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Abstract
Proton pump inhibitors (PPIs) represent a milestone 
in the treatment of acid-related diseases, and are the 
mainstay in preventing upper gastrointestinal bleeding 
in high-risk patients treated with nonsteroidal anti-
inflammatory drugs (NSAIDs) or low-dose aspirin. 
However, this beneficial effect does not extend to the 
lower gastrointestinal tract. PPIs do not prevent NSAID 
or aspirin-associated lower gastrointestinal bleeding 
(LGB). PPIs may increase both small bowel injury 
related to NSAIDs and low-dose aspirin treatment and 
the risk of LGB. Recent studies suggested that altering 
intestinal microbiota by PPIs may be involved in the 
pathogenesis of NSAID-enteropathy. An increase in 
LGB hospitalization rates may occur more frequently 
in older patients with more comorbidities and are 
associated with high hospital resource utilization, 
longer hospitalization, and increased mortality. 
Preventive strategies for NSAID and aspirin-associated 
gastrointestinal bleeding should be directed toward 
preventing both upper and lower gastrointestinal 
damage. Future research should be directed toward 
identifying patients at low-risk for gastrointestinal 
events associated with the use of NSAIDs or aspirin to 
avoid inappropriate PPI prescribing. Alternatively, the 
efficacy of new pharmacologic strategies should be 
evaluated in high-risk groups, with the aim of reducing 
the risk of both upper and lower gastrointestinal 
bleeding in these patients.

Key words: proton pump inhibitor; small bowel; small 
bowel; lower gastrointestinal bleeding; nonsteroidal 
anti-inflammatory drugs

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Proton pump inhibitors (PPIs) reduce the risk 
of upper, but not lower gastrointestinal bleeding (LGB) 
in patients receiving nonsteroidal anti-inflammatory 
drugs (NSAIDs) or low-dose aspirin. PPIs could 
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exacerbate small bowel damage related to NSAIDs and 
low-dose aspirin, which contributes to an increased risk 
of LGB possibly related to pathological modifications 
of small bowel microbiota. LGB is a life-threatening 
condition, especially in older patients with comorbidities 
treated with NSAIDs, aspirin, or anticoagulants. No 
accepted treatments exist for decreasing the risk of 
LGB in these patients. Future research is needed on 
reducing inappropriate PPI use and evaluating possible 
pharmacologic interventions to decrease the risk of 
gastrointestinal bleeding.

Lué A, Lanas A. Protons pump inhibitor treatment and lower 
gastrointestinal bleeding: Balancing risks and benefits. World J 
Gastroenterol 2016; 22(48): 10477-10481  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v22/i48/10477.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v22.i48.10477

INTRODUCTION
Proton pump inhibitors (PPIs) are one of the most 
prescribed drugs worldwide. PPIs are used to treat acid-
related disorders like gastro-esophageal reflux disease 
peptic ulcer, peptic ulcer bleeding, and Helicobacter 
pylori infection when combined with antibiotics. PPIs 
should also be considered in any patient with risk 
factors for gastrointestinal bleeding who receives 
treatment with nonsteroidal anti-inflammatory drugs 
(NSAIDs) or prophylaxis for cardiovascular events with 
aspirin or other antiplatelet agents[1].

Treatment with NSAIDs, low-dose aspirin, other 
antiplatelet drugs, and anticoagulation are associated 
with an increased risk of both upper and lower 
gastrointestinal bleeding (LGB). Concomitant treatment 
with these compounds and PPIs has been associated 
with a decreased risk of upper gastrointestinal bleeding 
(UGB) but, obviously, not with an increased risk of LGB. 
The beneficial effect of PPIs is not expected to occur 
beyond the duodenum because NSAID-gastropathy, 
but not NSAID-enteropathy, is a pH-dependent 
phenomenon and gastroduodenal mucosal protection 
by PPIs is due mainly to their antisecretory effects[2].

PROTON PUMP INHIBITOR 
TREATMENT AND RISK OF LOWER 
GASTROINTESTINAL BLEEDING
In a recent case-control study that included 1008 
patients hospitalized for gastrointestinal bleeding, 
treatment with NSAIDs, low-dose aspirin, other 
antiplatelet agents, and anticoagulants increased the 
risk of both UGB and LGB. In this work, concomitant 
use of PPI was associated with a reduced risk of UGB 
but not LGB[3]. In fact, there was a significant increase 
in the risk of LGB with PPI use, which has also been 
detected by other authors[3-8]. Due to the intrinsic nature 

of observational studies, the finding was explained as 
probably due to a “confounding by indication” bias. 
PPI use could be a marker of a group of patients that 
have an increased risk of LGB because of their clinical 
characteristics rather than the PPI use itself[3]. In a 
previous study, we observed that among patients on 
dual antiplatelet treatment who received concomitant 
PPI treatment, gastrointestinal bleeding events were 
more frequent in the lower gastrointestinal tract 
(74% vs 26%)[9]. There are several potential reasons 
explaining this change in the pattern of gastrointestinal 
events, which include (1) a very high protective effect of 
PPIs on the gastroduodenal mucosa associated with a 
profound decrease in the rate of UGB and a relative (but 
not absolute) increase in the proportion of LGB in low-
dose ascorbic acid users; (2) an absence of the mucosal 
protective effect of PPIs beyond the duodenum; (3) a 
direct harmful effect of low-dose aspirin on the small 
bowel; (4) promotion of bleeding of pre-existing lesions 
by these compounds; and (5) exacerbation of NSAID- 
and aspirin-enteropathy by PPI treatment[10-14].

Lately, a hypothesis proposed that PPIs exacerbate 
NSAID and low-dose aspirin-associated small bowel 
injury by inducing changes in the intestinal micro
biota[15-17]. A multicenter, cross-sectional study including 
data collected from endoscopic capsule explorations 
from 205 patients treated with low-dose aspirin for 3 
mo showed that 57.6% of patients had at least one 
mucosal lesion. In the multivariate analysis, concomitant 
PPI use (OR = 2.04; 95%CI: 1.05-3.97) and use of 
enteric-coated aspirin (OR = 4.05; 95%CI: 1.49-11.0) 
were independent risk factors for the presence of 
mucosal injury[8]. Similar results were observed in 
patients receiving NSAIDs. In a recent randomized 
clinical trial, 57 healthy volunteers were allocated to 
receive celecoxib plus placebo or rabeprazole for 2 wk. 
The patients were evaluated by capsule endoscopy at 
the start and end of treatment. In the PPI group, the 
authors observed an increased rate of small bowel 
injury (44.7% vs 16.7%, P = 0.04)[6]. 

Some authors suggest that acid gastric suppression 
induced by PPI treatment is related to changes in small 
bowel microbiota and explain, at least in part, NSAID-
induced enteropathy. It is well known that in addition to 
bile acids[18] and inhibition of cyclooxygenase activity[19], 
bacterial mucosal translocation and the consequent 
activation of the innate inflammatory cascade are 
important factors in the pathogenesis of NSAID-
enteropathy[20,21]. In an animal model, Wallace et al[17] 
demonstrated that concomitant treatment with PPIs 
and NSAIDs resulted in a higher rate of small bowel 
mucosal ulceration and bleeding. The authors observed 
that PPI treatment was related to a modification in the 
small bowel microbiota, consisting of a decrease in 
jejunal Actinobacteria and Bifidobacteria spp. In this 
study, the restoration of physiologic microbiota with 
probiotic treatment prevented intestinal injury[17].

Similar findings have been observed in human 
subjects. A small randomized clinical trial, including 25 
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patients treated with low-dose enteric-coated aspirin 
and omeprazole randomized to either placebo or 
probiotic treatment with Lactobacillus casei for 3 mo, 
observed that patients in the probiotic group had a 
significant decrease in the number of mucosal breaks 
when evaluated by capsule endoscopy (P = 0.039)[15].

All these data suggest that PPI treatment not only 
does not protect the lower gastrointestinal tract from 
NSAID- and aspirin-related injury, but that they may 
increase the intestinal mucosal damage and the risk 
of LGB. We observed that the LGB hospitalization rate 
has increased significantly in the past years[9,12,13]. 
These LGB events occur more frequently in older 
patients, who usually have a higher number of 
comorbidities, and are associated with a longer hospital 
stay and higher mortality rates[12]. These events are 
associated with greater use of hospital resources 
and also complicate the management of patients at 
discharge[12]. A considerable percentage of patients 
did not resume prophylactic treatment with low-dose 
aspirin or anticoagulants after an acute episode of LGB, 
increasing the risk of serious cardiovascular events[22]. 
A recent retrospective analysis including 295 patients 
with a previous diagnosis of LGB and low-dose aspirin 
observed that discontinuing low-dose aspirin is related 
to a decreased risk in LGB recurrence (6.9% vs 18.9%; 
P = 0.007), but increased the rates of mortality (26.7% 
vs 8.2%, P = 0.001) and cardiovascular events (36.5% 
vs 22.8%, P = 0.017)[23]. This study is a clear example 
of how difficult it is to find the right balance between 
risks and benefits in these patients. On one side, there 
is a need to reduce or prevent cardiovascular events 
and on the other side there is an increased risk of LGB.

BALANCING RISK AND BENEFITS OF 
PROTON PUMP INHIBITOR TREATMENT
Current clinical practice faces several dilemmas in 
patients who need NSAIDs or aspirin, since damage 
to the upper gastrointestinal tract must be prevented 
without injuring the lower gastrointestinal tract. This 
clinical dilemma is especially important in patients 
who need, for example, preventive treatments against 
cardiovascular disease and who have had a previous 
LGB episode. Alternative therapeutic approaches with 
non-aspirin antiplatelet agents poses a similar risk of 
LGB as aspirin and many not be a valid option[3]. The 
same is true for patients who need NSAIDs, although 
COX-2 selective NSAIDs have been shown to be less 
damaging to the lower gastrointestinal tract than 
traditional NSAIDs[2,11,24]. The addition of a PPI to 
celecoxib increases intestinal mucosal damage[6,10,17]. 
Therefore, future efforts must concentrate on finding 
strategies that help clinicians in the decision making 
process. The first relevant issue is to improve overall 
PPI prescribing and avoid use of PPIs in patients at low 
risk of gastrointestinal complications who take NSAIDs, 
aspirin, other antiplatelet agents, or anticoagulants. 

PPIs are prescribed too often in routine clinical practice, 
where at least 50% of prescriptions are for non-
approved indications[25]. Therefore, the first step should 
be to promote the proper use of these drugs. Identifying 
patients at low risk of gastrointestinal events who 
may not benefit from treatment with PPIs is essential. 
Tools that could help physicians in the decision making 
process are now available[26]. On the other hand, we 
have to reconsider whether current guidelines are 
valid or respond to problems in daily clinical practice. 
For example, the PPI treatment indication in patients 
receiving NSAIDs is based on data from clinical trials of 
chronic NSAID users. However, observational studies 
suggest that the risk of gastrointestinal bleeding may 
be higher when the drug use is recent, and most 
patients take these drugs for short periods of time[11]. 
We also need more evidence to evaluate the risks of 
upper and lower gastrointestinal bleeding with new 
antiplatelet drugs, new oral direct anticoagulants, and 
the multiple combinations available in order to better 
assess the risks and benefits.

On the other hand, in patients at high risk for LGB, 
preventive strategies are needed. This group includes 
older patients, with a great number of comorbidities 
who need more complex management[9,12,23]. As 
mentioned above, in these patients LGB represents a 
serious and life threatening complication. Currently, 
there is no clear effective pharmacological treatment 
to prevent LGB in NSAID, aspirin, or anticoagulant 
users. Some studies have evaluated the effect of the 
prostaglandin analogue misoprostol on small bowel 
injury induced by NSAIDs[7,27]. Other mucosal prote
ctants such as rebamipide[28-31], irsogladine[32,33], or 
geranylgeranylacetone[34,35] have been tested and are 
only available in the Asia-Pacific region. Their potential 
beneficial effects in these patients still need to be 
evaluated in new studies.

In the same way, some studies have evaluated the 
efficacy of probiotics in preventing lower gastrointestinal 
tract injury among patients treated with NSAIDs or low-
dose aspirin[15,16]. The probiotic administered in these 
two trials was Lactobacillus casei in patient treated with 
low-dose aspirin, while patient treated with NSAIDs 
received the probiotic mixture VSL#3®, that includes 
Streptococcus thermophilus, Bifidobacterium breve, 
Bifidobacterium longum, Bifidobacterium infantis, 
Lactobacillus paracasei, Lactobacillus delbrueckii subsp. 
Bulgaricus, Lactobacillus acidophilus and Lactobacillus 
plantarum[15,16]. The results are promising and suggest 
that pharmacological prophylaxis could be provided 
by this strategy. However, more studies with a larger 
number of patients are also needed. At present, there 
is not sufficient evidence to recommend a specific 
probiotic strain to prevent lower gastrointestinal 
injury. However some bacteria have demonstrated 
antiinflammatory activity and a protective effect on 
intestinal mucosa. For example: (1) Lactobacillus GG 
protect mucosal cells from apoptosis and increase 
mucosal integrity; (2) Lactobacillus plantarum 
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promotes mucine from epithelial cells; (3) Lactobacillus 
reuterii and Lactobacillus casei have demonstrated 
to suppress tumor necrosis factor production in vivo; 
and (4) Streptococcus thermophillus and Lactobacillus 
acidophilus could prevent bacterial translocation[36].

CONCLUSION
In conclusion, PPIs represent a milestone in the 
treatment of acid-related disease. Moreover, PPIs 
significantly reduce the risk of UGB in patients treated 
with NSAIDs, low-dose aspirin, other antiplatelet agents, 
or anticoagulants. This beneficial effect is not observed 
in the lower gastrointestinal tract. Furthermore, recent 
studies suggest that PPIs may in fact increase small 
bowel injury and contribute to the observed increase 
of LGB in the past years; however, results are contro
versial. Clinicians very often face clinical dilemmas and 
need to balance the risks and benefits of treatment. 
The use of aspirin in preventing cardiovascular disease 
and the risk of gastrointestinal bleeding is one of 
these situations. The dilemma is even more difficult to 
resolve when one of the drugs (PPI) can have a dual 
and opposite effect (beneficial to the upper GI tract 
but damaging to the lower GI tract). Clinicians have 
to evaluate carefully the risk of upper gastrointestinal 
bleeding in patients that have a previous episode of LGB 
in order to discontinue inappropriate administration of 
PPI. Future research should be focused on identifying 
patients at low risk for upper gastrointestinal bleeding 
to avoid inappropriate PPI treatment and to evaluate 
the efficacy of new pharmacologic strategies in high-
risk groups. The aim of this strategy is to reduce the 
risk of LGB in these patients while at the same time 
providing the maximal beneficial effect to the upper 
gastrointestinal tract.
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health problem worldwide. The underlying molecular 
mechanisms are still poorly understood and no 
efficient treatment strategies are available. This paper 
introduces the sinusoidal pressure hypothesis (SPH), 
which identifies an elevated sinusoidal pressure (SP) 
as cause of fibrosis. SPH has been mainly derived 
from recent studies on liver stiffness. So far, pressure 
changes have been exclusively seen as a consequ­
ence of cirrhosis. According to the SPH, however, an 
elevated SP is the major upstream event that initiates 
fibrosis via  biomechanic signaling by stretching of 
perisinusoidal cells such as hepatic stellate cells or 
fibroblasts (SPH part Ⅰ: initiation). Fibrosis progression 
is determined by the degree and time of elevated 
SP. The SPH predicts that the degree of extracellular 
matrix eventually matches SP with critical thresholds > 
12 mmHg and > 4 wk. Elevated arterial flow and final 
arterialization of the cirrhotic liver represents the self-
perpetuating key event exposing the low-pressure-
organ to pathologically high pressures (SPH part Ⅱ: 
perpetuation). It also defines the “point of no return” 
where fibrosis progression becomes irreversible. The 
SPH is able to explain the macroscopic changes of 
cirrhotic livers and the uniform fibrotic response to 
various etiologies. It also opens up new views on the 
role of fat and disease mechanisms in other organs. 
The novel concept will hopefully stimulate the search 
for new treatment strategies.

Key words: liver stiffness; stretch force; sinusoidal 
pressure hypothesis; liver cirrhosis; hepatic arterial 
buffer response; biomechanics; arterialization; hepatic 
stellate cells; fibroblasts; cellular and intercellular 
mechano-signaling
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Core tip: This paper introduces the sinusoidal pressure 
hypothesis, which identifies an elevation of sinusoidal 
pressure (SP) as cause of fibrosis/cirrhosis. Accordingly, 
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Abstract
Independent of their etiology, all chronic liver diseases 
ultimately lead to liver cirrhosis, which is a major 
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elevated SP is the major upstream event that initiates 
fibrosis progression via  biomechanic signaling by 
stretching of perisinusoidal cells. Fibrosis progression is 
determined by the degree and time of elevated SP. The 
cirrhotic extracellular matrix eventually matches the 
degree of pressure. Arterialization of the stiff cirrhotic 
liver represents the final self-perpetuating key event 
exposing the low-pressure-organ to pathologically high 
pressures. It also defines the “point of no return” where 
fibrosis progression becomes irreversible. 

Mueller S. Does pressure cause liver cirrhosis? The sinusoidal 
pressure hypothesis. World J Gastroenterol 2016; 22(48): 
10482-10501  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i48/10482.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i48.10482

INTRODUCTION
Liver cirrhosis is the final stage of all liver diseases and 
associated with a high mortality worldwide[1]. Never­
theless, the pathophysiology is poorly understood 
and, consequently, no targeted treatment options 
exist despite intensive research activities over many 
decades. This paper introduces the sinusoidal pressure 
hypothesis (SPH), which identifies an elevation of sinu­
soidal pressure (SP) as the cause of fibrosis. SPH is an 
integrative concept derived from various biophysical, 
cellular, hemodynamic and clinical findings. It has been 
mainly stimulated by observations using the recently 
developed transient elastography (TE) to measure liver 
stiffness (LS)[2]. Although TE was primarily introduced 
to the liver community as diagnostic screening tool for 
liver fibrosis, it has been rapidly learnt that pressure-
associated conditions are important confounding factors 
of elevated LS[3]. Moreover and although long term 
data are still scarce, it has increasingly become evident 
that elevated LS per se is a prognostic unfavorable 
condition and a predictor of liver-related mortality. In 
contrast, a normal LS rules out manifest chronic liver 
disease and fibrosis. Based on a first article published 
in 2010[3], a much more detailed concept is presented 
here which has been encouraged by novel preliminary 
findings as well as the resonance at various meetings 
including the conferences of the German-Romanian 
Society of Gastroenterology in Temeswar 2016 and the 
EASL monothematic conference on fibrosis in Porto in 
2016. 

The term pressure hypothesis has now been 
specified more precisely “SPH”. SPH is divided into 
two parts: While part Ⅰ refers to pressure-mediated 
fibrosis progression, the novel part Ⅱ encompasses 
“arterialization” as an important step of self-per­
petuation leading to continued pressure elevation in 
the low-pressure-organ and defining the “point of no 
return” with irreversible fibrosis progression. SPH could 

provide a major framework for a better understanding 
of disease formation based on biomechanics. It will 
hopefully lead to the design of novel experiments 
and studies to undergo the meticulous process of 
verification and falsification. Pressure as a driving force 
of fibrogenesis could be used to better understand 
the genetics, proteomics and metabolomics that 
modulate pressure-mediated biomechanical processes 
instead of focusing on the search of target genes in 
e.g., genome wide studies. A major methodological 
challenge is still the fact that SP per se cannot be 
directly addressed by e.g., micro-sensors but it rather 
requires the interpretation of indirect data combined 
with common sense and logical reasoning. In the 
long term perspective, it is hoped that SP may be 
addressable directly with the recent development 
of molecular “mechanic force sensors” still in status 
nascendi[4]. In addition, SPH draws a closer attention 
to often overlooked mechanic aspects in biological 
tissues that not only include hydrostatic pressure but 
also the mechanic energy transferred by the cardiac 
pulse wave and its absorption by hepatic tissue and 
fat. Moreover, the SPH also opens up new views on the 
mechanic role of fat and it may stimulate studies of 
disease mechanisms in other organs.

Introducing pressure to the pathology of liver 
fibrosis, SPH naturally addresses the important issue 
of how to lower and modulate SP to prevent disease 
progression. It is hoped that the concept of the SPH 
may lead to a better individual patient selection and 
optimized therapeutic concepts in the future. In the 
following, SPH will be explained after providing a short 
background and the description of hitherto unexplained 
observations in the research area of cirrhosis. Cardiac 
cirrhosis will be discussed in more detail since it 
represents a rarely discussed non-inflammatory form 
of pressure-associated cirrhosis. At the end, specific 
consequences of SPH are discussed, their relation to 
various clinical and preliminary findings and potential 
future therapeutic directions.

BACKGROUND OF LIVER CIRRHOSIS: 
DEFINITION AND CLINICAL IMPORTANCE
Chronic liver diseases frequently lead to scarring 
(cirrhosis), a process in which the architectural orga­
nization of functional liver units becomes disrupted. 
Liver cirrhosis is the result of excessive accumulation 
of extracellular matrix (ECM) with increased LS. This 
is often accompanied by a progressive loss of organ 
function despite the use of immunosuppressive, anti-viral 
or anti-inflammatory agents[5,6]. Excess ECM deposition 
also causes progressive elevation of the hepatic vascular 
resistance with important hemodynamic consequences 
including portal hypertension, the formation of vascular 
collaterals and the so-called hyperdynamic circulation 
with elevated cardiac output and lowered arterial 
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pressure[7]. Moreover, liver cirrhosis is an important pre-
cancerogenic lesion finally resulting in hepatocellular 
cancer (HCC). At present, HCC shows the second 
fastest growth rate worldwide and ranks at third place 
in cancer-related mortality[8,9]. More than 90% of HCCs 
develop in cirrhotic livers mostly due to alcoholic liver 
disease (ALD) or chronic hepatitis C[10,11]. Currently, 
progression of fibrosis to cirrhosis is most efficiently 
blocked by treating the underlying disease but no 
satisfying anti-fibrotic treatment regimen exists to 
directly attack the fibrotic processes. Finally, it should 
be mentioned that only a minority typically progress 
towards cirrhosis while many patients with chronic liver 
disease will never end up with cirrhosis. This variety is 
largely affected by disease-related factors (for example, 
viral genotype) or host-related factors (e.g., genetic/
epigenetic)[12].

BACKGROUND OF MOLECULAR 
MECHANISMS OF HEPATIC 
FIBROGENESIS: PRESENT 
UNDERSTANDING AND UNEXPLAINED 
OBSERVATIONS
The mechanisms of hepatic fibrosis are very complex 
and so far not fully understood. A variety of adverse 
stimuli such as hepatotoxins, viruses, bile acids and 
hypoxia can trigger fibrogenesis and so-called reactive 
oxygen species seem to play an important role in 
fibrosis progression[12]. The major proteins of the ECM 
are collagens forming important scaffolds and barriers. 
Collagen type Ⅰ, Ⅲ and Ⅳ are the most abundant 
ECM components in the liver and their relative content 
increases up to tenfold in cirrhosis[13,14]. In the acute 
phase of liver disease fibrosis is a dynamic process, 
in which fibrogenesis is usually counterbalanced 
by fibrolysis, i.e., the removal of excess ECM by 
proteolytic enzymes, most importantly by matrix 
metalloproteinases (MMPs). With repeated injury or 
sufficient severity, fibrogenesis prevails over fibrolysis, 
resulting in excess ECM synthesis and deposition, 
a downregulation of MMP synthesis, secretion and 
activity along with an increase of the tissue inhibitors 
of MMPs (TIMPs, especially TIMP-1). ECM components, 
MMPs and TIMPs are mainly produced by activated 
hepatic stellate cells (HSCs) and fibroblasts[15]. 
Activated macrophages (Kupffer cells) but also other 
cells are a major source for fibrogenic cytokines 
such as TGF-β, also called the master cytokine of 
fibrosis development, that further stimulate HSCs 
and fibroblasts to transdifferentiate into activated 
myofibroblasts, the main cell type responsible for 
excess matrix deposition at sites of tissue repair. Figure 
1A depicts the conventional course of events ultima­
tely leading to fibrosis. In this conventional concept, 
increased matrix deposition results in elevated LS that 

is the final consequence of liver fibrosis (discussed 
below). Despite the enormous progress in under­
standing mechanisms of fibrogenesis, however, several 
key observations in patients with liver cirrhosis cannot 
be explained sufficiently so far:

(1) It is not clear why different liver etiologies 
ranging from inflammatory, infectious, biliary, metabolic 
or even non-inflammatory causes such as congestion 
ultimately lead to histologically almost identical forms 
of liver cirrhosis. Especially non-inflammatory causes 
such as cardiac cirrhosis remain poorly understood 
although they can develop the full scale of complications 
ranging from portal hypertension to liver cancer. This 
also refers to other rare hemodynamic causes of fibrosis 
such as experimental portal ligation or the Budd-Chiari 
syndrome. For a better overview, Supplemental Table 
1 represents a list of different etiologies that all cause 
fibrosis. This table also provides current information on 
LS elevation and AST/ALT ratio that is relevant for the 
discussions below. 

(2) At present, typical macroscopic features of 
cirrhosis such as large fibrous septa spanning over 
several centimeters through the organ (Figure 1B) 
cannot be explained e.g., by the action of local humoral 
factors or profibrogenic cytokines such as TGFbeta. It 
is also not clear why fibrous septa during conversion 
of micro-nodular to macro-nodular cirrhosis may fuse 
to very large septa. These septa may partly resolve 
during regression of fibrosis after e.g., viral clearance. 

(3) It is known that fibrosis can partly or even fully 
reverse at earlier stages while end-stage cirrhosis 
will further progress even in the absence of the initial 
cause e.g., after abstaining from alcohol or successful 
HCV treatment. This so-called “point of no return” is 
not well understood nor the underlying mechanisms. 
In addition, this critical time point cannot be exactly 
defined in individual patients, an important draw back 
for prognosis evaluation and treatment initiation. 

(4) So far, various systemic search strategies either 
based on genetics, proteomics or metabolomics have 
not been able to provide a clear understanding of the 
molecular mechanisms of fibrosis[16-18].

(5) For decades, hepatic steatosis has been 
considered a mandatory prerequisite for fibrosis (Figure 
1A). However, this mandatory role of steatosis for 
fibrosis progression is increasingly questioned[19,20]. 
So, although steatosis is abundant in patients who 
consume alcohol, only a minority of ca. 20% progress 
to fibrosis[21]. In fact, many subjects with overweight 
show “benign” fat accumulation without lipotoxicity 
and inflammation. In addition, segmental steatosis 
can often be observed by ultrasound imaging of the 
liver but no segmental fibrosis or cirrhosis has been 
reported so far[22]. 

(6) It remains unclear why typical etiologies of 
human liver cirrhosis such as ALD and NAFLD are 
difficult to reproduce in small standard animal models 
such as mice and rats despite inflammation and 
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F4 cirrhosis stage[24]. The data from more than 500 
clinical studies can be briefly summarized as follows 
with regard to their relevance for SPH[3]: (1) LS highly 
correlates with histological fibrosis stage independent 
of the underlying liver disease (r > 0.8)[3]. A normal LS 
(< 6 kPa) excludes liver pathology and liver fibrosis[3]; 
(2) irrespective of cirrhosis, LS can be drastically 
but reversibly elevated under conditions such as 
inflammation, cholestasis and congestion[3] (Figures 2 
and 3). In the long term perspective, these conditions 
are all able to cause cirrhosis and they are typically 
associated with intra-hepatic pressure changes. 
Moreover, as shown in Figure 4B, LS correlates 
directly with SP in non-cirrhotic livers[25]; (3) pressure-
related elevation of LS precedes the development of 
fibrosis[3,26,27]. Vice versa, LS improves after elimination 
of liver pathology e.g., after clearance of HCV[28], water 
elimination by diuretics in patients with heart failure 
and liver congestion[25] or alcohol withdrawal[29] (Figure 
3); and (4) LS is an independent predictor of liver-
related mortality[30,31]. Genetic risk factors of liver 
disease such as some PNPLA3 variants are also known 
to cause LS elevation e.g., in the presence of alcohol 
consumption[32].

Initially, elevated LS was solely regarded as a 
consequence of fibrosis progression. Especially the 
observation that an increase of the central venous 
pressure as well as the intra-ductal biliary pressure are 
able to drastically and reversibly elevate LS without 
any other confounders such as inflammation[25,33-35] 
suggested an important role of the SP in mediating 
fibrosis[3].

In this context, it is important to conceive that 
inflammatory liver diseases are also associated with 
pressure change like in any other tissue (e.g., skin 
induration and swelling in patients with skin abscesses 
or furuncle). It is well established in the field of 
pathology that inflamed tissues are hyper-vascularized 
(rubor, calor, tumor, functio laesa). The reasons for this 
are manifold and include infiltration of inflammatory 

steatosis. Robust cirrhosis is only generated in very 
toxic models such as CCl4 or TAA treatment[23].

OBSERVATIONS LEADING TO SPH: THE 
ROLE OF MATRIX AND PRESSURE IN 
MODULATING LS
Measurement of LS to assess liver fibrosis has been 
introduced more than 10 years ago and is now 
increasingly used worldwide for fibrosis screening[2]. 
During fibrosis progression, LS increases continuously 
from ca. 4 kPa up to 75 kPa (upper detection limit 
of the Fibroscan device). A threshold of 12.5 kPa 
is widely considered as cut-off value of histological 

Cause                Inflammation                Fibrosis                LSHSC
Steatosis

Apoptosis, 
necrosis

A

B

Figure 1  Liver fibrosis. A: Conventional sequence of fibrosis progression. 
Here, elevated liver stiffness (LS) is primarily regarded as correlate of matrix 
deposition (fibrosis stage); B: Macroscopic aspect of a cirrhotic liver in a patient 
with alcoholic liver disease (courtesy of C. Lackner, University of Graz). Note 
the large fibrous septa spanning through the whole organ which are clearly 
visible at the macroscopic level. In addition, a primary liver cancer (HCC) can 
be seen (green area). HCC: Hepatocellular carcinoma; HSC: Hepatic stellate 
cells.

Table 1  Part Ⅰ (initiation) and Ⅱ (perpetuation) of sinusoidal pressure hypothesis

SPH Part Ⅰ: Initiation of a pro-fibrogenic response by elevated sinusoidal pressure
   1. All liver diseases cause SP elevation. SP is the combined result of dynamic and static components that include the hepatic inflow/outflow balance, 
   intra- and extrahepatic shunts as well as vascular filling by water retention and osmotic pressure. 
   2. LS represents the sum of matrix deposition (fibrosis) and SP. In non-cirrhotic livers, LS corresponds to SP.
   3. Dosage and time of elevated SP/LS determine fibrosis progression (biomechanic signaling). Matrix deposition ultimately matches SP (force = counter 
   force). 
   4. At the cellular level, SP elevation causes stretch forces on perisinusoidal cells that ultimately lead to collagen (matrix) deposition via inter- and 
   intracellular biomechanic signaling.
SPH Part Ⅱ: Continued pressure-elevation by arterialization of the fibrotic liver (perpetuation) 
   1. At a LS of ca. 12 kPa/SP of 12 mmHg, arterial blood supply becomes essential ultimately leading to arterialization of the liver (via hypoxia-signaling 
   including HABR, VEGF etc.).
   2. Arterial supply is ultimately not reversible causing loss of endothelial fenestrae, capillarization and sustained SP and LS elevation. 
   3. Arterialization initiates a vicious cycle leading to further matrix deposition, eventual complete disconnection of hepatocytes from blood supply and 
   ischemia with subsequent arterialization and nodular regeneration.
   4. Finally, the arterialized liver (high oxygen, high pressure) combined with cell death and enhanced regeneration will cause a pro-cancerogenic 
   environment and HCC.

SPH: Sinusoidal pressure hypothesis; HABR: Hepatic arterial buffer response; HCC: Hepatocellular carcinoma; LS: Liver stiffness; SP: Sinusoidal pressure; 
VEGF: Vascular endothelial growth factor.
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cells or enhanced arterial perfusion through the action 
of vasodilating agents and cytokines. The development 
of inflammatory edema and the swelling of cells 

may further contribute to an elevated tissue stiffness 
(tumor) but it will always mainly be caused by hyper-
perfusion requiring a well-functioning blood circulation. 
This fact has been rather put aside in many previous 
studies on fibrosis progression normally focusing 
on humoral, inflammatory, genetic and many other 
conditions but not hemodynamic consequences and 
pressure. It is also the reason why in vitro studies on 
the molecular mechanisms of fibrosis progression may 
have missed the role of pressure for tissue stiffness.

SPH PART Ⅰ: INITIATION OF A 
PROFIBROGENIC RESPONSE BY 
ELEVATED SP
The above mentioned chain of thoughts has led to 

Matrix Pressure

Fibrosis stage 
F0-F4

Alcohol consumption
Inflammation
Congestion
Food intake
Ballooning

Vascular filling by 
water retention or

body position (gravity)
Oncotic pressure
Osmotic pressure

Amyloid

Collagen Inflow Outflow

Portal pressure
Arterial pressure

Venous pressure
Cholestasis

Dynamic Static

Tissue matrix Sinusoidal pressure

Liver stiffness

Measured by transient 
elastography, ARFI, MRE etc . 

Figure 2  Liver stiffness is modulated both by matrix and pressure-
associated conditions. Both dynamic and static components affect the 
sinusoidal pressure. MRE: Magnetic resonance elastography; ARFI: Acoustic 
radiation force imaging.
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Figure 3  Examples of reversible pressure-mediated changes of liver 
stiffness. A: Reversible drastic increase of liver stiffness (LS) after clamping 
of the caval vein in narcotized landrace pigs (modified from Ref. [25]); B: 
Decrease of LS after alcohol detoxification in a heavy female drinker unmasks 
the inflammation-related LS from the fibrosis-related LS. F2 fibrosis was 
confirmed histologically. Modified from Ref. [29]. 
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Figure 4  The sinusoidal pressure hypothesis and the role of liver 
stiffness. A: Sinusoidal pressure hypothesis at the whole organ level. SP 
is the driving force of matrix deposition. Irrespective of the etiology, all liver 
pathologies (shown in the left) increase the SP that initiates matrix deposition 
via specific inter- and intracellular biomechanic signaling pathways (SPH Part 
Ⅰ, Initiation). LS should be regarded as the combined read-out of elevated 
pressure and fibrosis. Both SP elevation and matrix deposition increase 
vascular resistance that ultimately lead to elevated hepatic arterial flow and 
finally complete arterial blood supply. The arterial response is mainly driven 
by hypoxia signaling and metabolic demand. Depending on dosage (> 12 
mmHg) and time (> 4 wk), this vicious cycle will ultimately cause a complete 
arterialization leading to irreversible cirrhosis by exposing the low pressure 
organ to permanent high pressure (SPH Part Ⅱ, Perpetuation); B: LS 
almost linearly depends on sinusoidal pressure in an isolated pig liver. In this 
experiment (modified from [25]), all vessels (caval and portal vein, hepatic 
artery and common bile duct) were ligated. The isolated organ was increasingly 
filled with isotonic sodium chloride solution and put under pressure. Under 
these conditions, according to the physical law of communicating pipes, the 
pressure within the caval or portal vein directly matches the SP. Similar to 
compliance studies in lungs, LS will show a slower increase at higher SP levels 
(not shown). LS: Liver stiffness; SP: Sinusoidal pressure; SPH: Sinusoidal 
pressure hypothesis.
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the key principles of part Ⅰ of SPH that are shown in 
Figure 4A and Table 1. They can be summarized in the 
following four key points: 

(1) According to SPH, all potential causes of 
cirrhosis whether of inflammatory or non-inflammatory 
origin ultimately lead to an elevated SP. In contrast 
to conventional concepts in which pressure changes 
such as portal hypertension are merely seen as a 
consequence of cirrhosis, SP is the primary cause 
for matrix deposition. SP consists of dynamic and 
static components such as hepatic inflow and outflow 
balances or water retention (Figure 2). Even minimal 
increases of SP seem to be critical for the low-pressure 
organ liver which is typically exposed to no more than 
ca. 6 mm of mercury via the portal vein. SP elevation 
may first develop in portal or central areas depending 

on the localization of the underlying disease (e.g., 
portal-tract disease such as HCV vs perivenular disease 
such as ALD).

(2) In contrast to conventional concepts (Figure 
1A), elevated LS is the consequence of both elevated 
SP and increased matrix deposition. This also means 
that LS almost exclusively mirrors SP in the absence of 
fibrosis (Figure 4B).

(3) At the cellular level and as will be discussed 
below, SP is the actual driving force for the production 
of ECM by stretching of perisinusoidal cells e.g., HSCs, 
fibroblasts and liver endothelial cells. It remains open 
whether these cells simply “feel” the surrounding 
pressure-mediated stiffness by dedicated sensing 
mechanisms[36] or whether they directly sense pressure-
mediated stretch forces. So far, stiffness-mediated 
activation of HSC has not been linked to pressure or 
SP[14,37]. According to the physics of mechanics, it is 
easily conceivable that pressure-induced stretch forces 
will overlay at the whole organ levels leading to regions 
with high trajectory forces and consequent large septa 
formation. 

SP-mediated stretch forces and matrix are in 
continuous equilibrium. Dosage and time of elevated 
SP/LS determine fibrosis progression (biomechanic 
signaling) eventually leading to a degree of matrix 
deposition that “matches” the pressure. Experimental 
and common clinical observations suggest that a SP 
> 12 mmHg and a time period > 4 wk are critical 
thresholds to be validated. It is needless to add that 
all of these pressure-mediated processes will be 
modulated by other environmental and genetic factors 
e.g., the sensitivity of the liver tissues in responding 
towards pressure changes.

SPH PART Ⅱ: PERPETUATION BY 
ARTERIALIZATION OF THE FIBROTIC 
LIVER
The hepatic artery is directly connected to the 
sinusoidal bed via arteriole inlets and provides about 
20% of blood in a normal healthy liver. The stiffer 
the liver becomes due to inflammation or fibrosis the 
more pressure is required to maintain sufficient blood 
flow. Although the elevation of portal pressure (portal 
hypertension > 12 mmHg) can partly maintain some 
portal flow it will hardly reach values higher than 35 
mmHg. Under these conditions, the hepatic artery will 
be the only vessel with sufficiently high pressure to 
maintain hepatic blood supply (Figure 5A). An example 
(CT angiography) of a patient with a manifest cirrhosis 
and a strong hepatic artery with an almost exclusive 
arterial perfusion is demonstrated in Figure 5B. This 
arterialization is an important hallmark of cirrhotic 
livers[38]. It is also part of the daily experience of liver 
sonographers that cirrhotic livers are characterized by 
large hepatic arteries with a strong perfusion signal. In 
contrast, the hepatic artery is almost invisible in normal 
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Figure 5  Cirrhotic livers are primarily supplied with blood by the hepatic 
artery (arterialization). A: Hemodynamics of the low-pressure organ liver in 
the context of systemic circulation. Cirrhosis causes an increased vascular 
resistance, collateral formation and increased hepatic arterial flow to maintain 
hepatic perfusion. Elevated hepatic arterial flow can be observed already 
before the onset of fibrosis. It eventually leads to a complete arterialization of 
the cirrhotic liver. In some cases, portal flow completely reverses (so called 
hepatofugal flow) and hepatic blood exits the liver both via hepatic and portal 
veins. Note that the blood circulation (red arrows) is functionally maintained 
by two serial pumps (RV and LV). A dysbalance of these two pumps such as 
observed during right heart failure can also cause higher SP (congestion) 
and ultimately cardiac liver cirrhosis; B: Cirrhotic livers are characterized 
by predominant arterial blood supply. CT angiography of a patient with liver 
cirrhosis showing a prominent hepatic artery in 31 years old female patient 
with cryptogenic liver cirrhosis Child A (courtesy of Dr. B. Radeleff, University 
of Heidelberg). Under such conditions, the hepatic artery supplies the liver with 
more than 80% of blood. RV: Right ventricle; LV: Left ventricle; CT: Computed 
tomography.
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livers[22]. Even after cirrhosis has been established, the 
hepatic arterial flow velocity and volume will further 
increase when progressing from Child-Pugh stage 
A to C stage[39], respectively. This has been recently 
confirmed in whole-liver perfusion enhanced CT ima­
ging scan studies[40]. Enhanced angiogenesis has also 
been observed before the manifestation of fibrosis in 
small animal models using contrast-enhanced micro 
CT[41]. Taken together, all these established clinical and 
experimental findings allow us to conclude that stiff 
cirrhotic livers are ultimately exposed to predominant 
arterial perfusion. 

Elevation of hepatic arterial flow and subsequent 
arterialization is mainly driven by the HABR[42] and 
hypoxia signaling[43]. SPH postulates that this arte­
rialization defines the so-called “point of no return”. 
It provides a pressure-based rationale to explain 
the self-perpetuation of fibrosis progression and the 
uniform, etiology-independent progression of fibrosis. 
Arterialization of the fibrotic liver ultimately leads to 
a sustained exposure of the low-pressure organ liver 
(typically < 6 mmHg) to higher pressures (Figure 5). 
In ca. 7% of patients with cirrhosis, extreme flow 
changes can be observed such as complete reversal of 
the portal flow (so called hepatofugal portal flow)[44]. 
Part Ⅱ of SPH is summarized in Table 1 and depicted 
in Figure 4A. At the end, the arterialized liver (high 
oxygen, high pressure) together with massive matrix 
deposition will cause self-inflicted ischemia. The 
combination of these events stimulates the formation of 
regenerative nodule finally causing the typical nodular 
aspect of cirrhotic livers. High pressure in combination 
with cell death and enhanced regeneration ultimately 
provides an ideal environment of genetic instability 
and formation of cancer (HCC). It is also postulated 
that the typical laboratory finding of cirrhotic livers, an 
increased AST/ALT ratio and a slight GGT elevation (see 
Supplemental Table 1)[45] is indicative for the stage of 
arterialization.

