
multifunctional enzyme spectrometer (Varioskan Flash,
Thermo Fisher Scientific, Waltham, MA, United States).

Real-time quantitative PCR

RNAiso Plus (9108; Takara Bio, Inc., Shiga, Japan) was
used to extract RNA from frozen tissue samples, and
the concentration of RNA was measured using a trace
nucleic acid analyzer (Thermo Fisher Scientific). RNA
was reverse-transcribed to cDNA using a PrimeScript
RT reverse transcription kit (RR036A; Takara Bio, Inc.).
Quantitative real-time PCR was carried out by ABI 7500
real-time PCR system (7500; Applied Biosystems of
Thermo Fisher Scientific). Primers were designed and
synthesized by Shenggong Biology and Engineering
Co., Ltd. (Shanghai, China) (Table 3). β-actin was used
-ΔΔCT
as the normalization control, and the 2
method
was used to calculate the relative expression of target
genes.

Histological process

Sections of colon fixed in 10% formalin, paraffinembedded and stained with hematoxylin and eosin
were used for histological scoring. The sections were
graded by two blinded investigators, using a range
from 0 to 3 as to amount of inflammation (acute and
chronic) and depth of inflammation and with a range
from 0 to 4 as to the amount of crypt damage or
[35]
regeneration, as indicated in Table 2 . These changes
were also quantified as to the percent involvement by
the disease process: (1) 1%-25%; (2) 26%-50%;
(3) 51%-75%; (4) 76%-100%. Histological score was
calculated using the following formula: histological
colitis score = inflammation + depth of lesions +
destruction of crypt + width of lesions.
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TNF-α, CXCL-1 and IL-6 measurement

CXCL-1 level and IL-6 level were measured by mouse
TNF-α enzyme-linked immunosorbent assay (ELISA)
kit, mouse CXCL-1 ELISA kit and Mouse IL-6 ELISA
kit (Shanghai WesTang Bio-Tech Co., Ltd., Shanghai,
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Table 3 Primer sequences and amplification length
Gene
TNF-α
CXCL-1
IL-6
β-actin

Primer sequences

Amplification length

Forward: 5’-GCCTATGTCTCAGCCTCTTCTC-3’
Reverse: 5’-TGGTGGTTTGCTACGACGTG-3’
Forward: 5’-TCACCTCAAGAACATCCAGAGC-3’
Reverse: 5’-ACTTGGGGACACCTTTTAGCAT-3’
Forward: 5’-TCTCTGCAAGAGACTTCCATCC-3’
Reverse: 5’-TTCCACGATTTCCCAGAGAACA-3’
Forward: 5’-AGATCAAGATCATTGCTCCTCC-3’
Reverse: 5’-GGTGTAAAACGCAGCTCAGTAA-3’

22
20
22
22
22
22
22
22

TNF-α: Tumor necrosis factor-alpha; CXCL-1: Chemokine (C-X-C motif) ligand-1; IL-6: Interleukin-6; β-actin: Beta-actin.
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CON

Ucn2

Ast2B + Ucn2
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TXYF-H

DSS

TXYF-M

Ast2B + TXYF-L

Ast2B + TXYF-M

TXYF-L

Ast2B + TXYF-H

Figure 1 Inhibition of CRH-R2 signaling aggravates symptoms of DSS-induced colitis in mice. A: Mice body weights measured for 16 d, and shown as
percentage of weight change; B: Colon length; C: Representative photographs of colon lengths; D: DAI; E: Histological scores were evaluated on the 16th day; F:
Representative images of hematoxylin-eosin staining histology. Data are presented as mean ± standard deviation, n = 6-10 per group, scale bar = 200 μm. aP < 0.001
vs control group; gP < 0.05, bP < 0.001 vs DSS group; cP < 0.001 vs Ucn2 group; hP < 0.05 vs TXYF-L group; fP < 0.01, dP < 0.001 vs TXYF-M group; iP < 0.05, eP < 0.001
vs TXYF-H group. CRH-R2: Corticotropin-releasing hormone-receptor 2; DAI: Disease activity index; DSS: Dextran sulfate sodium; TXYF: Tong-Xie-Yao-Fang.

China), respectively. All assays were conducted by
following the manufacturer’s instruction.

(Figure 1B). DAI score and histological score were used
to evaluate the severity of UC in mice. The mice in the
Ast2B group exhibited significantly higher DAI scores
(3.61 ± 0.53 vs 2.42 ± 0.32, P < 0.05) (Figure 1D)
and histological scores (11.50 ± 1.05 vs 8.33 ± 1.03,
P < 0.05) (Figure 1E) compared to the mice in the DSS
group.
Interestingly, mice treated with Ucn2 after DSSinduced colitis showed a smaller degree of body weight
loss (P < 0.001) (Figure 1A), longer colon length (9.58
± 0.62 cm vs 6.21 ± 0.34 cm, P < 0.001) (Figure 1B),
lower DAI (0.87 ± 0.55 vs 2.42 ± 0.32, P < 0.001)
(Figure 1D) and improved histological scores (4.33 ±
1.50 vs 8.33 ± 1.03, P < 0.05) (Figure 1E) compared
to the mice in the DSS group. However, a significant
statistical difference was found between the Ast2B +
Ucn2 group and the Ucn2 group (Figure 1A-F).

Statistical analysis

All analyses were performed using SPSS 24.0 statistical
software (IBM Corp., Armonk, NY, United States).
Comparisons between groups were performed using
one-way analysis of variance (ANOVA), followed by
Scheffe post hoc test for multiple comparisons, other
wise a Dunnett’s T3 method was used. All data are
expressed as the mean ± SD. P < 0.05 was considered
statistically significant.

RESULTS
Inhibition of CRH-R2 signaling aggravates the symptoms
of DSS-induced colitis in mice

We first assessed the involvement of CRH-R2 signaling
in mucosal repair after colitis by administering the
CRH-R2 antagonist Ast2B to mice after induction of
DSS colitis. Mice received an intraperitoneal injection of
Ast2B daily for 9 d after withdrawal of DSS, and body
weight loss, DAI, colon length and histological score
were monitored.
Compared with the DSS group, mice treated with
the CRH-R2 antagonist Ast2B showed more body
weight loss (P < 0.05) (Figure 1A) and shorter colon
lengths (4.90 ± 0.32 cm vs 6.21 ± 0.34 cm, P < 0.05)

WJG|www.wjgnet.com

Inhibition of CRH-R2 signaling increases secretion of
inflammatory cytokines in colon tissues of DSS-induced
UC mice

The levels of proinflammatory factors such as TNF-α,
CXCL-1 and IL-6 in mouse colon tissues were detected
by real time-PCR and ELISA. Compared with the
DSS group, the Ast2B group showed significantly upregulated mRNA expression of TNF-α (6.19 ± 0.51 vs
3.87 ± 0.98, P < 0.05) (Figure 2A), CXCL-1 (10.77 ±
2.55 vs 5.08 ± 0.76, P < 0.05) (Figure 2B),and IL-6
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Figure 2 Inhibition of CRH-R2 signaling increases secretion of inflammatory cytokines in colon tissues of DSS-induced ulcerative colitis mice. A-C: Real
time-PCR-assessed mRNA level of TNF α (A), CXCL-1 (B) and IL 6 (C) in colon tissues. The mRNA level in each group was determined relative to the level in the
control group (defined as 100%); E-F: Enzyme-linked immunosorbent assay-detected protein levels of TNF α (D), CXCL-1 (E) and IL 6 (F) in colon tissues. Data are
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vs 22.51 ± 8.22, P < 0.05) (Figure 5L). Interestingly,
the Ucn2 group showed promoted colonic epithelial
cell proliferation (Figure 5L) and reduced epithelial cell
apoptosis (Figure 4L). However, significant statistical
differences were found between the Ucn2 group
and the Ast2B + Ucn2 group with regards to colonic
epithelial cell apoptosis and proliferation (P < 0.01 for
both).
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TXYF promotes mucosal repair in colitis mice by
regulating CRH-R2 signaling

4

FITC-dextran (μg/mL)

To obtain insight into the underlying mechanism re
sponsible for promoting mucosal repair of TXYF, DSSinduced colitis mice were pretreated with the CRH-R2
antagonist Ast2B, and later treated with various doses
of aqueous TXYF extracts.
Compared with the DSS group, the TXYF-H groups
had lower DAI scores (Figure 1D) and histological
scores (Figure 1E), and decreased body weight loss
(Figure 1A). TXYF-M,H groups, on the other hand,
had longer colon length (Figure 1B) and improved
intestinal permeability (Figure 3). Furthermore, TXYF
inhibited secretion of inflammatory cytokines in colon
tissues (Figure 2A-F) and promoted colonic epithelial
cell proliferation (Figure 5L), along with reducing
apoptosis (Figure 4L). However, the Ast2B + TXYF
groups showed significant statistical difference in DAI,
body weight loss, colon length and histological scores,
when compared with the TXYF groups. As for inhibiting
secretion of inflammatory cytokines, the Ast2B + TXYF
groups demonstrated significant differences within the
TXYF groups. Additionally, the Ast2B + TXYF groups
showed markedly improved intestinal permeability in
DSS-induced colitis compared with the TXYF groups,
respectively. In addition, the Ast2B + TXYF groups
demonstrated significant differences with the TXYF
groups in promoting colonic epithelial cell proliferation
and reducing epithelial cell apoptosis.
These results further confirm the idea that CRH-R2
signaling is the main mechanism of TXYF-mediated
mucosal repair in DSS-induced colitis in mice.

Figure 3 Inhibition of CRH-R2 signaling promotes intestinal permeability
in DSS-induced colitis. The FITC-dextran levels in serum were determined.
Data are presented as mean ± standard deviation, n = 6 per group. aP < 0.001
vs control group; gP < 0.05, bP < 0.001 vs DSS group; eP < 0.001 vs Ucn2
group; fP < 0.001 vs TXYF-L group; dP < 0.001 vs TXYF-M group; cP < 0.001
vs TXYF-H group. CRH-R2: Corticotropin-releasing hormone-receptor 2; DSS:
Dextran sulfate sodium; TXYF: Tong-Xie-Yao-Fang.

(5.93 ± 0.99 vs 3.55 ± 0.62, P < 0.05) (Figure 2C).
Meanwhile, the protein expression levels of TNF-α
(Figure 2D), CXCL-1 (Figure 2E) and IL-6 (Figure2F)
were increased markedly in the Ast2B group.
However, compared with the DSS group, the
Ucn2 group showed significantly decreased mRNA
expression of TNF-α (Figure 2A), CXCL-1 (Figure 2B)
and IL-6 (Figure 2C). Simultaneously, the Ucn2 group
demonstrated reduced protein expression of TNF-α
(Figure 2D), CXCL-1 (Figure 2E) and IL-6 (Figure
2F). Interestingly, the Ast2B + Ucn2 group showed
drastically increased mRNA and protein expression of
TNF-α, CXCL-1 and IL-6 compared with the Ucn2 group
(P < 0.05 for all).

Inhibition of CRH-R2 signaling promotes intestinal
permeability in DSS induced colitis

To determine the effect of CRH-R2 signaling on epithelial
permeability, we analyzed intestinal permeability in DSSinduced colitis model by measuring the concentration
of the serum FITC. The concentration of serum FITCdextran was higher in the Ast2B group than DSS group
(2.76 ± 0.11 μg/mL vs 1.47 ± 0.11 μg/mL, P < 0.05)
(Figure 3). However, the concentration of serum FITCdextran in the Ucn2 group was lower than DSS group
(0.75 ± 0.07 μg/mL vs 1.47 ± 0.11 μg/mL, P < 0.05)
(Figure 3). An obvious difference was observed between
the Ast2B+Ucn2 group and the Ucn2 group.

DISCUSSION
Mucosal healing is a desired therapeutic end-point
in the treatment of IBD; interventions that promote
restoration of the epithelial barrier are needed to limit
inflammation and to prevent future injury. Mucosal hea
[15]
ling consists of two processes . Firstly, intact cells in
the adjacent region migrate to the injured area; then,
the cells compensate for damaged cells by proliferation
and help to maintain normal thickness of the intestinal
epithelium. Therefore, the migration and proliferation
of intestinal epithelial cells are the key mechanisms for
the healing of epithelial defects after mucosal injury. In
addition, inhibiting apoptosis of intestinal epithelial cells
[37]
can promote the healing process of mucosa . It is
well known that intestinal epithelial barrier defects are

Inhibition of CRH-R2 signaling promotes colonic
epithelial cell apoptosis and reduces epithelial cell
proliferation

The effect of Ast2B on cell proliferation and cell death
was then determined. TUNEL staining was significantly
increased in the Ast2B group compared with the DSS
group (1422.39 ± 90.71 vs 983.01 ± 98.17, P < 0.001)
(Figure 4L). At the same time, the Ast2B group showed
significantly decreased cell proliferation (4.97 ± 4.25
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Figure 4 Inhibition of CRH-R2 signaling promotes colonic epithelial cell apoptosis in DSS-induced colitis. A-K: Representative images from TUNEL sections; L:
Quantification of TUNEL data. Data are presented as mean ± standard deviation, n = 6 per group, scale bar = 50 μm. dP < 0.001 vs control group; aP < 0.05, bP < 0.01,
c
P < 0.001 vs DSS group; eP < 0.001 vs Ucn2 group; gP < 0.01 vs TXYF-L group; hP < 0.01 vs TXYF-M group; fP < 0.001 vs TXYF-H group. CRH-R2: Corticotropinreleasing hormone-receptor 2; DSS: Dextran sulfate sodium; TUNEL: Terminal deoxynucleotidyl transferase dUTP nick-end labeling; TXYF: Tong-Xie-Yao-Fang.
[7,38]

characterized by increased intestinal permeability.
In the present study, it was found that selective
inhibition of CRH-R2 signaling can aggravate symptoms
of DSS-induced colitis, destroy the impaired intestinal
barrier function, promote colonic epithelial cell apoptosis
and reduce epithelial cell proliferation. After treatment
with Ucn2 and TXYF, DSS-induced mice demonstrated
ameliorated symptoms of DSS-induced colitis, improved
impaired intestinal barrier function, promoted colonic
epithelial cell proliferation and reduced epithelial cell
apoptosis. Moreover, Ucn2 and TXYF reduced the
expression of the proinflammatory factors TNF-α,
CXCL-1, and IL-6 in colon tissues.
Cytokines play a central role in the regulation of both
[38]
intestinal inflammation and mucosal repair mechanisms .
Treatments that neutralize the proinflammatory actions
of TNF-α promote mucosal healing and are a standard

WJG|www.wjgnet.com

of current IBD treatment paradigms
. In addition,
production of the key proinflammatory cytokine IL-6
correlates with the degree of active intestinal inflam
[39]
mation in IBD patients , further supporting the concept
that therapeutic interventions that modulate cytokine
production and/or release may promote mucosal repair
after inflammation. Taken together, these results indicate
that Ucn2 and TXYF promote mucosal repair.
Studies from others have found that CRH may be
involved in the maintenance of intestinal barrier integrity
by regulating autophagy in the intestinal epithelial
[18]
cells . Our previous studies also found that CRH could
induce an increase in intercellular permeability in the
[22]
intestinal epithelium . Some studies have also found
that CRH-R2 can activate the antiinflammatory response
of intestinal mucosa and exert an antiinflammatory
[23]
effect . In addition, activation of CRH-R2 can promote
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Figure 5 Inhibition of CRH-R2 signaling reduces epithelial cell proliferation in DSS-induced colitis. A-K: Representative images from Ki-67 immunoreactive
sections; L: Quantification of Ki-67 immunohistochemistry data. Data presented as mean ± standard deviation, n = 6 per group, scale bar = 50 μm. cP < 0.05, dP < 0.01
vs control group; aP < 0.05, bP < 0.01 vs DSS group. fP < 0.01 vs Ucn2 group; eP < 0.05 vs TXYF-L group; gP < 0.01 vs TXYF-M group; hP < 0.01 vs TXYF-H group.
CRH-R2: Corticotropin-releasing hormone-receptor 2; DSS: Dextran sulfate sodium; TXYF: Tong-Xie-Yao-Fang.

the migration and proliferation of colon cancer cells and
[24,25]
gastric mucosa cells
. Furthermore, the expression
of CRH-R2 has been reported as down-regulated in
[26]
biopsy specimens of UC patients and CRH-deficient
mice have been reported as unable to initiate healing
[27]
responses after acute experimental colitis .
These results suggest a role for the CRH peptide
family, especially CRH-R2, in mucosal repair mechanisms.
It is known that Ucn2 is a peptide which binds exclusively
to CRH-R2. Significant statistical differences were found
between the Ast2B group and the Ast2B + Ucn2 group.
Thus, a conclusion can be made that CRH-R2 activated
the intestinal mucosal antiinflammatory response by
regulating the migration, proliferation and apoptosis of
intestinal epithelial cells in colitis mice.
Subsequently, the efficacy of TXYF was assessed.

WJG|www.wjgnet.com

According to the theory of traditional Chinese medicine,
IBD belongs to “diarrhea, dysentery”. The principle of
treatment is focused on relieving pain and eliminating
dampness and diarrhea. TXYF is a classic formula in the
Jing yue quan shu (Jingyue’s Complete Book), which
consists of atractylodes rhizome (Rhizoma Atractylodis
Macrocephalae) head groups, white peony root (Radix
Paeoniae Alba), dried tangerine peel (Pericarpium
Citri Reticulatae), and divaricate saposhnikovia root
(Radix Saposhnikoviae). TXYF has been believed to be
effective in improving disorders of the digestive system
and alleviating abdominal pain, diarrhea, and has been
used widely as a medication to treat inflammatory
bowel syndrome and UC clinically, without inducing
[40-42]
hepatomegaly or splenomegaly
.
TXYF has also been shown to improve reconstruction
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scores. Diminished weight loss, longer colon length, reduced intestinal
permeability, inhibited secretion of inflammatory cytokines in colon tissue
and increased colonic epithelial cell proliferation were all observed. Reduced
apoptosis was also observed.

of the intestinal epithelial barrier and promote the
[28,29]
healing of mucosa in UC
. Our previous study found
that TXYF down-regulated CRH-R1 and up-regulated
CRH-R2. While the mechanism underlying TXYF pro
motion of mucosal repair is not well understood, it is
thought to intervene using CRH-R2 and to regulate the
migration, proliferation and apoptosis of epithelial cells,
[30,31]
like the role of Ucn2
.
Herein, we describe the selective inhibition of
CRH-R2 signaling in the intestinal mucosa of mice after
experimental colitis, along with TXYF treatment, leading
to exacerbated symptoms of DSS-induced colitis,
delayed healing, increased expression of proinflam
matory factors TNF-α, CXCL-1 and IL-6 in colon tissues,
decreased epithelial cell proliferation and promoted cell
apoptosis. These results suggest that TXYF promoted
the mucosal repair process of colitis mice by regulating
CRH-R2.
In conclusion, CRH-R2 activates the intestinal mucosal
antiinflammatory response by regulating the migration,
proliferation and apoptosis of intestinal epithelial cells
in colitis mice, and exerts an antiinflammatory effect.
The effects of TXYF on the mucosal repair process are
focused on regulating CRH-R2 in colitis mice.

Research conclusions

CRH-R2 activates the intestinal mucosal antiinflammatory response and plays
an important antiinflammatory role. TXYF promotes the mucosal repair process
in colitis mice.

Research perspectives

The CRH-R2 signaling pathway plays a pivotal role in mucosal healing in
experimental UC in mice. Mucosal healing is a desired therapeutic end-point
in the treatment of IBD. Thus, the findings of this study indicate a new potential
mechanism by which CRH-R2 treats UC. TXYF, which has fewer side effects
than other medicines, promotes the mucosal repair process of colitis mice
by regulating CRH-R2. Therefore, TXYF can be used in patients with UC to
promote their mucosal repair.
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Research motivation

Mucosal healing is a desired therapeutic end-point in the treatment of IBD.
However, the mechanism of mucosal healing is still unclear.
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To explore the significance of CRH-R2 in the mucosal healing of dextran sulfate
sodium (DSS)-induced colitis and study the effect of Tong-Xie-Yao-Fang (TXYF)
on CRH-R2.