CARDIAC CIRRHOSIS - AN EXAMPLE 
OF NON-INFLAMMATORY, PRESSURE-
INDUCED FIBROSIS?
Before the concept of SPH, pressure-associated fibrosis 
formation in the absence of inflammation has not been 
appreciated very much. Indeed, most liver diseases 
seen in daily practice are more or less related to 
inflammation. However, cardiac cirrhosis is a typically 
non-inflammatory disease developing in patients with 
right heart failure and liver congestion. It is mostly 
but not always seen in the elderly and seems to be 
solely related to pressure. Notably, cardiac cirrhosis 
has not been in the focus of studies performed both by 
cardiologists and hepatologists. A major reason may 
be that these patients are usually > 70 years old, often 
present to the hospital in life threatening conditions 
which impose ethical restrictions for study recruitment. 

On the other side, decompensated heart failure is one 
of the most common causes of hospitalization and 
death in the elderly[46]. First profound insights have 
been already provided in a now classical work by 
Sherlock[47] in 1951. Up to date, pressure, hypoxia or 
nutritional aspects have been discussed as causative 
underlying factors and its existence has even been 
questioned by some authors. However, in one of 
the standard text books on liver histology written 
by Lefkowitch et al[48], cardiac cirrhosis is described 
in detail with all its histological features. Cardiac 
cirrhosis can develop rapidly even in young patients 
with congenital malformation of the heart after the 
Fontan procedure. These patients will develop portal 
hypertension, esophageal varices and they can even 
die from primary liver cancer[49,50]. Figure 6 shows a 
typical finding of bridging cirrhosis both in an elderly 
patient with chronic heart failure (Figure 6A-F) and in a 
young patient after Fontan operation (Figure 6G and H). 
Hepatic hypoxia can be generally ruled out as cause of 
cardiac cirrhosis since real ischemia typically leads to 
dramatic increases of transaminase levels (higher than 
1000 U/l with AST > ALT) seen e.g., during acute 
heart failure or resuscitation. To learn more about the 
principal development of fibrosis during congestion, 
we recently explored an experimental model in 
Wistar rats of liver congestion by clamping the caval 
vein subphrenically over 4 mo[27]. LS was measured 
invasively using the novel Fibroscan platform (Echosens, 
Paris). As shown in Figure 7, congestion significantly 
and immediately increased LS from mean 6.0 to 
10.7 kPa (P < 10-12). Of note, the semiquantitative 
Chevallier fibrosis score significantly increased from 
0 to 7. At the mRNA level, profibrogenic markers 
TGF-β and α-SMA were significantly upregulated[51]. 
Importantly, detailed histological analysis ruled out 
inflammation, necrosis or liver injury in this model. 
In addition, transaminases were not elevated. These 
findings indicate that increased venous pressure and 
LS are associated with a pronounced pro-fibrogenic 
response and histological fibrosis progression in the 
absence of inflammation. Taken together, patients 
with longstanding liver congestion during heart failure 
provide typical examples of pressure-associated fibrosis 
in the absence of inflammation.

HOW TO ASSESS SP?
Pressure in the context of liver disease is usually 
discussed with regard to portal pressure as a conse­
quence of cirrhosis. Portal pressure can be assessed 
directly during TIPS implantation or indirectly via 
wedge pressure measurements of a wedged hepatic 
vein. So far, SP cannot be determined experimentally 
in vivo since no miniaturized catheters exist without 
pressure perturbation. Although SP cannot be assessed 
in vivo, we recently measured SP in an isolated pig 
liver with clamped inflow and outflow vessels[25] (Figure 
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Figure 6  Cardiac cirrhosis as example of a pressure-associated cirrhosis in the absence of notable inflammation. Patients with congestive heart failure may 
even die from complications of cirrhosis such as variceal bleeding or liver cancer. Note the absence of inflammation in areas with sinusoidal dilation and congestion 
in long-lasting congestion characterized by marked sinusoidal dilation and atrophy of liver cell plates. Early (A) and advanced (B) stages of congestive heart failure 
stained by hematoxyline and eosin. Portal tracts and centrilobular areas are marked with black triangles and squares, respectively. Inflammation is also not a feature 
in areas with sinusoidal dilation and congestion in intermediate and central portions of the lobules. C: Chromotrope aniline blue stain (fibrosis) of an early stage of 
congestive hepatopathy in a case with congestive heart failure. The portal tract and its structures is regular whereas in central and intermediate portions of the hepatic 
lobulus mild sinusoidal dilation, slight atrophy of liver cell plates and minimal perisinusoidal fibrosis are seen. D: If venous outlaw obstruction persists perisinusoidal 
fibrosis and atrophy of liver cell plates in centrilobular areas become more pronounced, (E) which is then followed by loss of liver cell plates and centrilobular fibrosis 
extending towards neighbouring central veins (F) finally resulting in fibrous septa (marked by arrow heads). Notably, portal-central relations are mostly preserved. 
Stain for αSMA (G) and fibrosis (Masson trichrome) (H) indicating septal and perisinusoidal fibrosis from a liver biopsy of a 31 years-old male patient with Fontan 
circulation. The images show diffuse activation of hepatic stellate cells in the absence of any inflammation. Fontan intervention was performed early around birth 
because of an unilateral ventricle. HVPG was 1 mmHg, LS was 19 kPa. (Images A-F: Courtesy of Dr. C. Lackner, University of Graz; images G-H: Courtesy of Dr. P. 
Bedossa, Hôpital Beaujon, Université Paris Diderot). HVPG: Hepatic venous pressure gradient; LS: Liver stiffness.
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4B). We then loaded the isolated liver with iso-osmotic 
sodium chloride solution and measured the hydrostatic 
pressure in the hepatic vein. In such an isolated 
and clamped organ, pressures of all communicating 
vessels are equal according to the physical law of 
communicating pipes. In the depicted pressure range 
of up to ca. 40 cm water column, LS correlates almost 
linearly with SP. For these reasons, LS can be used 
as an indirect and non-invasive estimate of SP in the 
absence of cirrhosis. It can be assumed, however, that 
it will reach a non-linear saturation plateau at higher 
pressures comparable with the compliance curve of the 
lung. 

SPH AT THE HEMODYNAMIC LEVEL: SP 
AS CONSEQUENCE OF THE HEPATIC 
INFLOW/OUTFLOW BALANCE AND 
STATIC/DYNAMIC COMPONENTS
The liver is generally a low-pressure organ with the 
portal vein entering the liver with a pressure of ca. 
5 mmHg while ca. 3 mm of mercury are measured 

in the caval vein[52-54]. Close to the right atrium, this 
pressure can even reach negative values. Despite 
this low hepatic venous pressure gradient (HVPG) of 
ca. 3-6 mmHg, the liver is supplied with ca. 25% of 
the total cardiac output[54]. This also demonstrates 
the very low vascular resistance of the healthy liver 
according to Ohm’s law of streaming fluids that easily 
adapts to flow changes e.g., from the splanchnic 
side[42]. Consequently, the hepatic blood velocity within 
the sinusoidal bed is very slow which minimizes shear 
forces causing a predominance of the static pressure 
and stretch forces of the perisinusoidal cells. This will 
be discussed later.

Figure 8 shows a simplified scheme of the vascular 
and biliary architecture of the liver to better illustrate 
the role of the various inflow, outflow and shunt factors 
on SP. 

Based on the physics of liquids, SP will be mainly 
determined by static and dynamic components 
(Figure 2). The static part of the SP is determined 
by the intravasal pressure and the elastic properties 
of the vessels walls and also exists in the absence 
of a functioning blood circulation. Osmotic, oncotic 
pressure as well as gravitational forces related to the 
body positioning further contribute to this component. 
In contrast, the dynamic component is represented 
by the kinetic energy of the blood flow and becomes 
only relevant under conditions of an operating blood 
circulation. Here, the flow resistance constituted by the 
liver and the blood flow rate generated by the heart will 

Figure 7  Example of a purely pressure-driven fibrosis: Experimental 
liver congestion over 4 mo causes significant non-inflammatory liver 
fibrosis. The caval vein was subphrenically partly clamped in Wistar rats to 
cause hepatic congestion. A: Illustrates LS in male Wistar rats (n = 6) in control, 
sham operated and clamped group immediately after onset of congestion; B: 
Histological analysis of liver tissue sections shows a significant development of 
fibrosis after 4 mo of congestion in the clamped but not sham operated animals. 
(data from [27]), bP < 0.01. LS: Liver stiffness.
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Mueller S. Sinusoidal pressure hypothesis of liver cirrhosis

Figure 8  Sinusoidal pressure hypothesis at the vascular level. Simplified 
scheme of the hepatic vascular architecture and conditions that result in 
elevated sinusoidal pressure (SP) and liver stiffness (LS). SP and LS are 
shown as consequence of the various inflow (red circles) and outflow balances 
(black circles) in a schematized vascular architecture of the liver. Intrahepatic 
or extrahepatic shunts (white circles) will also affect SP in a complex manner 
and, according to SPH, will also have an important impact on the development 
of portal hypertension and liver function. According to SPH, M1 (stiff livers with 
good liver function) and M2 (soft liver with poor liver function) can be postulated 
for patients with liver cirrhosis based on intrahepatic shunt formation. Red 
arrows: Flow direction; HABR: Hepatic arterial buffer response; SPH: Sinusoidal 
pressure hypothesis.

4

5 6

7

1

9

2

Upper V. cava
(3 mmHg)

Bile duct

Portal vein
(4-6 mmHg)

Hepatic artery
(120 mmHg)

SP Liver sinus

HABR

Liver stiffness

Hepatic
veins

Lower V. cava

Inflow        Outflow barriers                       Shunts
1 portal 
2 arterial

4 extrahepatic (congestion, 
   heart failure)
5 centrilobular (BCS, ALD)
6 portal (HCV, HBV)
7 mechanic cholestasis

8 porto-systemic shunt 
   (intra- and extra-hepatic)
9 arterio-portal fistula 
   (intra- and extra-hepatic)

8



10491 December 28, 2016|Volume 22|Issue 48|WJG|www.wjgnet.com

both affect SP. Moreover, the dynamic part of SP will 
depend on the localization of e.g., the inflammation. 
Inflammatory components such as cellular swelling 
or infiltration of inflammatory cells will all increase 
the vascular resistance locally either in the portal or 
central areas. It explains why both a rapid increase of 
arterial[55] or portal[22] inflow or outflow barriers within 
the venous outflow tract (congestion)[25], bile ducts 
(mechanic cholestasis)[35] or the sinusoidal bed[56] are 
able to increase LS.

In clinical practice, both the static and dynamic 
components contribute to the overall size of SP in a 
complex manner. For instance, heart failure causes 
water retention early on through the activation of 
the renin angiotensin aldosterone system ultimately 
causing vascular overfilling with edema. LS will 
increase simply due to the increase of this static SP. 
Consequently, treatment with diuretics will decrease 
LS in such patients[25]. We recently demonstrated 
that the decrease of LS correlates best with the 
decrease of weight in patients with decompensated 
heart failure[57]. Besides water retention, however, the 
dynamic component also contributes to SP elevation in 
patients with heart failure. Especially in patients with 
predominant right heart failure, the left heart is strong 
enough to increase the pressure before the right heart 
ultimately causing liver congestion. Taken together, 
the introduction of pressure into the pathology of 
fibrosis allows various novel insights to understand 
fibrogenesis at the hemodynamic level.

ROLE OF HABR WITHIN THE CONCEPT 
OF SPH
The hepatic artery is connected to the sinusoidal bed 
via arteriole inlets and an elevated hepatic arterial 
flow can be seen already before the establishment of 
fibrosis[58] further increasing with the progression to 
cirrhosis[39]. Moreover, the liver harbors an autonomous 
regulatory circuit by which the arterial perfusion is 
upregulated in response to decreased portal flow, the 
so-called hepatic arterial buffer response (HABR). 
HABR has been established many years ago and 
it is mainly explained by the pharmacological vaso­
dilating effects of adenosine (adenosine wash out 
theory)[59]. Importantly, the HABR does only work in 
an unidirectional fashion since no elevation of portal 
flow can be seen in response to decreased arterial 
flow (Figure 8). This unidirectional aspect of the 
HABR appears to be highly relevant for the concept 
of SPH. While an increased inflow via the portal vein 
(e.g., during food intake) will be “buffered” by the 
HABR, an increase of the arterial inflow will be directly 
transmitted to the sinusoidal bed without “buffering”. 
These assumptions have been confirmed indirectly. 
Thus, a rapid injection of an isotonic solution (volume 
charge) into the portal vein does not result in LS 
elevation[55]. Moreover, patients with an arterio-portal 

fistula of the spleen show portal hypertension but not 
elevated LS. In contrast, in patients with cirrhosis, LS 
increases more drastically in response to food intake 
and alcohol consumption[45,55,60]. This underlines the 
fact that the buffering-response of HABR will be partly 
or completely lost in the course of an elevated arterial 
flow during inflammation or a complete arterialization 
in the cirrhotic liver. It also means that a predominant 
arterial flow will be more detrimental to the liver since 
flow changes will not be “buffered” any longer. Thus, 
within the concept of SPH, arterialization and loss of 
the HABR will cause further pressure elevation and 
enhance pressure-mediated fibrosis.

ROLE OF SHUNTS WITHIN THE CONCEPT 
OF SPH 
Both arterioportal shunts and portosystemic shunts 
have been described in- and outside the liver and 
they constitute about one third of the portal flow[61]. 
Moreover, surgical shunt interventions have been 
explored for many years and shunt implantations such 
as TIPS still remain an important option in patients 
with severe complications of portal hypertension. 
According to SPH and as shown in Figure 8, these 
shunts will drastically modulate intra- and extrahepatic 
pressures. Whether and how they affect SP, fibrosis 
progression and liver function is still poorly understood. 
Shunts per definition bypass blood and, thus, they will 
efficiently lower pressure gradients. Recent findings on 
the association between LS and portal pressure seem 
to be related to shunt formation and collaterals. Thus, 
LS only seems to correlate well with portal pressure 
at a HVPG < 12 mmHg both in human and animal 
studies[55,62]. In the cirrhotic liver, LS continuously 
increases while portal pressure stays at lower levels 
due to the formation of porto-systemic collaterals such 
as esophageal varices[62]. On the other side, arterio-
portal hepatic fistulas have been occasionally described 
even further complicating the hemodynamic effects 
of shunts[63,64]. Such arterio-portal fistulas or shunts 
will decrease arterial perfusion but increase portal 
pressure. According to SPH, intrahepatic shunts should 
efficiently lower SP and thus halt pressure-mediated 
fibrosis progression (Figure 8). Unfortunately, the 
decreased SP may have detrimental effects on the 
nutritional and oxygen supply of the liver tissue. 
Taken together and as will be discussed below, SPH 
offers a new look at the pressure-modulating role of 
intrahepatic shunts not only on portal hypertension but 
also the progression of fibrosis.

SPH AT THE CELLULAR LEVEL
Myofibroblasts are regarded as the major matrix 
and collagen-producing cells in the liver but also in 
other tissues. Neo-expression of the alpha isoform 
of smooth muscle actin (α-SMA) is used as marker 
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for activated myofibroblasts[65]. Most studies have 
focused on fibroblasts, which form focal adhesions 
(FA) during mechanic stress that link the cell’s actin 
cytoskeleton and plasma membrane to the underlying 
ECM[37,66]. It should be noted that biomechanics has 
been intensively studied and discussed previously with 
regard to liver fibrosis[14,37]. Mechanic forces or stress 
can act in various manners and directions on tissues 
and cells either by compression, elongation/stretch or 
shear forces (Figure 9A). Cell surface integrins, which 
connect to cytoplasmic actins at the site of FA, bind to 
latency-associated peptides (LAP)[37]. On soft surfaces 
there is minimal resistance to cell generated tension 
and the complex remains latent. On stiff surfaces there 
is significant resistance to cell-generated tension, this 
tension increases, and the LAP is pulled open, releasing 
active TGF-β. 

However, it has been less appreciated so far that 
intra-vascular pressure such as SP could be the typical 
physiological signal of cellular/tissue stiffness. Pressure 
is not directly visible in histological sections and can 
only be seen when looking for indirect morphological 
signs e.g., dilatation of the liver sinus (Figure 6). At 
the cellular level, SP translates into specific mechanic 
forces that mainly include stretch forces/stress in 
contrast to shear forces (Figure 9A). This is due to the 
enormous broad vascular bed of the liver with a rather 
slow sinusoidal blood flow (static and dynamic stretch 
forces, Figure 2). Like other cells, fibroblasts and HSCs 
are known to contract and to respond to mechanic 
forces[36]. The SPH puts SP as major mechanistic 
upstream event of fibrogenesis (cause of fibrosis). 
Increased SP will result in well-defined stretch forces 
of perisinusoidal cells e.g., of HSCs and ultimately 
cause stretch-induced collagen deposition (Figure 9B). 
SPH may also explain the so-called pericellular fibrosis 
as is commonly observed in patients suffering from 
ALD but also other liver diseases. Pericellular fibrosis 
describes collagen deposition around single ballooned 
hepatocytes (Figure 9C). Here, intracellular pressure 
causes stretch forces from inside the hepatocyte 
that will be also detected by aligned stellate cells and 
finally lead to mechano-mediated collagen deposition. 
Thus, both intravascular and intracellular pressure 
can cause stretch forces at the hepatocyte membrane 
with consequent stretching of HSC and/or elevation of 
cellular stiffness. 

FURTHER CLINICAL, ANIMAL AND 
PRELIMINARY OBSERVATIONS IN 
SUPPORT OF SPH
SPH cannot be proven in one simple experiment or 
one clinical study, but integrates many established 
and preliminary observations. In the following, several 
important examples will be discussed in more detail in 
addition to the initial observations mentioned above. 
A detailed list of further arguments in favor of the SPH 
concept is provided in Supplemental Table 2 within the 
Appendix (supplemental material file):

(1) Pressure whether static (oncotic, hydrostatic) or 
dynamic generally determines tissue stiffness. It is well 
known that e.g., arteriovenous shunt implantation in 
renal failure patients undergoing dialysis rapidly causes 
an induration and thickening of the vessel wall. In this 
operation, a vein is used for the shunt formation and 
the induration is popularly known as “arterialization”
of the shunt. In addition, it can be commonly seen in 
patients with prolonged non-inflammatory edema of 
the lower extremities e.g., during chronic heart failure 
that skin induration remains despite the elimination 
of the edema or the underlying cause[22]. These 
long known and general observations point towards 
an evolutionary-conserved principle of “pressure-

Mueller S. Sinusoidal pressure hypothesis of liver cirrhosis

Figure 9  Sinusoidal pressure hypothesis at the cellular level. A: Potential 
mechanic forces (stretch, compressing and shear forces) are shown that can 
act on cells; B: According to SPH, SP predominantly translates into mechanic 
stretch forces within the perisinusoidal bed. Hepatocyte cell death, inflammation 
or congestion all lead to increased SP that causes stretching of e.g., hepatic 
stellate cells (HSC), liver sinus endothelial cells (LSEC) or hepatocytes (HC); 
C: Moreover, intracellular pressure such as seen in ballooned hepatocytes can 
also cause stretch forces on the hepatocellular membrane and aligned HSC 
finally causing pericellular fibrosis.
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mediated wall thickening of vessels”. It seems that the 
connective tissue at morphological boundaries of e.g., 
the blood compartment follows a “program” in order 
to resist and withstand pressure. According to these 
considerations, the liver would be especially vulnerable 
to small pressure challenges since the liver is generally 
exposed to the low incoming pressure of the portal 
vein of less than 6 mmHg. In fact and in contrast to 
other organs, the liver is anatomically completely 
embedded into the venous drainage system of the 
splanchnic organs. It can be easily imagined that wall-
thickening occurs at small SP elevation and that loss of 
fenestrae and capillarization will result in a loss of liver 
function. It will also drastically impair the enormous 
hepatic exchange of metabolites.

(2) We have increasingly learnt that elevated LS per 
se seems to be a risk factor for cirrhosis progression 
(e.g., LS elevation in response to alcohol or upon HCV 
infection). It appears that patients who progress to 

fibrosis show early elevation of LS and LS elevation 
precedes fibrosis progression[3,26,27]. In contrast, only 
ca. 30% of patients with ALD and elevated transa­
minases show LS elevation while the remaining 70% 
have normal LS despite inflammation[45]. Moreover, 
successful HCV treatment lowers or even normalizes 
LS. Likewise, autoimmune hepatitis causes significant 
LS elevation that can be rapidly normalized if treated 
timely[22]. More examples could be given with regard to 
other liver diseases. In contrast, no fibrosis progression 
has been observed in patients that did not show an 
LS elevation in response to a viral disease or toxin[22]. 
If LS is regarded as measure/correlate of SP (in non-
cirrhotic livers, Figure 4B), it consequently means that 
a lack of SP elevation prevents fibrosis progression.

(3) It clearly appears that a normal LS excludes 
chronic liver disease and liver pathology. So far, no 
exceptions have been observed from this “rule of 
thumb”. On the other side, there is an enormous 
variation of LS in response to fibrogenic stimuli with 
some patients progressing faster to “stiff livers” than 
others. More details about the relation of LS and liver 
function will be discussed below.

(4) It is quite striking to see that comparable 
stiffness values have been observed in patients with 
various liver diseases and confounders and in cellular 
studies analyzing the pro-fibrogenic response of 
HSC and fibroblasts under culturing conditions with 
exactly defined stiffness as assessed by atomic force 
microscopy (for details see Figure 10A-C). The identical 
levels of stiffness and profibrogenic conditions both in 
clinical and cellular studies are a strong argument for 
the role of pressure and pressure-mediated stiffness 
elevation in fibrosis progression.

(5) In contrast, short term LS elevation during 
acute congestion or acute alcohol exposure (Figure 
3) does not cause fibrosis pointing towards the time 
of pressure exposure as critical parameter. In con­
firmation, acute forms of hepatitis with short flairs of 
transaminase elevation (e.g., acute hepatitis A or acute 
autoimmune hepatitis) do not develop liver cirrhosis 
and typically show a limited time of LS elevation of 
3-5 wk. Therefore, the time of LS elevation of 4 wk 
seems to be critical for the development and reversal 
of fibrosis.

(6) In about 7% of patients with liver cirrhosis, a 
so-called hepatofugal portal flow is observed[44]. In 
these patients, portal flow has completely reversed. 
Concordantly, the wedged hepatic venous pressure is 
higher than the portal pressure which clearly points 
towards a primarily arterial cause of hepatic perfusion 
in such patients. 

IMPORTANT CONSEQUENCES OF SPH
Any novel hypothesis should offer new insights into 
poorly explainable observations. In addition, novel 
studies and experiments should be designable to 

Figure 10  Similar stiffness values are found under pro-fibrogenic 
conditions in human and cellular studies. A: Stiffness scale with cut off 
values for normal, F3 and F4 fibrosis (cirrhosis)  in humans; B: Known stiffness 
conditions to activate fibroblasts using atomic force microscopy in cellular 
studies (modified from Ref. [37] ); C: Known LS values in various pathological 
conditions from human studies that ultimately cause liver fibrosis (modified 
from Ref. [3]); D: Potential intracellular and intercellular mechano-signaling via 
intercellular junctions through stretch forces caused by SP elevation. Besides 
interactions of focal adhesions (FA) with the extracellular matrix (ECM), SP 
causes intra- and intercellular stretch forces (red arrows) of perisinusoidal cells 
which are important for matrix production. Several intercellular junctions are 
schematically shown that may play an important role in biomechanic stretch 
signaling such as tight junctions (TJ), gap junctions (GJ) and adherence 
junctions (AJ). Intermediate filaments such as cytokeratin 18 (CK18) play a 
critical role in liver disease. CK18 is interacting with intercellular junctions and, 
hence, is most likely important for biomechanic signaling. LS: Liver stiffness; 
SP: Sinusoidal pressure.
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verify, falsify or optimize the hypothesis. The following 
seven major topics have been identified where SPH 
could provide novel perspectives and initiate new 
studies: 

Awareness of mechanic forces and explanation of 
macroscopic organization of liver cirrhosis
SPH helps to explain why fibrous septa of bridging 
cirrhosis may span through the whole organ over large 
distances. In this concept, SP increases stretch forces 
that will superimpose over larger distances without the 
presence of additional e.g., humoral “pro-fibrogenic 
factors” since mechanic forces will simply add up 
according to the laws of mechanical physics. These 
resulting stretch forces are not only confronted with 
the liver capsule but all elastic and connective tissue 
within the liver. As a result, fibrous tissue will span 
over several layers of liver tissue in the centimeter 
range. The concept of SPH opens up novel targeted 
studies that address in more detail the role of fluid 
mechanics in the liver which has unique features as 
compared to other organs. First, as already mentioned 
above, the liver is an organ exposed to a low-pressure 
environment (4-6 mmHg) which can be optionally put 
under high pressure by the hepatic artery. Second, 
capillary, adhesion, shear and other forces are 
insufficiently understood in the liver and they all could 
contribute to SP. Moreover, the stretching forces do not 
only put endothelial cells on stage but also all other 
liver cells with intra- and intercellular filaments and 
junctions (Figure 10D). In summary, SPH increases the 
awareness of mechanic forces in the pressure-sensitive 
liver. It also links to specific forces at the cellular level 
(stretch vs shear forces) and could explain the uniform 
responses of various cells to pressure (e.g., HSC vs 
fibroblasts) avoiding the necessity to search for specific 
“profibrogenic” cells.

Uniform formation of end-stage liver cirrhosis by 
different etiologies 
SPH could also explain the uniform response of fibrosis 
formation to very different and heterogeneous liver 
pathologies and their combinations. All liver pathologies 
are related to changes of the SP whether they are of 
vascular, inflammatory, non-inflammatory or other 
origin. Within this concept, SP is a complex result of 
inflow and outflow activities. Supplemental Figure 3 
shows schematically the consequences of a periportal 
(HCV) or pericentral (ALD) inflammation, initially 
causing periportal or pericentral fibrosis and ultimately 
bridging fibrosis. Naturally enough, pressure-mediated 
fibrogenesis will be modulated individually by many 
genetic and environmental factors at various levels.

Role of hepatic shunt formation and consequences for a 
novel typology of liver cirrhosis
SPH strongly draws attention to the modulation of intra- 
and extrahepatic pressure modulation by intrahepatic 

shunts and extrahepatic collaterals. Shunts per 
definition bypass blood and thus will efficiently lower 
pressure gradients. Although microscopic intrahepatic 
portosystemic shunts have been recognized for 
many years they are difficult to study[61]. In contrast 
to arteriovenous shunts, they are present in almost 
every patient with established cirrhosis and they shunt 
about 36% of the portal flow[61]. On the other side, 
arterio-portal hepatic fistulas have been occasionally 
described[63,64]. As a logical consequence of SPH, 
especially intrahepatic shunts should efficiently lower 
SP and thus halt pressure-mediated fibrosis progression 
(Figure 8). Shunt formation, however, would bypass 
hepatocytes and, hence, decrease liver function. Thus, 
the liver could only escape fibrosis progression for the 
cost of decreased liver function. It would be highly 
attractive to test whether such mechanisms are indeed 
an essential part of the liver’s physiology to escape 
high pressures. It could also explain recently observed 
different types of patients with liver cirrhosis, those 
with high stiffness but excellent liver function (type 
M1) and those with rather low LS but very limited 
liver function (type M2)[21,22,67]. A broad spectrum of 
all kinds of variations can be observed daily and the 
biology behind is not well understood nor has it been 
implemented for risk stratification or transplantation. 
These considerations could eventually lead to a novel 
typology of liver cirrhosis. 

Molecular and genetic basis of pressure-associated 
fibrogenesis
SPH with pressure as major driving force could help 
to better design, delineate and interpret the so-far 
overwhelming and confusing data obtained by high 
through-put screening technologies including the 
many and still rapidly improving genetic or OMICS 
approaches. It is quite conceivable that pressure is 
a very complex, highly controlled and evolutionary 
conserved vital parameter in all mammals. It also could 
help to better integrate still poorly understood findings 
e.g., on the role of genetic risk factors such as certain 
polymorphisms of the PNPLA3 gene (adiponutrin) for 
fibrosis progression. It seems quite clear that pressure-
mediated processes that ultimately cause fibrosis 
will be strongly modulated by genes. It is also easily 
conceivable that SP with all confounders discussed 
herein are co-modulated by genes e.g., transporters 
that effect water and electrolyte metabolism, the 
vessel boundaries, pressure-controlling hormones 
but, of course, also the response of the biomechanical 
signal transduction cascade in response to elevated 
pressure.

Role of arterial pulse wave energy and energy 
absorption in the liver
The high kinetic energy of the heart-beat is preserved 
in the elastic aorta and then propagated to peripheral 
tissues via the pulse wave. Due to the stiffer peripheral 
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arterioles, arterial pressure ultimately increases in the 
periphery being highest in the arteries of the lower 
extremities[54]. Almost nothing is known about the 
consequences of pulse-wave energy propagation in 
the liver. It is easily conceivable that stiffening of the 
liver during fibrosis progression but also by pressure-
related confounders (Figure 3) could cause a much 
stronger, Tsunami-like release of mechanic energy 
in the liver. Moreover and as discussed below, liver 
fat could be an unexpected and very efficient “sound 
energy absorbing” factor such as commonly observed 
in abdominal ultrasound. It will be of high interest to 
study in more detail the mechanic role of pulse wave 
energy and hepatic steatosis for SP elevation and 
fibrosis progression.

Mechanic role of steatosis
The role of steatosis is increasingly and controversially 
discussed. However, a major physical property of fat 
is the absorption of mechanic forces or sound energy. 
Here, SPH could provide an alternative to partly 
interpret the role of fat on a mechanic basis. Whether 
the sum of export, elimination, import and synthesis 
of hepatic fat has mechanic consequences remains to 
be elucidated. Preliminary data in patients with ALD 
suggest that steatosis is not correlated with LS which 
fulfills the general perception that fat tissue is soft[32]. It 
has also been occasionally observed that LS decreases 
while steatosis drastically increases (as measured 
by non-invasive CAP) during improvement of acute 
hepatitis of various etiology[22]. On the other side, mul­
tiple studies on NAFLD patients found a correlation 
of elevated LS and steatosis but it remains to be 
clarified whether this is due to co-existing inflammation 
in these patients. Moreover, SPH would provide a 
better explanation why e.g., segmental steatosis not 
necessarily translates into segmental cirrhosis. SPH also 
draws more attention to the shock wave absorption of 
the pulsatile heart beat that will drastically increase e.g., 
at the interface of an artery to the cirrhotic liver. A fatty 
liver should better attenuate these forces and thus 
help to at least halt the deleterious effects of mechanic 
energy exerted by the pulse wave. Taken together, a 
mechanic approach towards hepatic steatosis could 
provide a completely novel view on liver pathology.

Role of the intrahepatic localization of inflammation for 
fibrosis progression (portal vs lobular)
Liver diseases with a more pronounced SP elevation 
throughout the whole organ are more likely and 
more rapidly to progress to cirrhosis (see also the 
simplified vascular architecture of the liver in Figure 
8). Thus, certain Zone III localized hepatic diseases 
such as Budd Chiari syndrome and Schistosomiasis 
are known to rapidly produce cirrhosis and they are 
known to strongly increase LS[68-70]. SPH may offer 
novel possibilities to explain such clinical observations. 

It is also known that e.g., ALD primarily starts in the 
region of the central vein causing so-called perivenular 
fibrosis[71]. In a recent large multicenter study on 
2068 patients with biopsy-proven HCV and ALD we 
could show that inflammation in the lobular zone 
(ALD) translated into higher LS elevation as compared 
to a portal-tract-pronounced inflammation such as 
HCV infection[45] (see also Supplemental Figure 2). 
According to SPH, a pericentral liver disease will cause 
a more efficient SP elevation with consequent fibro­
sis progression. Supplemental Figure 3 provides a 
simplified scheme of the sequential events of fibrosis 
formation in ALD and HCV according to SPH. Thus, 
the localization of the inflammation determines the 
initial elevation of SP. Infiltration of inflammatory 
cells and the increase of vascular resistance due to 
cellular swelling and edema will cause the typical 
inflammatory hyper-perfusion which can be detected 
by elevated LS. A prolonged too intensive and too 
long inflammation will ultimately cause predominant 
hepatic arterial perfusion with permanent SP elevation. 
Taken together, SPH could provide a novel concept to 
better comprehend fibrosis progression based on the 
localization of the inflammatory disease.

WHAT ARE POTENTIAL LIMITATIONS OF 
THE SPH? 
If the SP is important for fibrosis progression why 
then has it not been addressed so far? There are 
several plausible reasons: First, SP cannot be mea­
sured directly without affecting the pressure itself 
for technical reasons. Second, pressure changes are 
typically accompanied by changes of other important 
parameters such as blood flow or oxygen supply 
and it is an experimental challenge to dissect these 
confounders. Third, SP is not easily identified by popular 
molecular screening techniques (gene sequencing, 
RNA microarrays, proteomics, metabolomics) that are 
favored at present to identify novel target molecules. 
Fourth, histology does not provide direct and immediate 
information on pressure except some indirect fea­
tures shown in Figure 6. In fact, pressure can only be 
studied in vivo within intact organisms with integral 
boundaries and functioning blood circulation requiring 
cumbersome detection technologies. Although there 
are good arguments in favor of SPH it remains unclear 
to what extent SP contributes to fibrosis and whether 
known (e.g., TGFβ) or additional mediators of fibrosis 
significantly modulate pressure-induced fibrosis. Future 
studies and innovative research tools will hopefully be 
able to further dissect pressure changes from changes 
of other important conditions such as hypoxia. It can be 
also assumed that many pressure-relevant aspects of 
the liver are genetically inherited in a complex manner. 
SPH hopefully will help to better design and interpret 
the findings from genetic screening studies. 
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HOW TO DISSECT SP FROM HYPOXIA-
MEDIATED LIVER PATHOLOGIES? 
A specific challenge for SPH is the dissection of 
pressure-related effects from hypoxia-mediated 
consequences. The individual hepatocyte is pre­
dominantly exposed to ca. 2% oxygen while intra­
vascular oxygen levels vary dependent on localization 
(venous vs portal) and range between 8% to 16%[72,73]. 
It is well established that the portal zone 1 is exposed 
to ca. 16% oxygen while the precentral zone 3 see 
significantly less oxygen of ca. 8%. Already the 
pioneering article of Sherlock[47] on cardiac cirrhosis 
pointed out the difficulties to dissect pressure-
associated changes from hypoxia-related aspects. In 
fact, since pressure changes are always and imme­
diately accompanied by flow and oxygen changes, 
it may be almost impossible to rule out directly the 
distinctive role of both important parameters. In 
addition, as mentioned in the chapter above, it is still 
not possible to directly assess SP and oxygen levels 
in the liver sinus without disturbance of these factors 
for technical reasons. However, in my opinion, some 
general considerations and indirect conclusions are 
in favor of the SPH concept. First, hepatocytes and 
other liver cells tolerate quite low oxygen levels[72]. 
In fact, real hepatic ischemia is rarely observed. It 
typically leads to drastic elevation of transaminases 
up to several thousands of units e.g., during cardiac 
arrest. Thus, as long as no such drastic transaminase 
elevations are observed, the involvement of hypoxia 
seems to be less likely. Second, although the portal 
tract is much more efficiently exposed to highly 
oxygenated blood from the hepatic artery, portal-
tract localized liver diseases such as chronic HCV also 
develop fibrosis as compared to zone III disease such 
as ALD. Finally, namely the development of large 
fibrous septa at the whole organ level are difficult to 
comprehend based on oxygen levels but rather point 

to trajectory forces caused by pressure elevation. 
Nevertheless, it will remain an open and highly 
interesting area of research to further dissect the role 
of SP and hypoxia and even more likely the role of 
hypoxia in modulating pressure-induced fibrosis. 

POTENTIAL FUTURE EXPERIMENTAL 
STRATEGIES TO VALIDATE SPH
As mentioned above, pressure itself is a physiolo­
gical key process of mammals which is controlled by 
many cellular, nerval and hormonal conditions that 
all link to matrix formation. In fact, the epithelial 
boundaries are critical for pressure maintenance 
and they put all aligning cells of the vascular sys­
tem whether they are veins, arteries, capillaries 
or specialized vascular entities such as the hepatic 
sinusoidal bed on stage. For instance, while FA and 
ECM-cell mechano-signaling have been intensively 
studied[14,37], intercellular mechanotransduction (in­
tercellular junctions of parenchymal cells and inter­
mediate filaments) and its relation to pressure is 
largely unknown and would require adequate animal 
models for validation. Therefore, future studies 
should address these molecular mechanisms. A list 
of such potential studies is provided in Table 2. One 
potential strategy is the use of well-established in 
vitro models under pressure-mimicking conditions 
with varying stiffness using viscoelastic gels (e.g., 
polyacrylamide)[74,75]. The stiffness of these gels should 
be comparable to human fibrosis stages and validated 
using the Fibroscan or atomic force microscopy[74]. 
The various liver-associated cells could be studied 
independently, individually or in combination using 
co-culture approaches. Important cells should not 
be restricted to HSC and fibroblasts, but also endo­
thelial cells, hepatocytes and macrophages. The role 
of intercellular junctions and important molecules 
responsible for mechano-signaling could be examined 

Table 2  Potential studies to elucidate sinusoidal pressure-mediated mechanisms of fibrosis

Potential studies to validate SPH

1. Matrix-modulating effects of pressure-lowering or modulating drugs.
2. Physical aspects of pressure formation in biological tissues including the role of cardiac pulse wave energy and its mechanic absorption by fat.
3. Effect of water metabolism, water channels (aquaporins), electrolyte transporters and other transporters and osmotic pressure on matrix formation.
4. Role of pressure-mediated biomechanic signaling for matrix formation including genetics, proteomics and metabolomics.
5. Role of ECM, cellular and inter-cellular junctions on pressure-mediated matrix formation.
6. Role of SP on gap junctions and matrix formation[78].
7. Role of vasoactive systems/substances, such as nitric oxide, cyclooxygenase-derivatives, carbon monoxide and endogenous cannabinoids on SP and 
    fibrosis[79].
8. Role of vasoconstrictor systems, such as the sympathetic nervous system, vasopressin, angiotensin and endothelin-1 on SP and fibrosis[80,81].
9. Optimization of pressure sensors e.g., for the liver sinus including the development of molecular stretch force measuring sensors[4].
10. Association of pressure, tissue/cellular stiffness and matrix formation at various organizational levels (cell, organ and whole organism).
11. Interplay of organ systems involved in water and pressure regulation (e.g., heart, brain, kidney and liver) for pressure regulation and matrix 
      development. 
12. Role of liver size and globularization of liver in various species in order to better sustain stretch forces of SP elevation.
13. Mechanisms and modulation of vessel and shunt formation in the liver.

ECM: Extracellular matrix; SP: Sinusoidal pressure; SPH: Sinusoidal pressure hypothesis.
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in 2D vs 3D cell cultures. As mechanistic proof of 
principle, hepatic mechano-conditioning using stretch 
chambers and fat loading (in the absence of lipo­
toxicity) to lower cellular stiffness could be studied. 
Such studies could then be translated to in vivo animal 
models. For instance, the time of onset of LS as 
compared to fibrosis development, invasive pressure 
measurements in different compartments (portal, 
central venous, systolic and diastolic arterial pressure), 
mechano-signaling and the expression of intercellular 
junction molecules could be studied in well-established 
inflammatory and non-inflammatory fibrosis model 
(TAA vs congestion). The animal models would allow to 
study the onset of arterialization in cirrhotic livers using 
vascular immunostaining and the role of intercellular 
mechano-signaling. The new insights could help to 
identify novel treatment strategies e.g., to lower LS 
or, second, to better identify patient sub-cohorts that 
are at increased risk to develop fibrosis via mechano-
signaling due to SP. Another important issue will be 
the interplay of SP with hypoxia and angiogenesis and 
how this affects vascularization of the sinusoidal bed 
including shunt formation.

FUTURE CLINICAL IMPACT OF SPH
SPH could boost and stimulate basic and clinical 
research activities not only restricted to liver disease 
but also the bidirectional role of liver-diseases within 
the whole organism and its relation to other organs 
such as the heart, kidney, or lung. Some potential 
therapeutic consequences are listed in Table 3. It 
may further lead to a re-evaluation or optimization of 
established supportive standard therapies in cirrhotics. 
Thus, SPH could help to explain the predominantly 
and widely discussed beneficial effects of pressure-
lowering drugs such as NSBB and it could help to 

optimize treatment regimens, patient selection and 
a better understanding of their mechanisms[76,77]. 
Second, SPH sheds new light on the long-term therapy 
with diuretics in cirrhotics. Diuretics may not only 
remove excess water from the body according to 
a symptomatic approach but it may intercept with 
the viscous cycle of continued water retention, SP 
elevation (hydrostatic component; Figure 2) and 
fibrosis progression. It will also be quite exciting to 
learn whether the liver has a more immanent role in 
other diseases with water retention such as cardiac 
insufficiency. On the diagnostic level, non-invasive 
LS measurement may help to monitor and optimize 
treatment of liver diseases especially with its direct link 
to SP. At the molecular level, the therapeutic desirable 
lowering of SP directly leads to a better understanding 
of hepatic mechano-signaling and the regulation of SP 
at the cellular level. Potential novel molecular targets 
or strategies could be identified that may include 
mechanic conditioning or pharmacotherapy acting on 
mechanosignaling. The mechanic role of fat has been 
already discussed above and, based on preliminary 
observation, warrants further analysis. Further studies 
on SP will also require the implementation of liquid 
physics to better understand the dynamic component 
of SP and its role on fibrosis progression. Finally, the 
role of osmotic stress, the regulation of the hydration 
status of the cell and the role of water channels 
such as aquaporins will be likewise highly interesting 
to study in the context of SP elevation and fibrosis 
progression.
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Table 3  Direct clinical consequences of sinusoidal pressure hypothesis

Potential clinical impact of SPH Ref.

1. Therapeutic effects of pressure lowering drugs. Optimization of timing, patient selection, dosage and duration. Risk balancing of side 
    affects to other organs (kidneys, arterial underfilling).

[77]

2. Long-term therapy with diuretics as causal/fibrosis-blocking treatment.
3. Testing of an optimized risk stratification of cirrhotics on outcome according to liver stiffness (M1 vs M2 type, see paragraph 
    "Important consequences of SPH and critical discussion", point 3) in addition to liver function scores such as Child-Pugh score or 
    MELD score. 