Research methods

Ulcerative colitis (UC) was induced in mice by administration of 3% (w/v) DSS
for 7 d. Then, mice were administered urocortin (Ucn)-2 or various doses of
aqueous TXYF extracts, the CRH-R2 antagonist Astressin (Ast)2B, Ast2B +
Ucn2, or Ast2B with various doses of aqueous TXYF extracts for 9 d. The colitis
disease activity index (DAI) was assessed to evaluate the condition of colitis.
The expression level of Ki-67 represented the proliferation of colonic epithelial
cells. The expression levels of inflammation cytokines IL-6, TNF-α and CXCL-1
were examined by PCR and enzyme-linked immunosorbent assay.
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Research results

8

Compared with the DSS group, mice treated with the CRH-R2 antagonist
Ast2B showed greater loss of body weight, shorter colon lengths, and higher
DAI and histological scores. Additionally, the Ast2B group showed increased
intestinal permeability, improved secretion of inflammatory cytokines in colon
tissue and reduced colonic epithelial cell proliferation. Increased apoptosis was
also demonstrated. The Ucn2 group demonstrated lower DAI and histological
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sulfate sodium (DSS)-induced colitis. Proinflammatory
+
CD4 cells in DSS- and NaCl-treated mice are mainly
+
+
double-positive IL-17 IFN-γ T cells. Macrophage
depletion significantly alleviates DSS-induced colitis.
M1 macrophages play an important role in the
proinflammatory effect of NaCl in the mouse gut. NaCl
promotes M1 proinflammatory gene expression in
lipopolysaccharide-activated peritoneal macrophage.
The mechanism by which NaCl promotes DSS-induced
colitis involves up-regulation of the p38/MAPK axis.
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Abstract
AIM
To investigate the influence of high salt on dextran sulfate
sodium (DSS)-induced colitis in mice and explore the
underlying mechanisms of this effect.

Guo HX, Ye N, Yan P, Qiu MY, Zhang J, Shen ZG, He HY,
Tian ZQ, Li HL, Li JT. Sodium chloride exacerbates dextran
sulfate sodium-induced colitis by tuning proinflammatory and
antiinflammatory lamina propria mononuclear cells through
p38/MAPK pathway in mice. World J Gastroenterol 2018;
24(16): 1779-1794 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i16/1779.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i16.1779

METHODS
DSS and NaCl were used to establish the proinflammatory
animal model. We evaluated the colitis severity. Flow
cytometry was employed for detecting the frequencies
of Th1, macrophages and Tregs in spleen, mesenteric
lymph node and lamina propria. The important role of
macrophages in the promotion of DSS-induced colitis
by NaCl was evaluated by depleting macrophages
with clodronate liposomes. Activated peritoneal
macrophages and lamina propria mononuclear cells
(LPMCs) were stimulated with NaCl, and proteins
were detected by western blotting. Cytokines and
inflammation genes were analyzed by enzyme-linked
immunosorbent assay and RT-PCR, respectively.

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic and
recurrent disease, usually manifesting as ulcerative
[1]
colitis and Crohn’s disease (CD) . IBD is a high-risk
factor for colorectal cancer and it is a serious threat
to the human health globally. Although its etiology is
presently unclear, findings yielded by extant studies
indicate that IBD is a complex process involving
[2-5]
heredity, environment and immunity .
Innate and adaptive immune cells play different roles
in IBD pathogenesis. Results obtained in a large number
of studies have shown that Th17, Th1, regulatory T
cells (Tregs) and macrophages play important roles in
IBD pathogenesis. For instance, the number of Th17
cells increases significantly in mucosa lamina propria
(LP) of colitis patients, whereby interleukin (IL)-17 is
produced, resulting in mucosal damage and enhancing
[6,7]
disease activity . Th1 polarization is related to colonic
inflammation, through its induction of IFN-γ and TNF-α
production, whereas the differential propensity to
develop colitis is linked to the inherent tendency of
the immune system to give rise to Th1 or Th17/Treg
[8]
responses . Tregs, which are very important regulatory
T cells, express IL-10 highly and inhibit inflammation
[9]
in IBD . Macrophages in the intestinal mucosa of
colitis patients can secrete the cytokines TNF-α, IL-1
[10]
and IL-6 . Intestinal macrophages are the major
population of antigen presenting cells in intestinal
mucosa and they shape the types of T cell response to
[11]
luminal antigens .
Sodium chloride mediates the inflammatory effects
of immune cells that are very important to IBD. NaCl
exacerbates experimental autoimmune encephalo
[12]
myelitis in mice by promoting Th17 cell differentiation .
High salt content strengthens the lipopolysaccharides
(LPS)-induced macrophage activation by activating

RESULTS
The study findings indicate that NaCl up-regulates the
+
+
frequencies of CD11b macrophages and CD4 IFN+
+
γ IL-17 T cells in lamina propria in DSS-treated mice.
+
+
+
+
CD3 CD4 CD25 Foxp3 T cells, which can secrete high
levels of IL-10 and TGF-β, increase through feedback in
NaCl- and DSS-treated mice. Furthermore, clodronate
liposomes pretreatment significantly alleviated DSSinduced colitis, indicating that macrophages play
a vital role in NaCl proinflammatory activity. NaCl
aggravates peritoneal macrophage inflammation by
promoting the expressions of interleukin (IL)-1, IL-6
and mouse inducible nitric oxide synthase. Specifically,
high NaCl concentrations promote p38 phosphorylation
in lipopolysaccharide- and IFN-γ-activated LPMCs
mediated by SGK1.
CONCLUSION
Proinflammatory macrophages may play an essential
role in the onset and development of NaCl-promoted
inflammation in DSS-induced colitis. The underlining
mechanism involves up-regulation of the p38/MAPK axis.
Key words: inflammatory bowel disease; macrophage;
+
+
+
NaCl; CD4 IFN-γ IL-17 T cell; p38/MAPK
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: NaCl, as an indispensable environmental
factor, evokes both innate and adaptive immune proin
flammation cell activation in mice affected by dextran
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signaling pathways of p38 and ERK1 to induce the
[13]
production of proinflammatory factors . Extant studies
have shown that the high-salt diet promotes Th17 cell
activation in LP and exacerbates experimental colitis
[14,15]
in mice
. However, high-salt diet effect on other
immune cells, such as Th1, Tregs and macrophages,
which are also associated with pathopoiesis in IBD, is
still unclear. Macrophage activation plays a pivotal role
in inﬂammation initiation and progression in diverse
pathological conditions. Findings obtained in our previous
research indicate that, in mice treated with clodronate
liposomes (MDP), gut macrophages were successfully
depleted. Macrophage depletion could protect mice
against colitis induced by dextran sulfate sodium (DSS),
suggesting that the macrophages play an important role
in colitis pathogenesis.
In the present study, we hypothesized that NaCl
promotes the onset and course of DSS-induced colitis,
as well as sustains the disease. The promotion effect
may be due to monocyte-macrophages shifting the
T cell response toward Th17, Th1 and Treg cells. We
tested this hypothesis in a DSS-induced colitis mouse
model, which shares many characteristics with human
[16,17]
ulcerative colitis
. We found that NaCl promoted
+
both macrophages and CD4 proinflammatory cell
+
immune response, whereby CD4 proinflammatory cells
+
+
+
were mainly CD4 IFN-γ IL-17 T cells. NaCl enhanced
the proinflammatory gene expression and cytokine
secretion in the colons of mice affected by colitis.
Depletion of gut macrophages significantly alleviated
DSS-induced colitis, suggesting that macrophages play
a vital role in the NaCl proinflammation process. High
NaCl enhanced M1 proinflammation gene expression
in LPS-activated peritoneal macrophages. Therefore,
colitis promoted by high NaCl levels may be a result of
M1 macrophage polarization. M1 polarization shifts T
+
+
+
cell response toward proinflammatory CD4 IFN-γ IL-17
T cells. High NaCl proinflammation in LPS- and IFN-γactivated lamina propria mononuclear cells (LPMCs)
relies on up-regulation of the p38 mitogen-activated
protein kinase (p38/MAPK) axis.

containing 2% NaCl (Sinopharm Chemical Reagent,
China) and/or water containing 2.5% DSS (160110;
MP Biomedicals, United States) for 10 d. The intestinal
macrophages were depleted using MDP (van Rooijen
and van Kesteren-Hendrikx, 2003, clodronateliposomes.
[18]
org, Holland) . Briefly, 200 μL MDP was injected i.p.
into mice 4 d prior to the onset of inflammation and
on days -1, 1, 3 and 5 during the 2.5% DSS and 2%
NaCl treatment. The disease activity index (DAI), which
was used for the clinical scoring of stool consistency,
bleeding and weight loss, served as the measure of
colitis severity. The criteria for grading the DAI were
[19]
adopted from elsewhere .

Cell isolation

Spleen (SP) and mesenteric lymph node (MLN) cells
from each mouse in all groups were separated by
grinding on filters. SP red blood cells were lysed using
red blood cell lysis buffer (C3702; Beyotime, China).
Single cell suspensions of SP and MLN were obtained
through filters. Cells were washed twice with phosphatebuffered saline (PBS) (Zhongshanjinqiao, China)
containing 2% fetal calf serum (FBS; as 2% FBS/PBS)
(Gibco, Life Technologies, United States) through
centrifugation.
Cell pellets were resuspended in the 2% FBS/PBS
and were kept on ice for later use. Intestinal LPMCs
were isolated in accordance with the Lamina Propria
Dissociation Kit instructions (130-097-410; Miltenyi
Biotec, Germany). Cell pellets were resuspended in 40%
percoll (Ruitaibio, China) and added slowly to the upper
part of centrifuge tubes, which had 5 mL of 80% percoll
at the bottoms. LPMCs were obtained by washing twice
with 2% FBS/PBS after density gradient centrifuging at
420 g for 20 min.

Flow analysis

The isolated cells from SP, MLN and LP from each
experimental group were cultured in 96-well U plates
in 0.2 mL 1640 medium containing 1% penicillinstreptomycin (C0222; Beyotime) and 10% FBS
with ionomycin (I) (1 μg/ml) (S1672; Beyotime),
phorbol 12-myristate 13-acetate (PMA) (25 ng/ml)
(S1819; Beyotime) and Brefeldin A (BFA) (10 μg/mL)
(51-2092KZ; BD Bioscience, United States) for 6 h. The
cells were collected and preblocked by Fc receptors for
20 min. Cell-surface staining was performed using PE-,
FITC-, APC- or percp-conjugated anti-CD4, CD3, CD25
or CD11b (eBioscience, United States). Intracellular
staining was performed using the FITC-conjugated antimouse IFN-γ, PE-conjugated anti-mouse IL-17 or Foxp3
(eBioscience). The intracellular or nuclear staining
for IFN-γ, IL-17 and Foxp3 analysis was performed
according to the BD Bioscience protocol.

MATERIALS AND METHODS
Animal treatment

For this study, 8- to 10-wk-old female C57BL/6J mice
were purchased from the Animal Center of Third Military
Medical University (Army Medical University). Mice were
housed at 24 ℃, under light-controlled cycle (12 h) and
with free access to standard laboratory water and food.
All processes were supported by the Committee on Use
and Care of Laboratory Animals at Third Military Medical
University (Army Medical University).

Establishment of the animal model with DSS and NaCl

LPMC stimulation

Mice purchased from the Animal Center were allowed
at least 7 d to adapt to the environment before being
randomly divided into four groups. They received water
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Isolated LPMCs were cultured at a concentration of
6
5 × 10 cells/mL for 24 h, after which the culture
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supernatants were collected and cytokine levels were
analyzed by enzyme-linked immunosorbent assay
(ELISA) or were stimulated using different NaCl con
centrations (5, 10, 20, 40, 60 or 80 mmol/L) in the
presence of 100 ng/ml LPS (Sigma, United States) and
20 ng/ml IFN-γ (Sigma) with SB20358 (p38 inhibitor)
or DMSO (ST038; Beyotime) for 24 h. The cells were
detected by western blot (WB) or real time-PCR (RT-PCR).

were incubated at 37 ℃ for 2 h after being washed three
times with PBS containing 0.05% tween-20 (PBST).
Biotinylated antibodies were incubated at 37 ℃ for 1 h
after being washed with PBST three times. Horseradish
peroxidase-conjugated antibody was incubated at 37 ℃
for 30 min after being washed with PBST five times. The
reaction of detection reagent at 37 ℃ required 15 min
after the unbounded antibody was removed by washing
with PBST five times. The plate was analyzed at 450 nm
wavelength after terminating the reaction with the stop
solution.

Mouse peritoneal macrophage preparation

Mice were injected intraperitoneally with 2 mL of 4%
sterile thioglycollate medium (Becton Dickinson, United
[20]
States) . Peritoneal macrophages were obtained by
washing the peritoneal cavity with 8 mL PBS containing
1% penicillin-streptomycin per mouse. Peritoneal
macrophages were centrifuged and resuspended in
DMEM (Gibco, Thermo Fisher Scientific, United States)
containing 10% FBS and 1% penicillin-streptomycin.
Next, peritoneal macrophages were seeded in 24-well
plates (Corning, United States) and nonadherent cells
were removed 4 h after seeding by washing with
[21]
medium . Once adhered to the culture plates, cells
were stimulated with NaCl (10, 20, 40, 60 or 80 mmol/L)
and 100 ng/ml LPS for 24 h. Finally, cells were collected
for gene expression evaluation.

Colon culture

Histology and immunohistochemistry

Colon tissues were fixed with 4% paraformaldehyde
before being embedding in paraffin. To assess
inflammation, colon tissue cross sections were stained
with hematoxylin and eosin (HE). Sections were
incubated with rabbit anti-mouse inducible nitric oxide
synthase (iNOS) antibody labeled with FITC (orb14179;
Biorbyt, United Kingdom) and rabbit anti-mouse
F4/80 antibody labeled with PE (123109; Biolegend).
All immunofluorescence images were taken by a
fluorescence microscope (Leica, Germany) under the
same exposure and intensity settings.

Western blotting

Proteins were extracted by RIPA lysis buffer containing
protease inhibitor cocktail. The protein concentration
was detected using the Protein Concentration Kits
(P0012; Beyotime) and the samples were boiled for 5
min at 98 ℃. Then, 30 μg of protein for each sample
was separated with SDS-PAGE. Next, proteins were
electrotransferred onto a nitrocellulose membrane (GE
Healthcare, Sweden) and were blocked with 5% BSA in
TBS-0.05% Tween-20 (TBST) at room temperature for
2 h. The membrane was subsequently incubated with
GAPDH (1:1000) (Santa Cruz Biotechnologies, United
States), p38 or phosphorylated p38 (1:250) (Abcam,
United States) at 4 ℃ for 16 h. The membrane was
washed with TBST before being incubated at room
temperature for 1 h with antibody conjugated with
horseradish peroxidase (1:2000) (Zhongshanjinqiao,
China). Antibody binding was detected with the ECL
substrate (170-5060; Bio-Rad) after washing with
TBST. The optical density of bands was analyzed using
ImageJ 1.42 software (United States).

[22,23]

Colon tissues were cultured as previously described
.
Briefly, after cutting longitudinally, colon tissues were
washed with PBS for removing intestinal contents
and were cut into 1-cm segments. These pieces were
cultured in 24-well plates in 2 mL of RPMI1640 medium
(Gibco, Life Technology, Shanghai, China) containing
1% penicillin-streptomycin for 24 h. Supernatant was
obtained by centrifuging at 10000 g at 4 ℃ for 10 min
and was immediately stored at -80 ℃ until required for
further ELISA detection.

RNA isolation and RT-PCR

RNAs of cells and tissues were extracted by Trizol
(Ambion, Life Technology, United States). RNA was
transcribed into cDNA using reverse transcription kits
(RR047A; Takara, Japan). Quantitative RT-PCR was
performed using Bio-Rad instruments (United States)
in duplicates with the reagent SYBR Green (RR820A;
Takara) to measure the products. Gene expression was
analyzed using the comparative Ct method and was
normalized to GAPDH, which served as internal control.
The primer sequences are shown in Table 1.

Statistical analysis

All data were expressed as mean ± SD. GraphPad Prism
5.00 software for Windows (United States) was used for
data analysis. Statistical results were evaluated using
unpaired Student’s t-test or ANOVA, and P < 0.05 was
considered statistically signiﬁcant.

ELISA

Cytokine content was expressed in pg/ml. Abs,
including purified and biotinylated antimouse, and
related reagents were purchased from eBioscience.
Briefly, 2 μg/ml capture antibody diluted with coat
buffering was incubated at 4 ℃ overnight in 96-well
plates (Corning) and was blocked with 5% bovine
serum albumin (BSA) (Sigma) at 37 ℃ for 2 h. Samples
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RESULTS
NaCl aggravates DSS-induced colitis in mice

To determine the influence of NaCl on enteritis, mice
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Table 1 Primers used in the real time-PCR
Gene name
GAPDH
IL-1β
IL-1α
IL-6
IFN-γ
Arg1
iNOS
IL-10
TNF-α
IL-17α
SGK1

Primer sequences
Sense
Anti-sense
Sense
Anti-sense
Sense
Anti-sense
Sense
Anti-sense
Sense
Anti-sense
Sense
Anti-sense
Sense
Anti-sense
Sense
Anti-sense
Sense
Anti-sense
Sense
Anti-sense
Sense
Anti-sense

5’-AGGTCGGTGTGAACGGATT-3’
5’-AATCTCCACTTTGCCACTGC-3’
5’-TGGTGTGTGACGTTCCCATTA-3’
5’-CAGCACGAGGCTTTTTTGTTG-3’
5′-CGCCAATGACTCAGAGGAAGA-3′
5′-GGCGTCATTCAGGATGAATTC-3′
5’-ACAACCACGGCCTTCCCTACTT-3’
5’-CACGATTTCCCAGAGAACATGTG-3’
5’-CTGCTGATGGGAGGAGATGT-3’
5’-ATTTGTCATTCGGGTGTAGTCA-3’
5’-CTCCAAGCCAAAGTCCTTAGAG-3’
5’-GGAGCTGTCATTAGGGACATCA-3’
5’-ACATCGACCCGTCCACAGTAT-3’
5’-CAGAGGGGTAGGCTTGTCTC-3’
5’-GCTCTTACTGACTGGCATGAG-3’
5’-CGCAGCTCTAGGAGCATGTG-3’
5’-CTGAACTTCGGGGTGATCGG-3’
5’-GGCTTGTCACTCGAATTTTGAGA-3’
5′-TGTGAAGGTCAACCTCAAAGTCT-3’
5′-GAGGGATATCTATCAGGGTCTTCAT-3′
5′-CTGCTCGAAGCACCCTTACC-3′
5′-TCCTGAGGATGGGACATTTTCA-3′

were given 2.5% DSS and/or 2% NaCl. Mice that
received both NaCl and DSS started losing weight from
day 5 and subsequently exhibited greater weight loss
compared to the DSS group (Figure 1A). Moreover,
the death rate in the DSS + NaCl group was markedly
higher than in the DSS group (Figure 1B). Compared to
other groups, colons of mice in the DSS + NaCl group
became shorter (Figure 1C). HE staining displayed
obvious inflammatory cell infiltration in both groups, but
the DSS + NaCl group exhibited more inflammatory cell
infiltration in colon tissues than the DSS group (Figure
1D). These findings suggest that NaCl aggravated
inflammation in DSS-induced colitis.

was up-regulated the most (Figure 2B). These findings
+
+
+
suggest that CD4 IFN-γ IL-17 T cells are crucial in the
inflammation promotion by NaCl in DSS-treated mice.
Cytokines IFN-γ, IL-17α, IL-1α, IL-6 and TNF-α
secreted by colon tissues were detected by ELISA, and
the gene expression of colon tissues from the animal
model was measured by RT-PCR. Compared to the DSS
group, IFN-γ, IL-17α, IL-1α, IL-1β, IL-6 and TNF-α were
all higher in the DSS + NaCl group (Figure 2C and D).
Therefore, high NaCl levels up-regulate inflammation
gene expression and promote the secretion of multiple
proinflammatory cytokines in mice affected by DSSinduced colitis.

NaCl up-regulates the frequency of CD4+IFN-γ+IL17+
T cells and promotes the secretion of inflammatory
cytokines in mice with DSS-induced colitis

NaCl up-regulates macrophage frequency in DSStreated mice

Macrophages play a crucial role in the Th1 and Th17
responses, and are also important regulators of salt
[26]
homeostasis . To determine the effect of NaCl on
macrophages in mice affected by colitis, we detected
+
the frequency of CD11b macrophages in mice that
received DSS and/or NaCl by flow cytometry. We
observed that the macrophages increased significantly
in the LP, MLN and SP of the DSS + NaCl group com
pared to those of the DSS group (Figure 3A). The
+
increased CD11b macrophages were mainly located
in intestinal LP and MLN (Figure 3B). These findings
indicate that the macrophages also participate in the
NaCl proinflammation activities in DSS-induced colitis.

+

Increasing evidence indicates that CD4 T cells play
a crucial role in the pathogenesis of chronic intestinal
inflammation, and related cytokines (such as IFN-γ,
IL-6, IL-17A and TNF) are highly expressed in the
[24,25]
inflamed mucosa of IBD patients
. To explore the
+
influence of NaCl on CD4 T cells in colitis-affected mice,
+
+
+
the CD4 IFN-γ IL-17 T cell subsets were detected.
Compared to the DSS group, the flow cytometry
+
+
analysis indicated that frequencies of CD4 IL-17 and
+
+
CD4 IFN-γ T cell subsets were markedly up-regulated
in the DSS + NaCl group (Figure 2A). NaCl promotion of
the DSS-induced colitis development is associated with
+
+
+
+
both CD4 IL-17 and CD4 IFN-γ T cells in LP, MLN and
+
SP. In addition, the frequencies of inflammatory CD4
+
+
T cells (IL-17 and IFN-γ single-positive T cells and
+
+
IFN-γ IL-17 double-positive T cells) in the DSS + NaCl
group were higher than in the DSS group. It is also
+
+
noteworthy that the frequency of CD4 IFN-γ T cells
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Tregs increase through feedback in the development of
NaCl aggravating inflammation associated with DSSinduced colitis

Tregs play an important role in the maintenance
of intestinal mucosal homeostasis by suppressing
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abnormal immune response against dietary antigens
[8]
or commensal flora . To explore the changes in Tregs
in the mice that received DSS and NaCl, we detected
+
+
+
+
CD3 CD4 CD25 Forp3 T cells by flow cytometry and
observed that their levels were higher in the DSS + NaCl
group than in the DSS group (Figure 4A). The increased
Tregs were mainly distributed in the LP and MLN, while
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their prevalence in SP did not change significantly (Figure
4B). To explore the influence of NaCl on Tregs in DSSinduced colitis, we evaluated cytokine levels in culture
supernatants of LPMCs by ELISA. The results yielded
by the analyses indicate that NaCl induces LPMCs to
secrete TNF-α, IL-1α, IL-6 and IL-17, which are critical
Th17 cell-related cytokines. Moreover, NaCl promotes
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the secretion of TGF-β and IL-10, which are significant
antiinflammatory cytokines secreted by Tregs (Figure
4C). These findings show that Tregs’ levels also increase
as a result of inflammation promotion by NaCl in mice
with DSS-induced colitis.

(Figure 6). Thus, we posit that macrophage depletion
can reduce colitis severity in mice.

High NaCl promotes M1 macrophage polarization in
vitro

Macrophages in both peritoneal cavity and gastroin
[28]
testinal tract are linked to IBD . Different NaCl con
centrations (10, 20, 40, 60 and 80 mmol/L) were used
to stimulate the macrophages from the abdominal
cavity and the gene expression was detected by RTPCR. Our findings indicate that IL-1β, IL-6 and iNOS,
which usually exhibit proinflammatory roles, gradually
increased as the NaCl concentration increased (Figure
7A-C). It is worth noting that IL-10 and Arg1, which
are M2 macrophage markers, increased modestly at
low NaCl concentrations, whereas their expression
markedly increased at 40 mmol/L and above (Figure 7D
and E). These results display that high NaCl levels pro
mote LPS-activated peritoneal macrophages toward M1
polarization.

Macrophages play a critical role in NaCl aggravating
DSS-induced colitis

Extant studies have shown that MDP can deplete
[27]
macrophages in mice . We used MDP to deplete
the macrophages in mice during the DSS and NaCl
treatments to determine their role in the promotion of
DSS-induced colitis by NaCl (Figure 5A). We observed
that macrophage depletion by MDP could prevent colon
shortening in the mice treated with NaCl and DSS (Figure
5B). The DAI also showed that macrophage depletion
alleviated inflammation in NaCl proinflammatory
processes (Figure 5C). The levels of inflammatory
cytokines IFN-γ, TNF-α, IL-1β, IL-17A, IL-6, MCP1 and
MIP2 secreted by colon tissues were reduced in MDPtreated mice (Figure 5D). The colon tissues from the
DSS + NaCl group contained a greater number of F4/
+
+
80 iNOS macrophages compared to the DSS group. In
+
+
addition, the MDP-treated mice had fewer F4/80 iNOS
macrophages compared to the DSS + NaCl group
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NaCl promotes the inflammation response in LP,
whereas LPS and IFN-γ activated LPMCs rely on p38/
MAPK

p38/MAPK is related to both IBD and hyperosmotic
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Figure 6 iNOS+F4/80+ macrophages increase in the colon of DSS- and NaCl-treated mice. Macrophages in colon tissue obtained from mice injected
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[29,30]

stress
. Western blot analysis revealed that high NaCl
levels significantly up-regulated phosphorylated-p38 of
LPMCs stimulated with LPS and IFN-γ for different time
periods (1 h, 6 h, 12 h, 24 h); however, they did not
affect the total level of p38, and p38 phosphorylation
reached the highest level after 12 h (Figure 8A). LPMCs
were treated with NaCl at different concentrations (5, 10,
20, 40, 60 and 80 mmol/L) in the presence of LPS and
IFN-γ for 24 h. The western blotting revealed that p38
phosphorylation increased in a dose-dependent manner
(Figure 8B). Serum glucocorticoid regulated kinase
1 (SGK1) increased in LPMCs activated by LPS and
IFN-γ due to NaCl stimulation (Figure 8C). The results
further indicated that p38 inhibitor can decrease high
NaCl-promoted p38 phosphorylation in LPMCs (Figure
8D). These findings confirmed that NaCl promotes in
flammatory response in the LPS and IFN-γ activated

WJG|www.wjgnet.com

LPMCs, and the proinflammation effect depends on p38/
MAPK phosphorylation mediated by SGK1.

DISCUSSION
NaCl has been shown to exert a proinflammatory
effect in many diseases, including experimental colitis,
experimental autoimmune encephalomyelitis and
[31-33]
cardiovascular disease
. In the present study,
we observed that macrophages play an important
role in the promotion of DSS-induced colitis by NaCl.
Macrophages, as antigen-presenting cells, are important
in regulating innate and adaptive immune responses
and have a crucial role in resolving tissue injury and
[34,35]
promoting tissue repair in IBD
. Even though the
cause of IBD remains unclear, mice with lymphocyte
deficiency developed more severe inflammation,
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suggesting that innate immune cells are capable of
[36]
triggering the onset and development of disease .
Activation of the innate immune system is regarded as
the most direct cause of IBD because it can recruit cells
of the adaptive immune system to the inflammatory
[37]
site, thus resulting in inflammation .
Findings yielded by the present study further
indicated that NaCl promoted the increase in the
+
+
+
CD4 T cell count, especially the IFN-γ IL-17 doublepositive T cells in DSS-treated mice. Extant research
indicates that high-salt diet promotes the differentiation
+
[32]
of CD4 T cells into Th17 as well as Th1 . However,
[38]
Wei et al
showed that, in 2,4,6-trinitrobenzene
sulfonic acid (TNBS)-induced colitis, NaCl promoted
[15]
Th17 polarization, but not Th1 polarization . DSS and
TNBS may involve different pathogenic mechanisms.
[38]
Wei et al
used TNBS to induce colitis, which mainly
simulated CD. However, we used DSS to induce colitis,
which mainly simulated ulcerative colitis. In both CD
and ulcerative colitis patients, activation and mucosal
+
[39]
infiltration of CD4 T lymphocytes has been reported .
+
Extant studies have revealed that blocking CD4 T
cell activation was capable of limiting the development
of mucosal inflammation in experimental colitis
[40]
+
+
+
models . CD4 IFN-γ IL-17 T cells, as an intermediate
form between Th17 and Th1, are an easily observable
crossover subset promoted by IL-12 signaling beyond
[41,42]
IL-17
. Th17 cells play an important role in colitis
pathogenesis by directly giving rise to Th1-like cell
[43]
response . Empirical evidence indicates that IBD is
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characterized by Th1 cell activation and subsequent
over-expression of cytokines such as TNF-α, IL-6 and IL[44,45]
1β
. In addition, findings yielded by extant research
suggest that Th1 cytokines are important promoters
of continuous mucosal inflammation in DSS-induced
[46,47]
colitis
.
The results obtained in the present work confirmed
+
+
+
the important role of CD4 IFN-γ IL-17 T cells in the
promotion of inflammation by NaCl in DSS-treated
mice. High NaCl content up-regulates inflammation
gene expression and promotes the secretion of multiple
proinflammatory cytokines for promoting intestinal
inflammation in mice affected by DSS-induced colitis.
IL-6 and IL-17 are critical Th17 cell-related cytokines
that are involved in inflammatory responses during IBD
[7,48]
development
. In contrast, antiinflammatory TGF-β
[49]
and IL-10, are mainly produced by Tregs . Wei and
[15]
colleagues demonstrated that, while high-salt diet did
not change Tregs’ percentage, it did inhibit the secretion
of IL-10 and the suppressive function of Tregs in TNBSinduced colitis. In our study, NaCl promoted an increase
in Tregs’ frequency in MLN and LP, as well as enhanced
IL-10 and TGF-β expression, in DSS-induced colitis.
Tregs, as immune suppressing cells, are essential in
[50]
maintaining intestinal homeostasis .
In DSS-treated beta7-deficient mice, in which colonic
Tregs were depleted, excessive macrophage infiltration
in colons occurred by up-regulation of colonic epithelial
intercellular ICAM1, which promoted proinflammatory
[51]
cytokine expression, aggravating DSS-induced colitis .
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Disruption in balance may allow T cells to proliferate
in an increased fashion, thereby promoting chronic
[52]
intestinal inflammatory development . Therefore,
continuous Tregs’ differentiation and trafficking in the
gut is required to dampen immune responses to dietary
[53]
antigens and commensal bacteria .
We also found that NaCl promoted an increase in
+
CD11b cells in the LP and MLN from mice treated with
[54]
+
DSS. Denning et al
have shown that CD11b F4/
+
+
80 CD11c macrophages in LP could induce Foxp3
+
Tregs’ differentiation, while CD11b dendritic cells in LP
[54]
elicited responses of IL-17-producing T cells . Empirical
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evidence indicates that the intake of high dietary salt
could boost Th17 response through activating the
[15,55]
caspase-1 in macrophages
. Moreover, in reaction
to NaCl, macrophages with enhanced expression of
immune-stimulatory molecules promote proinflammatory
[10,56]
cytokine production and T cell proliferation
.
Human monocyte-derived granulocyte-macrophage
colony-stimulating factors exhibit potent antigenpresenting functions, produce IL-12p40 and IL-23p19,
[57,58]
and promote development of Th1 immunity
. In our
study, inflammation was relieved when the intestinal
macrophages were depleted by MDP, which indicated
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that the activation of Th17 and Th1 cells required
macrophage participation.
Peritoneal macrophages from mice are among the
best-studied macrophage populations and their role in
the regulation of inflammatory responses and mucosal
[59,60]
immunity is well understood
. Macrophages in
peritoneal cavity, which are crucial in the regulation of
[28,61]
inflammatory pathologies, are also related to IBD
.
In the present study, we have shown that high NaCl
content enhanced the expression of proinflammation
genes for IL-1β, IL-6 and iNOS and antiinflammation
genes for Arg1 and IL-10 in macrophages from the
abdominal cavity of mice.
Macrophages can be polarized to either classically
activated (M1) or alternatively activated (M2)
[62]
macrophages . M1 macrophages are proinflammatory
cells due to their high capacity for producing
proinflammatory cytokines, such as IL-23, IL-12, IL-1β,
[63,64]
TNF-α and iNOS
. M2 macrophages highly express
IL-10 and Arg1, which are involved in antiinflammatory,
[62,65]
antimicrobial response
. These cytokines promote
the activation of the adaptive immune and T cell
[66]
response .
In the present study, high NaCl content was found
to boost M1 polarization and up-regulate expression of
proinflammatory genes to promote inflammation. Under
low NaCl concentrations, IL-1, IL-6 and iNOS mainly
produced by M1 macrophages were up-regulated, while
the negative adjustment factor expressions were low.
When the NaCl concentration rose to a certain dose, high
levels of proinflammatory factors IL-1, IL-6 and iNOS
induced the cell protective response through feedback,
and caused the up-regulation of negative adjustment
factors IL-10 and Arg1. Thus, when the inflammation
continues to worsen, the M2 macrophages will respond
to balance inflammation with protective immunity, and
inhibit the expression of proinflammatory factors.
We explored the influence of NaCl on LPS- and IFNγ-activated LPMCs and demonstrated that high NaCl
enhanced phosphorylation of p38, as inflammation and
salt intake are both linked to p38/MAPK. The p38/MAPK
signaling pathway is important in IBD and the inhibition
of p38/MAPK can effectively suppress the production of
[29]
inflammatory mediators . Available evidence indicates
that p38/MAPK mediates intestinal inflammation gene
expression, such as TNF-α, IL-1 and IL-6, and this upregulation occurs in multiple types of cells, especially
[67]
monocytes and macrophages . In addition, p38/MAPK
[30]
can regulate the SGK1 activation .
High NaCl concentration promotes p38/MAPK phos
[32]
phorylation and activates SGK1 . SGK1 has been
shown to control Na(+) transport and NaCl homeostasis
in cells, and could trigger Th17 responses and promote
[12]
tissue inflammation . Human LPMCs exposed to high
NaCl concentrations highly express IL-17A, IL-23R and
TNF-α, and pharmacological inhibition of p38/MAPK has
been shown to abrogate the effect of NaCl on LPMC[14]
derived cytokines . In the present study, high NaCl
content was shown to promote inflammation in LPS-
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and IFN-γ-activated LPMCs. However, this process relies
on the up-regulation of p38/MAPK and SGK1.
In summary, the study findings reported here
indicate that NaCl induces alterations to both the innate
and acquired immune system in mice with DSS-induced
colitis. NaCl promotes M1 macrophage polarization,
and M1 polarization may shift T cell response toward
+
+
+
the proinflammatory CD4 IFN-γ IL-17 T cells’
aggravating colitis. The mechanism by which high NaCl
concentrations promote inflammation relies on the upregulation of p38/MAPK and SGK1. Although results
obtained in the present study indicate that excessive
NaCl intake can promote the inflammation in mice
with the DSS-induced colitis, the causality of highsalt diet and IBD still needs to be confirmed by further
investigations. More clinical and experimental studies
are required to fully clarify the role of salt in IBD.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

At present, most diets are characterized by high salt content. Extant studies
have shown that high salt intake contributes to inflammatory bowel disease (IBD)
incidence and pathogenesis. However, the mechanism underlying these effects
remains unclear.

Research motivation

NaCl mediates the inflammatory effects of immune cells. Both innate and
adaptive immune proinflammatory cells play important roles in IBD. Studies
have shown the high salt intake promotes the activation of Th17 cells in lamina
propria (LP) and exacerbates experimental colitis in mice. However, the
influence of high salt content in diet on other immune cells is still unclear. The
present study explored the influence of high NaCl concentration on immune cell
subsets and the underlying mechanisms.

Research objectives

The aim of the present study was to determine the impact of high NaCl
concentration on dextran sulfate sodium (DSS)-induced colitis in mice and
explore its influence on other immune cells, such as T helper 1 cells, regulatory
T cells and macrophages, while attempting to elucidate the mechanism
underlying this effect.

Research methods

DSS and NaCl were used to establish a proinflammatory animal model. The
immune cell subsets were detected by flow cytometry in order to determine
the target cells of NaCl. Cytokines secreted by intestinal tissue were
detected. In the present study, clodronate liposomes treatment was used to
deplete macrophages to further delineate their vital role in the promotion of
DSS-induced colitis in mice by NaCl. In cell experiments, NaCl at different
concentrations acted directly on lamina propria mononuclear cells (LPMCs) and
macrophages. mRNA levels of inflammation genes and p38/MAPK proteins
were determined by RT-PCR and western blot, respectively.

Research results

High NaCl concentration exacerbated the DSS-induced colitis. Intestinal
CD4+IFN-γ+IL-17 + T cells and macrophages both play crucial roles in the
promotion of inflammation by NaCl in mice with colitis. NaCl promotes M1
proinflammatory gene expression in lipopolysaccharide (LPS)-activated
peritoneal macrophages. High NaCl concentrations promote the up-regulation
of the p38/MAPK axis in the LPS and IFN-γ-activated LPMCs.

Research conclusions

NaCl evokes both innate and adaptive immune proinflammatory cell activation
in mice affected by colitis. Colitis may be promoted by high NaCl levels, by
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NaCl initially by acting on macrophages, pushing them towards M1 polarization.
Then, M1 polarization shifts the T cell response toward proinflammatory
CD4+IFN-γ+IL-17+ T cells. Inflammation promotion by NaCl in LPS- and IFN-γactivated LPMCs relies on the up-regulation of the p38/MAPK axis.

14

Research perspectives

15

Although results in this study indicate that high NaCl intake can promote the
inflammation in mice with DSS-induced colitis, the causality of high-salt diet
and IBD still needs to be confirmed by further investigations. More clinical and
experimental studies are inspired to fully clarify the role of salt in IBD.
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Abstract
AIM
To investigate the role of tacrolimus intra-patient
variability (IPV) in adult liver-transplant recipients.
METHODS
We retrospectively assessed tacrolimus variability in a
cohort of liver-transplant recipients and analyzed its
effect on the occurrence of graft rejection and de novo
donor-specific antibodies (dn DSAs), as well as graft
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[1-3]

survival during the first 2 years posttransplantation.
Between 02/08 and 06/2015, 116 patients that received
tacrolimus plus mycophenolate mofetil (with or without
steroids) were included.

antibody-mediated rejection after liver transplantation
However, this treatment presents a narrow therapeutic
[4]
index: overexposure can lead to clinically serious events
thus necessitating regular therapeutic drug monitoring,
whereas underexposure can lead to acute or chronic graft
[4-6]
rejection
Inter-individual variability from Tac therapy
may be explained by the polymorphism of cytochromes
P450 3A4 and 5 (responsible for biotransformation of
[7]
[8]
Tac) and the drug transporter ABCB1 , circadian
[9]
[10]
rhythms and also drug-drug interactions . In addition
to inter-individual variability, the pharmacokinetics of
Tac can vary within individual patients. The concept of
intra-patient variability (IPV) refers to the fluctuations in
Tac blood concentrations (and consequently episodes of
over- and under-immunosuppression) that some patients
[11]
experience over time .
Several non-modifiable and modifiable factors
contribute to Tac IPV (e.g., polymorphism in CYP3A
genes, the circadian rhythm of Tac exposure, gas
trointestinal events such as diarrhea, cholestasis,
changes in protein levels, anemia, but also drugdrug interactions with macrolides or azole anti-fungal
treatments, foods, or changes in formulation or generic
[11]
substitution) , but non-adherence to Tac seems to be
[12,13]
the main cause of IPV
. It was previously suggested
that higher degree of Tac IPV was associated with kidneygraft rejection and worse long-term outcomes after
[14,15]
kidney transplantation
. Similar limited data have
[16,17]
been reported after liver transplantation
, mainly in
pediatric cohorts. Moreover, little is known concerning the
relationship between Tac variability and the occurrence
of donor-specific antibodies (DSAs). Herein, we
retrospectively assessed the variability of Tac in a cohort
of liver-transplant recipients and analyzed its impact on
the number of acute rejections, the occurrence of de
novo DSAs, and patient- and graft-survival rates.

RESULTS
Twenty-two patients (18.5%) experienced at least one
acute-rejection episode (BPAR). Predictive factors for
a BPAR were a tacrolimus IPV of > 35% [OR = 3.07
95%CI (1.14-8.24), P = 0.03] or > 40% [OR = 4.16
(1.38-12.50), P = 0.01), and a tacrolimus trough level
of < 5 ng/mL [OR=3.68 (1.3-10.4), P =0.014]. Thirteen
patients (11.2%) developed at least one dn DSA during
the follow-up. Tacrolimus IPV [coded as a continuous
variable: OR = 1.1, 95%CI (1.0-1.12), P = 0.006] of >
35% [OR = 4.83, 95%CI (1.39-16.72), P = 0.01] and
> 40% [OR = 9.73, 95%CI (2.65-35.76), P = 0.001]
were identified as predictors to detect dn DSAs. IPV did
not impact on patient- or graft-survival rates during the
follow-up.
CONCLUSION
Tacrolimus-IPV could be a useful tool to identify patients
with a greater risk of graft rejection and of developing a
de novo DSA after liver transplantation
Key words: Variability; Liver transplantation; Donorspecific antibodies; Immunosuppression
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Tacrolimus intra-patient variability (Tac IPV)
was associated with kidney-graft rejection and worse
long-term outcomes, but until now, was not well studied
after liver transplantation in adult recipients. We found
that the coefficient of variability-IPV of tacrolimus was a
predictive factor for acute rejection and the occurrence
of de novo donor-specific antibodies (DSA) after
liver transplantation in a retrospective cohort of 116
recipients treated with tacrolimus and mycophenolate
mofetil. This could be a useful tool to identify patients
with a greater risk of graft rejection and of developing a
de novo DSA after liver transplantation.

MATERIALS AND METHODS
Patients

Between February 2008 (i.e., the date when the solidphase Luminex assay was set up in our institution)
and June 2015, a total of 298 adult patients received
a liver transplant from deceased donors (DDLT) in our
center. Patients excluded from the study were those
that died within the first month posttransplantation
(n = 34), those that needed a re-transplant during
the first month (n = 2), and those that received a
transplant with a preformed DSA (mean fluorescence
intensity cut-off > 1000) directed against human
leukocyte antigen (HLA) A, B, Cw, DR, DQ, or DP (n
= 37). In order to avoid confounding factors associ
ated with others immunosuppressive treatments, only
patients that received and were maintained under Tac
and mycophenolate mofetil (MMF) (with or without
steroids) were included in this study (Figure 1). All pati
ents but five received Tac given twice daily (Prograf®).
The other five received Tac once daily (Advagraf®).
We excluded patients that had Tac or MMF withdrawn.