[25]

4. Liver disease as cause and consequence in the systemic context with other organs such as kidney and heart failure. [57]
5. Test whether GGT elevation and an AST/ALT ratio > 1 at low AST and ALT levels is related with arterialization of liver and, 
    consequently, with manifestation of liver cirrhosis.
6. Study water retention in cirrhosis, pregnancy, renal and heart failure and its consequences on hydrostatic SP. [82]
7. Implementation of osmotic stress, water channels (aquaporines) and transporters.
8. Therapeutic approaches to lower SP by targeting mechano-signaling: mechanic conditioning and pharmacotherapy acting on 
    mechano-signaling.
9. Role of biomembrane composition, lipid composition and potential protective role of steatosis on pressure-induced fibrosis.
10. Non-invasive LS measurements to monitor and optimize treatment of liver diseases.
11. Implementation of liquid physics to better understand the dynamic component of SP and its role on fibrosis progression.
12. Understanding of pulse wave energy and its consequences on the liver tissue.

ALT: Alanine aminotransferase; AST: Asparagin aminotransferase; GGT: Gamma-glutamyl transpeptidase; LS: Liver stiffness; SP: Sinusoidal pressure; 
SPH: Sinusoidal pressure hypothesis.
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Abstract
Chemotherapy with improved effect in patients 

with metastatic pancreatic cancer has recently been 
established, launching a new era for patients with this 
very aggressive disease. FOLFIRINOX and gemcita
bine plus nab-paclitaxel are different regimens, both 
capable of stabilizing the disease, thus increasing the 
number of patients who can reach second line and 
even third line of treatment. Concurrently, new windows 
of opportunity open for nutritional support and other 
therapeutic interventions, improving quality of life. Also 
pancreatic surgery has changed significantly during the 
latest years. Extended operations, including vascular/
multivisceral resections are frequently performed in 
specialized centers, pushing borders of resectability. 
Potentially curative treatment including neoadjuvant 
and adjuvant chemotherapy is offered new patient 
groups. Translational research is the basis for the 
essential understanding of the ongoing development. 
Even thou biomarkers for clinical management of 
patients with periampullary tumors have almost been 
lacking, biomarker driven trials are now in progress. 
New insight is constantly made available for clinicians; 
one recent example is selection of patients for gem
citabine treatment based on the expression level of 
the human equilibrium nucleoside transporter 1. An 
example of new diagnostic tools is identification of early 
pancreatic cancer patients by a three-biomarker panel 
in urine: The proteins lymphatic vessel endothelial 
hyaluronan receptor 1, regenerating gene 1 alpha and 
translation elongation factor 1 alpha. Requirement 
of treatment guideline revisions is intensifying, as 
combined chemotherapy regimens result in unexpected 
advantages. The European Study Group for Pancreatic 
Cancer 4 trial outcome is an illustration: Addition of 
capecitabine in the adjuvant setting improved overall 
survival more than expected from the effect in advanced 
disease. Rapid implementation of new treatment options 
is mandatory when progress finally extends to patients 
with this serious disease.
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Core tip: More effective chemotherapy and reorganized 
care for patients with periampullary carcinoma has 
opened windows of opportunity for improved surgical 
performance. Combined with neoadjuvant and adjuvant 
chemotherapy new patient groups can therefore be 
offered potentially curative treatment. A biomarkers can 
predict gemcitabine sensitivity, thus improving patient 
selection. A three-biomarker panel in urine can identify 
patients with early pancreatic adenocarcinoma. Clinical 
implementation of new diagnostic and therapeutic 
options is mandatory.

Buanes TA. Updated therapeutic outcome for patients with 
periampullary and pancreatic cancer related to recent translational 
research. World J Gastroenterol 2016; 22(48): 10502-10511  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i48/10502.htm  DOI: http://dx.doi.org/10.3748/wjg.v22.
i48.10502

INTRODUCTION
The different prognosis of pancreatic ductal adeno­
carcinoma (PDAC) and other periampullary carcinomas 
generates from profound biological diversities, increa­
singly explained by recent translational research[1]. Most 
details from whole genome analysis of the mutational 
landscape[2] generate knowledge that cannot be directly 
translated into clinical applications. Nevertheless, 
accumulative genetic and molecular biological informa­
tion constantly increase the basis for clinical studies, 
and together with well-designed randomized controlled 
trials (RCT), the scientific development is accelerated. 
Outcome from recent trials are summarized in this 
review, related to relevant translational research which 
is rapidly generating new windows of diagnostic and 
therapeutic opportunity.

Molecular expression profiling in histological subtypes
The different prognosis for periampullary carcinomas, 
arising from pancreatic duct cells, distal bile duct 
cells or the mucosa of the ampulla or duodenum is 
documented by numerous authors[3-6]. Intestinal or 
pancreaticobiliary differentiation have been shown to 
be prognostically more important than anatomic site of 
origin[7], and an integrative platform, enabling profiling 
of micro(mi)RNA, mRNA and proteins have recently 
been published[8]. Utilizing this platform, the molecular 
profiles of 85 periampullary adenocarcinomas, 
resected by pancreaticoduodenectomy (PD, or 
Whipple-procedure), was characterized by mRNA and 

miRNA expressions, comparing tumors from different 
anatomical sites of origin as well as different histological 
subtypes[9]. Six miRNA families were downregulated 
and four were upregulated in the pancreaticobiliary 
type as compared to the intestinal type. miRNA 
and mRNAs associated with improved survival for 
both histopathological subtypes were identified. The 
genes 3-phosphoinositide dependent protein kinase 1 
(PDPK1), phosphoinositide-3-kinase regulatory subunit 
2 (PIK3R2), glucose 6-phosphatase alpha (G6PC) 
and miRNAs miR-127-3p and miR-377 were linked 
to enriched pathways and identified as prognostic 
markers for future clinical investigation.

In lung cancer patients a serum specific miRNA 
signature have been identified and validated in a study 
on 1115 high risk individuals for lung cancer, enrolled 
in a screening protocol. Overall accuracy, sensitivity 
and specificity were found above 70%, area under the 
curve (AUC) in the (receiver operating characteristics) 
ROC-analysis was 0.85[10]. In another report on 
circulating miRNA as biomarker of lung cancer, a panel 
of 24 miRNAs with optimal classification performance 
was identified[11], enabling earlier detection of patients 
with lung cancer. Also in breast cancer circulating 
cell-free miRNAs have been found to be a biomarker 
for diagnostic and possibly targeted therapeutic 
utilization[12]. A similar development is foreseeable for 
patients with periampullary tumors. A feasibility study 
on 46 patients with early stage PDAC, 29 patients 
with chronic pancreatitis and 26 healthy controls, 
investigated the discriminant ability of the combination 
of miR-143 and miR-30e in urine samples. Sensitivity 
above 80%, specificity above 90% and AUC 0.923 
in the ROC analysis was recently published[13]. Also 
proteomics of 18 urine samples were analyzed in 192 
patients with PDAC and 87 healthy controls. A three-
biomarker panel was identified, able to differentiate 
patients with early stage pancreatic cancer from heal­
thy controls by urine specimens[14]. The discriminant 
ability of the proteins lymphatic vessel endothelial 
hyaluronan receptor 1 (LYVE-1), regenerating gene 
1 alpha (REG1A) and (translation elongation factor 1 
alpha) TEF1 increased further when combined with 
serum Ca19-9 value, resulting in AUC 0.97 in the ROC 
analysis. Accordingly, improved diagnosis of patients 
with localized i.e., resectable periampullary tumors 
is achievable, based on recent translational research. 
Epigenetic downregulation of miRNA 192 expression 
has recently been found to promote pancreatic cancer 
progression[15], explaining the early metastatic behavior 
of PDAC. Thrombospondin-1 (TSP-1) was found to 
decrease preclinical, even 24 mo prior to the diagnosis 
of PDAC, and the combination of TSP-1 and serum 
Ca19-9 achieved significant diagnostic yield: AUC 0.86 
in ROC analysis[16]. A circulating miRNA profile has also 
been found to predict disease progression in patients 
with metastatic pancreatic cancer, receiving second line 
treatment[17], illustrating that monitoring of treatment 
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outcome is becoming possible, based on miRNA as 
biomarker.

RESECTION MARGIN ASSESSMENT
A standardized protocol for PD specimen examination, 
defining R1 status as tumor cells within 1 mm dis­
tance from the resection margin (RM), introduced by 
Verbeke[18], have profoundly influenced reporting on R0/
R1 status. This is illustrated by numerous reports, for 
example from the European Study Group for Pancreatic 
Cancer (ESPAC). In the ESPAC 1 study (inclusion 
1994-2000), R1 status was reported in 18%[19], ESPAC 
3 (inclusion 2000-2008) reported R1 in 16%[20], but 
in ESPAC 4 (inclusion 2009-2014) the frequency of 
R1 resections was 60%. Traditionally, R0 status was 
considered the only satisfactory outcome of PD[21], 
as no clinical benefit was supposed to result from R1 
resection. High rates of R0 status was conceived as 
an important indicator of good surgical performance. 
However, the ESPAC data and numerous other reports 
leave little doubt that historical differences in R1 rates 
result from divergence in pathology examination, more 
than quality of surgery[22]. This opinion is supported by 
recent reports from the US[23] and France[24], underlining 
the importance of focused attention on standardized 
pathology reports in order to increase comparability of 
published data. In the center of Heidelberg, R0 status 
was not a prognostic indicator until the new standard 
was introduced[25].

Tumor growth is more dispersed in pancreatic head 
cancers than in rectal cancer, ampullary cancer and 
distal bile duct cancer[26]. The implication is that even 
R0 status according to the standardized pathology 
protocol, does not completely exclude the possibility of 
residual tumor cells in the operation field. The necessity 
of adjuvant chemotherapy is very well documented, 
and is compatible with this hypothesis.

MORPHOLOGICAL HETEROGENEITY
High levels of morphological heterogeneity is com­
mon in PDAC[27] and desmoplastic stroma is also 
predominant. Both characteristics are supposed to be 
obstacles to effective chemotherapeutic treatment. 
This hypothesis is supported by a report, classifying 
PDAC as classical, quasi mesenchymal and exocrine-
like with different therapeutic outcome[28]. Genetic 
heterogeneity is contributing to therapeutic failure[29], 
and whole-genome sequencing of 100 PDACs have 
recently redefined the mutational landscape[2]. Further 
genome-wide investigation of copy number aberrations 
revealed significant prognostic implications. Deletion 
in the genes RAB12 and COLEC12 are associated 
with increased and amplification with decreased 
postoperative survival after PD[30]. Also the stromal com­
partment provides stimulatory signals to the cancer 
cells, and the interaction has therapeutic relevance[31]. 
Investigation of miRNA expression profiling of carcino

matous and stromal components in twenty periam­
pullary adenocarcinomas, identified miRNA mediated 
interactions between carcinoma and stroma cells[32] 
which may be utilized as future therapeutic targets. 
These data has potential for clinical utilization in the 
near future.

PERSONALIZED MEDICINE - NEW 
CLINICALLY APPLICABLE BIOMARKERS
Based on microarrays from patients randomized 
to chemotherapy in the ESPAC 3 trial plus controls 
from the ESPAC 1 trial, expression of the human 
equilibrium nucleoside transporter 1 (hENT1) levels 
were determined[33]. Survival was compared between 
patients with high and low hENT1 expression in the 
gemcitabine and 5-fluorouraci (5-FU) arms. There was 
no difference in the 5-FU arm, whereas gemcitabine 
treated patients with high hENT1 expression lived 
median 26.2 mo vs 17.1 mo if hENT1 expression was 
low (P = 0.002). Patients with Gemcitabine sensitive 
tumors can thus be selected, resulting in higher 
response rates in future, biomarker driven trials. There 
has recently been an explosion of available biomarkers 
for PDAC which need clinical validation[34,35]. Exosomes 
are extracellular vesicles, containing proteins and 
nucleic acids, secreted by all cells, circulating in the 
blood. Identification of cancer cell derived exosomes 
has until recently not been possible, but a cell surface 
proteoglycan, glypican-1 (GPC1), specially enriched on 
cancer cell derived exosomes, was recently described, 
and GPC1 positive circulating exosomes (GPC1+crExos) 
were isolated from serum in PDAC-patients[36]. Levels 
of GPC1+crExos were also found to correlate with 
tumor burden in the same patient series. Exosomes 
have even been shown to initiate pre-metastatic niche 
formation in the liver[37], supporting the hypothesis 
proposed by Heiler et al[38] that cancer stem cells gain 
the capacity for cell to cell crosstalk from generation, 
loading and delivery of exosomes. Utilization of exosomes 
as diagnostic biomarker as well as staging instrument 
is probably shortly upcoming opportunities.

CHEMOTHERAPY
The development of effective oncological regimens 
has been slow, due to the chemoresistant character of 
PDAC. Table 1 shows key information from important 
clinical trials in first line therapy of metastatic disease, 
illustrating that gemcitabine became standard of care 
for fourteen years after Burris publication[39]. Even 
though S1 (tegafur, prodrug of 5-FU) could increase 
response rate, overall survival (OS) was no longer[40]. 
The addition of erlotinib to gemcitabine[41] resulted in 
a significant but small increase in OS. FOLFIRINOX 
represented a breakthrough in 2011, increasing 
response rate × 3, and median survival almost × 2, 
from 6.8 mo in the gemcitabine group to 11.1 mo[42]. In 
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2013 gemcitabine plus nab-paclitaxel was also shown 
to stabilize metastatic disease[43]. This has opened new 
windows of opportunity for maintenance treatment in 
case of intolerable toxicity[44], second line chemotherapy 
in cases of progression during first line treatment[45-47] 
and even third line chemotherapy, even though no 
evidence for this is available yet. Regimen of second 
line chemotherapy should be chosen related to first 
line[48]. Nanoliposomal irinotecan with 5-FU/folinic acid 
(FA) increased OS to median 6.2 mo in a recently 
published RCT on gemcitabine refractory metastatic 
PDAC[49]. The American Society of Clinical Oncology 
(ASCO) has recently published guidelines, incorporating 
this new insight, for treatment of patients with locally 
advanced[50] and metastatic[51] PDAC, recommending 
practical answers to key clinical questions for each 
patient group.

Adjuvant chemotherapy has been evaluated in 
numerous RCTs, published during the last 15 years, 
as illustrated in Table 2. The necessity of adjuvant 
treatment was first documented by Neoptolemos 
in the ESPAC 1 trial[19,52], later verified by Oettle[53]. 
Medan and 5 year survival have increased during the 
following decennium. In a western patient population, 
gemcitabine plus capecitabine is now standard of 
care, resulting in median 28 mo and close to 30% five 
year survival after upfront surgery[54]. A recent report 
from Japan[55], suggests that even better outcome is 
achievable with adjuvant S1.

SURGERY
The concept that upfront surgery is the best treatment 
option for patients with resectable tumors, is widely 
accepted[1,56-58]. Nationwide centralization of PD in 
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the Netherlands resulted in decreased postoperative 
in-hospital mortality from 9.8% in 2004 to 5.1% in 
2009[59], and the importance of volume-outcome 
relationship is increasingly emphasized[60]. The reor­
ganization of care for patients with periampullary 
cancer, based on multidisciplinary management, is 
widely supported[48,61], and it has resulted in significant 
change in surgical practice during recent years. Extended 
operations including vascular/multivisceral resections are 
now frequently performed, and borders of resectability 
are continuously being pushed[62]. The outcome value 
of multivisceral resections has been assessed[63], criteria 
for clinical evaluations are defined[64] and the basis for 
perfected surgical practice is continuously improving. 
Better handling of surgical complications is an important 
element of this development and a reason for reduced 
failure to rescue in case of serious complications[65-67]. 
The improvement of outcome related to patient volume 
continues after 40 procedures/year at one hospital[68]. 
Nevertheless, postoperative complications is a major 
problem after pancreatic surgery, precluding adjuvant 
chemotherapy and thus decreasing OS[69,70]. The focus on 
improved surgical performance is therefore increasing, 
generating comprehensive evaluation of new technical 
details[71].

Patients with borderline resectable PDAC was 
primarily described by Katz et al[72] as those with 
localized disease with tumor or patients characteristics 
precluding immediate surgery. After neoadjuvant 
chemotherapy, chemoradiation or both in 125 of these 
patients, 66 (41%) underwent pancreatic resections, 18 
(27%) with vascular resection/reconstruction. Median 
postoperative survival was 40 mo. Subsequently, the 
borderline concept is defined in detail[73]. Management 
and treatment outcome in patients with borderline 

Table 1  Important clinical trials in metastatic pancreatic ductal adenocarcinoma

Ref. Year published Investigated drugs Clinical outcome

OS ORR
Burris et al[39] 1997 Gemcitabine vs 5-FU 5.65 mo vs 4.4 mo 5.4% vs 0.0%
Ueno et al[40] 2005 S-1 (quasi mesenchymal and oteracil) 5.6 mo 21.1%
Moore et al[41] 2007 Gemcitabine vs erlotinib   5.91 mo vs 6.24 mo 8.0% vs 8.6%
Conroy et al[42] 2011 Gemcitabine vs Oxaliplatin + irinotecan + leucoverin + 5-FU (FOLFIRINOX)     6.80 mo vs 11.10 mo   9.4% vs 31.6%
Von Hoff et al[43] 2013 Gemcitabine vs gemcitabine + nab-paclitaxel   6.70 mo vs 8.50 mo    7.0% vs 23.0 %

OS: Overall survival; ORR: Overall response rate; 5-FU: 5-Fluorouraci.

Table 2  Important clinical trials evaluating adjuvant chemotherapy in pancreatic ductal adenocarcinoma

Ref. Year published Investigated drugs Number of 
patients

Clinical outcome

Median survival (mo) 5-year survival (%)
Neoptolemos et al[19,52] (ESPAC 1) 2001 and 2004 5-FU/FA vs No chemotherapy 149/143 20.1/15.5 21.0/8.0
Oettle et al[53] 2007 Gemcitabine vs No chemotherapy 179/175 22.1/20.2  22.5/11.5
Neoptolemos et al[20] (ESPAC 3) 2010 Gemcitabine vs  5-FU/FA 539/551 23.6/23.0  17.5/15.9
Neoptolemos et al[20] (ESPAC 4) 2016 Gemcitabine vs Gemcitabine + Capecitabine 366/364 25.5/28.0  16.3/28.8
Uesaka et al[55] 2016 Gemcitabine vs S1 193/192 24.5/46.5  24.4/44.1

5-FU: 5-Fluorouraci; FA: Folinic acid; ESPAC: European Study Group for Pancreatic Cancer.
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resectable tumors is an area of intense scrutiny.
Neoadjuvant treatment, also in patients with 

resectable tumors, is widely accepted in the United 
States[74,75], whereas upfront surgery is still considered 
standard of care in influential European centers[76]. 
Clinical and preclinical data support the concept that 
PDAC metastases appear early in the pathogenesis, 
even before the tumor can be identified[77], favoring 
neoadjuvant chemotherapy. A meta-analysis focusing 
outcome in patients with resectable and unresectable 
tumors[78], found that resection frequencies and survival 
after neoadjuvant therapy in resectable patients was 
similar to patients undergoing upfront surgery and 
adjuvant chemotherapy. In patients with unresectable 
tumors, approximately one third became resectable 
after restaging. In another meta-analysis of neoadjuvant 
chemotherapy in patients with borderline resectable 
PDAC, primary outcome measures were proportion 
of complete or partial response, stable or progressive 
disease as well as percentages of exploration and 
resection, and these results were also similar[79]. 
This evidence seems to support recommendation of 
neoadjuvant chemotherapy in borderline resectable 
PDAC, as resection rates and survival can be raised to 
the same level as patients with resectable tumors. A 
report from the National Cancer Data base on patients 
with PDAC stage Ⅰ and Ⅱ, who underwent PD between 
2006 and 2012[80], found increased rates of neoadjuvant 
treatment from 12.0% in 2006 to 20.2% in 2012. 
Patients who complete all intended neoadjuvant therapy, 
including surgery and adjuvant chemotherapy are by 
some authors supposed to experience increased OS, 
compared to patients undergoing upfront surgery[81]. 
However, evidence from well conducted RCTs is lacking, 
and the putative benefit of neoadjuvant treatment can 
be a by-product of selection bias, as patients with rapid 
disease progression never undergo surgery. Therefore, 
the real benefit or harm of neoadjuvant chemotherapy 
in patients with resectable PDAC still requires systematic 
evaluation. The International Study Group for Pancreatic 
Cancer recommendations is still upfront surgery for 
resectable and borderline resectable tumors[64,82,83].

DISTAL CHOLANGIOCARCINOMA, 
AMPULLARY AND DUODENAL 
ADENOCARCINOMA
Patients with periampullary adenocarcinomas undergo 
the same surgical resectional procedure as patients 
with PDAC, and postoperative survival is longer[84-88]. 
However, some data are contradictory: similar survival 
for patients with distal cholangiocarcinoma and PDAC 
was recently reported[89], as well as comparable 
prognosis for ampullary and extra-ampullary duodenal 
carcinomas[90]. Even ampullary carcinoma with the 
same median postoperative survival as PDAC has been 
described from Denmark[91]. Routine histopathology 
from 207 PD specimens were recently re-evaluated 

by two independent experienced pancreatic patho­
logists, and 53% of distal cholangiocarcinoma were 
misdiagnosed as PDAC[92]. A comprehensive assessment 
of tumor origin in pancreatic head cancer documented 
inaccurate and inconsistent distinctions between 
pancreatic, ampullary and distal bile duct cancer[6]. 
This divergence in pathology assessment may explain 
some of the contradictory data on prognosis in 
periampullary carcinomas. Ampullary carcinoma can 
be of pancreaticobiliary- or intestinal type, and the 
molecular signatures of mRNA and miRNA, linked to 
specific intracellular pathways, correlate to subtype 
above anatomical origin in periampullary tumors[9]. 
Histological subtype is a predictor of survival, and 
have also recently been found to influence response to 
adjuvant gemcitabine[93].

IS ADJUVANT CHEMOTHERAPY 
INDICATED FOR PERIAMPULLARY 
CARCINOMA?
A single center study from Johns Hopkins Hospital 
found that adjuvant chemoradiation did not improve 
survival[94]. The only well conducted RCT, investigating 
this question, is the ESPAC 3 trial, in which 297 
patients with ampullary carcinoma, 96 with distal 
cholangiocarcinoma and 35 other carcinoma were rando­
mized between 5-FU/FA, Gemcitabine or observation 
only. Median survival was 35.2 mo in the observation 
group vs 43.1 mo in the two chemotherapy groups, 
but the difference was not significant in the primary 
analysis. After multivariate analysis, adjusting for 
prognostic variables, statistically significant survival 
benefit was found after adjuvant chemotherapy[95]. 
The authors underline that distal cholangiocarcinoma 
should be analyzed separately, i.e., not together with 
tumors with other sites of origin, as periampullary 
adenocarcinoma is not a separate tumor entity. As 
documented above[9], site of tumor origin influence 
expected survival and pancreaticobiliary and intestinal 
subtypes respond differently to adjuvant gemcitabine[93]. 
Accordingly, the probable survival benefit from adjuvant 
chemotherapy, shown in the ESPAC 3 trial, should 
be further investigated by evaluation of combination 
chemotherapies in a modified study design.

CONCLUSION
Lack of biomarkers, applicable as diagnostic tools and/
or therapeutic targets has been a major hindrance for 
development of personalized treatment in patients with 
periampullary tumors. This is now rapidly changing[1,96]. 
A practical example is selection of patients for gem­
citabine treatment guided by hENT1 expression[33]. 
Clinical implementation of new micromolecular markers 
is presently a major issue. Subsequently, treatment 
guidelines need revision. Surgical treatment of meta­
static PDAC has been evaluated[97], resulting in median 
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postoperative survival 13.8 mo, estimated one year 
survival 58.9%. In an earlier study of 40 patients with 
metastases from periampullary carcinoma undergoing 
curative intent surgery, median survival for the pan­
creaticobiliary subtype was 13 mo, intestinal 23 mo[98]. 
Metastatic disease is therefore conceived as a palliative 
condition, without clinical benefit from resectional 
surgery[58]. However, in a recent report from Milan[99], 
127 patients with metastatic PDAC were treated by 
the new chemotherapeutic regimens, and 11 patients 
with radiological and biochemical response (Ca19-9 
normalization) underwent resection of the pancreatic 
primary tumor plus liver or lung metastases. Posto­
perative median survival was 39 mo vs 12 mo for the 
116 patients without surgical resection. One year and 
three year survival were 100% vs 42% and 57% vs 
5% respectively. The difference is obviously caused 
by better chemoresponse in the resected group, 
possibly also by additional benefit from resectional 
surgery. When new biomarkers enable personalized 
chemotherapeutic treatment and selection of patients 
for surgery based on improved knowledge about 
the malignancy potential of the tumor, cure seems 
achievable also for some patients with metastatic 
PDAC in the near future. Clarification of the role of 
surgery, related to chemotherapy is associated with 
severe methodological difficulties, as numerous 
patients deny inclusion in randomized trials, evaluating 
neoadjuvant chemotherapy. Low response rates of 
neoadjuvance and corresponding high risk of ending 
up with unresectable tumors are frequent patient 
concerns. These issues goes beyond the scope of this 
paper, but solid evidence, clarifying benefit/harm of 
neoadjuvant chemotherapy in pancreatic cancer will be 
major future scientific achievements.

A major problem for numerous patients with 
periampullary carcinoma is that they suffer severely 
during most of their residual lifetime, and palliative 
interventions, improving their quality of life, are 
important. Appropriate instruments for measuring 
patient reported outcome (PRO) has been lacking, but 
a brief, disease specific instrument has recently been 
developed, the PAncreatic CAncer DIsease (PACADI) 
score[100]. This is a brief, eight item, patient derived 
instrument, feasible also for patients with severe 
fatigue during late disease course. The future holds 
opportunities of well-designed interventional outcome-
studies with survival and PRO as endpoints, increasing 
the rate of therapeutic intervention improvement.
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Abstract
Liver fibrosis is a reversible wound-healing process 
aimed at maintaining organ integrity, and presents 
as the critical pre-stage of liver cirrhosis, which will 
eventually progress to hepatocellular carcinoma in 
the absence of liver transplantation. Fibrosis generally 
results from chronic hepatic injury caused by various 
factors, mainly viral infection, schistosomiasis, and 
alcoholism; however, the exact pathological mechanisms 
are still unknown. Although numerous drugs have 
been shown to have antifibrotic activity in vitro  and in 
animal models, none of these drugs have been shown 
to be efficacious in the clinic. Importantly, hepatic 
stellate cells (HSCs) play a key role in the initiation, 
progression, and regression of liver fibrosis by secreting 
fibrogenic factors that encourage portal fibrocytes, 
fibroblasts, and bone marrow-derived myofibroblasts 
to produce collagen and thereby propagate fibrosis. 
These cells are subject to intricate cross-talk with 
adjacent cells, resulting in scarring and subsequent 
liver damage. Thus, an understanding of the molecular 
mechanisms of liver fibrosis and their relationships with 
HSCs is essential for the discovery of new therapeutic 
targets. This comprehensive review outlines the role 
of HSCs in liver fibrosis and details novel strategies to 
suppress HSC activity, thereby providing new insights 
into potential treatments for liver fibrosis.

Key words: Liver cirrhosis; Fibrosis; Hepatic stellate 
cells; Etiology; Pathology; Treatment
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Core tip: This review discusses the molecular me
chanisms of liver fibrosis with respect to hepatic stellate 
cells (HSCs). In particular, we describe the functional 
significance of HSCs with respect to major events 
triggering fibrosis and novel therapeutic strategies to 
suppress the activity of activated HSCs.

Zhang CY, Yuan WG, He P, Lei JH, Wang CX. Liver fibrosis 
and hepatic stellate cells: Etiology, pathological hallmarks 
and therapeutic targets. World J Gastroenterol 2016; 22(48): 
10512-10522  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i48/10512.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i48.10512

INTRODUCTION
Liver fibrosis is a complex fibrogenic and inflammatory 
process that results from chronic liver injury and 
represents an early step in the progression of liver 
cirrhosis. Cirrhosis is a major health problem worldwide, 
owing to the lack of effective treatment methods[1,2]. 
During hepatic fibrosis, continuous accumulation of 
extracellular matrix (ECM) extremely rich in collagen 
Ⅰ and Ⅲ leads to scar deposition and liver fibrosis[3,4]

. 
When left untreated, this condition can develop into 
cirrhosis and subsequent portal hypertension, hepatic 
encephalopathy, and/or liver failure, and lead to an 
increased risk of hepatocellular carcinoma (HCC), 
which can ultimately cause organ failure and death[2,4]. 
Liver transplantation is currently regarded as the 
only treatment method for cirrhosis and is generally 
inadequate[3]. During chronic liver disease, ongoing 
liver injury results in excessive ECM deposition with 
limited remodeling, which inevitably leads to scarring 
and fibrosis[5]. In comparison, the liver can quickly re-
establish its structural integrity in response to acute 
injury, even when a substantial portion of the organ is 
damaged[6].

Hepatic stellate cells (HSCs) localize to the peri
sinusoidal space between hepatocytes and sinusoidal 
endothelial cells and are the primary source of 
activated myofibroblasts and portal fibroblasts that 
drive the fibrogenic process[7]. Quiescent HSCs (qHSCs) 
mostly function as vitamin A reserves[8]. In response 
to liver injury, inflammatory mediators promote HSC 
activation and subsequent differentiation into myo
fibroblasts[9]. Activated HSCs (aHSCs) are a major source 
of collagen in the liver and can abundantly secrete 
ECM proteins, tissue inhibitors of metalloproteinases, 
and matrix metalloproteinases (MMPs) that elicit 
liver architecture remodeling[9,10]. Importantly, HSCs 
are responsible for as much as 80% of total fibrillar 
collagen Ⅰ in the fibrotic liver[8-11]; thus, aHSC depletion 
is critical for the resolution of fibrosis.

Based on these findings, we provide a comprehensive 
review summarizing the etiology and pathological 
characteristics of hepatic fibrosis, and detail the potential 
therapeutic targets for suppression of aHSC function.

ETIOLOGY AND PATHOLOGICAL 
CHARACTERISTICS OF HEPATIC 
FIBROSIS
Liver fibrosis is a complex process that results from 
various forms of chronic hepatic disease and is asso
ciated with excess hepatocellular death[2,12,13]. The 
main etiologies of liver fibrosis are schistosome and 
chronic viral hepatitis infection, nonalcoholic fatty 
liver disease (NAFLD), alcoholic liver disease (ALD), 
and cholestatic and autoimmune liver disease[1,14-17]. 
Liver fibrosis, which is characterized by the excessive 
deposition ECM proteins[18], involves both parenchymal 
and nonparenchymal hepatic cells, as well as infiltrating 
immune cells[3,19]. Furthermore, different organs, such 
as the adipose tissue, bile duct, intestine, and muscle, 
can also affect the development of liver fibrosis. 
Moreover, several essential signaling pathways have 
important roles in fibrosis. The complex interactions 
among these signaling pathways, diverse cells, and 
different organs contribute to the progression of 
liver fibrosis[20]. Upon fibrogenic initiation, qHSCs 
differentiate into aHSCs, upon which they lose the 
intracellular lipid droplets and acquire a myofibroblastic 
phenotype characterized by marked upregulation of 
a-smooth muscle actin (a-SMA, ACTA2), desmin (DES), 
and type Ⅰ collagen (COL1A1)[8-10]. The sustained 
buildup of collagens distorts the liver parenchyma 
and vascular architecture, resulting in impaired liver 
function, scar deposition, and liver fibrosis[1,2,12,14,17]. The 
initiation, progression, and resolution of liver fibrosis 
involving HSCs are present in Figure 1.

Viral and schistosome infection
Viral infections such as those caused by hepatitis B 
virus (HBV) and hepatitis C virus (HCV) induce hepatic 
inflammation and thereby contribute to the cyclical 
process of inflammation, necrosis, and regeneration[21]. 
Within this inflammatory microenvironment, continuous 
infiltration of immune cells and secreted inflammatory 
cytokines leads to liver injury, triggering a progressive 
cascade of hepatic lobule reconstruction that promotes 
liver fibrosis and cirrhosis[22].

Schistosomiasis is a major chronic disease that 
occurs in humans living in endemic regions, owing to 
substantial pathologic liver fibrosis caused by from an 
accumulation of parasitic eggs[23]. Ongoing antigenic 
stimulation from the trapped ova results in immune 
cell recruitment to the sites of infection, leading to 
the formation of periovular granulomas and eventual 
fibrosis[24]. Liver fibrosis often begins 6 wk after 
infection, when the Th2 immune response predominates 
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and subsequently subsides at 12 wk postinfection. 
The Th17 response has also been associated with 
severe hepatic inflammation; however, the function 
of B cells in schistosome-induced pathology remains 
controversial. Because immune cell-derived chemokines 
play a vital role in schistosome-induced pathology[25,26], 
one method to hamper disease progression could be 
by modulating chemokine production to limit hepatic 
eosinophil recruitment[27]. Importantly, although prazi
quantel therapy effectively kills adult Schistosoma, it 
has diminutive effects on liver fibrogenesis or portal 
hypertension[28,29]; thus, new strategies to treat schi
stosomiasis are urgently needed.

Alcohol
Excessive alcohol abuse causes steatohepatitis that 
can progress to ALD. Most patients are generally 
asymptomatic, and ALD is easily reversible when 
patients abstain from alcohol consumption. Otherwise, 
they will develop into liver fibrosis. Acetaldehyde is 
regarded as a major intermediate in alcohol-induced 
fibrogenesis[30,31], and recent studies have delineated 
the mechanisms through which transforming growth 
factor (TGF)-β/small mother against decapentaplegic 
(SMAD) signaling is enhanced by acetaldehyde[32]. 
Additionally, acetaldehyde-induced fibrogenesis is also 
thought to involve members of the basic transcription 
element binding protein[33,34], CAAT/enhanced-binding 
protein[35,36], and acetaldehyde-responsive element[37]. 
Cytochrome P450 2E1 (CYP2E1) protein is a member of 
the microsomal ethanol oxidizing system responsible for 
ethanol metabolism and is crucial for alcohol-induced 
fibrogenesis[38]. This mechanism is readily observed in 
hepatocyte and HSC cocultures with enhanced collagen 
Ⅰ protein synthesis resulting from CYP2E1-dependent 
reactive oxygen species generation[39]. Correspondingly, 
ethanol-mediated lipid peroxidation is effectively 

blocked in CYP2E1-/- mice[40], whereas oxidative stress 
and hepatic fibrogenesis is elevated in transgenic mice 
with CYP2E1 overexpression[41]. Moreover, the calcium 
regulatory protein osteopontin (OPN) has demonstrated 
protective effects in early alcohol-induced liver injury by 
binding lipopolysaccharide and blocking tumor necrosis 
factor-alpha (TNF-α) function in the liver[42]. OPN is 
also positively correlated with fibrosis in patients with 
ALD[43].

Nonalcoholic steatohepatitis
Nonalcoholic steatohepatitis (NASH) is a relatively 
common chronic liver disease with histological chara
cteristics similar to that of ALD[44]. NASH presents 
as balloon-like hepatocellular injury with or without 
hepatic fibrosis in liver biopsies[45] and is the intermediate 
between NAFLD and cirrhosis[46]. NASH occurs when 
sustained oxidative stress prevents the proliferation 
of mature liver cells, resulting in excess necrosis and 
an overgrowth of liver progenitor cells (oval cells)[47]. 
In addition, the inflammatory response to cellular 
necrosis induces the progressive release of platelet-
derived growth factor, TGF-β, TNF-α, and other 
inflammatory factors, such as interleukin (IL)-1, by 
resident immune cells[48]. These inflammatory signals 
result in the activation and proliferation of HSCs and 
induce differentiation of HSCs into myofibroblasts, 
further driving ECM synthesis and ultimately liver 
fibrosis[49].

Animal models of liver fibrogenesis
Liver fibrosis takes years to develop in most patients 
and results from an interplay of several risk factors, 
including HBV and HCV infection, alcohol abuse, and 
metabolic syndromes attributed to obesity, insulin 
resistance, and diabetes[50]. Accordingly, animal models 
used to study the pathophysiology of liver fibrosis, 
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Figure 1  Initiation, progression, and resolution of liver fibrosis involving hepatic stellate cells. Upon various types of chronic injury - including that caused by 
alcohol, viral and schistosome infection, nonalcoholic steatohepatitis (NASH), and other factors - hepatic stellate cells (HSCs) transdifferentiate from quiescent HSCs 
to activated HSCs, the latter of which secrete abundant extracellular proteins that contribute to liver fibrosis. Liver fibrosis is thought to be a reversible condition owing 
to the elimination of causative agents and different strategies of limiting HSC activation; however, they cannot totally return to a quiescent status of the naive HSCs. 
Instead, they exhibit a pre-activated intermediate condition with an increased sensitivity to injury. Thus, preventing recurrent chronic liver injury is of great importance 
in patients undergoing treatment for liver fibrosis. Untreated or relapsed fibrosis progresses to liver cirrhosis, which often requires hepatic transplantation.
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Taken together, these data indicate that Hic-5 is a 
novel therapeutic target and a potential marker of 
activated HSCs. Additionally, acyl-coenzyme A: 
cholesterol acyltransferase (ACAT) is comprised of 
two isoenzymes-ACAT1 and ACAT2-and functions as a 
catalyst to convert free cholesterol (FC) to cholesteryl 
esters[70]. FC accumulation has been shown to regulate 
HSC activation and the development of liver fibrosis 
by promoting Toll-like receptor 4 signal transduction. 
Because ACAT1 plays an essential role in regulating 
FC accumulation in HSCs[71], studies have focused 
on developing new ACAT1-directed therapeutic inter
ventions for the treatment of liver fibrosis. The roles of 
IL-30, Hic-5, and ACAT1 in liver fibrosis are presented 
in Figure 2.

Regulatory CD4+ T cells 
Regulatory T (Treg) cells function to modulate HCV-
dependent liver fibrosis by regulating the interaction 
between NK cells and aHSCs[72,73]. Specifically, Treg 
cells act in a cell-contact-dependent manner to reduce 
NK cell activity against HSCs and downregulate vital 
NKT-activating ligands on HSCs by secreting soluble 
IL-8 and/or TGF-β1[73]. This mechanism may also be 
present in fibrosis, resulting from other etiologies; 
however, further studies are needed to confirm this 
hypothesis.

Macrophages
Macrophages, which can be classified as M1 (classi
cally activated) macrophages and M2 (alternatively 
activated) macrophages, play dual roles in the pro
gression and resolution of liver fibrosis. Typically, 
M1 macrophages produce inflammatory cytokines, 
whereas M2 macrophages regulate inflammatory 
responses and tissue repair. The imbalance of M1 
and M2 macrophages mediates the progression and 
resolution of liver fibrosis[74]. During the early stages 
of liver injury, bone marrow-derived monocytes are 
extensively recruited to the liver and then differentiate 
into inflammatory macrophages (mostly M1 macro
phages) to produce pro-inflammatory and profibrotic 
cytokines, thereby promoting inflammatory responses 
and HSC activation. Afterwards, recruited macrophages 
switch their phenotypic (mostly M2 macrophages) to 
secrete MMPs, the main enzymes degrading ECM, to 
facilitate fibrosis resolution[20,75,76].

Role of signal transduction in the progression of liver 
fibrosis
Several intracellular signaling pathways are involved in 
the pathophysiology of liver fibrosis. In this section, we 
detail the functional significance of three key signaling 
axes in this process: Gas6/Axl, TGF-β/Smad, and 
target of Wnt signaling pathway (Figure 3).

Gas6/Axl pathway: The TAM (Tyro3, Axl, Mer) 
receptor ligand Gas6 is a vitamin K-dependent protein 
with an extremely high affinity for the Axl receptor. 

cirrhosis, and HCC should mimic the general disease 
patterns found in human counterparts.

Currently, in vivo models of liver fibrosis can 
be divided into five categories based on etiology: 
chemical, dietary, surgical, genetically modified, and 
infection[51]. The chemicals commonly used to cause 
hepatic lesions and induce liver fibrosis include ethanol, 
carbon tetrachloride (CCl4)[52], thioacetamide[53], 
dimethylnitrosamine[54], and diethylnitrosamine[55]. A 
number of specific diets, such as the methionine- and 
choline-deficient diet[56], high-fat diet[57], and choline-
deficient l-amino acid-defined diet[58], can be used 
to induce progression of NAFLD to hepatic fibrosis 
in experimental animals. Moreover, common bile 
duct ligation (BDL) can also lead to cholestatic injury 
and periportal biliary fibrosis[59]. In the past decade, 
multidrug resistance-associated protein 2-deficient 
(Mdr2-/-) mice[60] and Alms1foz/foz fat Aussie mice[61] have 
been used to study the functional relevance of specific 
signaling pathways in the formation of liver fibrosis 
and identify novel drug targets. Finally, infections with 
HBV[62] and Schistosoma parasites[63] are also popular 
models of liver fibrosis.

NOVEL THERAPEUTIC TARGETS IN 
LIVER FIBROSIS
Liver fibrosis was once deemed irreversible; however, 
early liver fibrosis is now managed by clinical treatment, 
and overwhelming evidence suggests that advanced 
fibrosis may likely be reversible once the injurious 
stimulus is removed[64]. Since aHSCs are the primary 
mediators of liver pathology in this process, several 
molecules required for HSC activation are considered 
potential therapeutic targets[9,64,65]. The following 
section details recent novel targets identified for the 
treatment of liver fibrosis through suppression of HSC 
activation.