Del Bello A, Congy-Jolivet N, Danjoux M, Muscari F, Lavayssière
L, Esposito L, Hebral AL, Bellière J, Kamar N. High tacrolimus
intra-patient variability is associated with graft rejection,
and de novo donor-specific antibodies occurrence after liver
transplantation. World J Gastroenterol 2018; 24(16): 1795-1802
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i16/1795.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i16.1795

INTRODUCTION
Tacrolimus (Tac) is considered a cornerstone within
immunosuppression protocols to prevent T-cell and
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73 Patients excluded:
Patient death during
st
the 1 month (n = 34)
Retransplantation during
st
the 1 month (n = 2)
Transplantation with
preformed DSAs (n = 37)

the Tac twice-daily CV-IPV was calculated using Tac
trough levels obtained from patients that had received
Tac twice daily since transplantation until last follow-up
and those obtained in patients switched for Tac once
daily before the switch. The Tac once-daily CV-IPV
was calculated using Tac trough levels from patients
that received Tac once daily since transplantation until
the last follow-up, and those obtained from patients
that were later switched from twice- to a once-daily
formulation after the switch (this excluded Tac trough
levels obtained in the month following the switch).

298 Liver transplantation performed
between 02/08-02/15

225 Liver transplant patients without
preformed DSAs, alive 1 mo post Tx
109 Patients excluded:
Tac withdrawal (n = 20)
MMF withdrawal (n = 89)

116 Liver transplant patients included

Immunological analyses

Figure 1 Flow chart.

All patients were screened for anti-HLA DSAs at
transplantation, and at month 3 and 12, and annually
thereafter. Additional screening was performed in case
of graft dysfunction. Luminex® assays were used to
determine the specificity of classⅠ HLAs in A/B/Cw and
class Ⅱ in DR/DQ/DP IgG antibodies in the recipients’
sera (centrifuged at 10000 g for 10 min) using Labscreen
single Ag HLA class-Ⅰ and class-Ⅱ detection tests (One
Lambda, Canoga Park, CA, United States), according
to the manufacturer’s instructions. The presence and
specificity of antibodies were then detected using a
Labscan 100®, and the mean fluorescence (baseline)
value for each sample in each bead was evaluated. The
baseline value was calculated as follows: [raw sample
mean fluorescence intensity (MFI)-raw negative serum
control MFI-negative-bead raw MFI sample-negativebead raw MFI negative serum control]. A baseline value
of > 1000 was considered positive.

Moreover, to calculate intra-patient variability, at least
three trough levels of Tac had to be available. Hence,
116 patients with a functioning liver allograft at 1 mo
posttransplantation were included in this study after
having given their informed consent and after we had
obtained Toulouse University IRB approval.
The target concentration of Tac trough level was 7-10
ng/mL during the first 3 mo, and 5-10 ng/mL thereafter
during the follow-up. Each participant was followed for
2 years or until re-transplantation (n = 3) or death (n =
6). The median follow-up was 24 mo (range: 6-24). All
rejection episodes were biopsy proven. Biopsies were
only performed for cause during the study period and
[18-20]
were analyzed according to the Banff criteria
. Graft
failure was defined as the need for re-transplantation or
as death from liver failure.
Detection of cytomegalovirus was performed using
[21]
real-time PCR, as previously described , at month
3, 6, 12, and 24, and at any other time if clinically
indicated.

Statistical analyses

Categorical variables are expressed as percentages
and comparisons between groups were made using the
chi-squared test or, if appropriate, Fisher’s exact test.
Continuous variables were expressed as medians and
ranges, and compared using the Mann-Whitney test.
Logistic regression analysis was used to determine
the predictors for acute-rejection episodes and the
occurrence of de novo anti-HLA DSAs. Variables with
a P < 0.1 in the univariate analyses were included
in the stepwise multivariable analyses. P < 0.05 was
considered statistically significant.

Intra-patient variability

Tac trough levels were routinely assessed using highperformance liquid chromatography-linked tandem
mass spectrometry (HPLC-MS) at discharge, then
monthly between months 1-6, and thereafter at months
9, 12, 15, 18, and 24. To calculate the IPV of Tac, at
least three Tac trough levels from each patient had
to be available. The median number of available Tac
measurements was 10 (range: 4-12).
Tac IPV was estimated using the coefficient of
variability (CV). The CV-IPV was calculated as follows:
CV-IPV (%) = (standard deviation/mean Tac troughlevel concentration) × 100. Because all patients
received the same drug dose between discharge
and M24, the obtained levels were corrected for the
corresponding daily dose of tacrolimus (CV C0/D-IPV).
In addition, because some patients were converted
from one formulation to another during the follow-up,
we calculated CV and CV C0/D-IPV after excluding the
Tac trough levels obtained during the adjustment dose
period, i.e., the month following a switch.
To compare IPV with the two formulations of Tac,

WJG|www.wjgnet.com

RESULTS
The patients’ characteristics at transplantation are
presented in Table 1. All liver transplantations performed
in this study were performed from DDLT. The mean
DDLT age was 51 ± 17 years. To note, one DDLT was <
18 years, and 4 DDLT were > 80 years.

Tacrolimus levels and variability

During the follow-up, 44 (38%) patients were switched
from Tac immediate-release given twice a day (Prograf®),
to Tac once a day to improve quality of life. The switch
was performed at a mean of 15 (range: 1-18) mo post
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Table 1 Characteristics of the liver-transplant recipients
n = 116

Variable
Donors’ age at transplantation, yr (range)
Recipients’ age at transplantation, yr (range)
Recipients’ gender: male, n (%)
Initial liver disease, n (%)
Alcohol
Viral (HCV, HBV)
Autoimmune disease (AIH, PSC, PBC)
Other1
Median MELD score at transplantation (range) (%)
Positive HCV RNA at transplantation, n (%)
Re-transplantation, yes (%)
Induction therapy, yes: n (%)
Polyclonal antibodies, n (%)
Interleukin-2 receptor blocker, n (%)
Conversion during the follow-up from twice-daily to once daily tacrolimus, n (%)
Number of patients receiving tacrolimus once daily, n (%)
At discharge
Month 1
Month 3
Month 6
Month 9
Month 12
Month 18
Month 24
Tacrolimus trough level (ng/mL)
At discharge
Month 1
Month 3
Month 6
Month 9
Month 12
Month 18
Month 24
Mycophenolate mofetil dose (mg/d)
At discharge
Month 3
Month 6
Month 12
Month 24
Steroids (mg/d)
At discharge: Yes (%)
Dose (mg/d)
Month 3: Yes (%)
Dose (mg/d)
Month 6: Yes (%)
Dose (mg/d)
Month 12: Yes (%)
Dose (mg/d)
Month 24: Yes (%)
Dose (mg/d)

53 (9-85)
57 (18-72)
96 (83)
49 (43)
36 (31)
13 (11)
18 (17)
22 (6-40)
21 (18)
3 (3)
87 (75)
9 (8)
78 (67)
42 (36)
5 (4)
8 (7)
9 (8)
12 (10)
18 (16)
26 (31)
39 (34)
47 (41)
7.6 ± 3
8±3
8.4 ± 3
8.4 ± 3
7.4 ± 3
7.8 ± 3
7.5 ± 2
6.9 ± 3
1700 ± 600
1250 ± 550
1100 ± 450
1000 ± 300
1000 ± 300
116 (100)
20 ± 12
114 (98)
8±4
110 (95)
7±5
104 (90)
6±6
97 (84)
5±2

1

Polycystic disease (n = 7), NASH syndrome (n = 4), Wilson disease (n = 2), bile duct atrophia (n = 1), drug intoxication (n = 2), and cryptogenic cirrhosis (n = 1).
HBV: Hepatitis B virus; HCV: Hepatitis C virus; AIH: Auto-immune hepatitis; PSC: Primary sclerosing cholangitis; PBC: Primary biliary cirrhosis.

th

4 quartiles were, respectively, 25%, 30.5%, 36.5%,
and 80.6%. The mean Tac CV-IPV was 30% ± 11% in
patients given Tac once daily and was 32% ± 12% in
patients that received Tac twice daily (P = 0.10). The
mean Tac CV- IPV in the five patients that had received
Tac once-daily since transplantation was 30% ± 7%.
In the 44 patients that were converted from Tac twicedaily to once daily, the mean values of Tac CV-IPV were
32.3% ± 12% and 30% ± 12% before and after the
switch, respectively (P = 0.21).

transplantation.
Mean tacrolimus trough level was 8 ± 3 ng/mL
during the follow-up (Table 1). The mean dose of Tac
was 6.8, 6.7, 6.4, 5.9, 5.4, 5.1, 4.8, and 4.6 mg/d,
respectively, at discharge and at months 1, 3, 6, 9, 12,
18, and 24. Forty-five (38.8%) patients presented with
a Tac trough level of < 5 ng/mL at least once during
the follow-up. The overall mean Tac CV- IPV was 32 ±
12% [median CV-IPV 30.5% (7.6-80.6)]. Tac CV-IPV
th
th
th
distribution is presented in Figure 2. The 1 , 2 , 3 , and
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Table 2 Risk factors for a graft-rejection episode
Variable

Univariate analyses

MELD score > 30 (n = 31)
Initial liver disease
(1) Alcohol cirrhosis (n = 49) vs (2, 3, 4)
(2) Viral disease (n = 36) vs (1, 3, 4)
(3) Auto-immune ILD (n = 13) vs (1, 2,4)
(4) Other (n = 18) vs (1, 2, 3)
Induction therapy, yes (n = 87)
Polyclonal antibodies (vs other)
IL2R blockers (vs other)
Donors’ age > 50 yr (n = 69)
Recipients’ age > 50 yr (n = 92)
HCV-RNA + At transplantation (n = 21)
Steroid withdrawal during the FU (n = 19)
De novo DSAs during the FU (n = 13)
Tacrolimus trough level < 5 ng/mL (n = 34)
CV-IPV tacrolimus (continuous variable)
CV-IPV > 35%
CV-IPV > 0%
CV-C0/d-IPV

Multivariate analyses

OR

95%CI

P value

0.55

0.12-1.90

0.42

-

0.58
1.34
3.12
0.49
0.66
3.89
0.40
0.98
0.61
1.96
2.30
2.80
3.00
2.70
3.05
2.97
1.89

0.18-1.68
0.44-3.90
0.71-12.47
0.05-2.37
0.22-2.15
0.70-20.13
0.14-1.70
0.35-2.88
0.20-2.01
0.54-6.45
0.63-7.82
0.64-11.19
1.05-8.96
1.88-13.45
1.05-8.96
0.91-9.30
0.67-5.74

0.34
0.61
0.07
0.52
0.42
0.06
0.08
1.00
0.41
0.22
0.20
0.13
0.02
0.01
0.03
0.04
0.24

0.51-1.15
0.61-13.47
0.185-1.50
1.30-10.41
1.01-1.11
1.14-8.24
1.38-12.50
-

OR

1.00

2.87
0.52

3.68
1.10
3.07
4.16

95%CI

P value

0.210

0.180
0.230

0.014
0.008
0.030
0.010

FU: Follow-up; ILD: Initial liver disease; HCV: Hepatitis C virus; CV-IPV: Coefficient of variability-intra-patient variability; CV-C 0/d-IPV: Coefficient of
variability corrected for the corresponding daily dose-intra-patient variability.
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Figure 2 Distribution of tacrolimus according to intra-patient variability.

after liver transplantation are presented in Table 2. The
predictive factors for a biopsy-proven acute rejection
were a Tac trough level of < 5 ng/mL [OR = 3.68;
95%CI (1.30-10.41), P = 0.014], the Tac CV-IPV
(coded as a continuous variable) [OR = 1.1; 95%CI
(1.01-1.11), P = 0.008], a CV-IPV of > 35% [OR = 3.07;
95%CI (1.14-8.24), P = 0.03], and a CV-IPV of > 40%
[OR = 4.16; 95%CI (1.38-12.50), P = 0.01]. Twentyone of the 22 patients that presented with an acuterejection episode were receiving Tac twice daily when
the rejection was diagnosed.
Thirteen patients (11.2%) presented with at least
one de novo DSA during the posttransplantation followup (nine anti-HLA class Ⅱ, three anti-HLA classⅠ, one
anti-HLA classⅠ and Ⅱ). Only one of these patients
developed an antibody-mediated rejection. The
median time between transplantation and detection
of a de novo DSA was 3.5 mo (range: 1-12). The risk

Overall mean CV C0/d- IPV was 73% ± 43%. It was
69% ± 29% with Tac twice-daily compared to 79% ±
50% for Tac given once daily (P = 0.9).

Incidence of acute rejection and de novo donor-specific
antibodies

During the follow-up, 22 patients (19%) presented
with at least one episode of acute rejection. The time
between transplantation and a diagnosis of acute
rejection (i.e., the date of the biopsy) was 3.5 mo
(range: 0.5-12). Fourteen patients (12%) experienced a
T-cell steroid-sensitive acute rejection, and six patients
(5%) presented with a T-cell steroid-resistant acute
rejection, which was treated with polyclonal antibodies.
One patient presented with an acute antibody-mediated
rejection at 4 mo posttransplantation. The Tac CVIPV in this patient was high: CV-IPV of 63.2% and CV
C0/d- IPV = 68.2%. The risk factors for acute rejection
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Table 3 Risk factors for developing de novo donor-specific antibodies after liver transplantation.
Variable

Univariate analyses

MELD score > 30 (n = 31)
Initial liver disease
(1) Alcohol cirrhosis (n = 49) vs (2, 3, 4)
(2) Viral disease (n = 36) vs (1, 3, 4)
(3) Autoimmune ILD (n = 13) vs (1, 2, 4)
(4) Other (n = 18) vs (1, 2, 3)
Induction therapy, yes (n = 87)
Polyclonal antibodies (vs other)
IL2R blockers (vs other)
Donors’ age > 50 yr (n = 69)
Recipients’ age > 50 yr (n = 92)
HCV RNA + at transplantation (n = 21)
Steroid withdrawal during the FU (n = 19)
Tacrolimus trough level < 5 ng/mL (n = 34)
CV-IPV tacrolimus (continuous variable)
CV-IPV > 35%
CV-IPV > 40%
CV-C0/d-IPV

Multivariate analyses

OR

95%CI

P value

1.84

0.43-7.10

0.33

-

0.58
0.98
1.51
2.79
1.61
0.59
1.1
0.78
0.36
1.41
0.39
1.59
1.92
4.66
9.10
3.15

0.12-2.22
0.21-3.86
0.14-8.46
0.55-11.83
0.41-7.61
0.70-18.00
0.28-5.28
0.20-3.00
0.09-1.58
0.23-6.23
0.01-3.01
0.38-6.05
-1.28-21.39
1.22-19.82
2.28-40.63
5.47-27.31

0.55
1.0
0.64
0.64
0.55
0.60
1.0
0.77
0.10
0.70
0.69
0.52
0.08
0.02
< 0.001
0.005

0.07-0.85
1.0-1.12
1.39-16.72
2.65-35.76
0.97-1.02

OR

0.2

1.1
4.83
9.73
1.0

95%CI

P value

0.3

0.006
0.01
0.001
0.09

FU: Follow-up; ILD: Initial liver disease; HCV: Hepatitis C virus; CV-IPV: Coefficient of variability-intra-patient variability; CV-C 0/d-IPV: Coefficient of
variability corrected for the corresponding daily dose-intra-patient variability.

factors for a de novo DSA are presented in Table 3.
The Tac CV-IPV [coded as a continuous variable: OR =
1.1, 95%CI (1.0-1.12), P = 0.006), and a CV-IPV of >
35% [OR = 4.83, 95%CI (1.39-16.72), P = 0.01] or of
> 40% [OR = 9.73, 95%CI (2.65-35.76), P = 0.001]
were identified as predictors for the occurrence of de
novo DSAs detection.

without preformed DSAs and that had received Tac
associated with MMF. Although the mean Tac trough
level was 8 ± 3 ng/mL during the study period, nearly
40% of patients had a Tac trough level of < 5 ng/mL at
least once during the follow-up. Tac CV-IPV varied from
7.6%-80.6% (median 30.5%), and median Tac CV C0/
d-IPV was 62% (18-147). Almost one-third of patients
presented with a Tac CV-IPV of > 35%. This high
value is similar to those reported in previous studies,
[24,25]
mainly after kidney transplantation
. In kidney[13,25]
[16]
transplant
and pediatric liver-transplant patients ,
high CV-IPV was associated with an increased risk of
acute rejection. In the present study, we found that a
Tac trough level of < 5 ng/mL, the Tac CV-IPV (coded
as a continuous variable), a CV-IPV of > 35%, and a
CV-IPV > 40% were independent predictive factors for
a biopsy-proven graft rejection.
Posttransplant positive DSAs were associated with
decreased graft survival and increased acute or chronic
[2,3,26]
graft rejections
. It has been previously suggested
that iterative transplantation, low levels of calcineurin
inhibitors, the use of cyclosporine (compared to Tac),
and non-adherence can promote the development of
[2]
a de novo DSA after liver transplantation . Herein,
we found that the Tac CV-IPV (coded as a continuous
variable), a CV-IPV of > 35%, and CV-IPV > 40%
were independent predictive factors for the occurrence
of a de novo DSA. Similar data, reported after kidney
[24]
transplantation , from a cohort of 310 adult kidneytransplant patients given Tac twice-daily during the first
year posttransplant, showed that a history of acute
rejection, re-transplantation and a Tac CV greater than
30% were associated with the occurrence of a de novo
DSA. In our study, one patient presented with an acute
antibody-mediated rejection associated with an anticlass Ⅱ de novo DSA at 3 mo after liver transplantation.

Survival of patients

During the follow-up, six patients died [at a mean of
13 mo (range: 6-23) posttransplantation]. The causes
of death were infections (n = 3), cardiovascular (n =
2), and neoplastic (n = 1) complications. No difference
in Tac CV- IPV was observed between patients that
died during the follow-up (CV-IPV 33% ± 6%) and
those that did not (CV-IPV 32% ± 12%; P = 0.70).
Three patients required re-transplantation at month 5,
10, and 14, respectively, for ischemic cholangitis that
occurred posttransplantation. During the follow-up,
24 patients presented with posttransplant replication
of cytomegalovirus. No difference in Tac CV-IPV was
observed between patients with replication of cyto
megalovirus (CV-IPV 32% ± 9%) and those without
replication (32% ± 12%, P = 0.90).

DISCUSSION
High IPV has been previously associated with a greater
risk of graft rejection, an accelerated progression
of chronic histological lesions, and worse long-term
[11,14,22,23]
survival after kidney transplantation
. In
pediatric liver-transplants, Tac variability was associated
[16]
with late acute rejection . In the present study, we
investigated the impact of Tac variability in 116 adult
liver-transplant recipients. In order to avoid confounding
factors, we focused on patients that received a graft

WJG|www.wjgnet.com

1800

April 28, 2018|Volume 24|Issue 16|

Del Bello A et al . Tacrolimus variability in liver transplantation

Research methods

Interestingly, this patient had high tacrolimus variability
(CV-IPV 63.2%, CV C0/d-IPV 68.2%). None of the other
12 patients that developed a DSA experienced an acute
antibody-mediated rejection. However, it was suggested
that patients with positive DSAs would present lower
graft survival, consecutive to chronic antibody mediated
[27]
rejection
rather than to acute antibody-mediated
rejection episodes.
In several studies, but not all, the use of oncedaily tacrolimus compared to a twice daily formulation
has been found to improve adherence and to reduce
[11,28-31]
IPV
. In the present study, no difference between
Tac formulations was observed.
This study has several limitations. Because of its
retrospective design, we could not evaluate the cause
of Tac variability. It has been suggested previously that
[11]
non-adherence is the main cause of Tac variability .
However, in our study, adherence was not evaluated
using objective methods, such as those previously
[28]
reported using electronic devices . Moreover, we did
not evaluate MMF variability in our study because we do
not perform this analysis routinely in our center. Of note,
conflicting results have been reported concerning the use
[14,25]
of MMF variability after solid-organ transplantation
.
It was also previously suggested that pre-transplant
[32]
determination of CYP3A5 and MDR1 polymorphisms
allows more rapid achievement of therapeutic Tac
trough level. However, no association between the
pharmacogenomics parameters and Tac intra-patient
variability is expected and was reported.
In conclusion, we found that the CV-IPV of Tac was a
predictive factor for acute rejection and the occurrence of
a de novo DSA after liver transplantation. This could be a
useful tool to identify patients with a greater risk of graft
rejection and of developing a de novo DSA after liver
transplantation. Future studies should investigate the
role of Tac IPV on long-term outcomes, on chronic graft
rejection, and over-immunosuppression-related diseases
(cancer, and related immunocompromised infections).

We retrospectively assessed tacrolimus variability and analyzed its effect on the
occurrence of graft rejection and de novo donor-specific antibodies.

Research results

Twenty-two patients experienced at least one acute-rejection episode (BPAR).
Predictive factors for a BPAR were a tacrolimus IPV of > 35% or > 40%, and a
tacrolimus trough level of < 5 ng/mL. Thirteen patients developed at least one
dnDSA during the follow-up. Tacrolimus IPV and tacrolimus IPV of > 35%, and
> 40% were identified as predictors to detect dnDSAs. IPV did not impact on
patient- or graft-survival rates during the follow-up.

Research conclusions

In our study higher Tac-IPV was associated with graft rejection and occurrence
of DSAs.

Research perspective

Tacrolimus-IPV could be a useful tool to identify patients with a greater risk of
graft rejection and of developing a de novo DSA after liver transplantation.
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Abstract
AIM
To compare the cannulation success, biochemical profile,
and complications of the papillary fistulotomy technique
vs catheter and guidewire standard access.

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

METHODS
From July 2010 to May 2017, patients were prospectively
randomized into two groups: Cannulation with a catheter
and guidewire (Group Ⅰ ) and papillary fistulotomy
(Group Ⅱ). Amylase, lipase and C-reactive protein at
T0, as well as 12 h and 24 h after endoscopic retro
grade cholangiopancreatography, and complications
(pancreatitis, bleeding, perforation) were recorded.

Conflict-of-interest statement: All authors declare no potential
conflicting interests related to this paper.
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
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RESULTS
We included 102 patients (66 females and 36 males,
mean age 59.11 ± 18.7 years). Group Ⅰ and Group Ⅱ
had 51 patients each. The successful cannulation rates
were 76.5% and 100%, respectively (P = 0.0002).
Twelve patients (23.5%) in Group Ⅰ had a difficult
cannulation and underwent fistulotomy, which led to
successful secondary biliary access (Failure Group).
The complication rate was 13.7% (2 perforations and
5 mild pancreatitis) vs 2.0% (1 patient with perforation
and pancreatitis) in Groups Ⅰ and Ⅱ, respectively (P =
0.0597).

papillotomy, transpancreatic sphincterotomy and
papillary fistulotomy (PF) techniques. Acute pancreatitis
after ERCP is the most feared complication. It is also
one of the most frequent, with an incidence of 1% up to
[3]
10% or more, and a mortality of 0.1%-1% .
Selective cannulation of the biliary tract, thereby
avoiding the pancreatic duct, can curb the mechanisms
that trigger pancreatitis, and therefore prevent its
occurrence. The precut sphincterotomy has been
identified as an independent risk factor of postERCP
pancreatitis (PEP). It is unclear whether prolonged
cannulation attempts, or precut incisions are to
blame. Studies suggest that an early precut is a
protective factor, compared to persistent attempts at
[4,5]
cannulation . However, all protocols that found a lower
risk of PEP with a precut technique were performed at
specialized centers, and the use of pancreatic stents
was limited and inconsistent.
There are few investigations in which the precut
and PF techniques were initially employed, to access
[6-8]
the biliary tract
. The PF technique is based on
accessing the bile duct far from the pancreatic duct,
by sectioning the papilla proximally, and thus avoiding
the ostium (proximal half of the papilla). PF was initially
[9]
described by Osnes et al . These authors observed a
spontaneous choledochoduodenal fistula during ERCP.
Contrast injection through the fistula detected bile
duct stones. After enlargement of the fistula with a
diathermic snare, the patients were observed for a few
days with the spontaneous exit of the stones. Sakai
[10]
et al reported a pancreatitis occurrence rate of 7.6% in
2001, particularly in the setting of previous manipulation
of the papilla, and trauma to the pancreatic duct, after
several frustrated attempts at biliary tract cannulation.
The main objective of this study was to evaluate
the success of the PF technique, in the cannulation of
the biliary tract. The secondary objective was to assess
the enzyme profile and ensuing complications, in
comparison with direct cannulation.

CONCLUSION
Papillary fistulotomy was more effective than guidewire
cannulation, and it was associated with a lower profile
of amylase and lipase. Complications were similar in
both groups.
Key words: Catheterization; Complications; Endoscopic
retrograde cholangiopancreatography; Therapeutic use;
Common bile duct
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Biliary cannulation is the first step of therapeutic
endoscopic retrograde cholangiopancreatography and
can determine several complications. There are small
numbers of papers regarding comparison between
conventional cannulation vs fistulotomy. Our study
is a well-designed approach in its matter. In fact, we
compare the cannulation success, biochemical profile
and complications of the papillary fistulotomy techni
que versus catheter and guidewire standard access.
Papillary fistulotomy was more effective than guidewire
cannulation, and it was associated with a lower profile
of amylase and lipase, as the routine endoscopic access
to the biliary tree, including difficult cases. Complications
were similar in both groups.
Furuya CK, Sakai P, Marinho FR, Otoch JP, Cheng S,
Prudencio LL, de Moura EG, Artifon EL. Papillary fistulotomy
vs conventional cannulation for endoscopic biliary access:
A prospective randomized trial. World J Gastroenterol 2018;
24(16): 1803-1811 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i16/1803.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i16.1803

MATERIALS AND METHODS
From July 2010 to May 2017, candidates for ERCP
due to choledocolithiasis were recruited at Ana Costa
Santos Hospital and the Endoscopy Unit of the Clinical
Hospital, Faculty of Medicine, University of Sao Paulo.
Enrolled patients were randomized for conventional
cannulation with a catheter and guidewire (GroupⅠ)
and PF (Group Ⅱ).
Inclusion criteria were adult (both sexes) with
choledocholithiasis and diagnosis by abdominal
ultrasound, computed tomography (CT), cholangio
resonance, or intraoperative cholangiography. Exclusion
criteria were Billroth Ⅱ gastrectomy, duodenal
obstruction, coagulopathy or anticoagulant use,
pregnancy or lactation, acute pancreatitis, myocardial
infarction in the last 6 mo, previous papillotomy, or
refusal to participate in the study.

INTRODUCTION
Biliary tract cannulation is the critical step in diagnosis
and treatment of biliopancreatic diseases during
endoscopic retrograde cholangiopancreatography
(ERCP). Catheter introduction through the papillary
[1,2]
ostium fails in 5% to 20% of the patients . Several
alternatives can be used for difficult cases, such as
double-guidewire, pancreatic stent, rendezvous, precut
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A

B

C

D

Figure 1 Schematic sequence of papillary fistulotomy. A and B: Dissection of the major papilla; C: Sphincterotome in the bile duct; D: Radiological image.

The protocol was approved by the institutional
Ethical Committee, and also registered as a randomized
trial at the University of Sao Paulo Registry-MA3:
014/2010 and 0671/09. Informed consent was signed
by all participants. Side-view endoscopes (Pentax ED3670TK, Olympus TJF-160, or Fujinon ED-250XT5)
were used during the ERCP. WEM SS-200E, Erbe ICC
200 and ValleyLab Force FX electrosurgical units were
employed.

cutting current (30 watts) was used to section the
mucosa and the choledochal sphincter. The dissection
was stopped when biliary secretion, open bile duct
mucosa, or bulging of the bile duct mucosa was
identified. The fistula was cannulated into the bile
duct with a guidewire and sphincterotome, and it was
enlarged by cutting the sphincter, to the limit of the
transverse mucosal fold.
The PF procedure was stopped when there were
signs of perforation, false route, major bleeding, loss
of anatomy, or if cannulation of the bile duct was not
achieved within 15 min. In these cases, the procedure
was repeated after 5 to 7 d.
Enzymatic abnormalities (serum amylase and lipase)
were documented up to 24 h before the examination
(T0), as well as 12 h and 24 h after the endoscopic
procedure. The diagnosis of acute pancreatitis was
based on persistent or worsening abdominal pain
24 h following ERCP and abnormal laboratory data,
complemented by imaging methods. An amylase or
lipase concentration of more than three times the upper
[11]
limit of normal was considered diagnostic .
Hyperamylasemia was defined as amylase and/or
lipase 3 times the upper limit of normal (> 300 U/L),
without clinical features of pancreatitis. Inflammatory
changes were monitored by serum C-reactive protein,
collected at the same times.
A duodenal perforation was defined as gas or contrast
accumulation in the retroperitoneum detected by simple
X-ray of the abdomen. Endoscopic evidence, and clinicallaboratory findings consistent with bleeding were carefully
monitored. These included bloody vomit or stools.

GroupⅠ

Cannulation of the papillary ostium was performed
using a 4.4 Fr sphincterotome (TRUEtome; Boston
Scientific) with a 0.035-inch guidewire (Jagwire; Boston
Scientific). A pure cut current (50 watts), applied
in short-duration pulses, was adopted to perform
papillotomy. A 30-watt pure cut current was indicated
for intradiverticular papillae, and the complementation
of fistulotomies (Figures 1 and 2).
A difficult cannulation was recognized if it took >
10 min, required > 5 cannulation attempts, or when >
2 pancreatic duct penetrations occurred. Difficult cases
were referred to PF. Pancreatic plastic stents were
placed in case of prolonged procedure.

Group Ⅱ

Incision was made on the mucosa, using a needleknife catheter (MicroKnife XL; Boston Scientific), in
distal to proximal direction, aiming at the papillary
apex. It involved the proximal two-thirds of the
papillary protuberance, and above the papillary orifice
(approximately 5 mm far from the ostium). A pure
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B
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D

Figure 2 Sequence of papillary fistulotomy. A and B: Dissection of the major papilla; D: Sphincterotome in the bile duct; D: Radiological image.

median, minimum and maximum, whenever appro
priate. Student’s t test and Mann-Whitney test were
used for comparisons, depending on initial normality
assessment. Qualitative characteristics were informed
as absolute and relative frequencies, and compared by
means of chi-square, Fisher’s exact test, and likelihood
[12]
ratio test . Pancreatic enzyme curves were compared
by generalized estimating equations (GEE), with
gamma marginal distribution and identity link function,
within a first order autoregressive correlation matrix
between the evaluation times.

Whenever the problem was suspected, hemoglobin
concentration was serially measured, starting at 12 h
after the intervention, and compared with preprocedure
values, with hemoglobin drop of 2 g/dL.
Patients were admitted for 24 h after the endoscopic
procedure and under fasting condition. Asymptomatic
patients without laboratorial or radiological signs of
pancreatitis or other complications were discharged
after 24 h and contacted by phone call 36 h and 48 h
after discharge to ensure there were no symptoms. Any
symptomatic patient would be referred to the hospital
for clinical and laboratorial assessment. If a complication
occurred, the patient remained hospitalized until
complete recovery was observed. All complications
were managed using a multidisciplinary approach and
according to international guidelines, with consensus
between the Endoscopist and Surgeon.

RESULTS
A total of 102 patients were selected and randomized
into GroupⅠ (51 patients) and Group Ⅱ (51 patients).
There were no post hoc exclusions. Table 1 demon
strates that the demographic and preliminary clinical
findings were comparable (P > 0.05).
As informed in Table 2, choledocholithiasis was
confirmed in 80.4% and 62.7% of GroupsⅠ and Ⅱ,
respectively (P = 0.048). The success rate for biliary
duct cannulation was higher in Group Ⅱ (100%) than in
GroupⅠ (76.48%) (P = 0.0002). PF was performed in
a single session. Dilated intrahepatic and extrahepatic
bile ducts, and placement of biliary stents, were not
different between the groups (P > 0.05). No difference
in the risk of pancreatitis could be accounted to either
intrahepatic or extrahepatic dilatation.
Intra- or peridiverticular papillae were observed in
15.7% and 3.9% of the populations, respectively (P =
0.046). Twelve cannulations (23.5%) were classified

Sample size calculation

Calculations were based on similar studies, reporting a
[1,2]
biliary cannulation failure rate of 5% to 20% . Adopting
a 95% confidence interval of 3.65, a total population of
90 patients, and a minimum method failure rate of 2%
(total ERCP success of 98% as maximum), 35 patients
were deemed necessary per group. For safety, 51
patients were allocated to each group.

Statistical analysis

Analyses were performed with IBM SPSS for Win
dows version 20.0. The significance level was 5%.
Randomization employed sealed envelopes, and
descriptive statistics comprised mean ± SD as well as
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Table 1 Patient characteristics and baseline laboratory tests
Variable
Age in yr
Mean ± σ
Median (min; max)
Sex, n (%)
Female
Male
AST
Mean ± σ
Median (min; max)
ALT
Mean ± σ
Median (min; max)
AP
Mean ± σ
Median (min; max)
GGT
Mean ± σ
Median (min; max)
Total bilirubin
Mean ± σ
Median (min; max)
Direct bilirubin
Mean ± σ
Median (min; max)

Group Ⅰ, n = 51

Group Ⅱ, n = 51

Total, n = 102

57.4 ± 19.3
56 (19; 91)

60.9 ± 18.1
64 (22; 95)

59.1 ± 18.7
58 (19; 95)

P value
0.3431

> 0.9992
33 (64.7)
18 (35.3)

33 (64.7)
18 (35.3)

66 (64.7)
36 (35.3)

116.3 ± 143.4
44 (8; 691)

124.3 ± 168.3
60 (13; 762)

120.1 ± 155.1
50 (8; 762)

163.6 ± 191.6
83 (9; 776)

154.1 ± 169.3
104 (11; 662)

159 ± 180.4
90 (9; 776)

267.8 ± 329.7
153.5 (8; 1567)

301.9 ± 320.4
173 (32; 1320)

284.3 ± 323.9
162 (8; 1567)

532 ± 454.3
466.5 (39; 1684)

543.4 ± 578.2
284 (11; 2269)

537.5 ± 515.1
382 (11; 2269)

0.680

0.873

0.585

0.821

0.994
4.1 ± 4.9
2 (0.1; 23.4)

5.3 ± 7.5
2.1 (0.2; 29.2)

4.7 ± 6.3
2.1 (0.1; 29.2)

3.6 ± 4.4
1.6 (0.1; 20.9)

4.2 ± 6.3
1.1 (0.1; 22.4)

3.9 ± 5.4
1.5 (0.1; 22.4)

0.683

1

Student’s t-test; 2Chi-square test, Mann-Whitney test. AST: Aspartate transaminase; ALT: Alanine transaminase; AP: Alkaline phosphatase; GGT: Gammaglutamyl transpeptidase; σ: Standard deviation.

Table 2 Endoscopic retrograde cholangiopancreatography findings and complications n (%)
Variable

Group Ⅰ, n = 51

Group Ⅱ, n = 51

Total, n = 102

10 (19.6)
41 (80.4)

19 (37.3)
32 (62.7)

29 (28.4)
73 (71.6)

36 (70.6)
15 (29.4)

38 (74.5)
13 (25.5)

74 (72.6)
28 (27.4)

25 (49.02)
2 (3.9)
26 (50.98)
3

22 (43.1)
1 (1.9))
29 (56.9)
0

47 (46.1)
3 (2.9)
55 (53.9)
3 (2.9)

43 (84.3)
8 (15.7)

49 (96.1)
2 (3.9)

92 (90.2)
10 (9.8)

42 (82.4)
9 (17.6)

37 (72.6)
14 (27.4)

79 (77.5)
23 (22.5)

42 (82.4)
9 (17.6)

39 (76.5)
12 (23.5)

81(79.4)
21 (20.6)

49 (96.1)
2 (3.9)

47 (92.2)
4 (7.9)

96 (94.1)
6 (5.9)

12 (23.5)
39 (76.5)

0
51 (100)

44 (86.3)
7 (13.7)
5
2
0

50 (98)
1 (2)
1
1
0

Choledocolithiasis
No
Yes
Intrahepatic dilatation
No
Yes
Extrahepatic dilatation
No
Pancreatitis
Yes
Pancreatitis
Intra- or peridiverticular papilla
No
Yes
Prosthesis
No
Yes
Biliary prosthesis
No
Yes
Cholangitis
No
Yes
Biliary access
No
Yes
Complications,pancreatitis, bleeding or perforation
No
Yes
Pancreatitis
Perforation
Bleeding

P value
0.048

0.6572

0.5512
11
0.09911
0.046

0.236

0.463

0.6781

0.00021
0.05371
94 (92.2)
8 (7.8)

Data are presented as n (%). 1Fisher’s exact test; Chi-square test.
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Table 3 Endoscopic retrograde cholangiopancreatography findings and complications according to group and subgroup
Groups
Total, n = 102
Group Ⅱ, n = 51
Group Ⅰ, n = 51
GWC, n = 39 Difficult cannulation, n = 12

Variable

Complications, pancreatitis, bleeding or perforation
No
Yes
Number of cannulations
Mean ± σ
Median (min.; max.)

P value

0.062
34 (87.2)
5 (12.8)

10 (83.3)
2 (16.7)

3.3 ± 1.9
3 (1; 10)

7.5 ± 2.8
8.5 (3; 10)

50 (98)
1 (2)

94 (92.2)
8 (7.8)

< 0.0011

4.3 ± 2.8
3 (1; 10)

1

Mann-Whitney test, Likelihood ratio test. GWC: Guidewire cannulation; σ: Standard deviation.

Table 4 Lipase, amylase and C-reactive protein measurements at the different evaluation times
Group Ⅰ, n = 51

Variable
Pre

12 h

Group Ⅱ, n = 51
24 h

Pre

12 h

P value

P value

P value for

for time

interaction

0.006

< 0.001

0.026

0.003

< 0.001

0.013

0.189

0.070

0.353

24 h

Lipase
mean ± 
69.4 ± 102.1
439.0 ± 1064.8
199.5 ± 528.3
41.4 ± 37.2 100.6 ± 183.3
85.2 ± 189.1
median (min; max)
38 (9; 611)
52 (10; 5014)
48 (8; 3000)
32 (0; 239)
42.5 (8; 968)
40 (5; 1334)
Amylase
mean ± 
76.4 ± 57.8
453.5 ± 1287.4
304.0 ± 979.3
59.6 ± 36.2
98.1 ± 94.3
85.8 ± 102.6
median (min; max)
59 (12; 310)
80 (14; 7900)
70 (13; 6721)
50 (14; 236) 69 (21; 624)
67.5 (12; 732)
C-reactive protein
mean ± 
126.6 ± 539.7
49.5 ± 89.7
45.4 ± 70.5
58.6 ± 104.8
41.4 ± 62.0
38.8 ± 52.9
median (min; max) 11.1 (0.1; 3813) 15.5 (0.3; 486.1) 19.16 (0.5; 340.9) 12 (0.2; 549) 13.8 (0.3; 271) 16.6 (0.5; 223.1)

GEE with gamma distribution and identity link function. Not all patients were evaluated at all times. GEE: Generalized estimating equations; : Standard
deviation.

amylase differed between the groups and over time
(P = 0.026 and P = 0.013, respectively). In contrast,
no discrepancy for C-reactive protein was detected
regarding groups (P = 0.189) or time (P = 0.07).
Figures 4-6 depict the amylase and lipase elevations
in GroupⅠ patients. C-reactive protein, as alluded to,
failed to exhibit discriminant patterns.

Biliary cannulation
n = 102

Group Ⅰ
(Conventional-Guidewire cannulation
with sphincterotome)
n = 51

Success
n = 39

Difficult cannulation
n = 12

Group Ⅱ
(Papillary fistulotomy)
n = 51

Success
n = 51

DISCUSSION
Pancreatitis is the most frequent complication of ERCP,
[6-8,13,14]
occurring in as many as 15.1% of the patients
. It
is associated with considerable morbidity and mortality.
Precut techniques have been associated with a high risk
[7,8,15-17]
of PEP in previous studies
.
[18,19]
A difficult cannulation is an independent risk factor
.
The failure rate of primary biliary tract cannulation, with
the use of a sphincterotome, was calculated as 2.5%-24%
[20-23]
[21,23,24]
without a guidewire
and 1.5%-10%
adopting
the wire. The American Society for Gastrointestinal
Endoscopy benchmark for cannulation success during
ERCP procedures of low to moderate complexity is > 90%
[25]
for all indications .
In this study, the primary success rate was 76.5%,
with 9.8% of PEP. Difficult cannulation occurred in
12 patients, yet access was achieved via PF in all
these individuals. The high failure rate (23.5%) may
be explained by the participation of fellows, who are
less experienced, thus making additional attempts
by endoscopists with greater expertise required.