Key molecules in liver fibrosis
Mitra and colleagues reported that IL-30 attenuates 
hepatic fibrosis by inducing natural killer group 2D 
(NKG2D)/ribonucleic acid export 1 crosstalk between 
aHSCs and natural killer T (NKT) cells and is therefore 
an ideal therapy for liver fibrosis. Mechanistically, 
IL-30 treatment promotes surface NKG2D expression 
on liver NKT cells to subsequently enhance their 
cytotoxic activity towards aHSCs, thereby inhibiting 
liver fibrosis[66]. Another molecule, hydrogen peroxide-
inducible clone-5 (Hic-5) is a TGF-β1-inducible focal 
adhesion protein that facilitates cell proliferation 
and ECM expansion in various organs[67]. Previous 
studies have shown that Hic-5 contributes to vascular 
restoration and restructuring[67,68]; however, a recent 
study revealed that Hic-5 expression also plays a 
critical role in attenuating fibrosis by enhancing TGF-
β-induced Smad2 phosphorylation via the downregula
tion of Smad7 in both human and mouse aHSCs[69]. 
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Gas6 is primarily expressed by Kupffer cells, whereas 
Axl is found in both macrophages and qHSCs in 
the normal liver[77,78]. Study has demonstrated that 
CCl4-induced liver fibrosis elicits Gas6/Axl pathway 
activation to promote HSC activation. Notably, Axl 
knockout disrupts this pathway, thereby attenuating 
hepatic fibrosis[78]. Clinical trials have also shown 
increased Gas6 and Axl serum levels in patients with 
HCV infection and ALD[78]. As such, targeting Axl may 
be a potential method to remediate liver fibrosis.

TGF-β/Smad signaling: TGF-β regulates ECM meta
bolism and tissue fibrosis through the overproduction 
of type Ⅰ collagen in both mice and humans. Recent 
studies have demonstrated that TGF-β/Smad signaling 
plays a crucial role in the progression of hepatic fibrosis 
caused by parasitic infection, including Schistosoma, 
Clonorchis sinensis, and Echinococcus multilocularis, as 
well as other etiological factors[79,80]. More specifically, 
TGF-β1 ligation to TGF-β type Ⅰ (TGFβRI) and type Ⅱ 
receptors induces Smad2/3 phosphorylation and its 
subsequent interaction with Smad4. The Smad2/3/4 
complex can then translocate to the nucleus and 
induce the expression of profibrotic genes, namely 

collagen type Ⅰ. Strikingly, Smad7 can block TGF-β 
signaling through various means[80-82], such as binding 
TGFβRI to inhibit the interaction-dependent activation 
of Smad2, collaborating with other effectors to induce 
TGFβRI degradation, and regulating the Wnt/β-catenin 
pathway to influence TGF-β-induced apoptosis[83]. 
Similarly, targeting of Smad7 enhances TGF-β pathway 
activation[84].

Wnt pathway: Several studies have demonstrated 
that aberrant Wnt/β-catenin signaling affects the 
progression of fibrotic disorders. Wnt comprises an 
evolutionarily conserved family of excreted lipid-
modified glycoproteins that can be classified into 
at least three signaling pathways: Necdin-Wnt, 
noncanonical (β-catenin-independent), and canonical 
(β-catenin-dependent). In the Necdin-Wnt pathway, 
HSC activation and differentiation require the down
regulation of peroxisome proliferator-activated 
receptor γ (PPARγ). Necdin is a melanoma antigen 
family protein preferentially expressed in aHSCs that 
promotes myogenic and neuronal differentiation while 
suppressing adipogenesis. Notably, Necdin silencing 
restores PPARγ-mediated Wnt pathway inhibition to 
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effectively reverse HSC activation[85,86]. In the canonical 
pathway, Wnt ligation to cell surface receptors elicits 
downstream signaling that stabilizes β-catenin, 
which can then translocate into the nucleus, bind T 
cell factor/lymphoid enhancer-binding factor (TCF/
LEF) promoter, and induce gene expression to exert 
biological effects[87,88]. Alternatively, noncanonical Wnt 
signaling occurs via the β-catenin-independent planar 
cell polarity and noncanonical Wnt/Ca2+ pathways. 
Thus, a collective understanding of Wnt signaling 
mechanisms may provide novel insights into the 
pathophysiology of liver fibrosis. A recent study also 
showed that DKK2 (a Wnt antagonist and target of the 
Wnt pathway) connects Sept4 (a subunit of the septin 
cytoskeleton expressed in qHSCs) and the activation 
of HSCs, thereby mediating the progression of liver 
fibrosis. The expression of DKK2 is high in primary 
cultured HSCs. However, DKK2 expression is reduced 
when Sept is not expressed in a mice model of CCL4-
induced fibrosis. The high expression of DKK2 in 
qHSCs inhibits Wnts and thereby affects downstream 
β-catenin signaling. This results in suppression of the 
Wnt signaling pathway, leading to increased expression 
of Sept4 and preventing HSC activation[87].

HAb18G/CD147: HAb18G/CD147 is induced by 
TGF-β1 stimulation and is highly expressed on sinusoidal 
aHSCs, where it colocalizes with a-SMA. Transient 
transfection of CD147 in LX-2 cells results in increased 
expression of mRNAs encoding α-SMA, TIMP-1, α1(I) 
collagen, and TGF-β1. In contrast, MMP-13 and MMP-2 
levels are markedly reduced, suggesting that HAb18G/
CD147 promotes HSC activation. Consistent with this, 
HAb18G/CD147-targeting antibodies block HSC acti
vation, thereby inhibiting liver fibrogenesis[89]. These 
data support the potential role for HAb18G/CD147 in 
liver fibrosis; however, further studies are needed to 
confirm these findings.

microRNAs and HSCs in liver fibrosis
Recently, microRNAs (miRNAs) have also been found 
to play multifaceted roles in hepatic fibrosis, including 
those in HSC activation and proliferation and production 
of ECM proteins[3,11]. Previous studies have indicated that 
human and murine miRNAs participate in liver fibrosis. 
For example, miR-199a, antisense miR-199a*, miR-
200a, and miR-200b are dramatically upregulated in a 
mouse model of liver fibrosis[90]. Conversely, the miR-29 
family is downregulated in aHSCs when compared with 
that in qHSCs, both in vivo and in vitro[91].

miR-133a is specifically downregulated in HSCs 
during fibrogenesis, but is overexpressed in primary 
murine HSC, resulting in attenuation of collagen 
expression[91]. Similarly, CCL4-induced miR-122 ex
pression is markedly lower in aHSCs and fibrotic liver 
tissue. Cell experiments have also shown that miR-
133a overexpression inhibits both LX2 and primary 
murine HSC proliferation and prevents the progression 

of liver fibrosis[92-94]. Furthermore, both miR-15b and 
miR-16 facilitate qHSC apoptosis by targeting Bcl-2 
and the caspase signaling cascade[95].

Promising therapies for liver fibrosis
Although several antifibrotic drug candidates have 
recently been evaluated, these drugs have failed 
to show increased therapeutic efficacy over those 
drugs currently used in the clinic, e.g., ursolic acid 
(UA), 24-nor-ursodeoxycholic acid (norUDCA), and 
resveratrol. UA is a pentacyclic triterpenoid compound 
with a wide spectrum of pharmacological activities 
found in various edible fruits and medicinal plants. 
Studies have demonstrated that UA induces apoptotic 
culture-activated HSC death due to inhibition of 
nuclear factor kappa B and AKT in HSCs, but not in 
isolated qHSCs in vitro. In addition, UA alleviates 
liver fibrosis induced by both BDL and chronic 
thioacetamide administration in vivo. As shown in 
Figure 4, the mechanism of UA-induced apoptosis 
may be attributed to its suppression of cell survival 
pathways and the activation of downstream caspases 
via the mitochondrial permeability transition[96].

The bile acid derivative norUDCA is a promising 
new treatment option for liver fibrosis that significantly 
reduces liver fibrosis in chronically infected Schistosoma 
mansoni mice by limiting T-cell proliferation and IL-13 
and IL-4 serum levels (Figure 4). Moreover, norUDCA 
has anti-inflammatory properties demonstrated by the 
low expression of MHC class Ⅱ on dendritic cells and 
macrophages after norUDCA treatment[28].

Finally, the natural polyphenol flavonoid resveratrol 
has a broad range of beneficial biological functions, 
including anti-inflammatory[97] and antioxidant[98] 
properties[99]. In addition, resveratrol is believed 
to ameliorate obesity-related complications by 
mimicking caloric restriction[100] through activation of 
key metabolic regulators, including NAD+-dependent 
deacetylase (SIRT1)[101], AMP-activated protein 
kinase[102], and nuclear factor erythroid-2 related factor 
2[103]. Furthermore, oxidative damage and inflammation 
are closely related to the HSC activation process. For 
example, SIRT1 activation inhibits the expression of 
muscle-related genes, such as MyoD[104]. Moreover, 
studies have demonstrated the beneficial effects of 
resveratrol in different models of liver steatosis[105-108]. 
Superoxide dismutase activity is necessary for the 
reduction of oxygen free radicals and protects against 
lipid peroxidation, thereby inhibiting HSC activation 
and limiting the progression of liver fibrosis[109]. The 
mechanisms through which resveratrol alleviates 
fibrosis are shown in Figure 4. Although resveratrol 
has been shown to have beneficial biological functions 
in the antifibrotic response, its efficacy in NAFLD is 
insignificant; indeed, a meta-analysis conducted by 
Zhang et al[110] indicated that resveratrol can only 
improve LDL and total cholesterol levels in patients with 
NAFLD.
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CONCLUSION
In this review, we outlined some major etiological 
and pathological characteristics of hepatic fibrosis 
and described several promising approaches for liver 
fibrosis therapy. We strongly believe that liver fibrosis 
will be cured through the combined application of these 
therapeutics; however, further studies are necessary 
to support this hypothesis.
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Abstract
Gastric adenocarcinoma of the fundic gland (chief cell-
predominant type, GA-FG-CCP) is a rare variant of well-
differentiated adenocarcinoma, and has been proposed 
to be a novel disease entity. GA-FG-CCP originates 
from the gastric mucosa of the fundic gland region 
without chronic gastritis or intestinal metaplasia. The 
majority of GA-FG-CCPs exhibit either a submucosal 
tumor-like superficial elevated shape or a flat shape 
on macroscopic examination. Narrow-band imaging 
with endoscopic magnification may reveal a regular 
or an irregular microvascular pattern, depending on 
the degree of tumor exposure to the mucosal surface. 
Pathological analysis of GA-FG-CCPs is characterized 
by a high frequency of submucosal invasion, rare 
occurrences of lymphatic and venous invasion, and 
low-grade malignancy. Detection of diffuse positivity 
for pepsinogen-I by immunohistochemistry is specific 
for GA-FG-CCP. Careful endoscopic examination and 
detailed pathological evaluation are essential for 
early and accurate diagnosis of GA-FG-CCP. Nearly all 
GA-FG-CCPs are treated by endoscopic resection due 
to their small tumor size and low risk of recurrence or 
metastasis.

Key words: Narrow-band imaging; Pepsinogen-I; Fundic 
gland; Gastric adenocarcinoma; Chief cell
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Core tip: Gastric adenocarcinoma of the fundic gland 
(chief cell-predominant type, GA-FG-CCP) was recently 
proposed as a novel disease entity. The endoscopic 
and clinicopathological characteristics of GA-FG-CCP 
are distinct from those of gastric adenocarcinomas with 
an intestinal phenotype that originate from the mucosa 
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with chronic gastritis or intestinal metaplasia. Careful 
endoscopic examination and detailed pathological 
evaluation are essential for early and accurate diagnosis 
of GA-FG-CCP.

Miyazawa M, Matsuda M, Yano M, Hara Y, Arihara F, Horita 
Y, Matsuda K, Sakai A, Noda Y. Gastric adenocarcinoma 
of the fundic gland (chief cell-predominant type): A review 
of endoscopic and clinicopathological features. World J 
Gastroenterol 2016; 22(48): 10523-10531  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v22/i48/10523.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v22.i48.10523

INTRODUCTION
It had been thought that differentiated adenocarci-
nomas which originate from the intestinal metaplasia 
involving Helicobactor pylori (H. pylori) infection have 
an intestinal phenotype, whereas undifferentiated 
adenocarcinomas which originate from the gastric 
mucosa without the process of intestinal metaplasia 
have a gastric phenotype[1]. However, progress in 
immunohistochemistry has revealed that some differ-
entiated adenocarcinomas have a gastric phenotype[2].

In 2006, Yao et al[3] described extremely well-dif-
ferentiated gastric adenocarcinoma with a gastric phe-
notype similar to gastric foveolar epithelium, mucous 
neck cells and pyloric glands. Thereafter, the first case 
of gastric adenocarcinoma with differentiation into 
chief cells within the fundic gland by Tsukamoto et al[4]. 
Furthermore, 10 cases of gastric adenocarcinoma with 
differentiation into chief cells were documented by 
Ueyama et al[5] who proposed a novel disease concept: 
gastric adenocarcinoma of the fundic gland (chief 
cell-predominant type, GA-FG-CCP) based on the 
characteristic morphology and immunohistochemistry. 
Because GA-FG-CCPs are thought to originate from 
gastric mucosa of the fundic gland region without 
chronic gastritis or intestinal metaplasia, it is expected 
that the proportion of gastric adenocarcinomas diag-
nosed as GA-FG-CCP will increase in parallel with the 
declining frequency of H. pylori infection.

GA-FG-CCP is defined as a neoplastic lesion, which 
is composed of cells that resemble the fundic gland 
cells and is positive for pepsinogen-I: a marker of chief 
cells on immunohistochemistry[5]. For early and precise 
diagnosis, it is vital to undertake careful endoscopic 
examination and detailed pathological evaluation using 
immunohistochemistry. In particular, endoscopists 
should be able to reliably detect a suspicious lesion that 
may be a GA-FG-CCP during screening. As the concept 
of GA-FG-CCP as an individual disease entity has 
become better established, information concerning the 
pathological features of GA-FG-CCP has occasionally 
been published. Moreover, several detailed endoscopic 
investigations of GA-FG-CCP have recently become 
available. Here, the unique endoscopic and clinico-

pathological features of GA-FG-CCP will be discussed.

CLINICAL CHARACTERISTICS
GA-FG-CCP is a very rare variant of gastric adenocar-
cinoma. A review of studies on GA-FG-CCP published 
in English language indicates that 46 cases have been 
reported to date[4-16]. Almost all patients were Japan
ese, but a study by Singhi et al[9] in 2012 comprised 
10 non-Asian patients, including Hispanics, Caucasians 
and African-Americans. The clinical characteristics 
of the 46 previously reported cases are presented in 
Table 1. According to Ueyama et al[12], GA-FG-CCP was 
detected in only 10 of 14080 patients who underwent 
esophagogastroduodenoscopy (EGD). Park et al[8] 
identified GA-FG-CCP in only 3 of over 6000 Korean 
patients with gastric adenocarcinomas resected by 
endoscopy or surgery. During the 3 years after 2010 
when the concept of GA-FG-CCP was first proposed, 
Miyazawa et al[13] reported that GA-FG-CCP accounted 
for 0.98% of early gastric adenocarcinomas treated 
by endoscopic submucosal dissection (ESD). Among 
Japanese cases of GA-FG-CCP, the male-to-female ratio 
is approximately 1.4, which is lower than that of the 
estimated morbidity from all gastric adenocarcinomas 
in 2011 in Japan (2.1)[17]. The average age of Japanese 
patients is 67.7 years, with a range of 42 to 82 years. 
Early cases of GA-FG-CCP generally have no or mild 
subjective symptoms, although Singhi et al[9] found that 
all 10 cases had clinical symptoms of gastroesophageal 
reflux, suggesting that gastric acid secretion was main-
tained due to a lack of mucosal atrophy. To the best of 
the authors’ knowledge, none of the previous cases of 
GA-FG-CCP had evidence of H. pylori infection.

ENDOSCOPIC FINDINGS
Endoscopic findings from patients with GA-FG-CCP 
are shown in Figure 1. The endoscopic characteristics 
of 46 previously reported cases are summarized in 
Table 2. GA-FG-CCP was located in the upper third 
of the stomach in 87% of cases. The average tumor 
diameter was 7.5 mm, and approximately 80% of all 
tumors were less than 10 mm in diameter at the time 
of diagnosis. Macroscopically, about three-quarters of 
GA-FG-CCPs were recognized by an elevated shape, 
especially a submucosal tumor (SMT)-like shape, while 
the other one-quarter had a flat or depressed shape. 
GA-FG-CCP with an SMT-like elevated shape has a 
poorly demarcated border and softness[12]. Miyazawa 
et al[13] suggested that a possible reason for the mac-
roscopic similarity to SMT is that GA-FG-CCP originates 
from deep layers of the gastric mucosa. GA-FG-CCP 
may be likely to grow vertically into the submucosa 
and develop laterally toward the surrounding tissue. 
If GA-FG-CCP grew in a straight direction towards the 
mucosal surface, it would be recognized as a superfi-
cial unsmooth tumor. Ueyama et al[12] speculated that 
surface mucosal epithelial cells are maintained because 
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tumors barely destroy the surrounding tissue. GA-FG-
CCP with a flat or depressed shape, which accounts for 
about 20% of all cases, appears to be more difficult to 
recognize than GA-FG-CCP with an SMT-like elevated 
shape. With respect to coloration, GA-FG-CCP is often 
covered with normal-colored or faded (i.e., whitish 
or yellowish) mucosa. Fujii et al[16] suggested that 
the faded appearance is caused by atrophy in the 
foveolar epithelium above cancer tubules, but not in 
the surrounding mucosa. Another characteristic of 
GA-FG-CCP is vasodilation on the tumor surface, which 
is attributed to the displacement of surface vessels 
by tumor tissue followed by congestion[13]. Branched 
vessels on the tumor surface were also thought to be 
present in the deep region of the mucosal layer[12]. 
Narrow-band imaging (NBI) may clarify the presence 
of vasodilatation and branched vessels on the tumor 
surface[12,13,16]. However, it has not been possible to 
pathologically confirm the above explanations for fine 
vessels.

There are few reports on magnifying endoscopy for 
GA-FG-CCP[13,16]. NBI with magnification is assessed 
using the worldwide standard diagnostic system, the 
VS (vessel plus surface) classification, as proposed by 
Yao et al[18]. The VS classification system incorporates 
three indices: (1) the demarcation line (DL), which is 

the border between the tumor and the surrounding 
mucosa; (2) the microsurface pattern (MSP), which is 
microstructural patterns on the tumor surface such as 
marginal crypt epithelium; and (3) the microvascular 
pattern (MVP), which is the pattern of vascular 
architecture on the tumor surface such as subepithelial 
capillary. Miyazawa et al[13] demonstrated that NBI 
with magnification enabled detection of the absence of 
MSPs, indicating a lack of microstructure, and irregular 
MVPs, indicating non-uniformity and heterogeneity of 
microvascular structures, depending on the degree of 
tumor exposure to the mucosal surface. In contrast, 
NBI with magnification indicated that some GA-FG-
CCPs had normal MSP and MVP. The presence of the 
DL, and irregular MVP and MSP, which are specific 
features of early gastric adenocarcinoma, may not be 
found in GA-FG-CCP[16]. Because GA-FG-CCP is located 
in the deep mucosal layer and is not exposed on the 
surface, detection of abnormal inner microstructures 
is prevented by the thick mucosa[13]. Consequently, 
evaluation by magnifying endoscopy may be used 
to assist, but not to make an accurate diagnosis of 
GA-FG-CCP[16].

Despite the use of endoscopy, a definite diagnosis is 
provided by histopathology. If GA-FG-CCP is suspected 
by an endoscopist, a pathologist should perform immu-
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Table 1  Clinical characteristics of previously reported cases

Author (yr) Number of 
patients

Sex 
(M:F)

Age (yr, 
average)

Race or nationality Clinical 
symptoms

Therapeutic method Survival time 
(mo, average)

Outcome

Tsukamoto et al[4] (2007)   1 F 82 Japanese No symptom EMR ND ND
Ueyama et al[5] (2010) 10 6:4 65.5 (42-79) Japanese: 10 ND EMR: 2 37.1 (10-70) Alive, NED: 10

ESD: 5
Operation: 3

Fukatsu et al[6] (2011)   1 M 56 Japanese No symptom EAM 12 Alive, NED
Terada et al[7] (2011)   1 M 78 Japanese Abdominal pain 

(colon cancer)
No therapy (only 

biopsy)
3 Died (colon cancer)

Park et al[8] (2012)   3 3:0 65.3 (47-76) Korean: 3 ND ESD: 1 24.3 (11-32) Alive, NED: 3
Operation: 1

Operation after ESD: 1
Singhi et al[9] (2012) 10 4:6 64.2 (44-79) Hispanic: 4 GERD: 10 polypectomy: 10 15.4 (6-39) Alive, NED: 8

Caucasian: 2 Alive, persistence: 
1 ND: 1

African American: 2
Chinese: 1

Unknown: 1
Chen et al[10] (2012)   1 M 79 Caucasian GERD EMR 2 Alive, NED

Esophageal 
stricture

Abe et al[11] (2013)   1 F 71 Japanese No symptom EMR 12 Alive, NED
Ueyama et al[12] (2014) 10 6:4 66.5 (55-78) Japanese: 10 ND EMR: 2 13.2 (1-19) Alive, NED: 10

ESD: 8
Miyazawa et al[13] (2015) 5 3:2 72.2 (67-78) Japanese: 5 No symptom: 5 ESD: 4 19.4 (10-28) Alive, NED: 5

Operation after ESD: 1
Parikh et al[14] (2015)   1 M 66 Caucasian Heartburn 

(GERD)
EMR ND Alive, NED

Kato et al[15] (2015)   1 M 80s Japanese ND CLEAN-NET 3 Alive, NED
Fujii et al[16] (2015)   1 F 64 Japanese ND ESD ND ND

CLEAN-NET: combination of laparoscopic and endoscopic approaches to neoplasia with non-exposure technique; EAM: endoscopic aspiration 
mucosectomy; EMR: endoscopic mucosal resection; ESD: endoscopic submucosal dissection; F: female; M: male; GERD: gastroesophageal reflux disease; 
NED: no evidence of disease; ND: not described.
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nohistochemical staining to confirm the diagnosis[13]. 
The biopsy may be needed for a lesion suggesting a 
submucosal or carcinoid tumor but resembling GA-FG-
CCP in order to distinguish GA-FG-CCP from these 
tumors. It is crucial to obtain an adequate amount of 
tissue because the tumorous tissue of GA-FG-CCP is 
usually located in the deep mucosal layer.
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HISTOPATHOLOGICAL FINDINGS
Histopathological findings from GA-FG-CCP cases are 
depicted in Figures 2 and 3. The histopathological 
characteristics of the 45 previously reported cases are 
shown in Table 3. GA-FG-CCP is a well-differentiated 
tubular adenocarcinoma composed of a variety of 

Figure 1  Endoscopic findings from representative GA-FG-CCP cases. A: White light endoscopy revealed a submucosal tumor-like elevated tumor with a whitish 
mucosal surface and dilatation of microvessels. The surrounding mucosa had no atrophic changes (left). Narrow-band imaging with magnification showed an absent 
microsurface pattern and irregular microvascular pattern on a small portion of the tumor (right); B: White light endoscopy revealed a submucosal tumor-like elevated 
tumor with normal-colored mucosal surface. The surrounding mucosa had no atrophic changes (left). Narrow-band imaging with magnification showed a regular 
microsurface pattern and microvascular pattern on the entire tumor surface (right).

A

B

Table 2  Endoscopic characteristics of previously reported cases

Author (yr) Number of 
patients

Location 
(U:M:L)

Size (mm, 
average)

Macroscopic shape Color tone Vessel findings NBI with magnification
MSP MVP

Tsukamoto et al[4] (2007)   1 U 16 Elevated Normal Vasodilation ND ND
Ueyama et al[5] (2010) 10 10:0:0 8.6 (4-20) Elevated: 5 ND ND ND ND

Depressed: 5
Fukatsu et al[6] (2011)   1 U   5 Elevated Yellowish ND ND ND
Terada et al[7] (2011)   1 U 20 Elevated Reddish Vasodilation ND ND
Park et al[8] (2012)   3 1:1:1 2.6 (1.2-3.6) Elevated and depressed: 3 ND ND ND ND
Singhi et al[9] (2012) 10 10:0:0 4.3 (2-8) Elevated: 10 ND ND ND ND
Chen et al[10] (2012)   1 U 12 Elevated Whitish Vasodilation ND ND
Abe et al[11] (2013)   1 U ND Elevated Yellowish ND ND ND
Ueyama et al[12] (2014) 10 6:4:0 9.3 (3-31) Elevated: 6 Whitish: 8 Vasodilation: 5 ND ND

Depressed: 3 Reddish: 2 Normal: 5
Miyazawa et al[13] (2015)   5 5:0:0 7.8 (5-13) Elevated: 4 Whitish: 3 Vasodilation: 5 Regular: 3 Regular: 3

Flat: 1 Normal: 2 Absent: 2 Irregular: 2
Parikh et al[14] (2015)   1 U   7 Elevated Reddish Vasodilation ND ND
Kato et al[15] (2015)   1 U 15 Elevated Whitish Vasodilation Regular Regular
Fujii et al[16] (2015)   1 U < 10 Depressed Whitish Vasodilation Absent Irregular

U: upper third; M: middle third; L: lower third; NBI: narrow-band imaging; MSP: microsurface pattern; MVP: microvascular pattern; ND: not described.
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mildly atypical columnar cells that mimic the fundic 
glands[5]. The tumor originates from chief cells, which 
lies at the bottom of the fundic glands. A surface of 
tumor is primarily covered by non-atypical foveolar 
epithelium. Although the majority of tumors exhibit 
submucosal invasion, observations of lymphatic or 
venous invasion are rare[5,12,13]. With regard to biolog
ical behavior, GA-FG-CCPs are expected to be low-
grade malignancies in view of their mild atypia. Due 
to the lack of recurrence or progression, Singhi et al[9] 
suggested that the term “GA-FG-CCP” is excessive, and 
the lesions should be considered as benign. As an alter-
native, the authors preferred the term “oxyntic gland 
polyp/adenoma” for GA-FG-CCP lesions. Although in 
some cases endoscopy revealed chronic atrophic gastri-
tis or intestinal metaplasia, tumors in most cases were 
surrounded by the gastric mucosa without pathological 
evidence of mucosal changes.

Immunohistochemical analysis using the following 
biomarkers is important for the diagnosis of GA-FG-
CCP: MUC5AC for foveolar cells; MUC6 for mucous neck 
cells or pyloric gland cells; MUC2 for goblet cells; CD10 
for intestinal brush border cells; and pepsinogen-I 
for chief cells. Mucin phenotypes are assessed by the 
expression of gastric-type markers such as MUC5AC 
and MUC6, and intestinal-type markers such as MUC2 
and CD10[19]. GA-FG-CCP is categorized as a purely 
gastric phenotype because MUC6 is strongly expressed 
in GA-FG-CCP which is composed of cells that mimic 

the fundic gland cells. In contrast, MUC5AC-postive 
cells, which differentiate into foveolar epithelium, are 
rarely detected in GA-FG-CCP[5,9,12,13]. Ueyama et al[5] 
speculated that MUC5AC is only expressed in advanced 
GA-FG-CCP lesion with a large diameter and massive 
submucosal invasion, suggesting that cell differentiation 
changes from the fundic gland type to the foveolar type 
during disease progression. All of the reported GA-FG-
CCPs were negative for MUC2 staining, whereas a few 
cases displayed CD10 positivity. CD10 expression has 
been suggested to occur in GA-FG-CCP with a flat or 
depressed shape, which have an intestinal phenotype. 
A Flat or depressed lesion is thought to have different 
clinicopathological characteristics from GA-FG-CCP with 
an SMT-like elevated shape[12]. Immunohistochemical 
analysis for pepsinogen-I, the most specific marker of 
differentiation into chief cells, is indispensable for the 
diagnosis of GA-FG-CCP.

Regardless of its ability for submucosal invasion, 
GA-FG-CCP is generally considered to have a low 
potential for malignancy because none of the reported 
lesions displayed overexpression of p53 protein or a 
high labeling index of Ki-67[5,9,12,13].

DIFFERENTIAL DIAGNOSIS
GA-FG-CCP with an SMT-like elevated shape should be 
distinguished from true SMT. In particular, the possibi
lity of diagnosis as a neuroendocrine tumor including 
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Figure 2  Histopathological findings from a representative GA-FG-CCP case. A: In low-power view, the tumor arose from the deep layer of the lamina propria 
mucosa and invaded the submucosal layer (arrowhead). Most of the surface was covered with non-atypical foveolar epithelium; B and C: In high-power view, the 
tumor was composed of well-differentiated columnar cells mimicking the fundic gland cells with mild nuclear atypia.

A

B C
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neuroendocrine carcinoma and mixed adenoneuroen-
docrine carcinoma, has been emphasized. However, 
there are some discriminating features between the 
two types of lesions. Neuroendocrine tumor has a yel-
low color, with few vessels on the tumor surface and a 
solid appearance, whereas GA-FG-CCP with an SMT-like 
elevated shape has a faded whitish color, with vasodila-
tion or some branched vessels on the tumor surface 
and a soft appearance[12]. Histological features of 
GA-FG-CCP resemble those of neuroendocrine tumor: 
both tumors are composed small round tumor cells 
and originate from the deep layer. Although it is a little 
difficult to distinguish the two tumors by conventional 
hematoxylin and eosin staining, immunohhistochemical 
examination is useful for it. Ueyama et al[5] said these 
two types of lesions can be easily distinguished by 
immunohistochemical staining using chromogranin 
A. Synaptophysin and neural cell adhesion molecule 
are expressed in neuroendocrine tumor, but it should 
be noted that these markers may also be positive in 
GA-FG-CCP[6,20]. Moreover, pepsinogen-I positivity is the 
most specific finding to characterize GA-FG-CCP.

Because fundic gland polyp (FGP) resembles 
normal fundic gland cells and has mild atypia, GA-FG-
CCP can be misdiagnosed as FGP[5,9]. Müller-Höcker 
et al[21] and Matsukawa et al[22] have described FGPs 
with chief cell hyperplasia. These lesions, which are 
not consistent with usual adenocarcinoma, display mild 
structural and nuclear atypia and a low Ki-67 labeling 

index, and may be GA-FG-CCP. Histological investigations 
by Jalving et al[23] and Stolte et al[24] demonstrated that 
dysplasia in FGP tends to involve the foveolar epithelium 
(mucosal surface), not the fundic gland (deep mucosal 
layer). In a report by Garrean et al[25], a patient with 
familial adenomatous polyposis had gastric adenocarci-
nomas originating from FGP, but the adenocarcinomas 
were thought to originate from the foveolar epithelium, 
not the fundic gland. These lesions associated with 
FGP, which have a relatively clear margin from the 
surrounding mucosa, do not appear to have an SMT-
like elevated shape on endoscopic examination.

Gastritis cystica profunda is a distinct diagnosis, 
characterized by dilated glands within the submucosal 
layer and surrounded by a lamina propria with a nor-
mal appearance[5]. On endoscopic ultrasonography, low 
echoic lesions are detected in the submucosal layer, 
which is useful to discriminate from GA-FG-CCP with an 
SMT-like elevated shape[26]. Histological features that 
help to exclude the possibility of malignancy include 
the absence of cytologic atypia, lack of desmoplasia, 
and the presence of a surrounding lamina propria.

Early gastric cancer, normal gastric mucosa with 
focal atrophy, and mucosa-associated lymphoid tissue 
lymphoma may resemble GA-FG-CCP with a flat or 
depressed shape[12]. Histopathological examination is 
necessary for accurate diagnosis because it is difficult 
to distinguish these lesions from GA-FG-CCP using 
endoscopy.
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Figure 3  Immunohistochemical analysis of a representative GA-FG-CCP case. The tumor had diffuse positivity for MUC6 and pepsinogen-I, but was negative for 
MUC2 staining. The Ki-67 labeling index was very low.
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TREATMENT AND PROGNOSIS
Recently, the majority of GA-FG-CCPs have been 
treated endoscopically. GA-FG-CCP is often considered 
to be an indication for endoscopic resection because 
of its small tumor size and benign biological behavior. 
However, according to the 2010 version of Japanese 
gastric cancer treatment guidelines (version 3), endo-
scopic resection of lesions with submucosal invasion 
deeper than 500 µm is deemed to be inadequate with 
respect to curative criteria[27]. Applying this guideline 
to reported GA-FG-CCPs, several cases did not meet 
curative criteria based on the depth of massive submu-
cosal invasion. Considering the high frequency of sub-
mucosal invasion, Kato et al[15] suggested the efficacy 
of the combination of laparoscopic and endoscopic 
approaches to neoplasia with non-exposure technique 
(CLEAN-NET), a form of non-exposure laparoscopy 
and endoscopy cooperative surgery (LECS). CLEAN-
NET may represent a therapeutic option for GA-FG-
CCP because it facilitates easy resection of tumors 
located in the upper third of stomach, whereas ESD 
is technically challenging. CLEAN-NET also prevents 
excess wall defects and dissemination of cancer cells 
into the peritoneal cavity. In contrast to submucosal 
invasion, GA-FG-CCP rarely exhibits lymphatic and 
venous invasion. None of the reported cases had 
recurrence or metastasis, except for a case with local 
residual recurrence. However, due to the low number 
of reported GA-FG-CCP cases, the rate of lymph node 
metastasis and long-term survival in patients with 

GA-FG-CCP showing massive submucosal invasion 
remains unclear. Taking into account that GA-FG-CCP is 
a low-grade malignancy and relatively common among 
the elderly, a future controversy will be whether an 
additional therapeutic approach that is suitable for gen-
eral gastric adenocarcinoma should be administered 
to GA-FG-CCP after resection inadequate for current 
curative criteria[13]. GA-FG-CCP is considered to have 
a favorable prognosis; however, long-term follow-up 
investigations are necessary. Comparative surveys and 
prognostic analyses of cases that undergo additional 
therapeutic approaches or observation without treat-
ment after resection inadequate for current curative 
criteria will be required.

CONCLUSION
Although GA-FG-CCP is rare, it is expected to account 
for an increasing proportion of gastric adenocarci-
nomas. In addition to reports from Japan, data on 
non-Japanese cases have been recently published. 
GA-FG-CCP tends to have the following features: (1) it 
originates commonly from gastric mucosa of the fundic 
gland region without chronic gastritis or intestinal 
metaplasia; (2) it is likely to be recognized as a lesion 
with an SMT-like elevated shape, covered by normal-
colored or faded-whitish mucosa, and vasodilatation or 
branched vessels on the tumor surface; (3) invasion 
of the submucosal layer, despite only mild histological 
atypia and rare lymphatic or venous invasion; (4) 
expression of immunohistochemical markers such as 
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Table 3  Histopathological characteristics of previously reported cases

LI: labeling index; M: mucosal; SM: submucosal; ND: not described.

Author (year) Number of 
patients

Background 
mucosa

Depth (M:SM) 
(μm, average)

Lymphatic 
invasion 
(+:-)

Venous 
invasion 
(+:-)

MUC2 
(+:-)

MUC5AC 
(+:-)

MUC6 
(+:-)

CD10 
(+:-)

Overexpression 
of p53 (+:-)

Ki-67 
LI (%, 

average)

Tsukamoto et al[4] (2007)   1 ND M (-) (-) ND ND (+) ND ND 7.9
Ueyama et al[5] (2010) 10 Normal: 7   1:9 0:10 0:10 0:10 1:9 10:0 0:10 0:10 3.6

Metaplasia: 1 844 (150 to 4000)
ND: 2

Fukatsu et al[6] (2011)   1 ND SM, 100 (-) (-) ND (-) (+) ND ND ND
Park et al[8] (2012)   3 Metaplasia: 2   1:2 0:3 0:3 0:3 3:0 3:0 0:3 ND ND

Gastritis: 1
Singhi et al[9] (2012) 10 Normal: 7 10:0 0:10 0:10 0:3 0:10 10:0 ND 0:9 2.6 

Gastritis: 3 ND: 1 (0.2-10)
Chen et al[10] (2012)   1 Normal SM (Details 

unknown)
(-) (-) (-) (-) (-) (-) (-) 3.8

Abe et al[11] (2013)   1 Normal SM (Details 
unknown)

(-) (-) (-) (-) (-) (-) (-) 1.9

Ueyama et al[12] (2014) 10 Normal: 9   5:5 1:9 0:10 0:10 4:6 10:0 2:8 0:10 8.6 (1-20)
Gastritis: 1 360 (100 to 1200)

Miyazawa et al[13] (2015)   5 Normal: 4   0:5 1:4 0:5 0:5 0:5 5:0 ND 0:5 Very low: 
5 (Details 
unknown)

Gastritis: 1 620 (80 to 1230)
Parikh et al[14] (2015)   1 ND SM (Details 

unknown)
(-) (-) ND ND ND ND ND ND

Kato et al[15] (2015)   1 Normal SM, 300 (-) (-) ND ND (+) ND ND ND
Fujii et al[16] (2015)   1 Normal SM, 300 (-) (-) ND (-) (+) ND ND ND

Miyazawa M et al . Gastric adenocarcinoma of the fundic gland



MUC6 and pepsinogen-I; and (5) a low recurrence risk 
and favorable prognosis.

It is necessary for endoscopists to pay careful atten
tion to the existence of GA-FG-CCP during routine exami-
nations. Even in the absence of atrophic mucosa due to 
H. pylori infection, if a lesion with the above endoscopic 
characteristics is recognized, detailed examinations 
should be performed for suspected GA-FG-CCP. While 
a consensus on conventional white light endoscopy 
for diagnosis of GA-FG-CCP has recently been formed, 
few reports are available on advanced diagnostic 
endoscopy techniques such as NBI with magnification 
for GA-FG-CCP. Therefore, it is required to accumulate 
further endoscopic and histopathological data to iden-
tify the morphological characteristics of GA-FG-CCP. 
Furthermore, the biological characteristics of GA-FG-
CCP, including its natural disease course, the rate of 
recurrence, and survival after resection inadequate 
for current curative criteria, as well as the genetic 
aberrations that trigger carcinogenesis remain to be 
elucidated.
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Abstract
AIM
To investigate the capacity of Saccharomyces cerevisiae 
(S. cerevisiae) and Saccharomyces boulardii  (S. boulardii ) 
yeasts to reverse or to treat acute stress-related intestinal 
dysmotility. 

METHODS
Adult Swiss Webster mice were stressed for 1 h in a 
wire-mesh restraint to induce symptoms of intestinal 
dysmotility and were subsequently killed by cervical 
dislocation. Jejunal and colon tissue were excised 
and placed within a tissue perfusion bath in which S. 
cerevisiae , S. boulardii , or their supernatants were 
administered into the lumen. Video recordings of 
contractility and gut diameter changes were converted 
to spatiotemporal maps and the velocity, frequency, 
and amplitude of propagating contractile clusters (PCC) 
were measured. Motility pre- and post-treatment was 
compared between stressed animals and unstressed 
controls. 

RESULTS
S. boulardii  and S. cerevisiae  helped to mediate the 
effects of stress on the small and large intestine. 
Restraint stress reduced jejunal transit velocity (mm/s) 
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from 2.635 ± 0.316 to 1.644 ± 0.238, P  < 0.001 and 
jejunal transit frequency (Hz) from 0.032 ± 0.008 to 
0.016 ± 0.005, P  < 0.001. Restraint stress increased 
colonic transit velocity (mm/s) from 0.864 ± 0.183 to 
1.432 ± 0.329, P  < 0.001 and frequency to a lesser 
degree. Luminal application of S. boulardii  helped 
to restore jejunal and colonic velocity towards the 
unstressed controls; 1.833 ± 0.688 to 2.627 ± 0.664, 
P  < 0.001 and 1.516 ± 0.263 to 1.036 ± 0.21, P  < 
0.001, respectively. S. cerevisiae  also had therapeutic 
effects on the stressed gut, but was most apparent 
in the jejunum. S. cerevisiae  increased PCC velocity 
in the stressed jejunum from 1.763 ± 0.397 to 2.017 
± 0.48, P  = 0.0031 and PCC frequency from 0.016 
± 0.009 to 0.027 ± 0.007, P  < 0.001. S. cerevisiae 
decreased colon PCC velocity from 1.647 ± 0.187 to 
1.038 ± 0.222, P  < 0.001. Addition of S. boulardii  or S. 
cerevisiae  supernatants also helped to restore motility 
to unstressed values in similar capacity. 

CONCLUSION
There is a potential therapeutic role for S. cerevisiae  
and S. boulardii  yeasts and their supernatants in the 
treatment of acute stress-related gut dysmotility. 

Key words: Intestine; Saccharomyces cerevisiae ; 
Saccharomyces boulardii ; Restraint stress; Motility

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The use of Saccharomyces cerevisiae  and 
Saccharomyces boulardii  yeasts as therapeutic agents 
were tested for their ability to reverse the intestinal 
discomfort caused by acute stress. Most studies 
investigate the role of microbes in the prevention 
of stress, however the yeasts showed promising 
acute therapeutic effects for the treatment of stress. 
Additionally, the residual supernatant (Snt) after 
centrifugation of the yeasts was able to recapitulate 
much of the effect of the microbes themselves. 
Saccharomyces  yeasts or Snt may be potential probiotic 
therapies in the treatment of acute stress-related 
intestinal dysmotility. 

West C, Stanisz AM, Wong A, Kunze WA. Effects of Saccharomyces 
cerevisiae or boulardii yeasts on acute stress induced intestinal 
dysmotility. World J Gastroenterol 2016; 22(48): 10532-10544  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i48/10532.htm  DOI: http://dx.doi.org/10.3748/wjg.v22.
i48.10532

INTRODUCTION
Most studies on beneficial ingested microbes including 
probiotics have focused primarily on bacteria. However, 
beneficial roles have been ascribed to certain yeasts, 
such as the sugar-fermenting Saccharomyces[1]. Saccha­

romyces boulardii (S. boulardii) and Saccharomyces 
cerevisiae (S. cerevisiae) are two closely related strains 
used either as a probiotic or in the preparation of food 
and wine. The two strains have been closely examined; 
revealing that although they are nearly identical at a 
molecular level, S. boulardii shows more physiological 
resistance to heat and acid stressors[2]. It should also 
be noted that S. boulardii does not produce ascospores 
or use galactose, while S. cerevisiae does[3,4].

S. boulardii has been systematically studied for 
its beneficial and probiotic effects[5], but S. cerevisiae 
has limited research supporting a probiotic role[1]. S. 
boulardii has been used to help in the prevention of 
antibiotic or Clostridium difficile induced diarrhea, and 
there is evidence that it may be useful in attenuating 
acute gastroenteritis and traveller’s diarrhea[5,6]. 
Another study showed that treatment with S. boulardii 
helped to shorten the duration of acute diarrhea in 
children and to normalize the frequency and consistency 
of stool[7]. S. boulardii may also help in the treatment of 
bowel inflammation and infection by reversing mucosal 
injury[8]. 

S. cerevisiae food and wine strains have a long 
history in the food and wine industry[9] and are generally 
considered safe for consumption[1]. Suggestive for a 
potential beneficial role for S. cerevisiae are reports 
indicating that this strain may provoke immune stimu
lation in mice infected with Staphylococcus aureus[10]. 
Supplementation with a S. cerevisiae I-3856 strain 
may improve symptoms in constipation-predominant 
irritable bowel syndrome patients[11]. There is also 
evidence that a S. cerevisiae UFMG 905 strain can 
bind to bacteria and modulate inflammation pathways 
in a murine model of Salmonella enterica serovar 
Typhimurium infection[12]. In summary, there appears 
to be published data supporting roles for S. boulardii 
or S. cerevisiae as beneficial or probiotic microbes. The 
evidence seems to be stronger for S. boulardii than S. 
cerevisiae, perhaps because the latter has been less 
frequently investigated in this regard.

We used an acute ex vivo, before and after, motility 
recording paradigm similar to that used previously 
to test for the effects of JB-1™ on stress-induced 
dysmotility[13]. Saccharomyces or Saccharomyces 
supernatant (Snt) were added to the Krebs buffer 
perfusing the lumen of isolated, previously stressed 
or unstressed, mouse intestinal segments. Treatment 
effects were interpreted by comparing propagating 
contractile clusters (PCC) of control with treatment 
recording periods. The ex vivo design allowed us to 
localize any effects to the intestine, thus avoiding 
multisystem homeostatic feedback between the 
gut and its extrinsic nervous system. This design 
also allowed us to separate treatment effects from 
confounding preventative actions, as would have been 
the case if the yeasts had been fed to the animal.

The preventative effect of Saccharomyces strains 
in relation to diarrhea suggests a possible action on 
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disordered gut motility. It has not been experimentally 
tested whether S. boulardii or S. cerevisiae are able 
to treat (effectively reverse) stress-related dysmotility 
in an experimental model. We have recently shown 
that restraint stress induces colonic propulsive 
hypermotility, while disorganizing and reducing 
motility in the small intestine[13]. The effects of stress 
on motility could be reversed ex vivo by introducing 
a bacterial probiotic (Lactobacillus rhamnosus JB-1™) 
into the lumen[13]. The example of JB-1™ in treating 
stress-induced dysmotility provides a way to compare 
putative beneficial actions of the Saccharomyces 
strains with a probiotic bacterium whose effects on 
motility and the enteric nervous system have been 
previously studied[14-20].

MATERIALS AND METHODS
Animals
We used 6-8-wk-old adult male Swiss Webster mice 
(20-30 g) from Charles River Laboratories (Wilmington, 
MA, United States). All procedures following acute 
restraint were ex vivo[20] and their conduct were 
approved by the Animal Research Ethics Board of 
McMaster University (AUP 12-05-17).

Gut motility
The following experiments and data analysis were 
performed as described as in West et al[13]. Mice were 
placed in a wire mesh restraint device for 1 h or kept 
in their cage for 1 h; after which they were killed by 
cervical dislocation. A 4 cm long segment of jejunum 
or colon was excised and placed into a tissue bath 
perfusion chamber[20]. The oral and anal ends were 
cannulated with silicone tubing and the oral end was 
attached to a stopcock manifold, allowing inflow with 
oxygenated Krebs buffer or buffer to which yeast or 
Snt had been added. Krebs buffer was of the following 
composition (mmol/L): 118 NaCl, 4.8 KCl, 25 NaHCO3, 
1.0 NaH2PO4, 1.2 MgSO4, 11.1 glucose, and 2.5 CaCl2 
bubbled with carbogen gas (95% O2 and 5% CO2). 
PCCs were evoked by filling the lumen with Krebs 
buffer using a pressure differential of 2 hPa (cmH2O) 
for the inflow and 3 hPa for outflow for jejunum, and 
2-3 hPa for colon inflow with the outflow raised 1 cm 
above the inflow.

Contractions of the gut were video-recorded on a 
JVC camcorder placed 10 cm above the tissue bath. 
Conversion of videos to spatiotemporal diameter maps 
(Dmaps) were performed using Image J software, as 
described in Wu et al[20]. Dmaps are a form of heat 
map in which the oral to anal propagation of the 
intestine runs down the vertical axis and time runs 
across the horizontal axis. The intestine’s diameter 
is colour coded using red to represent contraction, 
and yellow to green to represent varying degrees of 
relaxation (Figure 1). PCCs are identified in Dmaps 
as described in West et al[13]. The PCCs appear as 

broad bands[20] that propagate in the oral to anal 
direction. They are believed to require ENS activity 
because they are abolished by the Na channel blocker 
tetrodotoxin[18-23]. From these Dmaps, velocity can be 
measured as the slope of the bands (distance/time), 
frequency from the intervals between the bands, and 
amplitude as the difference between gut diameters. 

Luminal stimuli
Lyophilized S. boulardii CNCM I-1079 or S. cerevisiae 
LYCC 6029 were obtained from Lallemand Health 
Solutions (Montreal, QC, CA). The microbes (starter 
counts) were diluted in 50 mL Krebs buffer and 
incubated for 45 min at 37 ℃. In pilot experiments, 
5 × 107, 5 × 108 and 5 × 109 starter counts of S. 
boulardii reduced PCC velocity in unstressed colon 
segments by 5%, 25% and 27%. We thus used 5 
× 108-lyophilized microbes for dilution in all other 
experiments as this starter count produced near 
maximal effect in the pilots. In some experiments we 
used S. boulardii or S. cerevisiae Snt after completion 
of the incubation period. The microbes were diluted 
and incubated as previously described above. The Snt 
was separated from the post-incubation yeast microbe 
solution by centrifugation at 1400 g. using a Beckman 
Model TJ-6 centrifuge for 30 min. After sediment 
removal, the mixture was passed through a 0.2 µm 
pore-size filter and the filtered Snt was applied to the 
lumen of gut segment to be tested.

Statistical analysis
Effects of restraint stress on motility were measured in 
unpaired experiments by comparing velocity, frequency 
and peak amplitude for PCCs. The same parameters 
were compared before and after application of S. 
boulardii, S. cerevisiae, or their Snt. Control recordings 
were made in stressed or unstressed mice perfused 
with Krebs for a maximum of 20 min. Treatment 
recordings were made during and after addition of 
one of the stimuli (yeast or Snt) to the same segment 
for additional 20 min duration. Descriptive statistics 
were given as mean ± SD (N, where N denotes the 
number of mice used). In the results, treatment effect 
sizes are presented as % mean differences and the 
probability of superiority (PS) based on distribution of 
difference scores and standard deviations is presented 
in brackets[24]. Differences were also presented in the 
tables using unpaired or paired t tests under the null 
hypothesis of no difference.

RESULTS
Effects of stress on PCCs
Stress had different effects on the jejunum vs the colon. 
Stress decreased propulsive motility and decreased the 
regularity of PCCs in jejunum, but increased motility in 
colon (Figure 1). Stress decreased jejunal PCC velocity 
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Figure 1  Effects of acute restraint stress on gut contractility, ex vivo. A and C: Plot PCC velocity, frequency, and peak amplitude in the jejunum and colon 
respectively. The bar graphs show the mean difference between the control and treatment parameters. Stress decreased PCC velocity (P < 0.001) and frequency (P 
< 0.001) and increased peak amplitude in the jejunum (P < 0.001). Stress increased PCC velocity (P < 0.001) and frequency (P = 0.008), but had virtually no effect on 
peak amplitude in the colon (P = 0.902); B and D: Spatiotemporal diameter maps demonstrating contractility of the gut over time. The colour scale of the heat maps 
denote gut diameter starting from red for the smallest diameter (contraction) to green for the largest diameter (relaxation). The contractions run orally to anally across 
the vertical axis, and across time along the horizontal axis. Above the heat map is a plot of diameter vs time or a single time-point along the vertical (oral-anal) axis, 
which is denoted by the horizontal line. The total vertical length of the map is 20 mm and time is 480 s for the jejunum and 560 s for the colon. The scale bar measures 
1 min (60 s) horizontally and 2 mm vertically. All subsequent spatiotemporal (Dmaps) followed the same parameters. 
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by 38% (PS = 99%, P < 0.001), but increased it by 
66% (PS = 98%, P < 0.001) for colon (Table 1 and 
Figure 1). Frequency decreased by 50% (PS = 99%, 
P < 0.001) for jejunum, but increased by 27% (PS = 
93%, P = 0.008) for colon. Peak amplitude increased 
by 81% (PS = 99%, P < 0.001) for jejunum and by 1% 
(PS = 51%, P = 0.902) for colon.

S. boulardii unstressed gut
S. boulardii increased PCC velocity in unstressed 
jejunum by 26% (PS = 94%, P < 0.001), but 
decreased velocity by 27% (PS = 89%, P < 0.001) 
for colon. Frequency was increased by 19% (PS = 
74%, P = 0.030) for jejunum, but decreased by 22% 
(PS = 85%, P = 0.005) for colon. Peak amplitude 
increased by 6% (PS = 60%, P = 0.290) for jejunum, 
but decreased by 13% (PS = 85%, P = 0.005) for 
colon (Table 2). Figure 2 also shows paired mean 
differences (Unstressed + S. boulardii Unstressed) 
with 95%CIs. When the confidence intervals did not 

straddle the “difference = 0” line, the value of no 
paired difference was excluded for these intervals with 
95% confidence[25]; when it did straddle the “difference 
= 0” line the value of no paired difference was included 
within the 95%CIs. 

S. boulardii stressed gut
S. boulardii counter the effects of stress in both 
jejunal and colon segments, with the exception of 
peak amplitude (Figure 3 and Table 3). S. boulardii 
restored the regularity and frequency of contractions in 
both tissues, as shown in Figure 3. There is a marked 
increase in frequency of bands in the jejunal Dmap 
and a decrease in the colon Dmap. Addition of S. 
boulardii increased velocity by 43% (PS = 93%, P < 
0.001) for stressed jejunum and decreased velocity by 
32% (PS = 96%, P < 0.001) for colon. PCC frequency 
was increased by 69% (PS = 85%, P = 0.005) for 
jejunum but decreased by 29% (PS = 90%, P = 0.001) 
for colon. Peak amplitude changed by +1% (PS = 

Table 1  Effects of stress on gut propagating contractile clusters

Parameter Tissue Unstressed Stressed P  value (t  test)

Velocity (mm/s) Jejunum 2.635 ± 0.316 (17) 1.644 ± 0.238 (17) < 0.001
Colon 0.864 ± 0.183 (17) 1.432 ± 0.329 (17) < 0.001

Frequency (Hz) Jejunum 0.032 ± 0.008 (17) 0.016 ± 0.005 (17) < 0.001
Colon 0.005 ± 0.001 (17) 0.007 ± 0.001 (17)    0.008

Peak amplitude (mm) Jejunum 0.437 ± 0.020 (17) 0.790 ± 0.015 (17) < 0.001
Colon 0.640 ± 0.118 (17) 0.645 ± 0.101 (17)    0.902
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Figure 2  Saccharomyces boulardii increased motility across most parameters in the unstressed jejunum and decreased motility across parameters in the 
unstressed colon, ex vivo. Mean differences in parameters are plotted (unpaired) and standard deviations of the mean are indicated. A: Saccharomyces boulardii 
(S. boulardii) increased PCC velocity and frequency, but had little to no effect on peak amplitude, in the unstressed jejunum; B: S. boulardii decreased PCC velocity, 
frequency, and peak amplitude in the unstressed colon.
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Figure 3  Saccharomyces boulardii reduced the effects of acute stress on the small and large intestine. A and C: Mean paired differences, using 95%CIs 
across parameters for jejunum and colon [(Stressed + S. boulardii) - stressed]. Saccharomyces boulardii (S. boulardii) increased jejunal velocity and frequency after 
stress. S. boulardii decreased colonic velocity and frequency after stress. S. boulardii had little to no effect on peak amplitude in the stressed jejunum and colon. Mean 
differences straddled 0 for peak amplitude in both jejunum and colon; B and D: Dmaps comparing stressed jejunum and colon before and after addition of S. boulardii.
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56%, P = 0.705) for jejunum and decreased by 9% (PS 
= 68%, P = 0.259) for colon. Mean paired differences 
(Stressed + S. boulardii Stressed) are given in Figure 
3B and D with their 95%CIs. Washout with Krebs 
buffer for 20 min during the control period did not 
moderate the effects of S. boulardii on the stressed 
segments.

S. cerevisiae unstressed gut
S. cerevisiae had the most noticeable effect on the 
jejunum (Figure 4 and Table 4). Velocity increased 

9% (PS = 71%, P = 0.017) for jejunum and 9% (PS 
= 73%, P = 0.161) for colon. Frequency increased 
by 13% (PS = 64%, P = 0.003) for jejunum and by 
6% (PS = 63%, P = 0.462) for colon, while peak 
amplitude increased by 7% (PS = 61%, P = 0.242) for 
jejunum, but decreased by 9% (PS = 73%, P = 0.164) 
for colon.

S. cerevisiae stressed gut
S. cerevisiae reduced most of the effects of stress, 
except for those of colon PCC frequency and amplitude 

Table 2  Effects of Saccharomyces boulardii  on propagating contractile clusters in unstressed gut

Parameter Tissue Unstressed +boulardii P  value (t  test)

Velocity (mm/s) Jejunum 2.556 ± 0.299 (32) 3.229 ± 0.620 (32) < 0.001
Colon 0.865 ± 0.148 (27) 0.633 ± 0.225 (27) < 0.001

Frequency (Hz) Jejunum 0.030 ± 0.018 (33) 0.035 ± 0.025 (33)    0.030
Colon 0.009 ± 0.004 (27) 0.007 ± 0.003 (27)    0.005

Peak amplitude (mm) Jejunum 0.587 ± 0.241 (33) 0.623 ± 0.291 (33)    0.290
Colon 0.621 ± 0.190 (27) 0.543 ± 0.179 (27)    0.005

Table 3  Effects of Saccharomyces boulardii  on propagating contractile clusters in stressed gut

Parameter Tissue Stressed +boulardii P  value (t  test)

Velocity (mm/s) Jejunum 1.833 ± 0.688 (26) 2.627 ± 0.664 (26) < 0.001
Colon 1.516 ± 0.263 (24) 1.036 ± 0.210 (24) < 0.001

Frequency (Hz) Jejunum 0.019 ± 0.013 (26) 0.032 ± 0.024 (26)    0.005
Colon 0.010 ± 0.003 (24) 0.007 ± 0.003 (24)    0.001

Peak amplitude (mm) Jejunum 0.692 ± 0.215 (26) 0.698 ± 0.212 (26)    0.705
Colon 0.719 ± 0.249 (24) 0.657 ± 0.152 (24)    0.259
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Figure 4  Saccharomyces cerevisiae slightly increased parameters in both the unstressed small and large intestine (excluding colon peak amplitude). A: 
95%CIs for paired mean differences were near 0 for jejunal peak amplitude. Jejunal PCC velocity and frequency slightly increased; B: Saccharomyces cerevisiae (S. 
cerevisiae) had less potent effects in the colon, slightly increasing PCC velocity and frequency, but decreasing peak amplitude. PCC: Propagating contractile clusters. 

West C et al . Saccharomyces  relieve stressed gut dysmotility



10539 December 28, 2016|Volume 22|Issue 48|WJG|www.wjgnet.com

(Figure 5 and Table 5). Velocity was increased by 14% 
(PS = 89%, P = 0.0031) for jejunum and decreased 
by 37% (PS = 98%, P < 0.001) for colon. Frequency 
was increased by 74% (PS = 95%, P < 0.001) for 
jejunum, but there was only a 0.1% (PS = 50%, P = 
0.994) change for colon. Peak amplitude decreased 
by 27% (PS = 86%, P = 0.013) for jejunum and 7% 
(PS = 72%, P = 0.190) for colon. The Dmaps in Figure 
5B and D show the regulation of jejunal motility by 
S. cerevisiae, with less potent effects on the colon. 
However the degree in which the contractions change 
in diameter appear to be lessened in the colon after 
addition of S. cerevisiae, and is apparent by the 
reduced frequency of red, strong contractions. 

S. boulardii Snt stressed gut
S. boulardii Snt decreased the effects of stress on PCC 
parameters, except for peak amplitude (Figure 6 and 
Table 6). Velocity increased by 31% (PS = 99.9%, P 
< 0.001) for jejunum, but decreased by 30% (PS = 
99.9%, P = 0.038) for colon. Frequency increased 
by 114% (PS = 99.9%, P = 0.067) for jejunum and 
decreased by 37% (PS = 99%, P = 0.024) for colon. 
However, peak amplitude only decreased by 2% (PS = 
56%, P = 0.930) for jejunum and increased 8% (PS = 
74%, P = 0.590) for colon.

S. cerevisiae Snt stressed gut
S. cerevisiae Snt reduced the effects of stress for colon 
velocity, jejunal frequency and peak amplitude for 
jejunum and colon (Figure 7 and Table 7). Effects on 
other parameters were minor. Velocity decreased by 
7% (PS = 56%, P = 0.970) for jejunum but decreased 
by 38% (PS = 99%, P = 0.002) for colon. Frequency 
increased by 64% (PS = 83%, P = 0.003) for jejunum 
and decreased by 2% (PS = 60%, P = 0.830); also, 
peak amplitude decreased by 35% (PS = 99%, P = 
0.0016) for jejunum while it decreased by 31% (PS = 
99%, P = 0.100) for colon.

DISCUSSION
We have used an ex vivo intestinal segment perfusion 
setup to show that S. boulardii or S. cerevisiae reverse 
much of the jejunal or colonic dysmotility induced by 
restraint stress. There is sometimes a potential for 
normal commensal, or otherwise beneficial, yeasts 
to adopt a pathological role in immune-compromised 
individuals. It is therefore of interest that the Snt from 
either Saccharomyces strains recapitulate much of 
the treatment effects of the live yeasts. Because the 
yeasts were applied intraluminally in ex vivo intestinal 
segments the treatment effect must have occurred 

Table 4  Effects of Saccharomyces cerevisiae  on propagating contractile clusters in unstressed gut

Parameter Tissue Unstressed +cerevisiae P  value (t  test)

Velocity (mm/s) Jejunum   2.779 ± 0.499 (43)   3.017 ± 0.457 (43) 0.017
Colon   0.788 ± 0.212 (23)   0.858 ± 0.257 (23) 0.161

Frequency (Hz) Jejunum   0.027 ± 0.012 (43)   0.031 ± 0.008 (43) 0.003
Colon 0.0051 ± 0.001 (23) 0.0054 ± 0.001 (23) 0.462

Peak amplitude (mm) Jejunum   0.409 ± 0.111 (43)   0.438 ± 0.098 (43) 0.242
Colon   0.559 ± 0.176 (23) 0.508 ± 0.15 (23) 0.164

Table 5  Effects of Saccharomyces cerevisiae  on propagating contractile clusters in stressed gut

Parameter Tissue Stressed +cerevisiae P  value (t  test)

Velocity (mm/s) Jejunum 1.763 ± 0.397 (23) 2.017 ± 0.480 (23)      0.0031
Colon 1.647 ± 0.187 (23) 1.038 ± 0.222 (23) < 0.001

Frequency (Hz) Jejunum 0.016 ± 0.009 (23) 0.027 ± 0.007 (23) < 0.001
Colon 0.008 ± 0.002 (23) 0.008 ± 0.003 (23)    0.994

Peak amplitude (mm) Jejunum 0.761 ± 0.316 (23) 0.559 ± 0.148 (23)    0.013
Colon 0.640 ± 0.101 (23) 0.597 ± 0.103 (23)    0.190

Table 6  Effects of Saccharomyces boulardii  supernatant on propagating contractile clusters in stressed gut

Parameter Tissue Stressed +boulardii Snt P  value (t  test)

Velocity (mm/s) Jejunum 1.97 ± 0.39 (6)   2.585 ± 0.468 (6) < 0.001
Colon 1.588 ± 0.194 (6)     1.11 ± 0.383 (6)    0.038

Frequency (Hz) Jejunum 0.020 ± 0.014 (6)   0.044 ± 0.027 (6)    0.067
Colon 0.010 ± 0.001 (6)   0.007 ± 0.003 (6)    0.024

Peak amplitude (mm) Jejunum   0.75 ± 0.285 (6)   0.737 ± 0.187 (6)  0.93
Colon   0.65 ± 0.188 (6) 0.701 ± 0.09 (6)  0.59
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Figure 5  Saccharomyces cerevisiae helped to reduce dysmotility in the stressed gut, with most visible effects on the jejunum. A and C: Saccharomyces 
cerevisiae (S. cerevisiae) increased stressed jejunal propagating contractile clusters velocity and decreased velocity in the stressed colon. S. cerevisiae increased 
jejunal frequency and slightly decreased peak amplitude in both the colon and jejunum. 95%CIs straddled 0 for mean paired differences in colonic frequency; B and 
D: Dmaps representing the stressed gut before and after addition of S. cerevisiae. S. cerevisiae helped to restore jejunal motility after stress. S. cerevisiae had less 
potent effects on the stressed colon, but helped to ease some of the dysmotility. 
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locally within the intestine[13]. Therefore, it could not 
have involved the hypothalamic-pituitary-adrenal axis 
or other central structures. The relative short latency 
approximately 10 min) for the onset of the therapeutic 
effect is consistent with a drug-like pharmacological 
mode of action, however, fast indirect modes of action 
involving immune cells cannot be excluded, although 
we consider the latter possibility to be less likely than 
the former.

There have been previous reports of the acute ex 
vivo actions of bacterial, but not fungal microbes on 
intestinal motility (see discussion in[20]). Such effects 
appear to be region specific with different actions for 
small vs large intestine[20]. It is important to note that 
others have also reported a short (approximately 10 
min) latency in onset for microbial effects on intestinal 
propulsive motility[18,26], consistent with a drug-like 
pharmacological action of the microbes on the neuro
muscular machinery. This supporting finding as well as 
the region-specific, local effect on the intestine leads 

us to believe the effect is most likely pharmacological 
in action. 

Wrap restraint has been reported to increase 
the contractile amplitudes in the small intestine and 
colon, while decreasing frequency in small intestine 
and increasing frequency in colon[13,27]. As far as 
we are aware the only other publication to date 
referring to treatment effects of beneficial microbes 
on stress-induced dysmotility is West et al[13] in which 
Lactobacillus rhamnosus JB-1™ reversed the effects 
of prior stress. S. boulardii or S. cerevisiae were also 
effective in reversing most, but not all of the stress-
induced dysmotility. S. boulardii was particularly 
effective in reversing the effects of stress in both the 
jejunum and colon. S. boulardii also had similar effects 
in the unstressed gut as the stressed, increasing PCC 
frequency and velocity in the jejunum and decreasing 
PCC frequency and velocity in the colon. These 
effects on the unstressed gut were predictive of the 
restoration of the stressed gut towards unstressed 

Table 7  Effects of Saccharomyces cerevisiae  supernatant on propagating contractile clusters in stressed gut

Stressed +cerevisiae Snt P  value (t  test)

Velocity (mm/s) Jejunum   0.713 ± 0.109 (6)   0.466 ± 0.122 (6) 0.97
Colon 1.639 ± 0.18 (6)   1.018 ± 0.245 (6)   0.002

Frequency (Hz) Jejunum   0.018 ± 0.004 (6)   0.029 ± 0.004 (6)   0.003
Colon 0.0076 ± 0.001 (6) 0.0074 ± 0.001 (6) 0.83

Peak amplitude (mm) Jejunum   0.713 ± 0.109 (6)   0.466 ± 0.122 (6)     0.0016
Colon   0.741 ± 0.177 (6)   0.510 ± 0.202 (6) 0.10
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Figure 6  Addition of Saccharomyces boulardii supernatant to the stressed lumen recapitulated much of the effect of the boulardii yeast. A: Saccharomyces 
boulardii (S. boulardii) Snt increased PCC velocity and frequency in the stressed jejunum. 95%CIs straddled 0 for mean paired differences in jejunal peak amplitude, 
showing no effect; B: S. boulardii Snt decreased PCC velocity and frequency in the stressed colon. S. boulardii Snt had little effect (very little increase) on stressed 
colonic peak amplitude and again the 95%CIs straddled 0 for mean paired differences. PCC: Propagating contractile clusters.
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measures. 
S. boulardii and S. cerevisiae are nearly identical 

genetically, but differ in resistance to temperature and 
acidic stressors and growth characteristics[2]. Similarly, 
the treatment effects of S. boulardii and S. cerevisiae 
were not identical, indicating that despite their genetic 
similarity the functional interaction of these microbes 
or their Snt with the host intestine is functionally 
different and region specific. There is clearly a need 
to identify the bioactive molecules released by the 
yeasts and those that mediate the motility modifying 
effects on the host tissue. This is likely a difficult task 
since there is no reason to suppose that only a single 
molecule is the mediator for anyone strain; yeasts like 
other microbes produce a multitude of molecules, of 
which any combination could potentially be effective. A 
similar logic applies to bacterial microbes with motility 
modifying effects. Previous research on Lactobacillus 
rhamnosus JB-1™ isolated the molecule-containing 
microvesicles of the bacteria and tested them for their 
individual effect. Application of the microvesicles to 
the gut epithelium replicated the effects of the JB-1™ 
bacteria on enteric neurons[28]. In similar fashion, fur
ther isolating components of the Snt and evaluating 
their effects may help to narrow down the underlying 
bioactive molecules. 

The results of the present paper suggest that there 
may be other yeasts with potential therapeutic actions 
in animal models of stress. Our ex vivo perfusion 
setup may provide a relatively simple, though not 

high throughput, method to screen yeasts or fungi 
for beneficial effects on the host intestine. Previously 
discussed results of S. cerevisiae and S. boulardii 
clinical trials further support the therapeutic potential 
of Saccharomyces yeasts in humans[7,11]. We predict 
that the beneficial or probiotic potential of fungi and 
yeasts is set to expand with increased research, 
initially in animal models followed by human trials. 

COMMENTS
Background
Stress has adverse effects on intestinal motility causing irregular propagating 
contractile clusters (PCCs) that decrease motility in the jejunum and increase 
motility in the colon. Saccharomyces yeasts have been shown to have potential 
beneficial and probiotic effects in the intestine and in the treatment of some 
gastrointestinal disorders. 

Research frontiers
Most stress and probiotic research studies focus on the prevention of stress-
related symptoms on the intestinal tract. The use of probiotics, including yeasts, 
is an emerging treatment option for gastrointestinal disorders, particularly in 
exchange for antibiotics. 

Innovations and breakthroughs 
This is first evidence of Saccharomyces yeasts acting in the pre-clinical 
treatment of stress-related gut dysmotility. It is also the first evidence of 
Saccharomyces supernatant (yeast microbes removed) having a beneficial 
effect on gut motility and the treatment of stress. 

Applications
The data suggests that Saccharomyces yeasts may be potential therapeutic 
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Figure 7  Addition of Saccharomyces cerevisiae supernatant to the stressed lumen had some therapeutic effect, but not across parameters. A: 
Saccharomyces cerevisiae (S. cerevisiae) Snt had little effect on stressed jejunal PCC velocity. S. cerevisiae Snt increased stressed jejunal PCC frequency and 
decreased peak amplitude; B: S. cerevisiae Snt decreased both stressed colonic PCC velocity and peak amplitude. There was no effect on stressed colon PCC 
frequency.
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treatments for stress-related dysmotility in the intestine. Additionally, 
Saccharomyces supernatants cause similar effects as their respective yeasts, 
and might also play a therapeutic role. However, more animal experiments are 
needed to better support these results.

Terminology
PCCs or propagating contractile clusters are sweeping bands of intestinal 
contraction that move in the oral to anal direction and are likely stimulated by 
the ENS.

Peer-review
The authors investigated the possible effects of Saccharomyces boulardii or 
Saccharomyces cerevisiae on reducing the stress-related intestinal dysmotility. 
The study is well designed and well implemented. The manuscript should be 
accepted for publication with the following revision.
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Abstract
AIM
To evaluate the effects of asymmetric dimethylarginine 
(ADMA) in renal arteries from portal hypertensive and 
cirrhotic rats. 

METHODS
Rat renal arteries from Sham (n  = 15), pre-hepatic 
portal hypertension (PPVL; n  = 15) and bile duct 
ligation and excision-induced cirrhosis (BDL; n  = 15) 
were precontracted with norepinephrine, and additional 
contractions were induced with ADMA (10-6-10-3 mol/L), 
an endogenous inhibitor of nitric oxide (NO) synthase. 
Concentration-response curves to acetylcholine (1 × 
10-9-3 × 10-6 mol/L) were determined in precontracted 
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renal artery segments with norepinephrine in the 
absence and in the presence of ADMA. Kidneys were 
collected to determine the protein expression and 
activity of dimethylarginine dimethylaminohydrolase 
(DDAH), an enzyme that catabolizes ADMA. 

RESULTS
In renal arteries precontracted with norepinephrine, 
ADMA caused endothelium-dependent contractions. 
The pD2 values to ADMA were similar in the Sham and 
PPVL groups (4.20 ± 0.08 and 4.11 ± 0.09, P  > 0.05, 
respectively), but were lower than those of the BDL 
group (4.79 ± 0.16, P  < 0.05). Acetylcholine-induced 
endothelium-dependent relaxation that did not differ, 
in terms of pD2 and maximal relaxation, among the 
3 groups studied. Treatment with ADMA (3 × 10-4 
mol/L) inhibited acetylcholine-induced relaxation in 
the 3 groups, but the inhibition was higher (P  < 0.05) 
in the BDL group compared with that for the Sham 
and PPVL groups. The mRNA and protein expression 
of DDAH-1 were similar in kidneys from the three 
groups. Conversely, DDAH-2 expression was increased 
(P  < 0.05) in PPVL and further enhanced (P  < 0.05) 
in the BDL group. However, renal DDAH activity was 
significantly decreased in the BDL group. 

CONCLUSION
Cirrhosis increased the inhibitory effect of ADMA on 
basal- and induced-release of NO in renal arteries, and 
decreased DDAH activity in the kidney.

Key words: portal hypertension; cirrhosis; nitric oxide; 
asymmetric dimethylarginine; nitric oxide inhibitors; 
dimethylarginine dimethylaminohydrolase

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Cirrhosis is associated with renal dysfunction 
and renal vasoconstriction. This constriction leads to 
decreased renal blood flow and glomerular filtration. 
Decreased nitric oxide (NO) bioavailability is involved 
in these effects. Although plasma levels of asymmetric 
dimethylarginine (ADMA), an endogenous inhibitor of 
NO synthase, are increased in cirrhosis, the effects 
of ADMA on renal arteries under this pathological 
condition are unknown. Therefore, the present work 
studied the effects of ADMA on basal- and stimulated-
NO release in renal arteries from portal hypertensive 
and cirrhotic rats and the renal expression and activity 
of dimethylarginine dimethylaminohydrolase, an 
enzyme that catabolizes ADMA. 

Segarra G, Cortina B, Mauricio MD, Novella S, Lluch P, 
Navarrete-Navarro J, Noguera I, Medina P. Effects of asymmetric 
dimethylarginine on renal arteries in portal hypertension and 
cirrhosis. World J Gastroenterol 2016; 22(48): 10545-10556  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i48/10545.htm  DOI: http://dx.doi.org/10.3748/wjg.v22.
i48.10545

INTRODUCTION
The progression of cirrhosis is frequently associated 
with an impairment in renal function manifested by 
the appearance of sodium and water retention and 
the accumulation of fluid within the interstitial tissue 
and peritoneal cavity[1]. As the disease develops, 
vasoconstriction of the renal vascular bed commonly 
results in a reduced glomerular filtration rate and 
eventually in renal failure[2]. The mechanisms leading 
to renal dysfunction in cirrhosis involve the activation 
of the vasoconstrictor and sodium-retaining systems in 
an attempt to preserve the tubular function[1].

In the kidney, nitric oxide (NO) has numerous 
physiological roles including the regulation of renal 
hemodynamics[3,4]. Studies using NO synthase (NOS) 
inhibitors have demonstrated that NO plays a signi
ficant role in maintaining normal vascular tone in the 
renal vascular bed[4,5]. Basal release of NO from the 
vessel wall has been described in humans[6,7] and in 
human renal artery[8]. In the kidney, the basal release 
of NO induces a substantially lower vascular resistance 
compared to other organs[4,5].

The plasma levels of NG,NG-asymmetric dimethy
larginine (ADMA), an endogenous NOS inhibitor[9], 
are significantly increased in various pathological 
conditions, including end-stage chronic renal failure[10,11], 
cirrhosis[12-14] and hepatorenal syndrome[15]. In human 
renal artery, ADMA induces a progressive inhibition of 
NO synthesis and a diminished response to endothelium-
mediated relaxation[8]. In spite of the increased ADMA 
plasma levels in patients with cirrhosis and hepato
renal syndrome, the role of ADMA in renal dysfunction 
associated to cirrhosis has almost been overlooked, 
and no attempt has been made to determine the 
effects of ADMA on the vascular tone of renal arteries 
during portal hypertension and cirrhosis.

Dimethylarginine dimethylaminohydrolase (DDAHs) 
degrade ADMA to citrulline and dimethylamine, whereas 
NG-nitro-L-arginine methyl ester (L-NAME), another 
inhibitor of NOS, is not degraded by DDAHs[16,17]. DDAHs 
are expressed as type 1 and 2 isoforms[18] and are widely 
distributed in various organs and tissues, including the 
kidney and renal vascular bed[18-20].

The present study hypothesized that one mecha
nism involved in the renal vasoconstriction associated 
with cirrhosis could be the elevated levels of ADMA 
in cirrhosis that may decrease basal- and induced-
release of NO by the endothelium of renal vessels. To 
verify this, the present study investigated the effects of 
ADMA and L-NAME on both the basal, as well as the 
stimulated release of NO in the renal arteries of rats 
with pre-hepatic portal hypertension without cirrhosis 
and in rats with portal hypertension and secondary 
biliary cirrhosis induced by ligation and excision of the 
bile duct. Furthermore, it assessed the effects of portal 
hypertension and cirrhosis on the renal expression of 
DDAH-1, DDAH-2 and renal DDAH activity. 
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MATERIALS AND METHODS
Male Sprague-Dawley rats (200-250 g) were acquired 
from Charles River, and housed according to institutional 
guidelines (constant room temperature 22 ℃, 12 h 
light/dark cycle, 60% humidity, standard rat chow 
and water ad libitum). All protocols were approved by 
the Institutional Ethics Committee at the University 
of Valencia (No. UV20121124), and conformed to the 
Guide for the Care and Use of Laboratory Animals 
published in Directive 2010/63/EU of the European 
Parliament.

Rats were assigned to a sham-operated (Sham) 
group (n = 15), partial portal vein ligation (PPVL) 
group (n = 15) or bile duct ligation and excision (BDL) 
group (n = 15) in a random way. After induction of 
anesthesia by isoflurane (5%, by induction chamber), 
rats received isoflurane 2%-3% by mask. To assess 
the adequacy of anesthesia during the surgery, 
parameters such as responsiveness (e.g., no response 
to toe pinching), respiratory rate, and heart rate were 
monitored. Analgesia with Butorphanol was used 
pre-operatively for preemptive analgesia and post-
operatively every 4-12 h during the day of the surgery.

Surgical procedures
Surgical procedures were performed as described 
previously[21]. Briefly, pre-hepatic portal hypertension 
induced by partial portal vein ligation was performed 
by placing a 20-gauge needle on the portal vein. A 
non-absorbable surgical thread ligature was placed 
around the needle and portal vein, and the needle 
was then withdrawn. The studies were performed 
14-16 d after PPVL, when the hyperdynamic cir
culation accompanying portal hypertension was fully 
established. Secondary biliary cirrhosis was induced 
by bile duct ligation and excision. The bile duct was 
cut between a ligature close to the hilum of the liver 
and another one close to the duodenum. The studies 
were performed 28 d after BDL when secondary biliary 
cirrhosis had developed. For the sham operation, the 
duodenum, portal vein, and bile duct were exposed 
during laparotomy, and the abdomen was closed 15 
min later. 

On the day of the experiment, mean arterial pres
sure (MAP) and portal pressure (PP) measurements 
were performed while the rats were kept under 
isoflurane anesthesia, as previously described[21]. 
Briefly, MAP and PP were measured by catheterization 
of the right carotid artery and ileocolic vein, respectively. 
Pressure was transmitted through a Statham pressure 
transducer and recorded continuously. The external zero 
reference was placed at the midportion of the rat.

Biochemical analysis
Blood drawn from the carotid artery in the anesthetized 
rat was collected after hemodynamic assay. The plasma 
was separated and stored at -20 ℃ until total bilirubin 

and creatinine levels were assayed in an autoanalyzer, 
according to the manufacturer’s instructions.

Isolated rat renal artery preparation
The renal arteries were isolated and cleaned of 
connective tissue under a dissecting microscope. 
Segments (4 mm in length) of renal artery were cut 
for isometric recording of tension. Outside diameter of 
the rings was measured using an ocular micrometer 
within a Wild M8 zoom microscope (Heerbrugg, 
Switzerland) and ranged from 0.8 to 1.4 mm. In 
some experiments the endothelium was removed 
mechanically by inserting a roughened stainless-steel 
wire into the lumen and gently rolling the vessel ring 
on wet filter paper.

Two stainless-steel holders (100 µm in diameter) 
were introduced through the arterial lumen and 
placed in a 5 mL tissue bath containing modified 
Krebs-Henseleit solution of the following mmol/L 
composition: NaCl 115; KCl 4.6; KH2PO4 1.2; MgCl2 
1.2; CaCl2 2.5; NaHCO3 25; glucose 11.1; EDTA 0.01, 
pH 7.3-7.4. Indomethacin (10-5 mol/L) was added 
to the Krebs-Henseleit solution in order to block 
the cyclooxygenase-derived substances that could 
interfere with the effects of the NOS inhibitors. The 
solution was continuously gassed with 95% O2-5% 
CO2 while the temperature was maintained at 37 ℃ 
with a circulating water jacket and a heat pump. 
One holder was fixed to the organ bath wall and the 
other was connected to a strain gauge (model FT03; 
Grass Instruments Division of Astro-Med Inc, United 
States). Changes in isometric force were recorded by 
use of Chart v. 4.2.3 software and a MacLab/8e data 
acquisition system (ADInstruments, Australia). Once 
the optimal resting tension was reached (1 g), each 
ring was allowed to attain this steady level of tension 
during a 1-h accommodation period before testing. 
Following this, smooth muscle function was assessed 
by exposing the arterial rings to receptor-independent 
depolarizing agent KCl (60 mmol/L) until the con
traction reached a stable plateau. After washout and 
return to stable baseline, functional integrity of the 
endothelium was confirmed routinely by the presence 
of relaxation induced by acetylcholine (10-6 mol/L) 
during contraction obtained with norepinephrine (3 × 
10-7 to 1 × 10-6 mol/L). Arteries in which acetylcholine 
reversed the norepinephrine-induced tone by more 
than 70% were designated as endothelium intact and 
arteries in which acetylcholine caused less than 15% 
relaxation were designated as without endothelium.

To assess the effects of portal hypertension and 
cirrhosis on renal artery contractility, we performed in 
artery rings from each group cumulative concentration-
response curves to KCl (10-120 mmol/L), an agent 
that induces contraction by facilitating Ca2+ entry 
through voltage-dependent Ca2+ channels. 

The basal release of NO is revealed when endo
thelium-intact artery rings are precontracted and an 
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States, 1:200 dilution, overnight incubation at 4 ℃). 
After 4 washes with PBST, membranes were incubated 
for 1 h with a horseradish peroxidase-labeled antibody 
at a 1:2000 dilution in PBST containing 1% milk. After 
4 additional washes, the membranes were incubated 
with chemiluminescent reagent according to the 
manufacturer’s protocols (Inmuno-StarTM HRP Substrate 
Kit, Bio-Rad, United States), and the chemiluminescent 
signal was visualized by the LAS-1000 imaging system 
(Fujifilm, Japan). Densitometric analyses of Western 
blots were performed using Image Reader LAS-1000 
Pro v2.3 software. All membranes were reblogged 
using a monoclonal antibody anti β-actin (1:2500, 
Sigma-Aldrich, United States) as a loading control. Data 
were normalized to corresponding values of β-actin 
densitometry.

DDAH activity
DDAH activity was measured as described previ
ously by a colorimetric assay[23]. Kidney cortex was 
homogenized in 5 volumes of 0.1 mol/L sodium 
phosphate buffer (pH 6.5). Protein concentration 
of the homogenate was determined using the BCA 
protein assay (Thermo Fisher, United States) according 
to the manufacturer’s instructions. The final protein 
concentration of the homogenate was adjusted to 
20 mg/mL with sodium phosphate buffer. Then, 100 
µL of homogenate were preincubated with urease 
(100 U/mL) for 15 min at 37 ℃, and then incubated 
with 1 mmol/L ADMA for 60 min at 37 ℃. After de
proteinization with 0.5 mL of 4% sulfosalicylic acid, 
100 µL of supernatant was incubated with 100 µL of a 
mixture composed by one part of diacetyl monoxime 
(0.8% wt/v in 5% acetic acid) and two parts of 
antipyrine (0.5% wt/v in 50% sulfuric acid) at 90 ℃ 
for 1 h. Each sample was analyzed with a paired blank, 
in which ADMA was omitted. The amounts of L-citrulline 
formed were determined by spectrophotometry at 
466 nm. The DDAH activity was represented as µmol 
L-citrulline formatted/g protein/min at 37 ℃.

Statistical analysis
All values are expressed as mean ± SEM. The con
tractile effects were expressed as absolute tension 
(milligrams-force). Relaxation was expressed as 
a percentage of the norepinephrine-induced con
traction. The pD2 (negative logarithm of the molar 
concentration at which half-maximum response 
occurs) was determined from individual concentration-
response curves by non-linear regression analysis. 
Area under the concentration-response curve (AUC) 
was calculated from each individual concentration-
response curve to acetylcholine and was expressed as 
arbitrary units. The contribution of NO to the vascular 
relaxation induced by acetylcholine was calculated by 
subtracting from the AUC for acetylcholine the AUC 
for acetylcholine in the presence of L-NAME or ADMA. 
All n values are presented as the number of rats. 

additional contraction is induced by NOS inhibitor. This 
additional contraction provides a functional indication 
of NO release. Therefore, the ability of ADMA (10-6-10-3 
mol/L) or L-NAME (10-6-10-3 mol/L) to inhibit basal 
activity of NO was assessed from its enhancement of 
low-levels of contraction (approximately 200-300 mg) 
induced by norepinephrine (1 × 10-7-3 × 10-7 mol/L) in 
endothelium-containing renal artery rings. The ability 
of L-arginine (10-3 mol/L) to either protect against or 
reverse the enhancement by ADMA or L-NAME was 
also assessed. Additionally, the effects of both ADMA 
and L-NAME were examined on norepinephrine-induced 
tone in endothelium-denuded rings.