Papillary fistulotomy
n = 12

Figure 3 Flowchart showing the sequence of procedures performed in the
study.

as difficult, thus migrating to the PF technique (Figure
3). GroupsⅠ and Ⅱ had complication rates of 13.7%
and 2.0%, respectively, which barely failed to reach
significance (P = 0.0597). Two perforations and five
cases of pancreatitis were observed in the first group,
compared to a single case of retroperitoneal perforation
and pancreatitis in the second one.
Table 3 reveals that the number of cannulations,
as expected, was significantly different in the difficult
cannulation group (P < 0.001), unlike ERCP findings,
stent placement or complications (P > 0.05).
In Table 4 it can be appreciated that both lipase and
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700
600

The mean diameter of the common bile duct in this
[10]
experience was 8.7 mm (5-18.2 mm). Sakai et al in
2001, suggested that PF be reserved mainly for patients
[27]
with a dilated common bile duct. Jin et al
concluded
in 2016, based on 55 interventions, that a bile duct <
[26]
9 mm was a risk factor. Yet Khatibian et al
reported
in 2008 that the diameter of the common bile duct was
not relevant for need of PF.
In the current series, PF (Group Ⅱ and Failures) was
performed in 28 of 63 patients (44.4%; P = 0.834);
for each, being performed through the common bile
duct without dilatation. No difference in the risk of
pancreatitis emerged when considering the caliber
of the intra- and extrahepatic biliary tracts. Bile duct
stones could not be removed in the first attempt in
20.8% of the cases, due to large size; therefore, in
these cases, a biliary stent was placed.
Hyperamylasemia was observed in 2 patients in
GroupⅠ (P = 0.49). Transient asymptomatic elevations
in amylase, lipase, or both, range from 0 to 64% in the
[29-31]
literature
. Asymptomatic hyperamylasemia, defined
as amylase levels > 5 times the upper limit at 24 h after
ERCP, has been reported in approximately 27% of the
[32]
cases .
In our study, the number of cannulation attempts
significantly correlated with increased lipase and
amylase levels, at 12 h and 24 h after the procedure.
In a series of 907 patients, the rates of PEP were 0.6%,
3.1%, 6.1% and 11.9% following one, two, three to
four, and more than five primary cannulation attempts
that led to success, respectively. PEP risk increased
[19]
to 11.5% if the primary cannulation method failed .
In our study, PEP occurred following the guidewire
cannulation (GWC) technique in 5 patients (9.8%), of
which 2 (3.9%) exhibited a difficult papillary access,
which was only achieved by means of PF.
No significant increase in pancreatic enzymes was
observed, and the incidence of PEP was not greater in
the group that underwent PF as the initial procedure;
neither did the 12 patients with PF as a rescue
procedure exhibit a different pattern. This demonstrates
the safety of PF, whenever performed or supervised
[33]
by experienced physicians. In 2016, Zagalsky et al
compared early precut (PCP) techniques and use of
a pancreatic duct stent in 101 patients who suffered
difficult cannulations. The success rates of biliary
cannulation (98% and 96%), and the occurrence of
PEP (4% and 3.92%) were similar between the early
PCP and stent groups, respectively. Two perforations
and bleeds occurred in the early PCP group, which also
demonstrates the safety of the procedure compared to
standard PEP prevention technique after a failed GWC.
Other recent studies have shown that precut
techniques lead to an increased rate of successful
deep biliary tract access and that their early use by
experienced endoscopists results in a decrease in
[4,27,34]
[2]
PEP
. Weerth et al compared primary PCP and
GWC for bile duct access and reported a success rate
at the first attempt of 100% and 71%, respectively.

P = 0.013

Group Ⅰ
Group Ⅱ

Amylase

500
400
300
200
100
0

Pre

12

24

t /h

Figure 4 Amylase profile after the procedure.
600

Lipase

500

P = 0.026

Group Ⅰ
Group Ⅱ

400
300
200
100
0

Pre

12

24

t /h

Figure 5 Lipase profile for the two groups.
250

Group Ⅰ
Group Ⅱ

C-reactive protein

200

P = 0.353

150
100
50
0

Pre

12

24

t /h

Figure 6 Evolution of C-reactive protein.

Nevertheless, papillary trauma eventually inflicted
during the first intervention may hinder subsequent
access, thus compromising the overall success rate.
Common bile duct stones were not found in all cases
during ERCP, possibly on account of the long period
that had elapsed since the original diagnosis in the
primary care institution. It is important to mention that
per protocol, PF was conducted directly, without prior
manipulation by conventional techniques. Cannulation
of the bile duct using PF was accomplished in all
patients in Group Ⅱ. Three previous studies with a
similar design displayed 89.3%-96.5% success rates
[26-28]
for fistulotomy
. In the control group (conventional
technique), the corresponding values were 70.6% and
[26-28]
88%
.
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and C-reactive protein.

They observed mild to moderate PEP in 2.1% and 2.9%
(P > 0.05), after primary PCP or GWC, respectively.
Only 1 patient (in the GWC group) suffered from po
stpapillotomy bleeding. In our experience, a single
patient presented a retroperitoneal perforation and pa
ncreatitis in Group Ⅱ, both of which were conservatively
managed.
There were two perforations (3.9%) in GroupⅠ,
and the one (1.9%) in Group Ⅱ already alluded to,
which were always conservatively treated. No bleeding
was observed. The negligible incidence of bleeding is
[2,17,26,28,35]
consistent with previous precut studies (0-3.4%)
.
In regards to perforation (0-1.8%), our results are also
[2,17,26,28,35]
quite acceptable
.
In conclusion, PF was more effective than GWC, and
it was associated with a lower profile of amylase and
lipase, as the routine endoscopic access to the biliary
tree, including difficult cases. Complications were similar
in both groups.

REFERENCES
1

2

3
4

5

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Successfully cannulating the biliary tract is important in the diagnosis
and treatment of biliopancreatic diseases with endoscopic retrograde
cholangiopancreatography (ERCP), but it can be associated with severe
complications and mortality.

6

Research motivation

The number of papers regarding comparison between conventional cannulation
versus fistulotomy is small. Our study is a well-designed approach in its matter.

7

Research objectives:

To compare the cannulation success, biochemical profile, and complications
of the papillary fistulotomy technique versus catheter and guidewire standard
access.

8

Research methods

Patients were prospectively randomized into two groups: cannulation with
a catheter and guidewire (Group Ⅰ) and papillary fistulotomy (Group Ⅱ).
Amylase, lipase and C-reactive protein at T0 as well as 12 h and 24 h after
ERCP, and complications (pancreatitis, bleeding, perforation) were recorded.
Comparison was made of the cannulation success, biochemical profile and
complications of the papillary fistulotomy technique vs catheter and guidewire
standard access.

9

10
11

Research results

We included 102 patients, and Groups Ⅰ and Ⅱ had 51 patients each. The
successful cannulation rates were 76.5% and 100%, respectively (P = 0.0002).
Twelve patients (23.5%) in GroupⅠ had a difficult cannulation and underwent
fistulotomy, which led to successful secondary biliary access (Failure Group).
The complication rate was 13.7% (2 perforations and 5 mild pancreatitis) in
Group Ⅰ versus 2.0% (1 patient with perforation and pancreatitis) in Group Ⅱ (P
= 0.0597).

12
13

Research conclusions

Papillary fistulotomy was more effective than guidewire cannulation, and it
was associated with a lower profile of amylase and lipase. Complications were
similar in both groups.

14

Research perspectives

The fistulotomy demonstrated safety similar to conventional cannulation and
less local trauma into the ampulla, according to the levels of the amylase, lipase

WJG|www.wjgnet.com

15

1810

Abu-Hamda EM, Baron TH, Simmons DT, Petersen BT. A
retrospective comparison of outcomes using three different
precut needle knife techniques for biliary cannulation. J Clin
Gastroenterol 2005; 39: 717-721 [PMID: 16082283]
de Weerth A, Seitz U, Zhong Y, Groth S, Omar S, Papageorgiou
C, Bohnacker S, Seewald S, Seifert H, Binmoeller KF, Thonke F,
Soehendra N. Primary precutting versus conventional over-thewire sphincterotomy for bile duct access: a prospective randomized
study. Endoscopy 2006; 38: 1235-1240 [PMID: 17163325 DOI:
10.1055/s-2006-944962]
Freeman ML, Guda NM. ERCP cannulation: a review of reported
techniques. Gastrointest Endosc 2005; 61: 112-125 [PMID:
15672074]
Sundaralingam P, Masson P, Bourke MJ. Early Precut
Sphincterotomy Does Not Increase Risk During Endoscopic
Retrograde Cholangiopancreatography in Patients With Difficult
Biliary Access: A Meta-analysis of Randomized Controlled Trials.
Clin Gastroenterol Hepatol 2015; 13: 1722-1729.e2 [PMID:
26144018 DOI: 10.1016/j.cgh.2015.06.035]
Mariani A, Di Leo M, Giardullo N, Giussani A, Marini M, Buffoli
F, Cipolletta L, Radaelli F, Ravelli P, Lombardi G, D’Onofrio V,
Macchiarelli R, Iiritano E, Le Grazie M, Pantaleo G, Testoni PA.
Early precut sphincterotomy for difficult biliary access to reduce
post-ERCP pancreatitis: a randomized trial. Endoscopy 2016; 48:
530-535 [PMID: 26990509 DOI: 10.1055/s-0042-102250]
Freeman ML, Nelson DB, Sherman S, Haber GB, Herman
ME, Dorsher PJ, Moore JP, Fennerty MB, Ryan ME, Shaw MJ,
Lande JD, Pheley AM. Complications of endoscopic biliary
sphincterotomy. N Engl J Med 1996; 335: 909-918 [PMID:
8782497 DOI: 10.1056/NEJM199609263351301]
Mavrogiannis C, Liatsos C, Romanos A, Petoumenos C, Nakos
A, Karvountzis G. Needle-knife fistulotomy versus needle-knife
precut papillotomy for the treatment of common bile duct stones.
Gastrointest Endosc 1999; 50: 334-339 [PMID: 10462652 DOI:
10.1053/ge.1999.v50.98593]
Zhou W, Li Y, Zhang Q, Li X, Meng W, Zhang L, Zhang H,
Zhu K, Zhu X. Risk factors for postendoscopic retrograde
cholangiopancreatography pancreatitis: a retrospective analysis of
7,168 cases. Pancreatology 2011; 11: 399-405 [PMID: 21894057
DOI: 10.1016/S1424-3903(11)80094-3]
Osnes M, Kahrs T. Endoscopic choledochoduodenostomy
for choledocholithiasis through choledochoduodenal fistula.
Endoscopy 1977; 9: 162-165 [PMID: 913369 DOI: 10.1055/
s-0028-1098510]
Sakai P, Artifon ELA, Maluf Filho F. Fistulopapilotomia
Endoscópica: Uma Alternativa à Papila de Difícil Cateterização.
GED 2001; 20: 208-212
Lerch MM. Classifying an unpredictable disease: the revised
Atlanta classification of acute pancreatitis. Gut 2013; 62: 2-3
[PMID: 23220948 DOI: 10.1136/gutjnl-2012-303724]
Kirkwood B, JAC S. Essential Medical Statistics. 2nd ed.
Massachusetts, United States: Blackwell Science; 2006
Cheng CL, Sherman S, Watkins JL, Barnett J, Freeman M,
Geenen J, Ryan M, Parker H, Frakes JT, Fogel EL, Silverman WB,
Dua KS, Aliperti G, Yakshe P, Uzer M, Jones W, Goff J, LazzellPannell L, Rashdan A, Temkit M, Lehman GA. Risk factors for
post-ERCP pancreatitis: a prospective multicenter study. Am
J Gastroenterol 2006; 101: 139-147 [PMID: 16405547 DOI:
10.1111/j.1572-0241.2006.00380.x]
Bailey AA, Bourke MJ, Williams SJ, Walsh PR, Murray MA,
Lee EY, Kwan V, Lynch PM. A prospective randomized trial of
cannulation technique in ERCP: effects on technical success and
post-ERCP pancreatitis. Endoscopy 2008; 40: 296-301 [PMID:
18389448 DOI: 10.1055/s-2007-995566]
Bailey AA, Bourke MJ, Kaffes AJ, Byth K, Lee EY, Williams SJ.
Needle-knife sphincterotomy: factors predicting its use and the

April 28, 2018|Volume 24|Issue 16|

Furuya CK et al . Papillary fistulotomy for biliary access

16

17

18

19

20

21
22

23

24

25

relationship with post-ERCP pancreatitis (with video). Gastrointest
Endosc 2010; 71: 266-271 [PMID: 20003969 DOI: 10.1016/
j.gie.2009.09.024]
Halttunen J, Keränen I, Udd M, Kylänpää L. Pancreatic
sphincterotomy versus needle knife precut in difficult biliary
cannulation. Surg Endosc 2009; 23: 745-749 [PMID: 18649101
DOI: 10.1007/s00464-008-0056-0]
O'Connor HJ, Bhutta AS, Redmond PL, Carruthers DA.
Suprapapillary fistulosphincterotomy at ERCP: a prospective study.
Endoscopy 1997; 29: 266-270 [PMID: 9255529 DOI: 10.1055/
s-2007-1004187]
Freeman ML, DiSario JA, Nelson DB, Fennerty MB, Lee JG,
Bjorkman DJ, Overby CS, Aas J, Ryan ME, Bochna GS, Shaw MJ,
Snady HW, Erickson RV, Moore JP, Roel JP. Risk factors for postERCP pancreatitis: a prospective, multicenter study. Gastrointest
Endosc 2001; 54: 425-434 [PMID: 11577302 DOI: 10.1067/
mge.2001.117550]
Halttunen J, Meisner S, Aabakken L, Arnelo U, Grönroos J,
Hauge T, Kleveland PM, Nordblad Schmidt P, Saarela A, Swahn F,
Toth E, Mustonen H, Löhr JM. Difficult cannulation as defined by
a prospective study of the Scandinavian Association for Digestive
Endoscopy (SADE) in 907 ERCPs. Scand J Gastroenterol 2014;
49: 752-758 [PMID: 24628493 DOI: 10.3109/00365521.2014.894
120]
Laasch HU, Tringali A, Wilbraham L, Marriott A, England RE,
Mutignani M, Perri V, Costamagna G, Martin DF. Comparison of
standard and steerable catheters for bile duct cannulation in ERCP.
Endoscopy 2003; 35: 669-674 [PMID: 12929062 DOI: 10.1055/
s-2003-41515]
Lella F, Bagnolo F, Colombo E, Bonassi U. A simple way of
avoiding post-ERCP pancreatitis. Gastrointest Endosc 2004; 59:
830-834 [PMID: 15173796]
Schwacha H, Allgaier HP, Deibert P, Olschewski M, Allgaier
U, Blum HE. A sphincterotome-based technique for selective
transpapillary common bile duct cannulation. Gastrointest
Endosc 2000; 52: 387-391 [PMID: 10968855 DOI: 10.1067/
mge.2000.107909]
Artifon EL, Sakai P, Cunha JE, Halwan B, Ishioka S, Kumar A.
Guidewire cannulation reduces risk of post-ERCP pancreatitis and
facilitates bile duct cannulation. Am J Gastroenterol 2007; 102:
2147-2153 [PMID: 17581267 DOI: 10.1111/j.1572-0241.2007.01378.x]
Zhou PH, Yao LQ, Xu MD, Zhong YS, Gao WD, He GJ,
Zhang YQ, Chen WF, Qin XY. Application of needle-knife
in difficult biliary cannulation for endoscopic retrograde
cholangiopancreatography. Hepatobiliary Pancreat Dis Int 2006; 5:
590-594 [PMID: 17085348]
Adler DG, Lieb JG 2nd, Cohen J, Pike IM, Park WG, Rizk MK,

26

27

28

29

30
31

32

33

34

35

Sawhney MS, Scheiman JM, Shaheen NJ, Sherman S, Wani S.
Quality indicators for ERCP. Gastrointest Endosc 2015; 81: 54-66
[PMID: 25480099 DOI: 10.1016/j.gie.2014.07.056]
Khatibian M, Sotoudehmanesh R, Ali-Asgari A, Movahedi Z,
Kolahdoozan S. Needle-knife fistulotomy versus standard method
for cannulation of common bile duct: a randomized controlled trial.
Arch Iran Med 2008; 11: 16-20 [PMID: 18154417]
Jin YJ, Jeong S, Lee DH. Utility of needle-knife fistulotomy
as an initial method of biliary cannulation to prevent postERCP pancreatitis in a highly selected at-risk group: a singlearm prospective feasibility study. Gastrointest Endosc 2016; 84:
808-813 [PMID: 27102829 DOI: 10.1016/j.gie.2016.04.011]
Ayoubi M, Sansoè G, Leone N, Castellino F. Comparison between
needle-knife fistulotomy and standard cannulation in ERCP. World
J Gastrointest Endosc 2012; 4: 398-404 [PMID: 23125897 DOI:
10.4253/wjge.v4.i9.398]
Tanaka R, Itoi T, Sofuni A, Itokawa F, Kurihara T, Tsuchiya T,
Tsuji S, Ishii K, Ikeuchi N, Umeda J, Tonozuka R, Honjo M,
Mukai S, Moriyasu F. Is the double-guidewire technique superior
to the pancreatic duct guidewire technique in cases of pancreatic
duct opacification? J Gastroenterol Hepatol 2013; 28: 1787-1793
[PMID: 23800118 DOI: 10.1111/jgh.12303]
Nishino T, Toki F, Oyama H, Shiratori K. More accurate prediction
of post-ercp pancreatitis by 4-h serum lipase levels than amylase
levels. Dig Endosc 2008; 20: 169-177
Dumonceau JM, Devière J, Cremer M. A new method of
achieving deep cannulation of the common bile duct during
endoscopic retrograde cholangiopancreatography. Endoscopy
1998; 30: S80 [PMID: 9826155]
Testoni PA, Testoni S, Giussani A. Difficult biliary cannulation
during ERCP: how to facilitate biliary access and minimize the risk
of post-ERCP pancreatitis. Dig Liver Dis 2011; 43: 596-603 [PMID:
21377432 DOI: 10.1016/j.dld.2011.01.019]
Zagalsky D, Guidi MA, Curvale C, Lasa J, de Maria J, Ianniccillo
H, Hwang HJ, Matano R. Early precut is as efficient as pancreatic
stent in preventing post-ERCP pancreatitis in high-risk subjects - A
randomized study. Rev Esp Enferm Dig 2016; 108: 258-562 [PMID:
27604474 DOI: 10.17235/reed.2016.4348/2016]
Cennamo V, Fuccio L, Zagari RM, Eusebi LH, Ceroni L,
Laterza L, Fabbri C, Bazzoli F. Can early precut implementation
reduce endoscopic retrograde cholangiopancreatography-related
complication risk? Meta-analysis of randomized controlled trials.
Endoscopy 2010; 42: 381-388 [PMID: 20306386 DOI: 10.1055/
s-0029-1243992]
Huibregtse K, Katon RM, Tytgat GN. Precut papillotomy via
fine-needle knife papillotome: a safe and effective technique.
Gastrointest Endosc 1986; 32: 403-405 [PMID: 3803839]
P- Reviewer: Kahraman A, Ker CG S- Editor: Wang XJ
L- Editor: Filipodia E- Editor: Huang Y

WJG|www.wjgnet.com

1811

April 28, 2018|Volume 24|Issue 16|

World J Gastroenterol 2018 April 28; 24(16): 1812-1824

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i16.1812

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

META-ANALYSIS

Compared efficacy of preservation solutions on the outcome
of liver transplantation: Meta-analysis
Ágnes Lilla Szilágyi, Péter Mátrai, Péter Hegyi, Eszter Tuboly, Daniella Pécz, András Garami, Margit Solymár,
Erika Pétervári, Márta Balaskó, Gábor Veres, László Czopf, Bastian Wobbe, Dorottya Szabó, Juliane Wagner,
Petra Hartmann
analysis; Hartmann P drafted and wrote the manuscript; Wobbe
B performed language editing; Hegyi P and Czopf L revised the
manuscript critically for intellectual content; and all the authors
provided intellectual input for the study and approved the final
version of the manuscript.

Ágnes Lilla Szilágyi, Eszter Tuboly, Daniella Pécz, Petra
Hartmann, Institute of Surgical Research, University of Szeged,
Szeged H-6720, Hungary
Péter Mátrai, Institute of Bioanalysis, University of Pécs, Pécs
H-7624, Hungary
Péter Hegyi, András Garami, Margit Solymár, Erika
Pétervári, Márta Balaskó, Institute for Translational Medicine
and First Department of Medicine, University of Pécs, Pécs
H-7624, Hungary

Supported by grants from the National Research Development
and Innovation Office, NKFI K120232; Hungarian Science
Research Fund, No. GINOP 2.3.2-15-2016-00015 and No. EFOP
-3.6.2-16-2017-00006; and New National Excellence Program of
the Ministry of Human Capacities, No. UNKP-17-4.

Péter Hegyi, MTA-SZTE Translational Gastroenterology
Research Group, Szeged H-6720, Hungary

Conflict-of-interest statement: None of the authors has any
conflict of interests related to this manuscript.