Concentration-response curves to acetylcholine (1 
× 10-9-3 × 10-6 mol/L), an endothelium-dependent 
vasorelaxant, were determined in precontracted 
segments with norepinephrine (3 × 10‑6 mol/L), in the 
absence and in the presence of ADMA (3 × 10-4 mol/L) 
or L-NAME (3 × 10-4 mol/L) that were added to the 
organ bath 20 min before starting the concentration-
response curve.

All substances and drugs were purchased from 
Sigma-Aldrich Chemical Co. (United States). Drugs 
were prepared and diluted in distilled water except for 
indomethacin, which was dissolved in absolute ethanol. 
Stock solutions of the drugs were freshly prepared 
every day.

Real Time PCR analyses
Samples of cortical tissue from the kidney of each 
rat were immediately collected into RNAlater RNA 
stabilization reagent (Thermo Fisher Scientific, United 
States) following the manufacturer's instructions. Total 
RNA was isolated and reverse transcribed as previously 
described[21]. Ready-to-use primers and probes from the 
Assay-on-demand service of Applied Biosystems were 
used for the quantification of DDAH-1 and DDAH-2 
(Rn00574200_m1 and Rn01525775_g1, respectively) 
and endogenous reference gene glyceraldehyde-3-
phosphate dehydrogenase (GAPDH, 4352338E). The 
qRT-PCR was carried out using the ABI Prism 7900HT 
Sequence Detection System (Applied Biosystems, 
United States). Samples were run in triplicate and fold 
changes were generated for each sample by calculating 
2-ΔΔCt[22].

Western blotting
Equal amounts of protein from renal cortical homo
genates (100 µg total protein) were resolved in 
SDS-PAGE on 12% gels and electroblotted onto poly
vinylidene difluoride membranes. After 1 h blocking 
with 5% milk in phosphate-buffered saline with 0.1% 
(v/v) Tween 20 (PBST), membranes were incubated 
in PBST containing 0.1% milk with a specific primary 
antibody: monoclonal goat anti-rat DDAH1 antibody 
(Santa Cruz Biotechnology, United States; 1:500 
dilution, overnight incubation at 4 ℃) or goat anti-rat 
DDAH2 antibody (Santa Cruz Biotechnology, United 
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One- or two-way analyses of variance (ANOVA) were 
performed followed by Bonferroni’s post-test. The level 
of statistical significance was P < 0.05. The statistical 
analysis was carried out using Prism 4 software 
(GraphPad Software Inc., United States).

RESULTS
Morphological features, hemodynamic and biochemical 
parameters 
Morphological characteristics, hemodynamic, and 
biochemical parameters of the Sham, PPVL, and BDL 
groups are summarized in Table 1. Both the PPVL and 
BDL groups led to the characteristic hemodynamic 
changes found in portal hypertension, with higher 
values in PP and lower MAP compared to the Sham 
rats, suggesting the presence of a hyperdynamic 
state. As expected, the PPVL and BDL groups exhibited 
higher spleen weights than did Sham rats. In the BDL 
group, the rats became visibly icteric by the 3rd wk 
following surgery, weight gain was decreased, and 
they had higher total bilirubin values than the Sham 
or PPVL rats. Creatinine concentrations were within 
the normal range in the three groups. The Sham rats 
displayed normal post-operative recovery. 

Effects of KCl
In the Sham group, KCl caused concentration-
dependent contractions with a pD2 of 1.49 ± 0.01 

and a maximal contraction of 1018 ± 83 mg (Figure 
1 and Table 2). In the PPVL group, neither maximal 
contraction nor pD2 values to KCl were affected (Figure 
1 and Table 2). In the renal artery rings of the BDL 
group, maximal contraction to KCl was decreased (P < 
0.05) compared to the Sham and PPVL groups (Figure 
1 and Table 2). There were no differences among 
groups in the sensitivity to KCl as demonstrated by 
similar pD2 values (Table 2).

Effects of NOS inhibitors on basal NO
At resting tension, the addition of L-NAME (10-6-10-3 
mol/L) or ADMA (10-6-10-3 mol/L) did not show 
significant changes in tension (results not shown). 
Following the induction of a low level of contraction 
(210 ± 50 mg) with norepinephrine (1 × 10-7-3 × 10-7 
mol/L), the addition of L-NAME (10-6-10-3 mol/L) or 
ADMA (10-6-10-3 mol/L) led to concentration-dependent 
increases in tension (Figure 2). The pD2 values for the 
concentration-response curves to L-NAME were similar 
in the Sham, PPVL and BDL groups (Table 3). The 
pD2 values for the ADMA curves were similar in Sham 
and PPVL, but were lower (P < 0.05) than those for 
the BDL group, suggesting an increased sensitivity 
to ADMA in renal arteries from cirrhotic rats. In the 
Sham, PPVL and BDL groups, pD2 values of the ADMA 
curves were lower (P < 0.05) than those for L-NAME, 
suggesting a decreased sensitivity to ADMA in all 
groups. The maximal responses to ADMA and L-NAME 
were similar in the Sham and PPVL groups (Figure 
2 and Table 3). Conversely, in the BDL group the 
maximal responses to both ADMA and L-NAME were 
reduced (P < 0.05) compared with those for Sham and 
PPVL rats. The contractile effect induced by ADMA and 
L-NAME was prevented or reverted by L-arginine 10-3 
mol/L, a precursor of NO synthesis, in all the groups 
studied (Figure 2).

Sham PPVL BDL

Body weight gain (g)   39 ± 6 35 ± 6   10 ± 8a,c

Spleen weight (g)      0.7± 0.1    1.3 ± 0.1a   1.4 ± 0.2a

Liver weight (g)   11.6 ± 0.6 10.9 ± 0.7   16.9 ± 0.7a,c

Mean arterial pressure (mmHg) 116 ± 9  95 ± 5a 92 ± 6a

Portal pressure (mmHg)     7 ± 1  17 ± 2a 19 ± 3a

Bilirubin (mg/dL)     0.12 ± 0.03   0.15 ± 0.03     9.91 ± 0.07a,c

Creatinine (mg/dL)     0.75 ± 0.07   0.73 ± 0.06  0.78 ± 0.06

aP < 0.05 vs Sham group and cP < 0.05 vs PPVL group. PPVL: Partial portal 
vein ligation; BDL: Bile duct ligation.

Table 1  Morphological characteristics, hemodynamic and 
biochemical parameters of the Sham, partial portal vein 
ligation, and bile duct ligation groups

Table 2  pD2 values and maximal responses of the con­
centration-response curves to KCl (10-120 mmol/L) in renal 
arteries from Sham, partial portal vein ligation and bile duct 
ligation groups

n pD2 Emax (mg)

Sham 8 1.49 ± 0.01 1018 ± 83
PPVL 8 1.46 ± 0.01   1050 ± 131
BDL 8 1.46 ± 0.01      762 ± 59a,c

pD2, - log M of KCl causing 50% of the maximal contraction; Emax, 
maximal contraction; n = number of rats; aP < 0.05 vs Sham group and cP < 
0.05 vs PPVL group.

Table 3  pD2 values and maximal responses of the con­
centration-response curves to NG-nitro-L-arginine methyl ester 
and asymmetric dimethylarginine in renal arteries from Sham, 
partial portal vein ligation, and bile duct ligation groups, after 
precontraction with norepinephrine

n pD2 Emax (mg)

Sham
   L-NAME 8 5.35 ± 0.17 370 ± 36
   ADMA 8  4.20 ± 0.08e 400 ± 26
PPVL
   L-NAME 8 5.30 ± 0.16 365 ± 30
   ADMA 8  4.11 ± 0.09e 388 ± 25
BDL
   L-NAME 8  5.24 ± 0.16    285 ± 29a,c

   ADMA 8      4.79 ± 0.16a,c,e    310 ± 27a,c

pD2, - log M of substance causing 50% of the maximal contraction; Emax, 
maximal contraction; n = number of rats; aP < 0.05 vs Sham group with 
the same treatment, cP < 0.05 vs PPVL group with the same treatment and 
eP < 0.05 vs L-NAME treatment in the same group. ADMA: Asymmetric 
dimethylarginine; L-NAME: NG-nitro-L-arginine methyl ester.
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Effects of NOS inhibitors on acetylcholine-induced 
relaxation
In renal arteries from the Sham group, acetylcholine (1 
× 10-9-3 × 10-6 mol/L) caused endothelium-dependent 
relaxation (pD2 = 7.95 ± 0.08 and Emax = 93% ± 3%) 
in rings precontracted with norepinephrine (Figure 3A). 
The relaxation induced by acetylcholine did not differ, 
in terms of pD2 and maximal relaxation, among the 3 
groups studied (Figure 3A and Table 4). No relaxation 
was observed in response to acetylcholine in renal 
arteries without endothelium (Figure 3A). 

The relaxation induced by acetylcholine was 
inhibited by the treatment with L-NAME (3 × 10-4 
mol/L) in renal arteries from the three groups. In 
the Sham, PPVL and BDL groups, the inhibitions of 

maximal relaxations induced by acetylcholine in the 
presence of L-NAME were similar (P > 0.05) 69% ± 
4%, 73% ± 3%, and 71% ± 5%, respectively (Figure 
3A and Table 4). The pD2 values decreased (P < 0.05) 
likewise in the presence of L-NAME compared to those 
for the untreated segments, providing evidence that 

Table 4  pD2 and maximal response values for the 
concentration-response curves to acetylcholine in renal 
arteries from Sham, partial portal vein ligation, and bile 
duct ligation groups in the absence (Control) and in the 
presence of NG-nitro-L-arginine methyl ester or asymmetric 
dimethylarginine

Acetylcholine n pD2 Emax (%)

Sham
   Control 8 7.95 ± 0.08 93 ± 3
   L-NAME (3 × 10-4 mol/L) 8  7.13 ± 0.28a  24 ± 7a

   ADMA (3 × 10-4 mol/L) 8    7.27 ± 0.13a,c    60 ± 3a,c

PPVL
   Control 8 7.92 ± 0.08 94 ± 2
   L-NAME (3 × 10-4 mol/L) 8  7.24 ± 0.11a  21 ± 3a

   ADMA (3 × 10-4 mol/L) 8  7.18 ± 0.15a    65 ± 6a,c

BDL
   Control 8 7.91 ± 0.10 95 ± 3
   L-NAME (3 × 10-4 mol/L) 8  7.13 ± 0.35a  24 ± 8a

   ADMA (3 × 10-4 mol/L) 8  7.17 ± 0.22a     32 ± 6a,c,e

pD2, - log M of acetylcholine causing 50% of the maximal relaxation; 
Emax, maximal relaxation expressed as a percentage of the contraction 
in response to 3 × 10-6 mol/L norepinephrine; n = number of rats. aP < 
0.05 vs control group, cP < 0.05 vs L-NAME treated group and eP < 0.05 vs 
Sham and PPVL groups with the same treatment. ADMA: Asymmetric 
dimethylarginine; L-NAME: NG-nitro-L-arginine methyl ester.
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Figure 1  Effects of portal hypertension and cirrhosis on contractile effects 
induced by high extracellular concentrations of KCl in rat renal arteries. 
PPVL: Pre-hepatic portal hypertension; BDL: Bile duct ligation.
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Figure 2  Effects of nitric oxide synthase inhibitors on basal nitric oxide 
release in renal artery. Contractions induced by L-NAME (n = 8) and ADMA (n 
= 8) on rings of rat renal artery with endothelium from Sham, PPVL, and BDL 
groups in the absence and in the presence of L-arginine (L-arg, 10-3 mol/L, n 
= 6). Contractions were determined after evoking submaximal tone with 10-7-3 
× 10-7 mol/L norepinephrine. PPVL: Pre-hepatic portal hypertension; BDL: Bile 
duct ligation; ADMA: Asymmetric dimethylarginine; L-NAME: NG-nitro-L-arginine 
methyl ester.
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NO induced by acetylcholine is similar in the three 
groups. Treatment with ADMA (3 ×10-4 mol/L) inhibited 
acetylcholine-induced relaxation in the 3 groups, but 
the inhibition was higher (P < 0.05) in the BDL group 
compared with the Sham and PPVL groups (Figure 3A 
and Table 4). In renal arteries from the BDL group, 
ADMA induced a greater (P < 0.05) inhibition of 
maximal relaxation than it did in the Sham and PPVL 
groups, but sensitivity (evidenced by pD2 values) was 
unchanged (Figure 3A and Table 4). When areas under 
the curve (AUC) were analyzed, L-NAME inhibited the 
NO-mediated relaxation similarly in the 3 groups (Figure 
3B). Likewise, ADMA inhibited NO release in the Sham 
and PPVL groups; in BDL group the inhibitory effects of 
ADMA were increased (Figure 3B).

Expression of DDAHs
We performed real-time RT-PCR on kidneys from the 
Sham, PPVL, and BDL groups (n = 6 per group). The 
DDAH-1 mRNA expression was similar in kidneys from 

the three groups (Figure 4A). In contrast, the DDAH-2 
mRNA expression was increased (P < 0.05) in the 
PPVL compared to that for the Sham group, and in 
the BDL group, it was further enhanced (Figure 4B). 
The level of DDAH-2 mRNA expression in PPVL and 
BDL rats increased 1.33- and 1.64-fold, respectively. 
Densitometry analysis of Western blot confirmed that 
DDAH 1 was equally expressed in the kidney of the 
three groups (Figure 4C and E). Conversely, DDAH-2 
expression in kidney was increased in the PPVL group 
and further increased in the BDL group (Figure 4D and F).

DDAH activity
We determined the effects of portal hypertension and 
cirrhosis on renal DDAH activity in crude tissue lysates. 
Renal DDAH activity was increased, but not significantly 
(P > 0.05), in kidneys from the PPVL group. The DDAH 
activity in the BDL group, however, was significantly 
reduced (61% ± 7%, P < 0.05) compared to that for 
the Sham and PPVL groups (Figure 5).
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Figure 3  Effects of nitric oxide synthase inhibitors on acetylcholine-induced relaxation in renal artery. A: Concentration-response curves to acetylcholine 
on rings of rat renal artery from Sham, PPVL, and BDL groups in artery rings with endothelium (n = 8) and without endothelium (n = 6) and in artery rings with 
endothelium in the presence of L-NAME (3 × 10-4 mol/L; n = 8) or ADMA (3 × 10-4 mol/L; n = 8). Relaxation is expressed as a percentage of the contraction in response 
to norepinephrine; B: Difference between the areas under curves (AUCs) from artery rings with endothelium (Control) and treated with L-NAME or ADMA. aP < 0.05 vs 
L-NAME treated group and cP < 0.05 vs Sham and PPVL groups treated with ADMA. PPVL: Pre-hepatic portal hypertension; BDL: Bile duct ligation.
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DISCUSSION
The results of the present study demonstrate that both 
the basal- and induced-release of NO are inhibited by 
ADMA, with a higher effect in renal arteries from rats 
with secondary biliary cirrhosis. The increased effect of 
ADMA inhibiting NO synthesis together with decreased 
renal DDAH activity indicates that the accumulation 
of ADMA during cirrhosis could make the renal artery 
prone to vasoconstriction.

One finding of the present report demonstrates a 
decreased contraction in renal arteries from cirrhotic 
rats in response to a high extracellular K+ concentration, 
which causes the depolarization and subsequent 
opening of voltage-dependent Ca2+ channels. Vascular 
hypocontractility in cirrhosis is a multifactorial pheno
menon where several mechanisms have been iden

tified and contribute to impaired vasoconstriction. 
These include the overproduction of vasodilators and 
decreased responsiveness to vasoconstrictors. Although 
NO overproduction is widely accepted as main culprit 
of vasodilation in cirrhosis[24-26], several studies have 
shown that other factors besides NO are involved in the 
pathogenesis of vascular hypocontractility. It is known 
that in cirrhosis, a component of hypocontractility is 
found in isolated vessels, even though the endothelium 
is removed and NOS is pharmacologically inhibited[27-29]. 
It is noteworthy that the cirrhosis-impaired Rho kinase 
pathway results in decreased phosphorylation of Ca2+ 

sensitizing proteins, increased myosin light chain 
phosphatase activity and decreased Ca2+ sensitivity[30]. 
Although our results in vitro show a reduced con
traction of renal arteries during cirrhosis, the in vivo 
activation of vasoactive systems on renal circulation 

2.0

1.5

1.0

0.5

0.0

D
D

AH
-1

 m
RN

A 
(2

-Δ
ΔC

T )

A
Sham
PPVL
BDL

2.0

1.5

1.0

0.5

0.0

D
D

AH
-2

 m
RN

A 
(2

-Δ
ΔC

T )

B
Sham
PPVL
BDL a

a, c

Sham              PPVL               BDL                                           Sham              PPVL               BDL

DDAH-1

b-actin

DDAH-2

b-actin

1.6

1.2

0.8

0.4

0.0

D
D

AH
-1

/ b
-a

ct
in

 (
re

la
tiv

e 
op

tic
al

 d
en

si
ty

)

E
Sham
PPVL
BDL

2.0

1.5

1.0

0.5

0.0

D
D

AH
-2

/ b
-a

ct
in

 (
re

la
tiv

e 
op

tic
al

 d
en

si
ty

)

F
Sham
PPVL
BDL

a

a, c

C D

Figure 4  DDAH1 and DDAH2 expression in kidneys from portal hypertensive and cirrhotic rats. A and B: DDAH1 and DDAH2 mRNA expression in kidney from 
Sham, PPVL, and BDL groups normalized to the expression of GAPDH, which was used as an endogenous reference gene; C and D: Immunoblot analysis in single 
kidney probed with antibodies against DDAH1, DDAH2 or b-actin, as indicated; E and F: Graphs show the results of densitometric analyses from pooled data, plotted 
as optical densitometry relative to the signal obtained by b-actin. Each data set represents the mean ± SEM derived from 6 independent experiments. aP < 0.05 vs 
Sham group and cP < 0.05 vs PPVL group. DDAH: Dimethylarginine dimethylaminohydrolase.
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during hyperdynamic circulation associated to portal 
hypertension and cirrhosis[1] could develop into an 
excessive contraction of renal artery.

The basal release of NO was determined indirectly 
by measuring the effects of ADMA and L-NAME in 
precontracted artery rings. We found that in renal 
arteries both NOS inhibitors markedly increased the 
vascular tone, suggesting an important basal NO 
synthesis. The contractile effects induced by NOS 
inhibitors were endothelium-dependent and reversed 
by L-arginine, the substrate for NO synthesis, thus 
demonstrating that ADMA and L-NAME increase arterial 
tone by inhibiting the basal release of endothelial NO.

The maximal contraction induced by NOS inhibitors 
in renal arteries from cirrhotic rats was lower than 
those in control or portal hypertensive rats. The hypo
contractility cannot be attributed to a lower basal 
release of NO, since the smooth muscle of renal arteries 
from cirrhotic rats showed hypocontractility in response 
to KCl. Therefore, differences in the level of contraction 
in response to NOS inhibitors would not reflect changes 
in basal NO generation.

That notwithstanding, we found a similar sensitivity 
to L-NAME in the three groups studied. Furthermore, 
when comparing the sensitivity of the two inhibitors, a 
decreased sensitivity to ADMA as compared with that 
for L-NAME was observed in the three groups. The 
concentration-response curve to ADMA was significantly 
displaced to the left for BDL, as compared to those for 
Sham and PPVL rats; this represents indirect evidence 
of a decreased ability of DDAH to catabolize ADMA. 
Interestingly, no significant differences in the contractile 
response to ADMA were observed between Sham 
and PPVL rats. Since BDL and PPVL rats had similar 
increases in portal pressure, and liver damage was only 
present in the BDL group, it is conceivable that in renal 
arteries the liver dysfunction is the main factor causing 
the altered responses to the ADMA.

Since DDAH is highly specific for the degradation 

of ADMA, but not L-NAME[16], these changes in ADMA 
sensitivity could be related to changes in DDAH activity. 
Another study addressing the localization of DDAH 
and NOS in the rat kidney has shown co-localization of 
the two enzymes[20]. Therefore, the close relationship 
between DDAH and NOS in the kidney supports the idea 
that DDAH regulates ADMA levels and NOS activity[19,31]. 
The increased sensitivity to ADMA in renal arteries 
from the BDL group offers a reasonable indication that 
decreased DDAH activity and the accumulation of ADMA 
occur in the vessel wall, enhancing the inhibitory effect 
on NO biosynthesis. 

Both ADMA and L-NAME inhibited acetylcholine-
induced relaxation in renal arteries indicating that 
NO pathways contribute to this effect. As expected, 
L-NAME markedly inhibited the relaxation induced by 
acetylcholine. Although it has been demonstrated that 
ADMA preferentially blocks basal NO release, but it has 
little effect on acetylcholine-induced relaxation[7,21,32], 
ADMA markedly inhibited the acetylcholine-induced 
relaxation in renal arteries from cirrhotic rats. It has 
been demonstrated that ADMA inhibits basal- and 
stimulated-release of NO in human renal arteries[8] 
and other arterial beds where acetylcholine-induced 
relaxation is mainly dependent on endothelial NO, such 
as the human middle cerebral artery[33] and internal 
mammary artery[34].

The present functional analyses in renal arteries 
from cirrhotic rats demonstrates for the first time that 
the increased ability of ADMA to inhibit NOS could be 
related, at least in part, to a lower activity of DDAH 
and a lesser degradation of ADMA. This reinforces the 
role of DDAH in controlling the NO bioavailability, and 
its impairment during cirrhosis might be a mechanism 
involved in the increased renal artery contraction 
during cirrhosis.

The study shows that the mRNA and protein ex
pressions of DDAH-1 were unchanged in kidneys from 
the PPVL and BDL groups, thus suggesting that portal 
hypertension and cirrhosis do not control renal DDAH-1 
expression. The present results confirm previous 
studies demonstrating unchanged levels of DDAH-1 
expression in kidneys from young cirrhotic rats[35]. 
In contrast, it has been demonstrated that there is a 
decreased hepatic DDAH-1 expression[36] and increased 
DDAH-1 expression in mesenteric arteries[21] from BDL 
rats. Although the mechanisms involved in this different 
regulation of DDAH-1 expression are not apparent, they 
could be related to the organ involved. 

The results of the present work suggest an asso
ciation between portal hypertension, cirrhosis and 
DDAH-2 expression. The kidneys of rats with portal 
hypertension exhibited a higher expression of DDAH-2 
than the kidneys of control rats, and those of the BDL 
group exhibited a further increase of DDAH-2. In this 
case, a similar pattern of expression has been shown 
in mesenteric arteries[21] and liver[36] from BDL rats. 
Surprisingly, DDAH-2 protein expression was unaltered 
in kidneys from young BDL rats[35], suggesting an age-
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dependent regulation of the expression of DDAH-2 
induced by cirrhosis.

To determine whether the different patterns in 
DDAH protein expression were correlated with enzy
matic activity, in vitro ADMA degradation by DDAH was 
measured. Renal DDAH activity was unchanged in the 
PPVL group, but was significantly reduced in the BDL 
group, pointing out the liver dysfunction as a main 
factor responsible for the decreased DDAH activity as 
opposed to the portal hypertension and hyperdynamic 
circulation. These data confirm previous findings that 
demonstrate the inhibitory effect of cirrhosis in the 
renal DDAH activity in young rats[35]. 

There is a growing body of evidence that DDAH 
activity is inhibited by superoxide[37,38]. It has been 
demonstrated that ADMA can uncouple endothelial 
NOS and initiate superoxide generation by NOS[39]. 
This finding suggests that an increased concentration 
of ADMA during liver dysfunction[12,13,15] could be an 
initial point for further NOS uncoupling, increased 
superoxide and DDAH inhibition, therefore a further 
increase of ADMA, thereby initiating a feed-forward 
reaction. Accordingly, it has been hypothesized that 
there is a possible role for ADMA in the development 
of hepatorenal syndrome[40], a pathology characterized 
by an excessive vasoconstriction of renal circulation[1].

In cholestatic patients, a correlation between oxi
dative stress during obstructive jaundice and renal 
dysfunction has recently been established[41]. The levels 
of bilirubin were progressively increased from benign 
to malignant evolution[41] which is in concordance with 
pro-oxidant capacity of toxic bile acids[42]. Therefore, it 
is possible that the hyperbilirubinemia associated with 
the BDL model of cirrhosis could increase the oxidative 
stress in the kidney and inhibit renal DDAH. Renal 
dysfunction in cirrhosis is a common complication, 
characterized by marked renal artery contraction as 
a consequence of the activation of several vasoac
tive pathways[1]. Therefore, the increased inhibitory 
effects of ADMA on NO synthesis in renal arteries 
from BDL rats could be another factor contributing to 
the vasoconstriction associated with cirrhosis. DDAH 
activators or ADMA-reducing agents may be a potential 
therapeutic approach to managing the vascular renal 
dysfunction associated with cirrhosis.

In conclusion, both basal- and induced-NO release 
are inhibited in renal arteries by ADMA, an effect that 
is increased in cirrhotic rats. The results of the present 
study confirm that liver dysfunction is the main factor 
in the decreased renal DDAH activity and supports the 
notion that the vascular renal system is highly exposed 
to ADMA during cirrhosis. Furthermore, our data show 
an increased DDAH-2 expression, but a reduced DDAH 
activity in the kidney, associated with cirrhosis.
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Core tip: We report the results of a large study of 
norovirus (NoV)-associated gastroenteritis among 
children aged < 5 years in Lebanon. The majority of 
viral gastroenteritis cases were attributable to NoV 
GⅡ.4, which is compatible with results reported 
worldwide. Our data support a peak incidence in July, 
while reports from other countries show peaks during 
the cold months. We report NoV A JB-15/KOR/2008 
GⅡ.4 Apeldoorn 2008-like variant strain circulating 
in 2011. This strain was replaced between 2012 and 
2013 by a variant sharing homology with the Sydney/
NSW0514/2012/AUS GⅡ.4 Sydney 2012 and Sydney 
2012/FRA GⅡ.4 strains.
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INTRODUCTION
Gastroenteritis caused by norovirus (NoVs) has been 
recently reported to be the second most common 
cause of acute viral gastroenteritis worldwide following 
rotavirus and a major cause of foodborne illness[1,2]. 
NoV is the leading cause of acute gastroenteri­
tis across all age groups seeking medical care in 
emergency departments, outpatient clinics, and the 
community[1]. Recent reviews of the literature on 
community, outpatient and hospital-based studies in 
developing and developed countries report that NoV 
gastroenteritis accounted for 10%-15% of severe 
cases in children aged < 5 years and 9%-15% of 
cases of mild to moderate diarrhea among individuals 
of all ages[3,4]. Fecal-oral spread is the primary mode 
of NoV transmission. The average incubation period is 
24-48 h. The symptoms include vomiting (≥ 50% of 
cases), diarrhea, nausea, abdominal cramps, malaise 
and low-grade fever. Illness usually resolves in 12-72 h; 
however, it may last longer in young children, elderly 
people, and hospitalized and immunocompromised 
individuals. Several factors contribute to the high 
communicability of NoV, including, most importantly, 
the low infectious dose of the virus (18-100 particles); 
the high levels of virus shedding (> 109 particles/
mL of feces during the first days following infection) 
known to precede illness and to be prolonged in 
immunosuppressed persons; stability of the virus 
at 0-60 ℃; and finally, the high rate of mutation 
and recombination leading to antigenic diversity[5-7]. 
While 75% of NoV cases have been reported during 
the cooler months, geographic variability and annual 
fluctuations have also been described[8]. 
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Abstract
AIM
To assess the burden of norovirus (NoV) and to 
determine the diversity of circulating strains among 
hospitalized children in Lebanon. 

METHODS
Stool samples were collected from children presenting 
with acute gastroenteritis to six major hospitals in 
Lebanon. A total of 739 eligible stool samples, testing 
negative for diarrhea caused by rotavirus as a possible 
viral pathogen, were collected between January 2011 
and June 2013. A standardized questionnaire including 
demographic, epidemiological and clinical observations 
was used at the time of hospitalization of children 
presenting with diarrhea. Viral RNA was extracted 
from stool samples followed by reverse transcription 
polymerase chain reaction and nucleotide sequencing 
of a fragment of the viral protein 1 capsid gene. Multiple 
sequence alignments were carried out and phylogenetic 
trees were constructed using the MEGA 6 software.

RESULTS
Overall, 11.2% of stool samples collected from children 
aged < 5 years tested positive for NoV genogroups Ⅰ 
(GⅠ) and Ⅱ (GⅡ). GⅡ accounted for 10.6% of the 
gastroenteritis cases with only five samples being positive 
for GⅠ (0.7%). The majority of hospitalized children 
showed symptoms of diarrhea, dehydration, vomiting 
and fever. Upon sequencing of positive samples and 
based on their clustering in the phylogenetic tree, 
4/5 of GⅠ gastroenteritis cases were designated G
Ⅰ.3 and one case as GⅠ.4. GⅡ.4 was predominantly 
detected in stool of our study participants (68%). We 
report a JB-15/KOR/2008 GⅡ.4 Apeldoorn 2008-like 
variant strain circulating in 2011; this strain was re
placed between 2012 and 2013 by a variant sharing 
homology with the Sydney/NSW0514/2012/AUS GⅡ.4 
Sydney 2012 and Sydney 2012/FRA GⅡ.4 strains. We 
also report the co-circulation of non-GⅡ.4 genotypes 
among hospitalized children. Our data show that NoV 
gastroenteritis can occur throughout the year with 
the highest number of cases detected during the hot 
months. 

CONCLUSION
The majority of NoV-associated viral gastroenteritis 
cases among our participants are attributable to GⅡ.4, 
which is compatible with results reported worldwide. 

Key words: Norovirus; Reverse transcription polymerase 
chain reaction; Sequencing; Norovirus genogroup Ⅰ; 
Norovirus genogroup Ⅱ; Lebanon 
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NoVs are non-enveloped, polyadenylated, single 
stranded, positive-sense RNA viruses of the family 
Caliciviridae. The RNA genome of NoVs is composed of 
three large open reading frames designated as ORF-1, 
ORF-2 and ORF-3. ORF-1 encodes six non-structural 
proteins including the protease and the RNA-dependent 
RNA-polymerase (RdRp). ORF-2 and ORF-3 encode 
the structural viral components viral protein 1 (VP1) 
(major capsid protein) and VP2 (minor capsid protein), 
respectively. Based on the amino-acid sequence of 
VP1, NoVs are divided into six genogroups (GⅠ-GⅥ). 
GⅠ, GⅡ and GⅣ are known to infect humans[9,10]. 
Genogroups are further subdivided into genotypes 
based on the RdRp sequence or capsid sequence. At 
the genomic level, strains of the same genogroups are 
51%-56% similar, whereas genotypes have 69%-87% 
similarity[11,12]. At least eight and 21 genotypes belong 
to GⅠ and GⅡ, respectively[1]. The genogroup Ⅱ, 
genotype 4 NoVs, designated GII.4, are responsible 
for the majority of NoV outbreaks in the United States, 
Australia and many European countries[13,14]. GⅡ.4 
NoVs are continuously changing and viral variants 
emerge every couple of years and every 2-7 years 
as a result of genetic drift; an observation compatible 
with the immune escape mechanism observed with 
influenza A virus[15-19]. Globally and during the past 
decade, GⅡ.3 and GⅡ.6 were reported as the second 
and third most predominant genotypes after GⅡ.4, 
respectively[13]. 

To the best of our knowledge, there have been 
no large studies conducted in Lebanon on NoV and 
its association with acute gastroenteritis. The aim of 
this study was to determine the prevalence of NoV 
gastroenteritis as well as the genotypic characterization 
of the virus among hospitalized children aged < 5 
years. 

MATERIALS AND METHODS
Study population and specimen collection 
The study was conducted in accordance with the 
ethical guidelines of the Helsinki Declaration and 
after approval of the Institution Review Board of 
the American University of Beirut. Written informed 
consent was obtained from the legal guardians of 
hospitalized children, and consequently, stool samples 
and medical data were collected. A standardized 
questionnaire including demographic, epidemiological 
and clinical observations was used at the time of 
hospitalization of children presenting with diarrhea. 
Stool samples were collected from children presenting 
with acute gastroenteritis to six major hospitals in 
Lebanon. A total of 739 eligible stool samples, testing 
negative for diarrhea caused by rotavirus as a possible 
viral pathogen, were collected over a 2-year period 
(January 2011 to June 2013). 

Viral RNA extraction and NoV detection 
Stool specimens (0.5-1.0 mL) were suspended in 5 
mL 0.89% NaCl. The fecal suspension was centrifuged 

at 4000 × g; following which, the supernatant was 
filtered and 140 μL of the filtrate was used for viral 
RNA extraction. QIAamp Viral RNA Mini Kit (Qiagen, 
Hilden, Germany) was used for viral RNA extraction. 
Viral RNA was stored at -20 ℃.

PCR and sequencing 
Reverse transcription polymerase chain reaction 
(RT-PCR) was performed using genogroup-specific 
primers as previously described[20-22]. RT-PCR targeted 
the 5’ end of the capsid region in ORF2 using: G1-
SKF (Forward CTG CCC GAA TTY GTA AATGA) and 
G1-SKR (Reverse CCA ACC CAR CCA TTR TACA and 
primers GoG2F (Forward CAR GAR BCN ATG TTY 
AGR TGG ATGAG) and G2-SKR (Reverse CCR CCN 
GCA TRH CCR TTR TACAT) for amplifying 330- and 
387-bp PCR products of GⅠ and GⅡ genogroups, 
respectively. Qiagen OneStep RT-PCR Kit was used 
under the following conditions: 42 ℃ for 30 min; initial 
PCR activation step at 95 ℃ for 15 min; denaturation 
at 94 ℃ for 30 s, annealing at 52-54 ℃ for 30 s, 
extension at 72 ℃ for 45 s (30 cycles); and final 
extension at 72 ℃ for 7 min. Synthetic Norovirus G1 (I) 
RNA (ATCC VR3199SD) and Synthetic Norovirus G2 (II) 
RNA (ATCC VR3200SD) were used as positive controls. 
The PCR products were analyzed by gel electropho­
resis and stored at -20 ℃ until analysis. Nucleotide 
sequencing of NoV-positive samples was performed 
by Macrogen (Seoul, South Korea) using the PCR 
primers. A total of 19 full-length human NoV capsid 
protein sequences were downloaded from GenBank 
and used as reference strains. These included six G
Ⅰ and 16 GII with the following accession numbers: 
AAS86780.1 (GⅠ), ACN32270.1 (GⅠ.1), ACU56258.1 
(GⅠ.2), ACX33982.1 (GⅠ.3), ACV41096.1 (GⅠ.4), 
ADB54834.1(GⅠ.8), aAIO11150.1 (GⅡ), ABC96332.1 
(GⅡ), AFA55174.1 (GⅡ.1), BAG68716.1 (GⅡ.2), 
ADK23787.1 (GⅡ.3), AEG79292.1 (GⅡ.4), ABL74397.1 
(GⅡ.4), ABL74391.1 (GⅡ.4), AGT95930.1 (GⅡ.4), 
KM245069.1 (GⅡ.4 Yerseke/2006a), KF361437.1 (G
Ⅱ.4 Minerva/2006b), KP762437.1 (GⅡ.4 Den Haag 
2006b), ADE28721.1 (GⅡ.6), ACX85810.1 (GⅡ.7), 
ADZ24003.1 (GⅡ.12), and ACX81355.1 (GⅡ.14). 
Multiple sequence alignments were carried out using 
CLUSTALL or BioEdit out and phylogenetic trees were 
constructed using the MEGA 6 software. The phylo­
genetic tree was generated using the neighbor-joining 
method validated by 1000 bootstrap replicates. 

Nucleotide sequence accession numbers
The partial nucleotide sequences determined in this 
study were deposited in GenBank with the following 
accession numbers: GⅠ KU950315-KU950319 and GⅡ 
KU963412-KU963487. 

Statistical analysis 
Data was analyzed using SPSS version 22. For 
comparisons of demographic and clinical symptoms, χ2 
analysis and Pearson χ2 test were used. 
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whereas only 18% received oral rehydration during 
hospitalization. 

NoV incidence was similar across different ge­
ographic regions. Incidence in hospitalized children 
was 9%, 13% and 11% in Beirut, and the Southern 
and Northern parts of Lebanon, respectively (P = 
0.371). Overall, 11.23% (83/739) of our study 
participants tested positive for NoV, of whom, 45 
(54%) were detected in 2011 and 36 (43%) in 2012, 
and two samples tested positive during the first half 
of 2013. The seasonal onset of NoV cases was similar 
during 2011 and 2012 (Figure 1). While our data show 
that NoV infection can occur throughout the year, 
the highest percentage of NoV-positive samples was 
detected in July 2011 (24%) and July 2012 (27%), 
i.e., in the hot months. Fewer infections were observed 
between October and February, which are the cooler 
months in Lebanon. 

In order to analyze the extent of the genetic 
diversity and to designate the genotypes of NoVs 
detected among our cohort of children aged < 5 years, 
we inferred the phylogenetic relationship of the major 
capsid protein gene (orf2) along with subgenotype 
reference isolates. We sequenced 81 samples rather 
than the total number of NoV-positive samples (n = 
83) due to the lack of sufficient volume of purified 
RNA for two samples. Among five GⅠ samples, four 
were designated GⅠ.3 and one as GⅠ.4, based on 
their clustering in the phylogenetic tree. Eight different 
NoV GⅡ genotypes were detected among our study 
participants, and 68% (52/76) of positive cases were 
attributed to GⅡ.4. GⅡ.4 diversified into two distinct 
subclusters distinguished by an A151T substitution. 
These subclusters co-circulated between 2011 and 
2013 (Figure 2). While GII.4 was predominantly asso­
ciated with gastroenteritis among our study parti­
cipants, circulation of more than one sub-genotype 
during the same year was also recorded. The following 
non-GⅡ.4 genotypes were also detected among 
hospitalized children during the study period: GⅡ.6 

RESULTS
Seven hundred and thirty-nine eligible rotavirus-
negative stool samples were assayed for NoV by RT-
PCR during January 2011 to June 2013. Stool samples 
were collected from children aged < 5 years presenting 
to six hospitals in Lebanon due to acute gastroenteritis. 
Tables 1 and 2 summarize the demographic and clinical 
characteristics of our study participants. Overall, 
11.26% (n = 83/739) of the samples tested positive 
for NoV (Table 1). The majority of cases were NoV 
genogroup GII (n = 78/83) (Table 2), with a total 
incidence rate of 10.6%, while only five samples tested 
positive for NoV genogroup GI, with a total incidence 
rate of 0.7%. We did not have mixed infections with 
NoV GⅠ and GⅡ among our study participants. 
Males accounted for 55.9% (413/739) of hospitalized 
children and females for 44% (326/739) while 11.4% 
of the former and 11% of the latter were NoV positive 
(Table 1). Gender was not significantly associated with 
NoV infection (P = 0.887). The mean age of the study 
participants testing positive for NoV and presenting 
with gastroenteritis symptoms upon admission was 
16.2 ± 9.5 mo. Fifteen point five percent of samples 
testing positive for NoV and presenting to hospitals 
with acute gastroenteritis symptoms were children 
aged 12-23 mo (35/376), followed by children aged 
24-35 mo (12.7%; 10/79) (Table 1). Our results showed, 
however, that there was no association between age 
and NoV infection among our study participants (P = 
0.729). 

As expected, the majority of our study participants 
testing positive for NoV had symptoms of diarrhea 
(95%), dehydration (90%), vomiting (76%) and 
fever (67.5%). The Vesikari Clinical Severity Scoring 
System was used to assess the severity of acute 
gastroenteritis. Severe gastroenteritis (i.e., score > 11) 
was reported in 92% of NoV-positive participants (Table 
2). The average hospital stay of children admitted 
ranged between 3 and 5 d. Ninety-five percent of 
NoV-positive cases received intravenous rehydration, 

Table 1  Demographic characteristics of study participants n 
(%)

n NoV positive NoV negative

Participants 739   83 (11.2) 656 (88.8)
Gender
   Male 413   47 (11.4) 366 (88.6)
   Female 326   36 (11.0) 290 (89.0)
Age group (mo)
   0-11 376 34 (9.0) 342 (91.0)
   12-23 226   35 (15.5) 191 (84.5)
   24-35   79   10 (12.7)   69 (87.3)
   36-47   30     3 (10.0)   27 (90.0)
   48-59   27   1 (3.7)   26 (96.3)
Region
   Beirut 217 20 (9.2) 197 (90.8)
   North Lebanon 315   35 (11.1) 280 (88.9)
   South Lebanon 207   28 (13.5) 179 (86.5)

Table 2  Clinical characteristics of NoV-positive cases n  (%)

NoV positive GⅠ GⅡ

Fever
   Yes 56 (67.5) 5 (100.0) 51 (65.4)
   No 27 (32.5) 0 (0.0) 27 (34.6)
Vomiting
   Yes 63 (75.9) 3 (60.0) 60 (76.9)
   No 20 (24.1) 2 (40.0) 18 (23.1)
Diarrhea
   Yes 79 (95.2) 5 (100.0) 74 (94.9)
   No 4 (4.8) 0 (0.0) 4 (5.1)
Assessed dehydration
   Severe 10 (12.0) 1 (20.0)   9 (11.5)
   Mild to moderate 64 (77.1) 3 (60.0) 61 (78.2)
   No dehydration   9 (10.8) 1 (20.0)   8 (10.3)
Vesikari score
   Severe 76 (91.6) 4 (80.0) 72 (92.3)
   Mild to moderate 7 (8.4) 1 (20.0) 6 (7.7)
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(7/76, 9.2%), GⅡ.21 (5/76, 6.6%), GⅡ.3 (5/76, 6.6%), 
GⅡ.13 (3/76, 3.95), GⅡ.9 (1/76, 1.3%), GⅡ.1 (1/76, 
1.3%), and GⅡ.2 (1/76, 1.3%) (Figure 2). 