Péter Hegyi, János Szentágothai Research Center, University of
Pécs, Pécs H-7624, Hungary

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/

st

Gábor Veres, 1 Department of Paediatrics, University of
Semmelweis, Budapest H-1085, Hungary
László Czopf, Bastian Wobbe, Dorottya Szabó, Juliane
st
Wagner, Department of Cardiology, 1 Department of Medicine,
University of Pécs, Pécs H-7624, Hungary
ORCID number: Ágnes Lilla Szilágyi (0000-0003-1584-5906);
Péter Mátrai (0000-0001-5144-0733); Péter Hegyi
(0000-0002-4333-265X); Eszter Tuboly (0000-0003-0333-6952);
Daniella Pécz (0000-0002-0214-8389); András Garami
(0000-0003-2493-0571); Margit Solymár (0000-0001-6667-6263);
Erika Pétervári (0000-0002-3673-8491); Márta Balaskó
(0000-0003-4377-9758); Gábor Veres (0000-0002-0911-1941);
László Czopf (0000-0001-9565-0732); Bastian Wobbe
(0000-0002-7278-1470); Dorottya Szabó (0000-0001-7351-2929);
Juliane Wagner (0000-0002-7762-0377); Petra Hartmann
(0000-0002-4746-9792).

Manuscript source: Unsolicited manuscript
Correspondence to: Petra Hartmann, MD, PhD, Assistant
Professor, Institute of Surgical Research, University of Szeged,
Szőkefalvi-Nagy Béla street 6, Szeged H-6720,
Hungary. hartmann.petra@med.u-szeged.hu
Telephone: +36-62-545103
Fax: +36-62-545743
Received: January 31, 2018
Peer-review started: January 31, 2018
First decision: February 24, 2018
Revised: April 2, 2018
Accepted: April 9, 2018
Article in press: April 9, 2018

Author contributions: Szilágyi ÁL, Garami A, Solymár M,
Pétervári E, Balaskó M and Hartmann P designed the study;
Szilágyi ÁL, Tuboly E, Pécz D, Veres G, Szabó D and Wagner J
collected and analyzed the data; Mátrai P performed the statistical

WJG|www.wjgnet.com

1812

April 28, 2018|Volume 24|Issue 16|

Szilágyi ÁL et al . Meta-analysis of liver graft preservation solutions

reviewed the current evidence and found no significant
differences in risk of transplant outcomes: primary nonfunction (RR = 0.02, 95%CI: 0.01-0.03, p = 0.36) and
one-year post-transplant graft survival (RR = 0.80,
95%CI: 0.80-0.80, p = 0.37) between UW and the
other examined solutions.

Published online: April 28, 2018

Abstract
AIM
To compare the effects of the four most commonly
used preservation solutions on the outcome of liver
transplantations.

Szilágyi ÁL, Mátrai P, Hegyi P, Tuboly E, Pécz D, Garami A,
Solymár M, Pétervári E, Balaskó M, Veres G, Czopf L, Wobbe
B, Szabó D, Wagner J, Hartmann P. Compared efficacy of
preservation solutions on the outcome of liver transplantation:
Meta-analysis. World J Gastroenterol 2018; 24(16): 1812-1824
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i16/1812.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i16.1812

METHODS
A systematic literature search was performed using
MEDLINE, Scopus, EMBASE and the Cochrane Library
st
databases up to January 31 , 2017. The inclusion
criteria were comparative, randomized controlled trials
(RCTs) for deceased donor liver (DDL) allografts with
adult and pediatric donors using the gold standard
University of Wisconsin (UW) solution or histidinetryptophan-ketoglutarate (HTK), Celsior (CS) and
Institut Georges Lopez (IGL-1) solutions. Fifteen RCTs
(1830 livers) were included; the primary outcomes
were primary non-function (PNF) and one-year posttransplant graft survival (OGS-1).

INTRODUCTION
Organ transplantation is inevitably associated with
ischemia-reperfusion (IR) injury; several methods
have thus been formulated to reduce IR-related
[1,2]
morbidity and to maintain the viability of tissues . The
introduction of the University of Wisconsin (UW) solution
in 1987 has led to significant clinical progress and
increased cold ischemic tolerance and has become the
most widely used, gold standard preservation solution
[3]
for liver transplantation . Nevertheless, in spite of the
clinical success, it has many potential shortcomings
(Table 1). UW is an intracellular colloid solution with
high potassium and low sodium concentration that
inhibits activity of Na-K-adenosine triphosphatase
and the resultant depletion of adenosine triphosphate
stores. However, its low sodium content promotes the
accumulation of calcium during ischemia, resulting in
calcium-dependent endothelial dysfunction in renal
[4,5]
glomeruli and in bile ducts during reperfusion
.
Additionally, the high potassium increases the risk for
hyperkalemia-induced cardiac arrest, requiring liver
flushing before reperfusion. Moreover, low temperature
storage in the container bag may result in the formation
[6]
of adenosine crystals . Therefore, the use of UW has
been intensively challenged, and alternative solutions
with potentially more benefits were developed. Among
them, histidine-tryptophan-ketoglutarate (HTK), Celsior
(CS) and Institut George Lopez (IGL-1) are the most
commonly used preservation solutions in transplantation
[7]
centers .
A number of prospective trials have investigated the
effects of these preservation solutions on liver transplant
outcomes over many years with variable results. HTK,
also known as Bretschneider’s solution, is mostly used
in European liver transplantation centers, especially in
Germany. It has very low viscosity, which is based on
a histidine buffer system with two additional substrates
(tryptophan and ketoglutarate). A lower index of
viscosity allows faster cooling and, theoretically, an

RESULTS
All trials were homogenous with respect to donor
and recipient characteristics. There was no statistical
difference in the incidence of PNF with the use of UW,
HTK, CS and IGL-1 (RR = 0.02, 95%CI: 0.01-0.03,
p = 0.356). Comparing OGS-1 also failed to reveal
any difference between UW, HTK, CS and IGL-1 (RR
= 0.80, 95%CI: 0.80-0.80, p = 0.369). Two trials
demonstrated higher PNF levels for UW in comparison
with the HTK group, and individual studies described
higher rates of biliary complications where HTK and CS
were used compared to the UW and IGL-1 solutions.
However, the meta-analysis of the data did not prove a
statistically significant difference: the UW, CS, HTK and
IGL-1 solutions were associated with nearly equivalent
outcomes.
CONCLUSION
Alternative solutions for UW yield the same degree of
safety and effectiveness for the preservation of DDLs,
but further well-designed clinical trials are warranted.
Key words: Liver transplantation; Preservation solution;
Primary non-function; One-year post-transplant graft
survival; Systematic review; Meta-analysis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The University of Wisconsin (UW) solution
is the gold standard for static cold storage in liver
transplantation. Numerous clinical trials have investi
gated the potential benefit of the most frequently
used alternative solutions, histidine-tryptophanketoglutarate, Celsior and Institut Georges Lopez, but
their results have been variable. This meta-analysis has
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an appropriate period to evaluate the effect of the
preservation solutions according to an expert consensus
[16]
opinion . Other outcomes, such as primary dysfunction
(PDF), early retransplantation rate (RT), post-transplant
death within 30 d (POD) and one-year post-transplant
patient survival (OPS-1) were also evaluated together
with donors and recipient characteristics.
It should be added that three previous systematic
reviews and two registry data analyses have explored
[10,16-19]
this topic, each with limitations
. In 2015, Adam
[10]
et al analyzed the efficacy of the four most commonly
used preservation solutions based on the European
Liver Transplant Registry (ELTR) database. The largest
and most comprehensive study in recent times was
performed by analyzing outcomes of 42869 (first)
liver transplantations, including living and deceased
donors, as well as partial liver graft transplantations.
Although the study population in this registry data
analysis was relatively large, non-selective groups of
[10,18,20]
donors were included
. Two systematic reviews
lacked sufficient sample sizes and therefore were
underpowered to identify clinically relevant differences
[16,17]
in important outcomes, such as PNF of the graft.
A
[19]
systematic review by O’Callaghan et al chose 16 RCTs
for analysis; however, it included unpublished data and
conference abstracts as well. Since then, new prospective
trials have also been published, especially with the IGL-1
[8,21]
solution
.
Therefore, the aim of this systematic review was to
evaluate, compare and update the evidence obtained
in randomized controlled trials (RCTs) on the efficacy
of the four most frequently used preservation solutions
for static cold storage of deceased donor liver (DDL)
allografts.

Table 1 Ingredients in the investigated preservation solutions

HES
PEG-35
Na+
K+

UW

HTK

CS

IGL-1

0.25
27
125

15
10

100
15

0.03
120
25

Concentrations are expressed in mmol/L. HES: Hydroxyethyl starch;
PEG-35: Polyethylene glycol 35 kDa.

[8]

improved washout of blood cells from the graft . UW
was first compared to HTK in a randomized fashion
in liver transplantation in 1994, and these solutions
were found to have similar outcomes in terms of initial
[9]
non-function of the graft and 30-mo patient survival .
However, more recent studies with a larger liver
transplant population from Europe and North America
[10,11]
have provided different conclusions
.
CS has initially been applied in heart transplantation
and then for kidney and liver transplantation as well,
with the idea of providing preservation for all organs
[12]
with a single solution . The use of CS is based on
similar principles to those of UW and HTK, but certain
aspects are different. CS and HTK are categorized
as extracellular preservation fluids; however, their
buffering systems and substrates, which provide highenergy phosphates, are different. With its high sodium
(above 70 mmol/L) and low potassium content, CS is
specifically designed to limit calcium overload (Table 1).
It contains reduced glutathione concentration together
with the addition of mannitol and histidine to prevent
reactive oxygen species-induced oxidative injury. Like
HTK, CS is devoid of colloids, therefore resulting in
decreased viscosity and improved perfusability, it is thus
[13]
unnecessary to the liver prior to reperfusion . Due
to its characteristically low viscosity, high sodium, low
potassium and antioxidant properties, CS is considered
particularly suitable for preserving liver grafts.
There are promising preliminary reports on the
recently introduced Institut Georges Lopez (IGL-1)
solution, also known as the UW-polyethylene glycol
(PEG) solution. IGL-1 combines a cationic inversion
(lower concentration of potassium) and replacement of
hydroxyethyl starch with PEG. These properties could
improve hepatic microcirculatory changes, thereby
[14]
decreasing IR- injury .
The aim of our study was to provide a systematic
review of this topic. The goal was to update current
knowledge and compare data evidence on the
effectiveness of the most frequently used preservation
solutions. The primary endpoint of the study was
primary non-function (PNF) of the graft after liver
transplantation. PNF is the most common cause of
early graft loss, and it has been shown that the organ
preservation method is an independent predictive
[15]
factor of PNF . The secondary endpoint was oneyear post-transplant graft survival (OGS-1), this being

WJG|www.wjgnet.com

MATERIALS AND METHODS
This study was conducted in accordance with the
PRISMA (Preferred Reporting Items in Systematic
[22]
Reviews and Meta-Analysis) statement . The review
protocol was registered with the National Institute
for Health Research PROSPERO system on January
th
12 , 2017, and can be found online (Registration No.
[23]
CRD42017054908) .

Literature search

A systematic literature search was performed using
EMBASE/MEDLINE, PubMed, Scopus and Cochrane.
Database searches were conducted with MeSH key
words, combined with various terms for organ trans
plantation and organ preservation solutions (Figure 1).
No language limitation was applied. The end date for
st
the literature search was January 31 , 2017.

Inclusion criteria

Inclusion criteria specified any RCT comparing two or
more preservation solutions for the static cold storage
of DDLs, from both adult and pediatric donors. Living
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Identification

Organ transplantation AND Organ preservation solution
8944 Abstracts retrieved
2813 EMBASE/MEDLINE, 1426 PubMed, 4588 Scopus, 117 Cochrane

Screening

1445 articles after limitation
Human, controlled study
1348 articles excluded
76 duplicates removed
21 articles screened
Human, controlled study
6 full-text articles
excluded

Eligibility

15 full-text articles
assessed for eligibility

Included

15 studies included in
qualitative synthesis

15 studies included in
quantitative synthesis
(meta-analysis)

Figure 1 PRISMA flowchart of search strategy with inclusions and exclusions.

donor transplantation, multiple organ transplantation,
retransplantation, nonhuman and uncontrolled studies
were excluded. Abstracts for inclusion were independently
reviewed by two authors, and disagreements were
resolved by discussion with a third author (Figure 1).

number of patients was used. Any questions in data
extraction were settled by discussion with a third author.

Statistical analysis

The statistical analysis for this study was conducted
by Péter Mátrai, Institute of Bioanalysis, University of
Pécs, H-7624 Pécs, Hungary. Risk ratios (RR) from
individual studies were pooled statistically by random
effect model using the DerSimonian-Laird estimator
and were displayed on forest plots. As RR allows for
the comparison of two samples, the Celsior and HTK
solutions were compared to UW. Summary RRs were
calculated with 95% confidence intervals (CI) and p
values to test if summary RR = 1 can be rejected. P <
0.05 was defined as a significant difference between
solutions. In the analysis of outcomes for PNF and PDF,
we used a computational correction recommended in
the Cochrane Handbook and proposed by Sweeting
[24]
et al . to overcome the difficulty of dividing by 0.
2
Statistical heterogeneity was tested using the I statistic
and the chi-square test to obtain probability-values; p <
0.05 was defined to indicate significant heterogeneity.
All statistical calculations were performed using Stata
11 SE (Stata Corp) and Comprehensive Meta-analysis
Software (Version 3, Biostat, Englewood). We sought
signs of a small study effect with the funnel plot. To
identify potential sources of heterogeneity, we defined
a priori subgroup analyses with the model of end-stage

Outcomes

The primary outcome was PNF of the liver grafts. PNF
is a life-threatening condition after transplantation that
leads to death or to the need for retransplantation within
seven days of transplantation. It is characterized by
hepatic cytolysis, elevated fasting transaminase levels,
diminishing or absent bile production, coalgulation
deficit related to severely impaired liver function,
high lactate levels, hypoglycemia, respiratory failure
requiring ventilatory support, circulatory failure requiring
catecholamines, and the onset of renal and multi-organ
[15]
failure .
The secondary outcome was OGS-1, since the oneyear post-transplant time point was considered by an
expert consensus opinion as most suitable to evaluate
[16]
the effect of the preservation solutions .

Data extraction

Demographic, quality and outcome data were extracted
independently into Microsoft Excel by two authors. Data
were collected from all articles describing the studies;
in the case of discrepancies, the article with the largest

WJG|www.wjgnet.com
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Table 2 Primary non-function rate in included studies
Study

Solution 1

Cavallari et al[13], 2003
Lopez-Andujar et al[26], 2009
García-Gil et al[33], 2006
Nardo et al[27], 2001
Duca et al[28], 2010
García-Gil et al[35], 2011
Lama et al[29], 2002
Rayya et al[30], 2008
Meine et al[32], 2006
Erhard et al[9], 1994
Mangus et al[31], 2008
Dondéro et al[37], 2010
Meine et al[8], 2015
Wiederkehr et al[21], 2014
Nardo et al[12], 2005

UW
UW
UW
UW
UW
UW
UW
UW
UW
UW
UW
UW
HTK
HTK
HTK

Solution 2

N

n

%

90
104
40
60
51
51
10
68
65
30
98
92
65
125
20

1
2
0
2
0
4
0
1
2
2
5
4
2
1
1

1.100
1.900
0.000
3.333
0.000
11.100
0.000
1.471
3.070
6.660
5.102
4.350
3.100
0.700
5.000

CS
CS
CS
CS
CS
CS
CS
HTK
HTK
HTK
HTK
IGL-1
IGL-1
IGL-1
CS

N

n

%

83
92
40
53
51
51
10
69
37
30
111
48
113
53
20

0
2
0
0
0
4
0
1
1
0
3
1
3
0
0

0.000
2.200
0.000
0.000
0.000
11.100
0.000
1.449
3.030
0.000
2.703
2.080
2.700
0.000
0.000

RR

P value

2.77
0.88
1.00
4.43
1.00
1.00
1.00
1.01
1.14
5.00
1.89
2.09
1.16
1.29
3.00

0.53
0.90
1.00
0.33
1.00
1.00
1.00
0.99
0.91
0.29
0.38
0.51
0.87
0.88
0.49

Studies are grouped by preservation solutions. PNF: Primary non-function; N: Indicates number in group; n: Number of PNF; RR: Relative risk; UW:
University of Wisconsin solution; HTK: Histidine-tryptophan-ketoglutarate solution; CS: Celsior solution; IGL-1: Institut Georges Lopez solution.

Table 3 One-year post-transplant graft survival rate in included studies
Study

Solution 1

Cavallari et al[13], 2003
Lopez-Andujar et al[26], 2009
García-Gil et al[33], 2006
Nardo et al[27], 2001
Duca et al[28], 2010
Rayya et al[30], 2008
Meine et al[32], 2006
Mangus et al[31], 2008
Dondéro et al[37], 2010
Meine et al[8], 2015
Nardo et al[12], 2005

UW
UW
UW
UW
UW
UW
UW
UW
UW
HTK
HTK

Solution 2

N

n

%

90
104
40
60
51
68
65
98
92
65
20

75
83
26
54
31
53
61
82
73
54
15

83.0
80.0
66.1
90.0
60.6
78.0
94.0
84.0
79.1
83.0
75.0

CS
CS
CS
CS
CS
HTK
HTK
HTK
IGL-1
IGL-1
CS

N

n

%

83
92
40
53
51
69
37
111
48
113
20

71
75
31
48
37
49
35
95
19
96
18

85.0
81.0
78.0
90.6
73.5
71.0
94.0
86.0
39.8
85.0
90.0

RR

P value

0.97
0.98
0.84
0.99
0.84
1.01
0.99
0.98
2.00
0.98
0.83

0.69
0.76
0.22
0.92
0.21
0.35
0.88
0.70
0.00
0.74
0.22

Studies are grouped by preservation solutions. OGS-1: One-year post-transplant graft survival; N: Number in group; n: Number of OGS-1; RR: Relative
risk; UW: University of Wisconsin solution; HTK: Histidine-tryptophan-ketoglutarate solution; CS: Celsior solution; IGL-1: Institut Georges Lopez solution.

CIT

liver disease (MELD) score and cold ischemia time (CIT).
All other outcomes related to the solutions were also
investigated by subgroup analysis.

CIT (time interval from the clamping of the donor
aorta to the anastomosis of the organ to the recipient’s
vascular system or organs disposal) was reported in five
studies (supplementary Table 3). Subgroup analysis
showed no significant difference in risk of CIT between
the four solutions (RR = 484.7, 95%CI: 445.4-524.0,
p = 0.1) (supplementary Figure 1B).

RESULTS
Demographic and clinical characteristics of donors and
recipients were homogenous in all trials (supplementary
Tables 1-3).

PNF

MELD score

The MELD score incorporates parameters of recipients
(such as abnormal coagulation, creatinine and serum
bilirubin levels and the etiology of cirrhosis) and serves
[25]
as a predictor of mortality after liver transplantation .
MELD scores were reported in five studies (supple
mentary Table 2). Subgroup analysis showed no
significant difference in MELD score between the four
solutions (RR = 18.6, 95%CI: 15.7-21.5, p = 0.379)
(supplementary Figure 1A).

WJG|www.wjgnet.com

[8,9,12,13,21,26-35]

PNF rates were reported in 15 studies (Table 2)
.
In four studies, PNF was defined as patient death or
retransplantation in the first week. In eleven studies,
PNF was undefined. Overall rates of PNF were very
low (range 0-13.7%). Our meta-analysis showed no
significant difference in risk of PNF between the UW and
CS solutions (z = 0.41, p = 0.680) and between UW and
HTK (z = 1.07, p = 0.284) (Figure 2A). We found only
one RCT that dealt with IGL-1, which was not sufficient
for a meta-analysis to compare IGL-1 with the UW
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A

Study

RR (95%CI)

Events,
UW

Celsior
Lopez-Andujar R. 2009
Duca W. J. 2010
García-Gil F. A. 2006
Lama 2002
García-Gil F. A. 2011
Cavallari A. 2003
Nardo B. 2001
Subtotal (I -squared = 0.0%, P = 0.977)

0.88 (0.13, 6.15)
2/104
1.00 (0.02, 49.45)
0.5/52
1.00 (0.02, 49.20)
0.5/41
1.00 (0.02, 46.05)
0.5/11
1.00 (0.26, 3.78)
4/51
2.77 (0.11, 67.05) 1.5/91
4.43 (0.22, 90.17) 2.5/61
1.21 (0.49, 2.96) 11.5/411

HTK
Rayya F. 2008
Meine M. H. 20064 obse
Mangus 2008
Erhard 1994
Subtotal (I -squared = 0.0%, P = 0.857)

1.01 (0.06, 15.90)
1.14 (0.11, 12.13)
1.89 (0.46, 7.70)
5.00 (0.25, 99.95)
1.76 (0.62, 4.98)

IGL-1
Dondéro F. 2010
Subtotal (I -squared = .%, P = .)