DISCUSSION
We report the results of a large study on NoV-
associated gastroenteritis in Lebanon. Our study 
reflects the predominance of GII strains among 
children aged < 5 years who were hospitalized due 
to acute gastroenteritis. We detected a broad genetic 
diversity of NoVs causing acute gastroenteritis among 
our study participants. Overall, GⅡ.4 (68%) was the 
most prevalent genotype isolated from hospitalized 
children in Lebanon during the study period. Our 
results are compatible with global reports in which 
most cases of NoV-associated gastroenteritis were 
attributable to GⅡ.4[23-25], and co-circulating with other 
genotypes[13,26-28]. Locally, NoV GII has been previously 
reported in five Lebanese children less than ten years 
old[29]. Regionally, in the Middle East and North Africa 
(MENA), several studies have recently assessed 
the prevalence of NoV among hospitalized children 
aged < 5 years (hospitalized due to signs of acute 
gastroenteritis). These studies were performed on a 
variable sample size in Egypt[30], Israel[31,32], Iran[33], 
Jordan[34], Kuwait[35], Libya[36,37], Morocco[38], Tunisia[39,40], 
Turkey[41-45] and Yemen[46]. NoV was detected in stool 
samples of 6%-30% of hospitalized children aged < 5 
years, with GⅡ.4 and GⅡ.3 predominantly reported in 
these studies. 

We reported A JB-15/KOR/2008 GⅡ.4 Apeldoorn 
2008-like variant strain circulating in 2011 among 
children aged < 5 years in Lebanon. This strain was 
replaced between 2012 and 2013 by a variant sharing 
homology with the Sydney/NSW0514/2012/AUS GⅡ.4 
Sydney 2012 and Sydney 2012/FRA GⅡ.4 strains. 

The latter emerged in Australia in March 2012 and 
was later isolated from the United States, Belgium, 
Denmark, Scotland, and Japan[47]. The co-circulation 
of several GⅡ.4 lineages is well described[18,48] and 
is suggested to be a mechanism of positive selection 
of mutations to generate new NoV variants[49]. The 
variants of the NoV GⅡ.4 lineage have been associated 
with 62%-80% of cases of NoV gastroenteritis 
worldwide, as well as explosive outbreaks occurring 
in community settings[11,50]. Global epidemics of NoV 
gastroenteritis have been associated with the following 
strains: US 1995/96 in 1996[51], Farmington Hills in 
2002[52,53], Hunter in 2004[54], 2006b virus in 2007 and 
2008[55], New Orleans virus during 2009-2012[56] and 
Sydney 2012[57]. Other GⅡ.4 variants have also been 
associated with localized types of epidemics such as 
Henry 2001, Japan 2001, Asia 2003, and 2006a and 
Apeldoorn 2008[18]. 

While GⅡ.3 was reported to be the second most 
predominant genotype in many countries, it ranked 
third along with GⅡ.21 among our study participants 
after GⅡ.4 and GⅡ.6. GⅡ.6 and GⅡ.2 are reported 
to account for 5% of the globally reported strains. The 
prevalence of GⅡ.6 ,the second most predominant 
cause of gastroenteritis among our study participants 
,was similar to reports in several countries including 
Brazil[58], Japan[59], Africa[60] and Finland[61]. GⅡ.21, 
previously reported in Brazil[62], has been described 
as a recombinant product between GⅡ.4/2006b and 
GⅡ.18 strains[63]. In our study, this genotype was 
similar to the Salisbury150/2011/United States GⅡ.21. 
GⅡ.13, previously described as an uncommon cause 
of gastroenteritis, is increasingly being reported in 
many Asian countries[13]. Our results show that GⅡ.13 
ranked fourth as a causative agent of gastroenteritis 
among hospitalized children in Lebanon. Among G
Ⅰ, GⅠ.3 was predominantly detected, albeit less 

Ja
n-

11

100

90

80

70

60

50

40

30

20

10

0

Percentage of N
oV positive sam

ples

80

70

60

50

40

30

20

10

0

N
um

be
r 

of
 t

es
te

d 
sa

m
pl

es

Fe
b-

11

Mar
-1

1

Ap
r-1

1

May
-1

1

Ju
n-

11
Ju

l-1
1

Au
g-

11

Se
p-

11

Oct-
11

Nov
-1

1

Dec
-1

1

Ja
n-

12

Fe
b-

12

Mar
-1

2

Ap
r-1

2

May
-1

2

Ju
n-

12
Ju

l-1
2

Au
g-

12

Se
p-

12

Oct-
12

Nov
-1

2

Dec
-1

2

Ja
n-

13

Fe
b-

13

Mo-yr
Mar

-1
3

Ap
r-1

3

May
-1

3

Ju
n-

13

Figure 1  Seasonal distribution of NoV cases among children aged < 5 years in Lebanon. The absolute number (left Y axis) and the percentage (right Y axis) of 
NoV-positive cases isolated from stool samples and collected from children presenting with acute gastroenteritis to six major hospitals in Lebanon are depicted against 
month and year of circulation (X axis).
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often compared to GⅡ. Our results are compatible 
with global reports in which GⅡ is the most prevalent 
genogroup causing approximately 96% of infections, 
with GⅠ constituting the remaining genogroup and 
causing on average 3.6% of NoV infections[13]. 

Reports show that NoV infection peaks during the 
cold months in parts of Europe and North America, 
with sporadic cases detected all year round, as well as 
outbreaks during the summer months[59,64-66]. Similar 
results are reported from a few other countries[33,42,43,67]. 
New GII.4 variants have been reported to emerge 
with unusual spring/summer seasonality[52], along with 
a total increase in wintertime disease in Europe. The 
former was suggested to be due to the lack of effective 
immunity to the newly emergent GⅡ.4 variant. 
Recently, a systematic review reported a variable 
global seasonality of NoV[8]. A peak in winter months 
was reported in the Northern Hemisphere, while cases 
peaks and outbreaks were reported in the hot months 
in the Southern Hemisphere. Little or Limited data exist 
from Africa, the tropical regions and the MENA region, 
and when present, studies report on short duration NoV 
infections detected in diverse settings. Consequently, 
the ability to associate climate and demographic factors 
with the seasonality of NoV in these areas is difficult. 
Although our data support a peak incidence in July, the 
seasonal pattern of NoV infection in Lebanon is to be 
further investigated in comparison with existing reports. 
In summary, the genotypic characterization of NoV-
positive samples revealed a wide diversity of circulating 
genotypes, with GⅡ.4 predominantly being associated 
with gastroenteritis. Globally, GⅡ.4 circulating strains 
have been responsible for a large number of outbreaks 
in many countries including China, India, Japan, Egypt, 
Turkey and Italy[13]. The evolution of GⅡ.4, described 
as being epochal (long periods of status quo followed 
by outbursts of variation) over time generates escape 
mutants that are periodically selected for by herd 
immunity[11]. Further studies are needed to assess the 
extent of NoV molecular diversity in Lebanon among 
different age groups. 

While we partially genotyped our circulating strains, 
we realize that we cannot suggest any recombination 
event to elaborate on the diverse genotypes detected 
among our study participants. Nevertheless, our study 
confirms the significant role of NoV as a causative 
agent of gastroenteritis among children less than 5 
years old in Lebanon. Our results are compatible with 
global reports in which most cases of NoV-associated 
gastroenteritis are attributable to GII.4. The continuous 
monitoring of NoV infection among different age groups 
is needed in Lebanon to support intervention strategies 
and to detect new circulating variants possibly 
associated with increased rates of morbidity. 

In conclusion, we report the results of a large-scale 
study on NoV-associated gastroenteritis in Lebanon. 
Our results are compatible with global reports in which 

Figure 2  Phylogenetic analysis of norovirus viral protein 1 major capsid 
gene. Nucleotide sequences spanning nucleotides 5385–5657 (length = 273 nt) 
of NoV isolated in Lebanon were aligned with reference strains obtained from 
GenBank. The trees were then constructed based on the nucleotide sequences 
using the neighbor-joining method with bootstrap analysis of 1000 replicates 
using MEGA version 6.0. Bootstrap values > 70% are shown. Reference strains 
are in bold. LBM: Lebanon Makassed Hospital; LBH: Lebanon, Hammoud 
Hospital; LBN: Lebanon, Nini Hospital; LBR: Lebanon, Hariri Governmental 
Hospital; LBA: Lebanon, American University of Beirut Medical Center; LBNG: 
Lebanon, Nabatiyeh Hospital; NoV: Norovirus.
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   Guangzhou/NVgz01/CHN GⅡ.4 Asia 2003
Hunter504D/04O/AU GⅡ.4 Hunter 2004
Kenepuru/NZ327/2006/NZL GⅡ.4 2006a
      Osaka1/2007/JP GⅡ.4 Osaka 2007
Yerseke38/2006/NL GⅡ.4
Shellharbour-NSW696T/2006/AUS GⅡ.4 2006b
LBA 147/2012 GⅡ
Sydney/NSW0514/2012/AUS GⅡ.4 Sydney 2012
LBA163/2013 GⅡ
LBN516/2013 GⅡ
LBNG112/2012 GⅡ
LBR040/2011 GⅡ
LBN365/2012 GⅡ
LBN330/2012 GⅡ
LBN323/2012 GⅡ
2012/FRA GⅡ.4 variant Sydney
LBA113/2012 GⅡ
LBN384/2012 GⅡ
LBN478/2012 GⅡ
LBN382/2012 GⅡ
LBN393/2012 GⅡ
LBN328/2012 GⅡ
LBH208/2012 GⅡ
LBNG175/2013 GⅡ
LBN458/2012 GⅡ
LBH054/2011 GⅡ
LBH068/2011 GⅡ
LBH185/2012 GⅡ
LBH203/2012 GⅡ
LBN259/2011 GⅡ
LBR081/2012 GⅡ
LBN339/2012 GⅡ
LBN374/2012 GⅡ
LBA126/2012 GⅡ
LBH186/2011 GⅡ
   Sutherland/NSW505G/2007/AUS GⅡ.4 Cairo 2007

Maizuru8915/2008/JPN GⅡ.6
LBA057/2011 GⅡ
LBN360/2012 GⅡ
CBNU 1/2006/KOR GⅡ.3

LBNG107/2012 GⅡ
LBA125/2012 GⅡ
 LBNG098/2012 GⅡ
NSW743L/2008/AUS GⅡ.7
 HCMC-VNM30241/2009/VNM GⅡ.9
LBN480/2012 GⅡ
      LBN052/2011 GⅡ
      LBH046/2011 GⅡ
     LBR082/2012 GⅡ
          LBM093/2011 GⅡ

   Maizuru8915/2008/JPN GⅡ.6
    LBA038/2011 GⅡ
    LBH028/2011 GⅡ
 LBNG147/2012 GⅡ
     Ascension208/2010/USA GⅡ.1
      LBM101/2011 GⅡ
        HS207/2010/USA GⅡ.12
     Vaals87/2005/NL GⅡ.2
    LBN329/2012 GⅡ
 LBN358/2012 GⅡ
 LBM102/2011 GⅡ
10N4555/2010/NP GⅡ.13
 LBH091/2011 GⅡ
Salisbury150/2011/USA GⅡ.21
 LBH221/2012 GⅡ
 LBNG129/2012 GⅡ
 LBN387/2012 GⅡ
               LBN373/2012 GⅡ
 LBN366/2012 GⅡ
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most cases of viral gastroenteritis among children 
aged < 5 years are attributable to GⅡ.4. Moreover, 
our data support a peak incidence in July, whereas 
other reports show peak incidences during the cold 
months (e.g., North America, parts of Europe). The 
seasonal pattern of NoV in Lebanon should be further 
investigated. Efforts should be made to introduce the 
clinical diagnosis of the virus due to its impact on the 
community as well as health care institutions.
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Abstract
AIM
To study the impact on cleavage of tumor necrosis 
factor receptor-associated factor 1 (TRAF1) regulated 
by Helicobacter pylori  (H. pylori ).

METHODS
Cleavage of TRAF1 was detected by western blotting 
in the human gastric cancer cell line AGS following 
treatment with an apoptosis inducer. Cleavage of 
TRAF1 mediated by caspase was examined in vitro  
using specific caspase inhibitors. The effect of the 
COOH-terminal TRAF1 fragment on gastric cell 
apoptosis during H. pylori  infection was measured 
using flow cytometry. The impact of H. pylori  infection 
on TRAF1 cleavage was detected in the presence of 
apoptosis inducer. The roles of H. pylori  virulence 
factors that may regulate TRAF1 cleavage were 
analyzed using isogenic cagA- , vacA-  and cagE- null 
mutants.

RESULTS
TRAF1 was found to be cleaved in AGS cells treated 
with the apoptosis inducer, and caspase-8 was the 
major caspase involved in the cleavage of TRAF1. The 
COOH-terminal TRAF1 fragment significantly induced 
cell apoptosis (P  < 0.05) as well as promoted H. pylori -
induced cell apoptosis (P  < 0.05). H. pylori  infection 
was found to significantly inhibit the cleavage of 
TRAF1 and to inhibit the activation of caspase-8 in the 
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presence of the apoptosis inducer at specific infection 
times and different cell/bacteria ratios. We also found 
that the effects of cagE-  and cagA- null mutants on 
the inhibition of TRAF1 cleavage and activation of 
caspase-8 were significantly attenuated, compared with 
wild-type H. pylori , in the presence of the apoptosis 
inducer, showing that the virulence factor CagA was 
mainly involved in the inhibition of TRAF1 cleavage.

CONCLUSION
H. pylori  infection significantly inhibits the cleavage of 
TRAF1 via  a CagA-dependent mechanism, which would 
increase the relative amounts of full-length TRAF1 and 
exert an antiapoptotic effect on H. pylori -infected cells.

Key words: Helicobacter pylori ; Tumor necrosis factor 
receptor-associated factor 1; CagA; Cleavage; Apoptosis

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: We report our first results from a study 
of Helicobacter pylori  (H. pylori )-mediated tumor 
necrosis factor receptor-associated factor 1 (TRAF1) 
cleavage. The impact of H. pylori  infection and its 
virulence factors on TRAF1 cleavage were detected 
in the presence of an apoptosis inducer. This study 
demonstrates, for the first time, that the cleavage 
of TRAF1 and the activation of caspase-8 were 
significantly inhibited by H. pylori  infection in the 
presence of an apoptosis inducer. In addition, the 
virulence factor CagA was mainly involved in the 
inhibition of TRAF1 cleavage.

Wan XK, Yuan SL, Wang YC, Tao HX, Jiang W, Guan ZY, Cao 
C, Liu CJ. Helicobacter pylori inhibits the cleavage of TRAF1 
via a CagA-dependent mechanism. World J Gastroenterol 2016; 
22(48): 10566-10574  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i48/10566.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i48.10566

INTRODUCTION
Gastric cancer is one of the most common malignant 
tumors and the third leading cause of cancer-related 
deaths worldwide[1]. Helicobacter pylori (H. pylori) 
is a gram-negative, spiral shaped pathogen that 
successfully colonizes human gastric mucosa and 
is a strong risk factor for chronic gastritis, peptic 
ulcer, mucosa-associated lymphoid tissue lymphoma 
and gastric cancer[2-4]. H. pylori pathogenesis is 
determined largely by interactions between bacterial 
factors and host cells. The best-characterized viru
lence determinants of H. pylori are the cytotoxin-
associated gene pathogenicity island (cag PAI) and the 
vacuolating cytotoxin A (vacA). The cag PAI encodes a 
type Ⅳ secretion system (T4SS), which is responsible 
for injecting virulence factors, such as CagA protein, 

directly into host cells. Once injected into cells, 
the CagA protein will induce complex cell changes 
involving various host signaling pathways[5,6]. Though 
numerous studies have identified the association 
between H. pylori infection and the development 
of gastric carcinoma, the mechanisms underlying 
the carcinogenic potential of H. pylori are still not 
completely understood.

TRAF1 is a member of the TRAF family and is 
characterized by its diverse biological functions, acting 
through direct or indirect interactions with multiple 
tumor necrosis factor receptor (TNFR) family members 
and intracellular proteins[7]. Several studies have 
demonstrated that TRAF1 might exert an antiapoptotic 
role in lymphoma cells through regulation of the 
activation of NF-κB[8-10]. Wang et al[11] reported that 
TRAF1 expression was up-regulated in the human 
gastric mucosal samples infected with H. pylori in a 
clinical immunohistochemical analysis. Moreover, the 
up-regulation of TRAF1 was increased as the gastric 
disease progressed from chronic gastritis to gastric 
cancer. 

Our previous study showed that the expression of 
TRAF1 is up-regulated by H. pylori infection in both 
gastric epithelial cells and mice. The up-regulation of 
TRAF1 inhibited cell apoptosis as well as increased 
the viability of infected cells, which suggested that 
TRAF1 is an important protein that contributes to the 
pathogenesis of H. pylori-related gastric cancer[12]. 
Interestingly, several studies have shown that TRAF1 
could be transformed into a pro-apoptotic form after 
cleavage by caspase-8 in the presence of Fas ligand 
or TNF-α-induced apoptosis[13-15]. Caspase-8 cleaves 
TRAF1 into two fragments and overexpression of the 
COOH-terminal fragment could enhance Fas or TNF-α 
mediated apoptosis. However, whether the cleavage 
of TRAF1 could be influenced by H. pylori and the 
mechanisms are not known.

The aim of our work was to elucidate the effect on 
TRAF1 cleavage regulated by H. pylori and the roles of 
H. pylori virulence factors regulating TRAF1 cleavage. 
To gain a better understanding of the role of H. pylori 
infection related to TRAF1 cleavage, in the present 
study we detected the cleavage of TRAF1 in AGS cells 
co-cultured with H. pylori or sterile saline alone in the 
presence of an apoptosis inducer. We also analyzed the 
roles of H. pylori virulence factors that may regulate 
TRAF1 cleavage using isogenic cagA-, vacA- and cagE-
null mutants.

MATERIALS AND METHODS
Cell line and H. pylori strains 
The human gastric cancer cell line AGS was obtained 
from the Cell Bank of the Chinese Academy of Sciences 
(Shanghai, China). AGS cells were grown in F-12 
medium (Invitrogen, United States) supplemented with 
10% (vol/vol) fetal bovine serum and were cultured 
at 37 ℃ in a humidified 5% CO2 atmosphere. H. pylori 
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strain NCTC11637, obtained from Chinese Center for 
Disease Control and Prevention (Beijing, China) was 
grown on Columbia agar plates with 5% sheep blood. 
The plates were incubated in a mixed atmosphere 
of 10% CO2, 5% O2, and 85% N2, at 37 ℃ for 24 h, 
after which they were harvested by centrifugation 
at 1000 × g for 5 min at 4 ℃, washed 3 times with 
sterile saline, resuspended in sterile saline and added 
to gastric cells as indicated. Isogenic cagA-, cagE- 
and vacA-null mutants of H. pylori strain NCTC11637 
were constructed by insertional mutagenesis using 
homologous recombination and selected with 25 µg/mL 
kanamycin. 

Antibodies and reagents
The following primary antibodies were used: mouse 
anti-HA tag from Zhongshan Golden Bridge Biotech
nology (Beijing, China); rabbit anti-GAPDH from 
Bioworld Technology (United States); rabbit anti-
caspase-8 from Beyotime Biotechnology (Jiangsu, 
China). The following secondary antibodies were used: 
peroxidase-conjugated goat anti-mouse IgG (H + L) 
and peroxidase-conjugated goat anti-rabbit IgG (H + L) 
from Zhongshan Golden Bridge Biotechnology.

The pharmacological inhibitors were as follows: 
caspase-8 inhibitor Z-IETD-FMK from BioVision 
(United States); pan caspase inhibitor Z-VAD-FMK 
and caspase-3 inhibitor Ac-DEVD-CHO from Beyotime 
Biotechnology. The apoptosis inducer cycloheximide 
(CHX) and TNF-α were purchased from BioVision and 
Peprotech (United States) respectively.

Plasmids and transfection
The plasmids pcDNA-TRAF1-HA, pcDNA-TRAF1(D163A)-
HA, pcDNA- TRAF1-N-HA, pcDNA-TRAF1-C-HA were 
constructed by inserting the specific cDNA and HA-
tag sequences into pcDNA3.1 (+) (conserved in our 
laboratory) respectively. 

In brief, AGS cells were seeded in a 24-well plate 
at a density of 1 × 105 cells/well and cultured for 24 
h, with a target of 60%-80% confluency at the time 
of transfection. Cells were transfected with 0.5 µg of 
plasmids using jetPRIME Transfection Reagent (Polyplus, 
France) according to the manufacturer’s protocol. After 
24 h of transfection, cells were co-cultured with H. pylori 
for the indicated experiments.

Western blot analysis
Proteins were extracted from the cultured cells and 
homogenized in a lysis buffer containing a protease 
inhibitor cocktail (CWBiotech, Beijing, China) accor
ding to the instructions. Then, the proteins were 
separated on 12% SDS-PAGE gels and transferred to 
nitrocellulose membranes (GE Healthcare Life Sciences, 
United States). The membranes were blocked in 
phosphate-buffered saline plus Tween-20 (PBST) 
containing 5% skim milk powder for 2 h at 37 ℃, and 
then incubated with the primary antibodies for 1.5 h 

at 37 ℃. Next, the membranes were incubated with 
peroxidase-conjugated secondary antibodies for 1 h at 
37 ℃. The membranes were treated with ECL reagents 
(Engreen Biosystem, Beijing, China) and visualized 
using a Minichemi Lane1D imager (Sagecreation, Beijing, 
China), according to the manufacturer’s instructions.

Cell apoptosis analysis
Cell apoptosis was measured according to the 
instructions of the Annexin V-FITC Apoptosis Detection 
Kit purchased from Beyotime Biotechnology. Briefly, 
AGS cells were transfected with the respective 
plasmids for 24 h and followed by co-culture with H. 
pylori for 24 h. Then, the cells were collected, washed 
in sterile PBS, and resuspended at a density of 1 × 
106 cells/mL. After that, the cells were stained with 
Annexin V-FITC and propidium iodide (PI) for 10 min 
prior to the analysis using a FACScan flow cytometer 
(Bio-Rad, United States). 

Statistical analysis
Statistical analyses in our paper were performed 
using the software GraphPad Prism 5. The results 
are presented as mean ± SD. Differences among 
groups were compared using variance analysis, and 
comparisons between two groups were performed 
using an unpaired Student’s t-test. Differences were 
considered to be significant at P < 0.05.

RESULTS
TRAF1 is cleaved via caspase-8 in AGS cells infected 
with H. pylori
To confirm that TRAF1 could be cleaved under the 
condition of H. pylori infection, AGS cells transfected 
with HA-tagged TRAF1 were treated with the apoptosis 
inducer (0.3 µg/mL CHX and 80 ng/mL TNF-α) for 
6 h, and then analyzed for the cleavage of TRAF1. 
Our results showed that TRAF1 could be significantly 
cleaved in AGS cells treated with the apoptosis inducer 
(Figure 1A). To confirm that the cleavage site of TRAF1 
is located at aspartic acid 163 in the 160LVED163 motif, 
AGS cells were transfected with HA-tagged TRAF1 
mutation (D163A) and treated with the apoptosis 
inducer. The result showed that the TRAF1 mutation 
(D163A) could not be cleaved by the apoptosis inducer, 
which suggested the cleavage site of TRAF1 is located 
at aspartic acid 163 (Figure 1B). To further confirm 
the cleavage of TRAF1 mediated by caspase-8, TRAF1 
cleavage was examined in vitro using specific caspase 
inhibitors in the presence of the apoptosis inducer 
treatment or H. pylori infection. As shown in Figure 1C 
and 1D, TRAF1 cleavage was blocked completely by 
the addition of Z-VAD-FMK, a broad specificity inhibitor 
of caspases, and was mainly blocked by Z-IETD-FMK, 
a caspase-8-specific inhibitor. However, Z-YVAD-FMK, 
a caspase-3-specific inhibitor, had no apparent effect 
on TRAF1 cleavage. The results show caspase-8 is the 
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effect on cell apoptosis. Transfection with TRAF1 
or TRAF1 (D163A) significantly inhibited H. pylori-
induced apoptosis, whereas transfection with TRAF1-C 
significantly promoted H. pylori-induced apoptosis, 
thereby indicating the pro-apoptotic role of the COOH-
terminal TRAF1 fragment in H. pylori infected cells. 

H. pylori infection significantly inhibits the cleavage of 
TRAF1
To investigate the effect of H. pylori infection on TRAF1 
cleavage in cells, the expression of TRAF1 and its 
cleavage were examined in AGS cells when co-cultured 
with H. pylori or sterile saline alone in the presence of 
the apoptosis inducer for the specific infection times 
and cell/bacteria ratios. The cleavage of TRAF1 in AGS 
cells decreased significantly 4 h after H. pylori infection 
compared with the uninfected cells (Figure 3A). The 
effect of cell/bacteria ratios (1:10-1:500) on TRAF1 
cleavage was then tested. A significantly decreased 
cleavage was observed at a ratio of 1:50, and the 
cleavage of TRAF1 gradually decreased as the bacteria 
amounts increased (Figure 3B). As caspase-8 is the 

major caspase involved in the cleavage of TRAF1 in 
cells infected with H. pylori.

COOH-terminal TRAF1 fragment promoted cell 
apoptosis in H. pylori infected cells 
To confirm the pro-apoptotic role of the COOH-
terminal TRAF1 fragment, AGS cells were transfected 
with HA-tagged TRAF1, TRAF1 (D163A), the NH2-
terminal TRAF1 (TRAF1-N), the COOH-terminal TRAF1 
(TRAF1-C), or empty vector respectively and cell 
apoptosis was analyzed by flow cytometry. The results 
showed transfection with TRAF1, TRAF1 (D163A), or 
TRAF1-N had no significant effect on cell apoptosis 
compared with empty vector control, whereas 
transfection with TRAF1-C significantly promoted 
cell apoptosis (Figure 2A). In addition, to confirm 
the pro-apoptotic role of the COOH-terminal TRAF1 
fragment in AGS cells infected with H. pylori, AGS cells 
were also transfected with the above five plasmids 
respectively and infected with H. pylori for 24 h and 
analyzed for cell apoptosis (Figure 2B). The results 
showed transfection with TRAF1-N has no significant 

Figure 1  Tumor necrosis factor receptor-associated factor 1 is cleaved via caspase-8 in AGS cells infected with Helicobacter pylori. A: AGS cells transfected 
with either HA-tagged tumor necrosis factor receptor-associated factor 1 (TRAF1) or empty vector were treated with the apoptosis inducer (0.3 mg/mL CHX and 80 
ng/mL TNF-α) for 6 h, and the cleavage of TRAF1 was detected by western blotting; B: AGS cells were transfected with wild-type or D163A mutant of TRAF1 and 
analyzed for the cleavage of TRAF1 by western blotting; C: AGS cells transfected with the HA-tagged TRAF1 were pretreated with 20 mmol/L of Z-VAD-FMK, Z-IETD-
FMK, or Z-YVAD-FMK for 30 min, followed by treatment with the apoptosis inducer for 6 h and then analyzed for the cleavage of TRAF1 by western blotting; D: AGS 
cells transfected with the HA-tagged TRAF1 were pretreated with 20 mmol/L of Z-VAD-FMK, Z-IETD-FMK, or Z-YVAD-FMK for 30 min, followed by infection with 
Helicobacter pylori strain NCTC11637 for 6 h and then analyzed for the cleavage of TRAF1 by western blotting.
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Figure 2  COOH-terminal tumor necrosis factor receptor-associated factor 1 fragment promoted cell apoptosis in Helicobacter pylori infected cells. A: AGS 
cells were transfected with HA-tagged tumor necrosis factor receptor-associated factor 1 (TRAF1), TRAF1(D163A), TRAF1-N, TRAF1-C for 24 h and then analyzed 
for cell apoptosis by flow cytometry using annexin V-FITC and propidium iodide staining (aP < 0.05 vs control). The expression levels of these proteins in the analyzed 
cells were shown (Lower); B: AGS cells were transfected with HA-tagged TRAF1, TRAF1(D163A), TRAF1-N, TRAF1-C for 24 h respectively, followed by infection with 
Helicobacter pylori strain NCTC11637 for 24 h and then analyzed for cell apoptosis (aP < 0.05 vs control, bP < 0.01 vs Control, cP < 0.05 vs control). The expression 
levels of these proteins in the analyzed cells are shown (Lower). 
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major caspase involved in the cleavage of TRAF1, 
we next analyzed the activation of caspase-8. As 
shown in Figure 3C and D, the cleaved caspase-8 was 
significantly decreased when co-cultured with H. pylori 
in the presence of the apoptosis inducer for the specific 
infection times as well as the indicated cell/bacteria 
ratios, suggesting that the activity of caspase-8 was 
inhibited. These results indicate that H. pylori infection 
significantly inhibits the cleavage of TRAF1. 

CagA is the major virulence factor involved in inhibiting 
the cleavage of TRAF1
As CagA is a major virulence factor in H. pylori-related 
gastric pathogenesis, we next investigated whether 
CagA could affect TRAF1 cleavage. The isogenic cagA-, 
vacA- and cagE-null mutants were used. H. pylori 
lacking CagE cannot form an effective type Ⅳ secretion 
system and inhibits the translocation of CagA into 
cells, whereas knocking-out of cagA and vacA leads to 
no expression of the VacA and CagA virulence factors, 
respectively. 

AGS cells were infected with the wild-type H. pylori 
or the isogenic H. pylori mutants in the presence of 
the apoptosis inducer, and analyzed for the TRAF1 
cleavage. The results showed the TRAF1 cleavage 
significantly increased in 6 h and 12 h after infection 
with cagE- and cagA-null mutants compared with 
wild-type H. pylori, while the vacA-null mutant had no 
significant changes compared with wild-type H. pylori 
(Figure 4A). A significantly increased cleavage was 
also observed in cagE- and cagA-null mutants at the 
indicated cell/bacteria ratios (1:100-1:500) (Figure 
4B). This suggested that the effect of cagE- and cagA-

null mutants on the inhibition of TRAF1 cleavage was 
significantly attenuated compared with wild-type H. 
pylori in the presence of the apoptosis inducer. We 
also analyzed the uncleaved and cleaved caspase-8 
forms at the indicated infection time and cell/bacteria 
ratios. As shown in Figure 4C and D, the activity of 
caspase-8 significantly increased in the cagE- and 
cagA-null mutants compared with wild-type H. pylori. 
Thus, these results suggested that the virulence factor 
CagA plays an important role in the H. pylori-mediated 
inhibition of TRAF1 cleavage.

DISCUSSION
In the present study, we show the previously uniden
tified role of TRAF1 cleavage regulated by H. pylori 
infection. TRAF1 was found to be cleaved via caspase-8 
in AGS cells treated with an apoptosis inducer, and the 
COOH-terminal TRAF1 fragment was found to promote 
H. pylori-induced cell apoptosis. However, H. pylori 
infection was found to inhibit the cleavage of TRAF1 
as well as inhibit the activation of caspase-8 in the 
presence of the apoptosis inducer. We also found that 
the H. pylori virulence factor CagA is mainly involved 
in the H. pylori-mediated inhibition of TRAF1 cleavage.

TRAF1 is a member of the TRAF family and is 
dysregulated in various diseases, such as atheroma, 
lymphoma, and solid tumors[16-19]. Some studies sug
gested that TRAF1 plays an antiapoptotic role[8,9] and 
could suppress TNFR-induced cell apoptosis[20,21]. 
Immunohistochemistry of gastric mucosal specimens 
from H. pylori-positive patients with chronic gastritis 
(CG), intestinal metaplasia (IM), dysplasia, and 
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Figure 3  Helicobacter pylori inhibits the cleavage of tumor necrosis factor receptor-associated factor 1. A: AGS cells transfected with HA-tagged tumor 
necrosis factor receptor-associated factor 1 (TRAF1) were treated with the apoptosis inducer (0.3 mg/mL CHX and 80 ng/mL TNF-α) and co-cultured with Helicobacter 
pylori (H. pylori) strain NCTC11637, or left untreated for the infection time indicated, and analyzed for the cleavage of TRAF1 by western blotting; B: AGS cells 
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Figure 4  CagA is the major factor involved in inhibiting the cleavage of tumor necrosis factor receptor-associated factor 1. A: AGS cells transfected with 
tumor necrosis factor receptor-associated factor 1 (TRAF1) were treated with the apoptosis inducer (0.3 mg/mL CHX and 80 ng/mL TNF-α), and co-cultured with 
Helicobacter pylori (H. pylori) strain NCTC11637 or its isogenic vacA-, cagE- or cagA-null mutants, and analyzed for the cleavage of TRAF1 at 6 h and 12 h by western 
blotting; B: AGS cells transfected with TRAF1 were treated with the apoptosis inducer, and co-cultured with H. pylori strain NCTC11637, or its isogenic vacA-, cagE- 
or cagA-null mutants at the indicated cell/bacteria ratios, and analyzed for the cleavage of TRAF1 by western blotting; C: The same as shown in (A), but analyzed for 
uncleaved and cleaved caspase-8 by western blotting; D: The same as shown in (B), but analyzed for uncleaved and cleaved caspase-8 by western blotting.
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gastric carcinoma (GC) showed that positive TRAF1 
expression was detected in 34.8%, 53.3%, 72.7%, 
and 88.9% specimens of CG, IM, dysplasia, and GC, 
respectively, suggesting that TRAF1 may be involved 
in H. pylori-induced gastric carcinogenesis[11]. Our 
previous study showed that the up-regulation of 
TRAF1 could be induced by H. pylori in both gastric 
epithelial cells and mice. The up-regulation of TRAF1 
inhibited cell apoptosis and increased the viability 
of gastric epithelial cells infected with H. pylori. We 
also determined that H. pylori infection significantly 
enhanced the formation of the antiapoptotic complex 
containing TRAF1, TRAF2, cIAP1, and cIAP2, which 
might play a major role in suppressing the activation 
of caspase-8 and in inhibiting cell apoptosis[12]. 

Though the full-length TRAF1 protein exerts an 
anti-apoptotic role during H. pylori infection, TRAF1 
could be converted into a pro-apoptotic protein after 
cleavage[13-15]. So, it is important to explore the 
regulation of TRAF1 cleavage by H. pylori. In our 
study, we found the cleavage of TRAF1 as well as 
the activation of caspase-8 induced by the apoptosis 
inducer could be significantly inhibited by H. pylori 
infection. As the COOH-terminal TRAF1 fragment has 
a pro-apoptotic role, the inhibition of TRAF1 cleavage 
may further protect H. pylori-infected cells from 
apoptosis. Our results showed that the cleavage of 
TRAF1 decreased significantly after 4 h following H. 
pylori infection and the cleavage of TRAF1 gradually 
decreased as the bacteria amounts increased, which 
suggests the inhibition of TRAF1 cleavage is related to 
the infection time and the bacterial amounts. 

Another important finding is that the inhibition 
of TRAF1 cleavage was mainly dependent on the H. 
pylori virulence factor CagA. Our results suggested 
that the effects of cagE- and cagA-null mutants on 
the inhibition of TRAF1 cleavage were significantly 
attenuated compared with wild-type H. pylori or the 
vacA-null mutant in the presence of the apoptosis 
inducer. However, the mechanisms are not completely 
understood. It is possible that CagA-positive H. 
pylori up-regulates the expression of TRAF1, TRAF2, 
cIAP1, and cIAP2, which can increase formation of 
the antiapoptotic complex to suppress caspase-8 
activation and then inhibit TRAF1 cleavage. It is also 
possible that H. pylori inhibits caspase-8 activation 
via other signaling pathways mediated by activation 
of NF-κB, thereby inhibiting TRAF1 cleavage. NF-
κB is a major transcription regulator involved in 
inflammation, cell proliferation, and apoptosis, which 
are considered to be anti-apoptotic and to have an 
oncogenic role[22]. H. pylori infection could activate 
NF-κB through host-bacterial interactions via multiple 
signaling pathways[23,24]. Among these pathways, CagA 
is the major bacterial component to induce activation 
of NF-κB through interaction with multiple signaling 
regulators, such as receptor tyrosine kinase c-Met, 
guanine exchange factor α-Pix, and Ras, thereby 
leading to activation of phosphatidylinositol-3-kinase 
(PI3K)/Akt kinase, transforming growth factor beta-

activated kinase 1 (TAK1), and MAPK/ERK signaling 
pathways[25-28].

In summary, our study suggested that during its 
evolutionary adaptation to the host gastric environment 
and to counteract detrimental conditions, H. pylori 
infection induced the up-regulation of TRAF1 as well 
as inhibited its cleavage. Therefore, the dysregulation 
and increase of TRAF1 may be advantageous for H. 
pylori by allowing this pathogen long-term habitation 
in the gastric mucosa without triggering cell apoptosis. 
However, this change may increase the risk of gastric 
carcinoma. 

ACKNOWLEDGMENTS 

We would like to express our great appreciation to 
Weiwei Liu for his statistical review of our data.

COMMENTS
Background
Our previous study showed that tumor necrosis factor receptor-associated 
factor 1 (TRAF1) is up-regulated by Helicobacter pylori (H. pylori) infection in 
both gastric epithelial cells and mice. The up-regulation of TRAF1 has been 
shown to inhibit cell apoptosis and to increase the viability of infected cells, 
suggesting that TRAF1 may be an important molecule during the pathogenesis 
of H. pylori-related gastric cancer. Interestingly, several studies have shown 
that TRAF1 can be converted into a pro-apoptotic protein after cleavage by 
caspase-8 in the presence of Fas ligand or TNF-α-induced apoptosis. However, 
whether the cleavage of TRAF1 could be influenced by H. pylori infection and 
the related mechanism are not known.

Research frontiers
Gastric cancer is the fifth most common malignancy and the third leading cause 
of cancer-related deaths worldwide. Though numerous studies have identified 
an association between H. pylori infection and the development of gastric 
carcinoma, the mechanisms underlying the carcinogenic potential of H. pylori 
are still not completely understood.

Innovations and breakthroughs
The authors report our first results from a study of H. pylori-mediated TRAF1 
cleavage. This study demonstrates for the first time that the cleavage of TRAF1 
and the activation of caspase-8 were significantly inhibited by H. pylori infection 
in the presence of an apoptosis inducer. In addition, the virulence factor CagA 
was found to be mainly involved in the inhibition of TRAF1 cleavage.

Applications
This results suggest that, during its evolutionary adaptation to the host 
environment and to counteract detrimental conditions, H. pylori infection 
induced the up-regulation of TRAF1 as well as inhibited its cleavage. The up-
regulation of TRAF1 inhibited cell apoptosis and increased the viability of 
infected cells, suggesting that TRAF1 may be a potential target for prevention 
and diagnosis during the pathogenesis of gastric cancer related to H. pylori 
infection.

Terminology
Cytotoxin-associated gene A (CagA), an important virulence factor and the 
only bacterial oncoprotein, is delivered into gastric epithelial cells via type Ⅳ 
secretion of H. pylori. Upon delivery, CagA perturbs multiple host signaling 
pathways by interacting with the host signaling molecules, resulting in 
cytopathic effects and subsequent cell transformation.

Peer-review
The following are comments and questions to authors. I hope to take 
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consideration for further improvement: (1) the detailed characteristics of AGS 
cell and the reason why this cell line was selected needs to be explained; (2) 
the authors revealed TRAF1 was cleaved by an apoptosis inducer and it was 
attenuated by a caspase-8 inhibitor. Do the authors have data that caspase-8 
itself cleaved TRAF1? (3) for easy understanding, a correlation diagram in H. 
pylori and TRAF1 cleavage should be presented.
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Abstract
AIM
To evaluate the feasibility of repairing a common bile 
duct defect with a decellularized ureteral graft in a 
porcine model.

METHODS
Eighteen pigs were randomly divided into three groups. 
An approximately 1 cm segment of the common bile 
duct was excised from all the pigs. The defect was 
repaired using a 2 cm long decellularized ureteral graft 
over a T-tube (T-tube group, n  = 6) or a silicone stent 
(stent group, n  = 6). Six pigs underwent bile duct 
reconstruction with a graft alone (stentless group). The 
surviving animals were euthanized at 3 mo. Specimens 
of the common bile ducts were obtained for histological 
analysis.

RESULTS
The animals in the T-tube and stent groups survived 
until sacrifice. The blood test results were normal in 
both groups. The histology results showed a biliary 
epithelial layer covering the neo-bile duct. In contrast, 
all the animals in the stentless group died due to biliary 
peritonitis and cholangitis within two months post-
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surgery. Neither biliary epithelial cells nor accessory 
glands were observed at the graft sites in the stentless 
group.

CONCLUSION
Repair of a common bile duct defect with a decellularized 
ureteral graft appears to be feasible. A T-tube or 
intraluminal stent was necessary to reduce postoperative 
complications.

Key words: Decellularization; Stent; Bile duct injury; 
Biliary reconstruction; Ureteral graft

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: A common bile duct defect is a challenge for 
hepatobiliary surgeons. A decellularized ureteral graft 
was introduced in this experimental study to repair a 
common bile duct defect. If the biliary reconstruction 
was performed with a T-tube or stent insertion into 
the ureteral graft, all animals survived with normal 
liver function. The histology results showed a biliary 
epithelial layer regeneration over the graft. Thus, repair 
of a common bile duct defect with a decellularized 
ureteral graft appears to be feasible. In addition, a 
T-tube or stent was found to be necessary to reduce 
postoperative complications in this study.