2.09 (0.24, 18.16)
2.09 (0.24, 18.16)

Events,Comparison
%
solution
Weight
2/92
0.5/52
0.5/41
0.5/11
4/51
0.5/84
0.5/54
8.5/385

21.45
5.30
5.32
5.50
45.60
7.95
8.88
100.00

1/68
2/65
5/98
2/30
10/261

1/69
1/37
3/111
0/30
5/247

14.23
19.24
54.53
12.00
100.00

4/92
4/92

1/48
1/48

100.00
100.00

ES (95%CI)

% Weight

NOTE: Weights are from random effects analysis
0.01

B

Comparison solution

1

UW

100

Study
Celsior
Cavallari A., 2003
Nardo B., 2001
Duca W. J., 2010
García-Gil F. A., 2006
Lopez-Andujar R., 2009
Nardo B., 2005
Lama, 2002
García-Gil F. A., 2011
Subtotal (I -squared = 0.0%, P = 0.711)

0.01 (0.00, 0.09)
0.01 (0.00, 0.13)
0.01 (0.00, 0.14)
0.01 (0.00, 0.17)
0.02 (0.01, 0.08)
0.02 (0.00, 0.29)
0.05 (0.00, 0.45)
0.11 (0.05, 0.23)
0.02 (-0.00, 0.04)

4.86
2.18
2.04
1.35
6.22
0.46
0.19
1.14
18.45

HTK
Wiederkehr J.C., 2014
Rayya F., 2008
Erhard, 1994
Mangus, 2008
Meine M. H., 2006
Meine M. H., 2015
Nardo B., 2005
Subtotal (I -squared = 0.0%, P = 0.964)

0.01 (0.00, 0.05)
0.01 (0.00, 0.10)
0.02 (0.00, 0.21)
0.03 (0.01, 0.08)
0.03 (0.00, 0.17)
0.03 (0.01, 0.12)
0.05 (0.01, 0.28)
0.02 (-0.00, 0.03)

12.96
4.26
0.84
7.27
1.37
3.25
0.49
30.44

IGL-1
Wiederkehr J. C., 2014
Dondéro F., 2010
Meine M. H., 2015
Subtotal (I -squared = 0.0%, P = 0.894)

0.01 (0.00, 0.13)
0.02 (0.00, 0.13)
0.03 (0.01, 0.08)
0.02 (-0.01, 0.05)

2.18
2.19
7.45
11.82

UW
Duca W. J., 2010
Cavallari A., 2003
García-Gil F. A., 2006
Rayya F., 2008
Lopez-Andujar R., 2009
Meine M. H., 2006
Nardo B., 2001
Dondéro F., 2010
Lama, 2002
Mangus, 2008
Erhard, 1994
García-Gil F. A., 2011
Subtotal (I -squared = 0.0%, P = 0.816)

0.01
0.01
0.01
0.01
0.02
0.03
0.03
0.04
0.05
0.05
0.07
0.11
0.03

0.14)
0.07)
0.17)
0.10)
0.07)
0.11)
0.12)
0.11)
0.45)
0.12)
0.23)
0.23)
0.04)

2.04
7.00
1.35
4.14
7.94
3.26
2.81
4.49
0.19
4.11
0.82
1.14
39.29

0.02 (0.01, 0.03)

100.00

Overall (I -squared = 0.0%, P = 0.992)
NOTE: Weights are from random effects analysis

(0.00,
(0.00,
(0.00,
(0.00,
(0.00,
(0.01,
(0.01,
(0.01,
(0.00,
(0.02,
(0.02,
(0.05,
(0.01,

0 0.1 0.2 0.3

WJG|www.wjgnet.com

1817

April 28, 2018|Volume 24|Issue 16|

Szilágyi ÁL et al . Meta-analysis of liver graft preservation solutions

C
Begg's funnel plot with pseudo 95% confidence limits
4

_InES

2
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-4
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1

1.5

2

s.e. of: _InES

Figure 2 Effects of preservation solutions on primary non-function. A: Meta-analysis of the relative risk (-RR-) of PNF comparing studies using different
preservation solutions: UW vs Celsior and UW vs HTK; B: Forest plot for subgroup analysis of PNF; and C: Funnel plot for PNF in studies. Squares represent
individual study effects, with the size of the box relating to the weight of the study in the meta-analysis. Each diamond represents a summary effect from metaanalysis. Horizontal bars represent 95% CIs. There is no evidence of a small study effect in the test or the formal plot. PNF: Primary non-function; RCTs: Randomized
controlled trials; ES: Effect size; UW: University of Wisconsin solution; HTK: Histidine-tryptophan-ketoglutarate solution; CS: Celsior solution; IGL-1: Institut Georges
Lopez solution.

solution. We performed a subgroup analysis to compare
the four solutions in the context of PNF. There was no
significant difference between solutions (RR = 0.02,
95%CI: 0.01-0.03, p = 0.356) (Figure 2B). We found
no evidence of a small study effect using the funnel plot
analysis of the meta-analyses for the primary outcome (p
= 0.846) (Figure 2C).

rate was found higher with the use of UW solutions in
[32]
one study . However, the subgroup analysis showed
no increased risk of PDF in the UW group (RR = 0.1,
95%CI: 0.0-0.1, p = 0.582) (supplementary Figure 2).

Early RT

Early RT was reported in seven studies and ranged
from 0.9% to 20% (supplementary Table 4). None of
the studies found a significant difference in early RT
between groups; however, they were underpowered
to detect such a low incidence outcome. Similarly,
subgroup analysis showed no increased risk of early
RT in the UW group (RR = 0.0, 95%CI: 0.0-0.1, p =
0.698) (supplementary Figure 3).

OGS-1

OGS-1 was reported in eleven studies (Table 3). No
study was individually powered for small differences
in graft survival, and no study reported a difference
related to the preservation fluid used. Meta-analysis of
the data showed no significant difference in the risk of
OGS-1 between the UW and CS solutions (z = 0.30,
p = 0.763) (Figure 3A) or between the UW and HTK
solutions (z = 0.01, p = 0.991) (Figure 3A). We also
performed a subgroup analysis to compare all four
solutions, including IGL-1. There was no significant
difference between the solutions (RR = 0.80, 95%CI:
0.80-0.80, p = 0.369) (Figure 3B). We found no
evidence of a small study effect using the funnel plot
analysis from either of the meta-analyses for the
OGS-1 (p = 0.397) (Figure 3C).

POD

POD rates were reported in seven studies (supplementary
Table 4). Overall rates of POD were very low (range
1.7%-14.4%). The difference in POD rate was higher
with the use of the CS solution compared with the UW
[12,33]
solution in two studies
; however, subgroup analysis
showed no increased risk (supplementary Figure 4). In
contrast, there was a significant difference when UW
was compared to HTK or IGL-1 (RR = 0.07, 95%CI:
0.04-0.09, p < 0.01).

PDF

OPS-1

PDF rates were reported in six studies: five of them
compared UW with CS, and one compared UW with
HTK (supplementary Table 4). Overall rates of PDF
were very low (range 0-15.5%). The difference in PDF

WJG|www.wjgnet.com

OPS-1 rates were reported in ten studies (supplementary
Table 4). No study was individually powered for small
differences in graft survival, and no study reported
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A
Study

RR (95%CI)

Events,
UW

Events,Comparison % Weight
solution

Celsior
Duca W. J. 2010
García-Gil F. A. 2006
Cavallari A. 2003
Lopez-Andujar R. 2009
Nardo B. 2001
Subtotal (I -squared = 0.0%, P = 0.639)

0.84
0.84
0.97
0.98
0.99
0.96

1.11)
1.11)
1.11)
1.12)
1.12)
1.03)

31/51
26/40
75/90
83/104
54/60
269/345

37/51
31/40
71/83
75/92
48/53
262/319

6.24
6.04
29.39
25.56
32.78
100.00

HTK
Mangus 2008
Meine M. H. 20063 obse
Rayya F. 2008
Subtotal (I -squared = 0.0%, P = 0.557)

0.98 (0.87, 1.10)
0.99 (0.90, 1.10)
1.10 (0.90, 1.34)
1.00 (0.93, 1.07)

82/98
61/65
53/68
196/231

95/111
35/37
49/69
179/217

36.73
50.48
12.79
100.00

IGL-1
Dondéro F. 2010
Subtotal (I -squared = .%, P = .)

2.00 (1.39, 2.89)
2.00 (1.39, 2.89)

73/92
73/92

19/48
19/48

100.00
100.00

(0.63,
(0.63,
(0.86,
(0.85,
(0.88,
(0.90,

NOTE: Weights are from random effects analysis
0.3

B

1
Comparison solution

3
UW

Study
Celsior
Duca W. J., 2010
García-Gil F. A., 2006
Lopez-Andujar R., 2009
Cavallari A., 2003
Nardo B., 2005
Nardo B., 2001
Subtotal (I -squared = 32.3%, P = 0.194)

ES (95%CI)
0.7 (0.6, 0.8)
0.8 (0.6, 0.9)
0.8 (0.7, 0.9)
0.9 (0.8, 0.9)
0.9 (0.7, 1.0)
0.9 (0.8, 1.0)
0.8 (0.8, 0.9)

4.06
3.87
5.01
5.07
3.41
4.93
26.36

HTK
Rayya F., 2008
Nardo B., 2005
Meine M. H., 2015
Mangus, 2008
Meine M. H., 2006
Subtotal (I -squared = 65.8%, P = 0.020)

0.7 (0.6, 0.8)
0.8 (0.5, 0.9)
0.8 (0.7, 0.9)
0.9 (0.8, 0.9)
0.9 (0.8, 1.0)
0.8 (0.8, 0.9)

4.39
2.74
4.73
5.36
4.75
21.97

IGL-1
Dondéro F., 2010
Meine M. H., 2015
Subtotal (I -squared = 97.1%, P = 0.000)

0.4 (0.3, 0.5)
0.9 (0.8, 0.9)
0.6 (0.2, 1.1)

3.71
5.34
9.05

UW
Duca W. J., 2010
García-Gil F. A., 2006
Rayya F., 2008
Dondéro F., 2010
Lopez-Andujar R., 2009
Cavallari A., 2003
Mangus, 2008
Nardo B., 2001
Meine M. H., 2006
Subtotal (I -squared = 76.0%, P = 0.000)

0.6 (0.5, 0.7)
0.7 (0.5, 0.8)
0.8 (0.7, 0.9)
0.8 (0.7, 0.9)
0.8 (0.7, 0.9)
0.8 (0.7, 0.9)
0.8 (0.8, 0.9)
0.9 (0.8, 1.0)
0.9 (0.8, 1.0)
0.8 (0.7, 0.9)

3.80
3.54
4.58
4.95
5.09
5.07
5.18
5.03
5.39
42.62

0.8 (0.8, 0.8)

100.00

Overall (I -squared = 77.3%, P = 0.000)
NOTE: Weights are from random effects analysis

% Weight

0 0.2 0.4 0.6 0.8 1
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C
Begg's funnel plot with pseudo 95% confidence limits
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Figure 3 Effects of preservation solutions on one-year post-transplant graft survival. A: Meta-analysis of the relative risk (-RR-) of OGS-1 comparing studies
using different preservation solutions: UW vs Celsior and UW vs HTK; B: Forest plot for subgroup analysis of OGS-1; and C: Funnel plot for OGS-1 in studies.
Squares represent individual study effects, with the size of the box relating to the weight of the study in the meta-analysis. Each diamond represents a summary effect
from meta-analysis. Horizontal bars represent 95% CIs. There is no evidence of a small study effect in the test or the formal plot. OGS-1: One-year post-transplant
graft survival; RR: Relative risk; RCTs: Randomized controlled trials; ES: Effect size; UW: University of Wisconsin solution; HTK: Histidine-tryptophan-ketoglutarate
solution; CS: Celsior solution; IGL-1: Institut Georges Lopez solution.

a difference related to the preservation fluid used.
Subgroup analysis showed no significant difference in risk
of OPS-1 between the four solutions (RR = 0.9, 95%CI:
0.8-0.9, p = 0.786) (supplementary Figure 5).

should be added that a recent analysis of the ELTR
database demonstrated that use of HTK represented an
individual risk factor for the development of PNF when
[10]
compared to the UW solution . The contradictory
conclusions can be explained with the selection bias of
[20]
the database analysis . In either case, we found no
difference between UW and the other solutions with
regard to the risk of PNF. As regards IGL-1 and HTK,
two prospective randomized clinical studies with 356
[8,21]
patients reported identical results
. Similar outcome
was detected in a single-center study with 140 patients
[37]
that compared IGL-1 and UW solutions . This was
confirmed in the current study, since IGL-1 showed a
similar PNF risk to that of UW and HTK in our subgroup
analyses.
In our study, OGS-1 was the secondary endpoint.
Graft survival rates were evaluated one, three and five
years after liver transplantation in single studies. The
one-year term was chosen as an appropriate period
to evaluate the effect of the preservation solutions
because other factors could have a greater impact on
this outcome parameter after this time. A retrospective
analysis of the ELTR database demonstrated that HTK
preservation was independently associated with higher
mortality than UW, CS and IGL-1 in a multivariate
[10]
analysis . Another analysis of a large national registry
database (United Network for Organ Sharing, UNOS)
has also demonstrated differences in graft survival
[18]
rate between the HTK and UW solutions . However,
important risk factors among donors were not con
[20]
sidered in the ELTR analysis , and selected groups
of transplant patients were not homogenous in the

DISCUSSION
This study reviews the current evidence and updates
knowledge on four frequently used preservation solutions
for static cold storage of DDLs for transplantation. The
treatment groups were homogenous in terms of donor
and recipient characteristics; the prediction of primary
and secondary outcomes (i.e., PNF and OGS-1) was thus
likely independent of individual risk variables, patient
selection or the overall severity of the disease at liver
transplantation. More importantly, the analysis of
outcome parameters (i.e., PNF and OGS-1) provided
good evidence that UW is not outperformed by CS,
HTK and IGL-1 solutions in maintaining organ function
and viability of liver grafts in cold storage.
PNF mainly depends on the organ preservation
[15]
method . It occurs in 2%-6% of transplants and is
unrelated to any direct surgical, immunologic or other
[34]
complications . Our meta-analysis included eleven
trials that evaluated the effectiveness of the UW
solution as compared to either the CS or HTK solution.
In accordance with the literature, the overall rates
[35]
of PNF were very low, except in one trial (13%) .
When analyzing the single studies, we found two
trials with a higher incidence of PNF in the UW group
[9,36]
than in the HTK group
, but the difference did not
reach statistical significance upon meta-analysis. It
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other analysis: HTK was utilized in allografts with more
favorable recipient traits, as well as shorter CIT and
[18]
less local and national export . In accordance with
the findings from numerous clinical trials, the metaanalyses and subgroup analyses in this study did not
show a significant difference in risk of OGS-1 between
UW and any of the examined solutions. Similarly, there
was no evidence for a difference between IGL-1 and UW
solutions and between IGL-1 and HTK in the subgroup
analyses.
Apart from the preservation methods used to protect
the organ from IR injury, the final outcome of trans
plantation can also be linked to factors such as donor
[38]
age, general condition and CIT . A recent UNOS study
showed a more pronounced risk for graft loss with
[18]
longer CIT and donors over 70 years . In our study,
subgroup analysis showed that the included trials did
not vary significantly and that the mean CITs were
[39]
beyond the critical 12 h . Several experimental studies
demonstrated that the use of the UW solution allows for
longer CITs with better graft preservation; however, it
remains to be determined whether any of the alternative
solutions is better than UW when CIT is prolonged over
12 h.
Recipient morbidity and MELD scores are also
important contributing factors to the outcome of liver
transplantation. Recipient parameters are incorporated
into the MELD score, which indicates the state of
health of the recipient; the MELD score-based organ
allocation algorithm could thus significantly influence
[40]
the graft survival rate . In the present study, there
was no significant difference between the preservation
solutions in the context of the MELD score and other
recipient characteristics.
In recent times, the crisis in organ supply has made
it necessary to extend the scope of potential donors
by using extended criteria donors (ECD). Although
there is no precise definition of ECD, frequently cited
characteristics are donor age, steatosis, donation
after cardiac death (DCD), donors with increased
risk of disease transmission and transplantation after
prolonged CIT, as well as the use of partial grafts
[41]
(split grafts and living donor liver transplantation) .
Unfortunately, higher rates of graft failure were
documented in this class of extended allograft; in
addition, very little data is available on the influence
of preservation solutions on their post-transplant
[42]
[30]
outcomes . A single-center study by Mangus et al
failed to find statistically significant differences in over
all graft survival when they compared UW to HTK in
ECD transplantations. However, they suggested that
HTK may be protective against biliary complications.
In contrast, in 2009, the UNOS database analysis
reported that HTK was associated with an increased
[18]
risk of graft loss and early graft loss . More recently,
[10]
Adam et al compared the four most frequently used
preservation solutions and concluded that HTK is an
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independent risk factor for graft loss after ECD liver
transplantations. The remaining three solutions, UW, CE
and IGL-1, provided similar results in post-transplant
outcomes after ECD transplantations. In the special
condition of using a partially deceased donor liver graft,
[10]
IGL-1 offered the best graft outcome . In another
study, it was suggested that IGL-1 was superior to
other solutions for preserving fatty livers by protecting
[43]
against PNF and early allograft dysfunction . However,
a prospective randomized study could not show any
significant improvement in the subgroup of patients
[36]
receiving IGL-1-preserved grafts . In living donor
liver transplantations, risk-adjusted analyses of singleand double-center studies consistently reported that
UW and HTK were equally effective and safe for cold
[44-47]
preservation
. There is currently no evidence-based
recommendation on the optimal preservation solution
in ECD liver transplantations because the number and
quality of RCTs are not sufficient. However, based on
the above data, differences in the indications of various
preservation solutions are expected.
This study has some limitations. There are so far
only three small RCTs that compare IGL-1 with UW or
IGL-1 with HTK. Therefore, we could not run a metaanalysis to compare IGL-1 with any of the solutions. In
order to compare the risk of the four solutions for PNF,
we had to perform a subgroup analysis. In addition,
surgery time and hemoderivative transfusions due to
recipient coagulation problems are often not cited in the
[36]
literature as predictors of poor outcome . This factor
was not considered in the selected trials. Moreover,
different trials presented some differences as regards
the operative procedure. Furthermore, the included
RCTs were homogenous with regard to donor and
recipient parameters. On the one hand, this provided
the possibility to exclude selection bias, but, on the
other hand, the effects of preservation solutions in the
case of longer CIT and involvement of expanded criteria
donors could not be evaluated.
In conclusion, elucidation of the role of preservation
solutions in the outcome of liver transplantation is
complicated by the intrinsic complexity of the clinical
procedure, which is made up of many different, but
interacting phases. This review evaluated the best
available evidence from comparisons of the four most
frequently used preservation fluids in DDL transplan
tation. A direct meta-analysis comparison was made
and the sample size of included trials was large enough
to estimate the risk of low-incidence outcomes such as
PNF or OGS-1 correctly. Based on our results, there is
good evidence that the UW, CS, HTK and IGL-1 solutions
are associated with nearly equivalent outcomes.
Additional studies on larger patient populations including
marginal donors, longer cold ischemia time, multi-organ
transplantations and economic aspects are needed to
evaluate the superiority of any alternative solution over
UW.
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ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

The introduction of the University of Wisconsin (UW) solution for static cold
storage of liver grafts was a breakthrough and has remained the conventional
method of organ preservation. However, many alternative preservation
solutions exist, and each is thought to offer an advantage over UW solution.

7

Research motivation

At present, 98% of liver transplantations use the UW, histidine-tryptophanketoglutarate (HTK), Celsior (CS) or Institute Georges Lopez (IGL-1) solution for
the cold preservation of grafts. Previously, prospective trials have investigated
their effects on liver transplant outcomes, but with contradictory results.
Furthermore, no systematic review reports the effect of IGL-1, which was first
used by 2003, as compared to other solutions.

8

9

Research objectives

To provide an update and to compare the latest findings from clinical trials
on the effects of the four most frequently used preservation solutions on liver
transplant outcomes.

Research methods

10

Research results

11

A systematic review and meta-analysis were conducted on randomized
controlled trials of deceased donor liver transplantations using UW and either
HTK, CS or IGL-1 for cold storage of allografts. Primary and secondary
outcomes were primary non-function (PNF) and one-year post-transplant graft
survival (OGS-1).

In spite of differences found in individual studies, a meta-analysis of PNF and
OGS-1 showed no statistical difference between groups. Subgroup analysis
showed no increased risk for other outcomes, such as primary dysfunction,
early retransplantation rate, post-transplantation death and one-year posttransplant patient survival.

12

Research conclusions

This meta-analysis provided evidence that UW and alternative solutions
are associated with almost the same transplant outcome. Further studies
are needed with extended criteria donors to ascertain the superiority of any
alternative solution over UW.

13
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