Cheng Y, Xiong XZ, Zhou RX, Deng YL, Jin YW, Lu J, Li 
FY, Cheng NS. Repair of a common bile duct defect with a 
decellularized ureteral graft. World J Gastroenterol 2016; 
22(48): 10575-10583  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i48/10575.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i48.10575

INTRODUCTION
Defects of the common bile duct may result from 
operations to treat a congenital choledochous cyst, 
extrahepatic cholangiocarcinoma or Mirizzi syndrome. 
However, most defects generally follow iatrogenic bile 
duct injury during cholecystectomy[1-4]. A small defect 
may be successfully treated by a plastic repair to enlarge 
the lumen or an end-to-end anastomosis over a T-tube 
if there is enough normal biliary tissue to repair the 
defect without tension[4-7]. A long defect from extensive 
loss of the common bile duct is a major challenge for 
hepatobiliary surgeons[1-3]. The most commonly used 
method for repair of a long common bile duct defect is a 
biliary-enteric anastomosis (e.g., hepaticojejunostomy, 
choledochojejunostomy, choledochoduodenostomy)[1-3]. 
However, a biliary-enteric anastomosis may cause 
complications, such  as retrograde biliary infection, 
anastomotic stricture, hepatolithiasis and biliary cirrhosis, 
because of the lack of the sphincter of Oddi[5-7]. An 
alternative method for repairing the defect is the use of 
autologous tubular tissue (e.g., artery, vein, appendix), 

which may cause fibrosis in the free graft and stricture 
formation at the location of the anastomosis. These 
issues can impair long-term success[8-11].

In recent years, several new materials with 
fewer foreign body reactions have been successfully 
introduced as substitutes for normal bile ducts for 
biliary defect reconstruction[12-16]. To our knowledge, 
decellularized ureter tissue has not yet been used as 
a substitute in experimental biliary defect repair. The 
primary aim of the present study was to evaluate the 
feasibility of common bile duct defect repair with a 
decellularized ureteral graft in a porcine model. The 
secondary purpose was to determine the effect of a 
T-tube and intraluminal stent on the outcomes of the 
present study.

MATERIALS AND METHODS
Laboratory animals
The study was approved by the Local Ethics Committee 
of West China Hospital (Sichuan, China) (Permit 
Number: SYXK2013-119) and was in accordance with 
the Guide for the Care and Use of Laboratory Animals 
of the National Institutes of Health. A total of 18 
experimental pigs (Neijiang cross) were obtained from 
the Chengdu Ping’an Experimental Animal Reproduction 
Center (Sichuan, China). Male and female pigs were 
used and all weighed between 25 and 35 kg. Before 
starting this experiment, all animals were housed and 
fed for one week at the Experimental Animal Center 
at Sichuan University to allow time for adaptation to 
the new environment. All procedures were carried out 
under anesthesia. Analgesics were administered to 
minimize the suffering of the animals. According to the 
previous published studies[12-16], the pigs were subjected 
to euthanasia under anesthesia 3 mo post-surgery by 
an intravenous injection of 10% potassium chloride. In 
case of an unexpected death, the animal was subjected 
to autopsy to find the cause of death.

Decellularized ureteral grafts
Ureters of four experimental pigs (Neijiang cross) 
sacrificed by another team were harvested under 
sterile conditions. The peripheral connective tissues 
surrounding the ureters were mechanically removed. 
Before decellularization, ureters were cut into pieces 
of 5.0 cm in length. First, ureters were shaken and 
washed in phosphate-buffered saline (PBS, pH 7.4) 
for 2 h. Second, ureters were placed in a 1% sodium 
dodecyl sulfate (SDS; Demchem, Shanghai, China) 
solution and stirred (500 rpm) with a magnetic stirrer 
for 24 h. Third, ureters were washed in PBS for 2 h. 
Fourth, ureters were placed in 1% Triton-100 (Amresco, 
Oh, United States) and stirred (500 rpm) with a 
magnetic stirrer for 24 h. Then, the decellularized 
ureteral grafts were washed in PBS for 24 h. SDS, 
Triton-100 and PBS solutions were changed every 
12 h. Finally, the decellularized ureteral grafts were 
sterilized by gamma radiation and stored in PBS with 
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1% antibiotic solution at 4 ℃. These grafts were cut 
to 2.0 cm in length (Figure 1A). A scanning electron 
microscopy (SEM) photogram was obtained to evaluate 
the graft surface (Figure 1B).

Animal model of a common bile duct defect
Preoperatively, all animals were fasted for 12 h but had 
free access to water. Thirty minutes before surgery, 
cefoxitin sodium (0.15 g/kg; Jiangsu Yangzijiang, 
Co., Ltd, China) was administered intravenously. 
Anesthesia was induced by an intravenous injection 
of diazepam (0.2 mg/kg) (Hubei Pharmacy, Co., Ltd, 
China), fentanyl (10 µg/kg) (Yichang Renhe, Co., Ltd, 
China), ketamine (2 mg/kg) (Zhejiang Jiuxu, Co., 
Ltd, China) and succinylcholine (2 mg/kg) (Jiangsu 
Yangzijiang, Co., Ltd, China). After endotracheal 
intubation, anesthesia was maintained by oxygen and 
isoflurane (NunanBeite, Co., Ltd, China). All operations 
were performed under sterile conditions. All animals 
were placed in the supine position. After a sterile skin 
preparation, a right subcostal incision was made. 
After gross inspection of the abdominal cavity, the 
hepatoduodenal ligament was dissected to identify the 
cystic duct and common bile duct. After mobilization 
of the entire common bile duct, a 1 cm long segment 
distal to the entrance of the cystic duct was resected 
to create a model of a common bile duct defect. The 

gallbladder was left in situ.

Study design and surgical technique
Eighteen pigs were randomly divided into three groups, 
namely, the T-tube (n = 6), stent (n = 6) and stentless 
(n = 6) groups. In the T-tube group, an 8- or 10-Fr 
latex T-tube was inserted through a separate incision in 
the proximal common bile duct approximately 0.5 cm 
away from the defect. The common bile duct defect was 
bridged by a 2 cm long decellularized ureteral graft and 
repaired without tension. An end-to-end anastomosis 
over the lower limb of the T-tube was performed in this 
group (Figure 2A). The anastomoses were completed 
using two continuous 7-0 prolene sutures (Ethicon, NY, 
United States). A pedicled omentum flap was brought 
up to wrap the interposed graft for vascularization. The 
abdomen was closed in two layers (peritoneum and 
skin) using interrupted 0# silk sutures (Ethicon, NY, 
United States). The T-tube was fixed on the abdomen 
and no abdominal drain was placed. The animal had 
free access to water on the day of the procedure and 
resumed a normal oral diet on the first postoperative 
day. Cefoxitin sodium (0.15 g/kg; Jiangsu Yangzijiang, 
Co., Ltd, China) was administered intramuscularly for 
the first 3 postoperative days. The T-tube was allowed 
to drain freely for 3 mo. In the stent group, an end-to-
end anastomosis was performed with continuous 7-0 
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Figure 1  Appearance and structure of a graft used in common bile duct reconstruction. A: The decellularized ureteral graft is over a stent. B: Scanning electron 
microscope photogram shows porous extracellular matrix and collagen fibers. Scanning bar indicates 100 μm.

Figure 2  Surgical technique of common bile duct reconstruction. A: The common bile duct defect was reconstructed with a 2 cm long decellularized ureteral graft 
over the lower limb of the T-tube (T-tube group); B: The defect was reconstructed with a graft over an intraluminal stent (stent group); C: The defect was reconstructed 
with a graft alone without any T-tube or intraluminal stent insertion (stentless group).
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prolene sutures (Ethicon, NY, United States) over an 8-Fr 
silicon stent (Figure 2B). The endoluminal stent was 
approximately 4 cm in length and had a decellularized 
ureteral graft in the middle. The stent spread out 1 cm 
into the proximal and distal common bile duct stumps. 
Two transmural stitches using 7-0 prolene sutures were 
made to fix the position of the stent. In the stentless 
group, the end-to-end anastomosis was completed 
with continuous 7-0 prolene sutures (Ethicon, NY, 
United States) without any T-tube or intraluminal stent 
insertion (Figure 2C).

Biochemistry and cholangiography
Blood samples were drawn at postoperative week 1 
and once a month. They were sent to the biochemical 
laboratory at West China Hospital, Sichuan University 
to evaluate each animal’s liver function. The tests 
included total bilirubin (TB), alanine aminotransferase 
(ALT) and gamma-glutamyl transpeptidase (GGT). At 
3 mo postoperatively, cholangiography was performed 
for the surviving animals under general anesthesia. 
During the cholangiography, 20 ml of contrast media 
(50% iohexol injection; Zhejiang Tianrui, Co., Ltd, 
China) was injected into the biliary tract through 
either the T-tube for animals in the T-tube group 
or percutaneous gallbladder puncture using guided 
ultrasonography for animals in the stent and stentless 
groups. Images were obtained and evaluated by a 
radiologist at West China Hospital.

Histopathology
Following the cholangiography, all surviving animals 
underwent an exploratory laparotomy. After a general 
inspection of the abdominal cavity for signs of biliary 
leakage and abdominal abscess, all animals were 
sacrificed by an intravenous injection of 10% potassium 
chloride. The entire extrahepatic biliary tree, including 
grafts and native bile ducts, were harvested from the 
animals. Specimens of the bile ducts were fixed in 
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either 10% neutral buffered formalin or liquid nitrogen 
and sent to the Pathology Department of West China 
Hospital for histopathology evaluation. Conventional 
hematoxylin/eosin (H&E) staining was performed 
to observe the morphology of the bile duct. An anti-
cytokeratin 19 antibody (CK19, 1:200, Sigma, United 
States) was used for immunofluorescent staining to 
label the bile duct epithelium.

Statistical analysis
SPSS statistical software package (version 22.0, SPSS 
Inc., Chicago, IL, United States) was used for the 
statistical analyses. A Mann-Whitney U test or Kruskal-
Wallis analysis of variance with multiple comparisons 
was applied to analyze various continuous variables. 
Data were considered statistically significant when the 
P value was less than 0.05.

RESULTS
Survival and complications
All 18 pigs survived the operation. The animals in the 
T-tube and stent groups gained weight and were in 
a good general condition after 3 mo at the time of 
sacrifice. However, the use of only a decellularized 
ureteral graft for the bile duct reconstruction (stentless 
group) led to the death of four animals in the first 
month and two animals in the second month. None of 
the animals survived until the mandatory sacrifice at 3 
mo (Figure 3).

None of the animals in the T-tube group suffered 
from any post-operative complications. One biliary 
stricture occurred in the 6 pigs in the stent group. This 
animal appeared clinically well without a significantly 
decreased appetite, jaundice or weight loss at the 3-mo 
sacrifice. However, a mild narrowing at the proximal 
anastomosis and a mild intrahepatic and extrahepatic 
biliary dilatation were noted. It appeared that stent 
migration resulted in this biliary stricture because it was 
noted at autopsy that the stent was not present at the 
graft site. In the stentless group, repair of the common 
bile duct defect with a graft alone was not adequate. 
Within two weeks of the operation, 1 of the 6 pigs 
(16.7%) developed bile leakage and biliary stricture and 
subsequently died due to biliary peritonitis. The other 
five pigs in the stentless group suffered from severe 
biliary stricture and subsequent death due to acute 
obstructive suppurative cholangitis. Hepatolithiasis was 
observed in three pigs that suffered from severe biliary 
stricture in the stentless group (Table 1).

Figure 3  Survival rates. All animals in the T-tube group and stent group 
survived until their sacrifice after 3 mo. In stentless group, all of the animals 
died in 2 mo.

Table 1  Post-operative complications in animals

Complications Groups

T-tube Stent Stentless
Bile leakage 0/6 0/6 1/6
Biliary stricture 0/6 1/6 6/6
Hepatolithiasis 0/6 0/6 3/6

Cheng Y et al . common bile duct defect reconstruction

1.0

0.8

0.6

0.4

0.2

0.0

0.00       0.50       1.00       1.50       2.00       2.50       3.00
Time (mo)

Su
rv

ia
l

T-tube group + stent group
Stentless group

Treatments



Biochemistry and cholangiography
The biochemical results of the animals in each group 
are shown in Table 2. In the T-tube and stent groups, 
all the biochemical parameters (TB, ALT and GGT) were 
within normal ranges throughout the study. There was 
no significant difference in any parameter at each time 
point between the T-tube and stent groups. In contrast, 
the levels of TB, ALT and GGT were significantly 
increased in the surviving animals in the stentless 
group. The mean levels of TB, ALT and GGT in the 
stentless group were significantly higher than those in 
the T-tube and stent groups at each time point.

The animals that survived in the T-tube and stent 
groups underwent cholangiography at 3 mo before 
sacrifice. Cholangiograms showed that the contrast 
passed freely from the bile duct into the duodenum. 
Neither biliary leakages nor filling defects were 
observed on any cholangiogram in the T-tube group 
(Figure 4A). However, 1 biliary stricture was detected 
among the 6 pigs in the intraluminal stent group 
due to stent migration. A minimal narrowing at the 
proximal biliary anastomosis and a mild dilation of the 
intrahepatic bile ducts were noted in this animal. There 
was no evidence of biliary stricture or proximal biliary 
dilatation in any other animals after 3 mo in the stent 
group (Figure 4B).

Histopathology
In the T-tube group, the autopsy at 3 mo revealed that 
the common bile ducts were patent in all the explanted 
specimens without any bile leakage (Figure 5A). There 
was no gross evidence of biliary stricture or proximal 
biliary dilatation. Remnants of the 7-0 prolene sutures 
were observed at the end-to-end anastomosis. The 
decellularized ureteral grafts appeared to be com
pletely degraded. Neo-ducts were observed at 3 mo 
post-surgery. The lumen of each neo-bile duct was 
covered with a layer of smooth mucosa, which had an 
appearance similar to that of the native common bile 
duct. There was a progressive contraction of the graft 
area from an initial length of 2 cm to 1.1 (0.9-1.2) cm.

In the stent group, the intraluminal stents were 
observed in situ in all but one animal during the autopsy 
at 3 mo (Figure 5B). The macroscopic results of the five 
animals with the stent in situ were similar to those of 
the animals in the T-tube group (Figure 5B). However, 
the intraluminal stent in one animal disappeared due 
to stent migration. This animal developed mild biliary 
stricture and proximal biliary dilatation. The mean 
length of the graft area was 1.0 (0.8-1.1) cm. In the 
stentless group, marked biliary strictures and proximal 
biliary dilatations were observed in all the animals 
during the autopsy (Figure 5C). In most of the animals, 
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Table 2  Biochemical results of animals in each group

Parameters Normal range Groups 1 mo postoperative 2 mo postoperative 3 mo postoperative

Total bilirubin (μmol/L) 1.7-8.5 T-tube   3.0 ± 0.3  3.2 ± 0.3   3.3 ± 0.4
Stent   3.2 ± 0.5  3.4 ± 0.5   3.6 ± 0.5

Stentless      68.2 ± 15.1a,c   106.3 ± 29.2a,c NA
Alanine aminotransferase (IU/L) 15.0-66.0 T-tube   35.2 ± 12.6 30.1 ± 5.3   36.1 ± 10.3

Stent   34.3 ± 12.1 32.1 ± 6.2 33.2 ± 7.2
Stentless    122.5 ± 35.1a,c    209.5 ± 35.4a,c NA

Gamma-glutamyl transpeptidase (IU/L) 10.0-88.0 T-tube 51.2 ± 7.2 50.1 ± 5.3 48.8 ± 6.6
Stent 47.1 ± 5.3 52.1 ± 6.2   52.0 ± 10.6

Stentless    233.4 ± 61.5a,c    265.8 ± 82.6a,c NA

ap < 0.05, stent group vs stentless group; cp < 0.05, T-tube group vs stentless group. NA: Not available.

A B

Figure 4  Postoperative cholangiography. A: Cholangiography of a survivor in the T-tube group performed at 3 mo; B: Cholangiography of a survivor in the stent 
group performed at 3 mo. Arrows indicate the area of graft interposition. There is no evidence of biliary stricture formation. There is no sign of proximal dilatation or 
biliary obstruction.
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the lumen of the graft site had biliary sludge and 
degraded decellularized ureteral graft remnants. The 
mean length of the graft area was 0.6 (0.4-1.0) cm.

HE staining results
At 3 mo, there was no recognizable element of the 
graft and the decellularized ureteral graft appeared 
completely degraded in the T-tube and stent groups. 
Cellularization and collagen remodeling were observed 
at the graft sites. Only slight inflammation of the graft 
sites was noted in both groups. The neo-bile duct 
showed a native biliary histological structure. A smooth 
mucosa layer encircled the lumen of the neo-bile duct, 
which was similar to that of the native bile duct (T-tube 
group: Figure 6A; Stent group: Figure 6B). In contrast, 
bile duct reconstruction using a graft alone (stentless 

group) led to dense fibroplasia of the graft site. No 
mucosa was detected (Figure 6C).

CK19 immunofluorescent staining
CK19 immunofluorescent staining was performed to 
investigate the biliary epithelial layer. At 3 mo, both 
neo-epithelial cells and accessory glands were observed 
at the graft sites and stained positive for CK19 in the 
animals in the T-tube and stent groups (T-tube group: 
Figure 7A; Stent group: Figure 7B). Most of the graft 
sites, except for some central areas, were covered by 
a layer of irregular biliary epithelium. However, the 
CK19 staining at the graft site was negative in the 
animals in the stentless group. Neither epithelial cells 
nor accessory glands were observed at the graft sites 
(Figure 7C).
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Figure 5  Macroscopic results. A: Explanted bile duct of a 3-mo survivor in 
the T-tube group; B: Explanted bile duct of a 3-mo survivor in the stent group; 
C: Explanted bile duct of an animal who died at 1 mo in the stentless group. 
Brackets indicate the area of graft interposition.

Figure 6  Hematoxylin/eosin staining of the graft site. A: H&E staining of 
a 3-mo survivor in the T-tube group; B: H&E staining of a 3-mo survivor in the 
stent group; C: H&E staining of an animal who died at 1 mo in the stentless 
group. Scale bar indicates 100 μm. H&E: Hematoxylin/eosin.
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DISCUSSION
This preliminary study suggests that in a porcine 
model, a common bile duct defect can be repaired by a 
decellularized ureteral graft if either a T-tube or intralu
minal stent is used. The absence of either a T-tube 
or intraluminal stent resulted in bile leakage, biliary 
stricture and subsequent death. Regeneration of the 
biliary mucosa was observed in the surviving animals 
at 3 mo post-surgery.

The search for a suitable substitute to repair a long 
common bile duct defect caused by disease or trauma 
has attracted many researchers[9]. A wide variety 
of autografts (e.g., artery, vein, ureter, appendix, 
jejunum) and synthetic grafts (e.g., Vitallium, polyvinyl 
sponge, polytetrafluoroethylene, Teflon, Dacron) have 
been introduced as substitutes to repair common bile 
duct defects in situ[8-11,17-22]. Either a tubular graft or a 
patch graft was used in these experimental studies. 
However, the outcomes of various substitutes in large 
animals (e.g., dogs, goats, pigs) are controversial. 
Based on studies performed in the past century, most 
of the substitutes are not degradable and have failed 
mostly because of varying degrees of cholangitis, 
biliary stricture and biliary peritonitis[8-11,17-22]. With the 
development of degradable materials, success has been 
reported by some researchers using various degradable 
substitutes (e.g., small intestinal submucosa, poly
lactic acid and polycaprolactone, polyglycolic acid 
and trimethylene carbonate, collagen sponge and 
polypropylene) in this century[12-16]. Until recently, there 
were no satisfactory reliable substitutes with which to 
replace common bile duct defects and restore function 
in clinical practice. Only a few case reports have been 
published on repairs of the common bile duct defects 
using autografts[23-25].

The diameter of the ureter is similar to that of the 
common bile duct. Two research teams (Sedgwick 
et al[26] and Ulin et al[10]) evaluated the role of ureteral 
grafts in the repair of common bile duct defects 
in dogs. In general, free ureteral grafts were dis
appointing in both experimental studies. The entire 
free graft was replaced by fibrous tissue and biliary 

stricture occurred at the graft site due to immunological 
rejection and inflammatory reactions. Recently, various 
decellularization techniques have been introduced to 
remove cellular antigens and preserve the extracellular 
matrix (ECM)[27]. The ECM is a biomaterial composed 
of structural and functional proteins (e.g., collagen, 
elastin), glycosaminoglycans and growth factors. ECM 
biomaterial is biodegradable, decellularized and non-
immunogenic material derived from human or animal 
tissue processing[12] and has been shown to have 
regeneration and various tissue healing capabilities[12,27]. 
This material has been widely used in tissue engi
neering[12,27]. ECM biomaterial can not only prevent 
immunological rejection and inflammatory reactions 
but also facilitate cell adhesion and differentiation 
to repair injured tissue and prevent scar tissue 
formation[12,27]. Rosen et al[12] used small intestinal 
submucosa (a type of ECM biomaterial) as a bile duct 
substitute for common bile duct reconstruction in dogs. 
Neither a T-tube nor intraluminal stent was used in 
the study[12]. At 1 mo post-surgery, the graft material 
was completely covered by biliary epithelium and by 
5 mo, the graft material was completely replaced by 
a neo-bile duct. The biliary epithelium of the neo-bile 
duct was grossly and microscopically indistinguishable 
from that of a normal canine common bile duct[12]. The 
authors concluded that small intestinal submucosa can 
be used to repair bile duct defects in a canine model 
without requiring stenting[12]. However, Gómez et al[28] 
were concerned about the safety of small intestinal 
submucosa for common bile duct reconstruction 
because 1 of the 5 dogs (20%) developed a biliary 
stricture at 2 mo post-surgery in Rosen’s experimental 
study. They suggested that further studies are needed 
to establish the benefits and complications of small 
intestinal submucosa in common bile duct recon
struction[28]. In our experiment, a ureter instead of a 
common bile duct was chosen as the graft because the 
smooth muscle layer of the former is thicker than that 
of the latter. A simple decellularization method was 
adopted to remove cells and make ECM biomaterial. 
Regarding the ECM biomaterial for the common bile 
duct reconstruction, there were significant differences 
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Figure 7  Cytokeratin 19 immunofluorescent staining of the graft site. A: CK19 staining of a 3-mo survivor in the T-tube group; B: CK19 staining of a 3-mo 
survivor in the stent group; C: CK19 staining of an animal who died at 1 mo in the stentless group. Scale bar indicates 20 μm. CK19: Cytokeratin 19.
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between our findings and Rosen’s observations. All 
the experimental animals in the stentless group died 
from various complications when a sole decellularized 
ureteral graft without stenting was used to repair the 
bile duct defect. We found at the autopsy that the 
decellularized ureteral graft collapsed and shrunk with 
severe biliary stricture formation. Possible reasons 
for this failure in the stentless group were that the 
decellularized ureteral graft had a soft texture and the 
pressure in the biliary system was too low to maintain 
the luminal structure of the graft. Consequently, it 
appeared that either a T-tube or intraluminal stent was 
necessary to improve the survival rate in this study.

T-tube drainage and biliary stenting have been 
introduced by some surgeons to reduce postoperative 
complications after bile duct reconstructions. However, 
the use of a T-tube and biliary stent during bile duct 
reconstruction is controversial. A T-tube and biliary 
stent may reduce the incidence of biliary stricture but 
may be associated with significant morbidity. T-tube-
related complications include premature dislodgement, 
biliary leakage and biliary infection[29]. In addition, bile 
duct reconstruction over a T-tube requires several 
weeks of extra-abdominal drainage, which may cause 
loss of appetite and reduce quality of life. In contrast, 
placement of an intraluminal stent may reduce T-tube-
related complications without extra-abdominal drainage. 
In this experiment, a silicone stent was inserted into the 
graft during reconstruction of the common bile duct but 
resulted in biliary stricture due to stent migration. In 
addition, the silicone stent was not biodegradable and 
an additional procedure (e.g., endoscopy, laparotomy) 
was required to remove the stent. It appeared that 
T-tube drainage was superior to the silicone stent during 
the bile duct reconstruction in this experiment. Recently, 
biodegradable biliary stents have been developed and 
some experiments have reported encouraging results 
with them[30-32]. Future work is needed to compare the 
efficacy of T-tube drainage vs a biodegradable biliary 
stent for common bile duct reconstruction.

In summary, the use of decellularized ureteral 
grafts appears to be feasible for the repair of common 
bile duct defects. Either a T-tube or intraluminal stent 
is necessary to improve the survival rate and prevent 
bile leakage and biliary stricture formation. Additional 
studies are planned to investigate the optimal time for 
T-tube or intraluminal stent removal and the optimal 
method to promote regeneration of the biliary tract.
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COMMENTS
Background
A common bile duct defect generally follows iatrogenic bile duct injury during 

cholecystectomy, a challenge for hepatobiliary surgeons.

Research frontiers
In recent years, several new materials with fewer foreign body reactions have 
been successfully introduced as substitutes to normal bile ducts for biliary 
defect reconstruction.

Innovations and breakthroughs
A decellularized ureteral graft was introduced in this experimental study to 
repair a common bile duct defect. If the biliary reconstruction was performed 
with a T-tube or stent insertion into the ureteral graft, all animals survived with 
normal liver function. The histology results showed a biliary epithelial layer 
regeneration over the graft.

Applications
Repair of a common bile duct defect with a decellularized ureteral graft appears 
to be feasible. In addition, a T-tube or stent was found to be necessary to 
reduce postoperative complications.

Terminology
Extracellular matrix is a biomaterial composed of structural and functional 
proteins (e.g., collagen, elastin), carbohydrate polymers and growth factors. 
Decellularization is the process to remove cellular components from a tissue.

Peer-review
This is a novel and well designed experiment that provides a new approach 
to a complex and common surgical problem. The authors have provided 
excellent evidence that the decellularized ureteral graft might be an adequate 
replacement for a damaged common bile duct. Long term results with the new 
method need to be addressed in future.
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Abstract
AIM
To investigate the pharmacological effect of TongXie-
YaoFang (TXYF) formula, a Chinese herbal formula, on 
Diarrhea-predominant irritable bowel syndrome (D-IBS) 
rats.

METHODS
In a neonatal maternal separation plus restraint stress 
(NMS + RS) model of D-IBS, male Sprague Dawley 
rats were randomly divided into two groups (NMS + RS 
group and TXYF-formula group) with no handlings were 
used as controls (NH group). Starting from postnatal 
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day 60, rats in TXYF-formula group were administered 
TXYF-formula (4.92 g/100 g bodyweight) orally twice a 
day for 14 consecutive days while NH group and NMS + 
RS group were given distilled water. Using short-circuit 
current technology, we observed 5-HT-induced changes 
of current across ion channels, such as cystic fibrosis 
transmembrane conductance regulator (CFTR) Cl- 
channel, epithelial Na+ channel (ENaC), Ca2+-dependent 
Cl- channel (CACC), Na+-K+-2Cl- co-transporter (NKCC), 
and Na+-HCO3

- co-transporter (NBC), in the colonic 
epithelium of three groups after exposure to drugs 
and specific blockers with a Power Lab System (AD 
Instruments International).

RESULTS
Under basal conditions, the changes of short-circuit 
current (∆Isc, µA/cm2) induced by 5-HT were similar 
in NH group and TXYF-formula group, and both higher 
than NMS + RS group (70.86 µA/cm2 ± 12.32 µA/
cm2, 67.67 µA/cm2 ± 11.68 µA/cm2 vs  38.8 µA/cm2 
± 7.25 µA/cm2, P  < 0.01, respectively). When CACC 
was blocked by 4,4′-diisothiocyanato-stilbene-2,2′-
disulfonic acid, 5-HT-induced ∆Isc was smaller in NMS 
+ RS group than in NH group and TXYF-formula group, 
respectively (48.41 µA/cm2 ± 13.15 µA/cm2 vs  74.62 
µA/cm2 ± 10.73 µA/cm2, 69.22 µA/cm2 ± 11.7 µA/cm2, 
P  < 0.05, respectively). The similar result could be 
obtained when ENaC was blocked by Amiloride (44.69 
µA/cm2 ± 12.58 µA/cm2 vs  62.05 µA/cm2 ± 11.26 
µA/cm2, 62.11 µA/cm2 ± 12.01 µA/cm2, P  < 0.05, 
respectively). However, when CFTR Cl- channel was 
blocked by 1,1-dimethyl piperidinium chloride (DPC), 
5-HT-induced ∆Isc did not significantly differ in three 
groups (42.28 µA/cm2 ± 10.61 µA/cm2 vs  51.48 µA/cm2 
± 6.56 µA/cm2 vs  47.75 µA/cm2 ± 7.99 µA/cm2, P  > 
0.05, respectively). The similar results could also be 
obtained in three groups when NBC and NKCC were 
respectively blocked by their blockers.

CONCLUSION
TXYF-formula can regulate the Cl- and HCO3

- secretion of 
colonic mucosa via CFTR Cl- channel, Cl-/HCO3

- exchanger, 
NBC and NKCC co-transporters.

Key words: Ion channel; Diarrhea-predominant irritable 
bowel syndrome; Colonic mucosa; Short-circuit current; 
TongXie-YaoFang formula

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Diarrhea-predominant irritable bowel syndrome 
(D-IBS) is a chronic functional gastrointestinal disease. 
Abnormal ion secretion of colonic mucosal epithelial 
cells is recognized as one of the pathophysiological 
factors. In this paper, through the observation of 
TongXie-YaoFang (TXYF) formula, a Chinese herbal 
formula, to D-IBS rats obtained by neonatal maternal 
separation plus restraint stress. The mucosal stripping 
under a microscope was used for tissue preparation. 
Short-circuit current technology was used for testing 

5-HT-induced changes in the current across ion channels 
of colonic epithelium. The results indicated that TXYF-
formula could regulate the secretion of Cl- and HCO3

- 
in colonic mucosa via  cystic fibrosis transmembrane 
conductance regulator (CFTR) Cl- channel, Cl-/HCO3

- 
exchanger, Na+-HCO3

- co-transporter and Na+-K+-2Cl- 
co-transporter co-transporters.

Yang C, Xiong Y, Zhang SS, An FM, Sun J, Zhang QL, Zhan 
Q. Regulating effect of TongXie-YaoFang on colonic epithelial 
secretion via Cl- and HCO3

- channel. World J Gastroenterol 2016; 
22(48): 10584-10591  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i48/10584.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i48.10584

INTRODUCTION
Diarrhea-predominant irritable bowel syndrome (D-IBS) 
is a chronic functional gastrointestinal disease. Its 
clinical manifestations are characterized by diarrhea 
and abdominal pain or discomfort in the absence of 
a demonstrable pathology. The diagnosis of D-IBS 
is based on symptom assessment and the Rome Ⅲ 
Diagnostic Criteria[1,2]. According to an epidemiological 
study, D-IBS mainly affects young adults of 20-40 years 
old, and the quality of their lives is seriously affected[3].

The pathogenesis of D-IBS has not been fully clari-
fied. Consequently, the usual treatment of the disease 
in Western medicine involves symptomatic therapy, 
which is unsatisfactory for patients while simultane-
ously increasing the use of health-care resources[4-6]. 
Because traditional Chinese medicine (TCM) can 
significantly improve patients’ symptoms and quality 
of life, increasing numbers of patients have begun to 
seek treatment with TCM[7,8].

A series of randomized, double-blind, placebo-
controlled trials had shown that TongXie-YaoFang 
(TXYF) formula can significantly improve the clinical 
symptoms, such as diarrhea and abdominal pain 
or discomfort, of patients with D-IBS and improve 
the quality of their lives[9,10]. However, the specific 
mechanism of it has not been completely elaborated. 
The purpose of this paper is to observe the regulating 
effects of TXYF-formula on colonic epithelial secretion 
via relevant ion channels.

MATERIALS AND METHODS
Animals
Neonatal Sprague Dawley rats, postnatal day 1, 
were purchased from Vital River Laboratories Animal 
Technology Co., Ltd. (Beijing, China; Number of qualita-
tive qualification: 11400700015068, 11400700019786), 
and kept at Dongzhimen Hospital Affiliated with Beijing 
University of Chinese Medicine [Number of permit: 
SYXK(Beijing)2009.0028]. In this study, only male 
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litters were used to eliminate the impact of estrogen 
and hormones on the secretory and sensory responses 
of the intestine to excitants[11]. Then the pups were 
randomly assigned to one of the following two rearing 
conditions: (1) neonatal maternal separation plus 
restraint stress (NMS + RS); or (2) no handling or 
separation (NH).

Neonatal maternal separation plus restraint stress
On postnatal days 2-21, the NMS + RS litters were 
removed from their cages and separated from their 
dams for 180 min each day, whereas NH pups 
remained in their home cages[12,13]. Manipulation began 
at 0900 h ± 30 min each day to minimize the influence 
of circadian rhythms. During the 180 min period of 
separation, pups were removed from the nest to stand-
alone compartments, where the temperature was 
maintained at 23 ℃ ± 0.5 ℃ in a thermally regulated 
facility. The compartments contained bedding of 2.5 cm 
wood chips and were adjacent to their home cages. The 
litters were returned to their home cages immediately 
after separation. All the rats were reared on a 12:12 h 
light-dark cycle (lights on at 0800 h) with access to food 
and water ad libitum. On day 22, sexes of the pups, 
including those in NH group, were distinguishable, so 
the females were removed and the males retained. On 
day 22, NMS + RS and NH rats were weaned and kept 
in individual cages with only 3-4 pups per cage. After 
weaning, pups were weighed once a week until the end 
of experiment. Manipulations were performed in the 
morning with the same measuring instrument and at 
the same location.

On days 50-59, NMS + RS rats were placed in trans-
parent plastic restraint cylinders (4 cm × 4 cm × 18 
cm), in which they could move forward and backward 
but could not turn around[14]. The rats remained in the 
restraint cylinders for 3 h, with access to food and water 
ad libitum, in the morning and in the afternoon of each 
day. Then NMS + RS rats were divided into two groups 
(NMS + RS group and TXYF-formula group).

All animal care and experimental procedures 
were conducted according to the institutional ethical 
guidelines and conformed to the requirements of the 
Institutional Animal Care and Use Committee of Beijing 
University of Chinese Medicine and the Animal Ethics 
Committee of Dongzhimen Hospital Affiliated with 
Beijing University of Chinese Medicine.

TXYF Composition and administration
TXYF-formula consisted of the following four Traditional 
Chinese Herbal Medicines: Bai Zhu (Atractylodesm 
macrocephala Koidz - Acta Horti Gothoburgensis 
12(9): 310 1938)-93.75 g, Shao Yao (Paeonia lactiflora 
Pall. - Reise Russ. Reich. 3: 286. 1776)-62.5 g, Chen Pi 
(Citrus reticulata Blanco - Fl. Filip. 610 1837.)-46.875 
g and Fang Feng (Saposhnikovia divaricata (Turcz.) 
Schischk. - Fl. URSS 17: 359 1951.)-31.25 g. It was 
manufactured by Preparation Room for TCM of Beijing 
Chinese Medicine Hospital. All formula raw materials 

were examined according to the quality control criteria 
in Chinese Pharmacopeia[15].

From postnatal day 60, rats in TXYF-formula group 
were daily given orally administered TXYF-formula (4.92 
g/100 g bodyweight) while NH group and NMS + RS 
group were treated with distilled water. The delivery 
volume in three groups was 2 mL/100 g per day, for 14 
consecutive days.

Tissue preparation
After treatment, the rats in three groups were first 
anesthetized abdominally with 7% chloral hydrate (35 
mg/100 g bodyweight). The distal colon (6-7 cm from 
anus) was then quickly removed and incised longitu-
dinally along the mesenteric border. The mucosa was 
fixed onto a Petri dish with silica gel in the bottom, 
with the lumen side down. The Petri dishes were filled 
with Krebs’ solution under 95% oxygen and 5% car-
bon dioxide. The mucosal layer was carefully separated 
from the submucosa, muscularis, and serosal layer 
with fine tweezers under a microscope. The mucosal 
layer was then cut into small flat sheets, with areas of 
about 0.5 cm2, for further analysis. Two sheets could 
be obtained from one segment of the distal colon.

Ussing chamber experiments
Six adjacent tissues from the distal colon of each rat 
were obtained and mounted in Ussing chambers. 
Krebs’ solution (5 mL) was injected into two small 
adjacent compartments with circulating 95% oxygen 
and 5% carbon dioxide while pH was maintained at 
7.35-7.45 and temperature at 37 ℃. The tissues were 
left to equilibrate for 60 min to allow the electrical 
parameters to stabilize. The voltage across tissues 
was then clamped to zero and the short-circuit current 
(Isc, µA/cm2) was measured. When the Isc baseline 
was smooth, 10 μmol/L indomethacin was added to 
basolateral side of the tissue and maintained for 10 
min to block the influence of endogenous prostaglan-
dins[16,17]. The Isc value was recorded at this time. 
5-HT (10 μmol/L) was then added to basolateral side 
and the maximum Isc recorded. The change in Isc (∆Isc) 
after the addition of 5-HT was then calculated. To 
measure the transmembrane resistance (Rt, Ω/cm2), 
electrical stimulation of 1 mV was applied to both sides 
of the epithelium. Tissue conductance was calculated 
according to Ohm’s law and expressed in milliSiemens 
per square centimeter (mS/cm2). The drugs or specific 
blockers were then applied to the apical or basolateral 
side of tissue and the ∆Isc of ion channels in colonic 
epithelium were calculated and recorded for further 
analysis.

Reagents
Krebs’ solution of the following composition (in mol/L): 
117 NaCl, 4.7 KCl, 1.2 MgCl2, 24.8 NaHCO3, 1.2 KH2PO4, 
2.56 CaCl2, and 11.1 glucose; Krebs’ solution without 
Cl-: sodium gluconate instead of NaCl, potassium gluco-
nate instead of KCl, calcium gluconate instead of CaCl2, 
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and the remaining components were the same; Krebs’ 
solution without HCO3

-: 141.8 NaCl, 5.9 KCl, 1.2 MgSO4∙
7 H2O, 2.56 CaCl2, 11.1 glucose, 10 HEPES free acid, and 
5.6 Tris. Krebs’ solution without Cl- and HCO3

-: sodium 
gluconate instead of NaCl and NaHCO3, potassium 
gluconate instead of KCl, calcium gluconate instead of 
CaCl2, and the remaining components were the same. 
5-HT, batch number: 1001156278; Glibenclamide, 
batch number: 1001068037; Indomethacin, batch 
number: 1001087688; Bumetanide, batch number: 
101016760; Amiloride, batch number: 101093389; 
SITS (4-acetamido-4′-isothio-cyanato-stilbene-
2,2′-disulfonic), batch number: 1001208418; DPC 
(1,1-dimethyl piperidinium chloride), batch number: 
101078880; BaCl2, batch number: 1398; DIDS 
(4,4′-diisothiocyanato-stilbene-2,2′-disulfonic acid), 
batch number: 1001339605. cystic fibrosis transmem-
brane conductance regulator (CFTR)(inh)-172, batch 
number: 6311. All reagents were purchased from 
Sigma-Aldrich Co.

Apparatus
A multichannel voltage-current clamp (VCC MC6) was 
purchased from Physiologic Instruments Corporation; 
the Bridge amplifier (ML228), recording and analysis 
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system for physiological data (Power Lab) was pur-
chased from AD Instruments Corporation.

Statistical analysis
All experimental data were analyzed by SPSS 17.0 
statistical software and expressed as means ± SE. 
The differences between groups were analyzed with 
a paired t test. P < 0.05 was considered statistically 
significant.

RESULTS
Basic electrophysiological properties of colonic mucosa 
in three groups were undifferentiated
The basic Isc did not differ significantly between three 
groups (21.02 μA/cm2 ± 2.92 μA/cm2 vs 20.29 μA/cm2 
± 3.58 μA/cm2 vs 20.71 μA/cm2 ± 2.04 μA/cm2, n 
= 18, P > 0.05, respectively; Figure 1A). The basic 
voltage in three groups had similar results (3.49 mV 
± 0.54 mV vs 3.52 mV ± 0.69 mV vs 3.57 mV ± 0.62 
mV, n = 18, P > 0.05, respectively; Figure 1B) as well 
as the basic resistance (166.8 Ω/cm2 ± 20.11 Ω/cm2 
vs 173.66 Ω/cm2 ± 16.39 Ω/cm2 vs 171.94 Ω/cm2 ± 
19.03 Ω/cm2, n = 18, P > 0.05, respectively; Figure 
1C). The 5-HT-induced change of short-circuit current 

Figure 1 Comparison of basic electrophysiological properties of colonic mucosa in rats and 5-HT-induced the changes of short-circuit current among 
three groups. A-C: The basic Isc, basic voltage and basic resistance did not differ significantly between three groups, respectively (P > 0.05, respectively); D: TXYF-
formula significantly increased 5-HT-induced ∆Isc in neonatal maternal separation plus restraint stress (NMS + RS) rats. bP < 0.01 vs NMS + RS group. Isc: The short-
circuit current; ∆Isc: The changes of Isc; TXYF: TongXie-YaoFang; NMS: Neonatal maternal separation; RS: Restraint stress; NH: No handlings as control.
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(∆Isc) in NMS + RS group was respectively smaller 
than that in NH group and TXYF-formula group (38.8 
μA/cm2 ± 7.25 μA/cm2 vs 70.86 μA/cm2 ± 12.32 
μA/cm2, 67.67 μA/cm2 ± 11.68 μA/cm2, n = 18, P < 
0.01, respectively; Figure 1D).

5-HT-induced ∆Isc after the effects of CFTR Cl- channel 
or Na+-K+-2Cl- co-transporter blocker was similar in three 
groups. ∆Isc was higher in TXYF- formula group than in 
NMS + RS group after the effects of Ca2+-dependent Cl- 
channel or epithelial Na+ channel blocker
DPC or Glibenclamide with final concentration 1 mmol/L 
were respectively added to apical side, namely left side 
of Ussing chamber, of colonic mucosa and equilibrated 
for 30 min. Then 10 μmol/L 5-HT was added to baso-
lateral side (Equilibrated time and added concentration 
of 5-HT was same in the following experiment). ∆Isc 
induced by 5-HT were similar in TXYF-group and NMS 
+ RS group, respectively (47.75 μA/cm2 ± 7.99 μA/
cm2 vs 42.28 μA/cm2 ± 10.61 μA/cm2, 57.57 μA/cm2 
± 14.25 μA/cm2 vs 46.78 μA/cm2 ± 11.68 μA/cm2, n 
= 8, P > 0.05, respectively; Figure 2A). The similar 
result was obtained when CFTR(inh)-172 was added to 
apical side with final concentration 100 μmol/L (45.04 
μA/cm2 ± 9.18 μA/cm2 vs 36.2 μA/cm2 ± 9.64 μA/cm2, 
n = 8, P > 0.05; Figure 2A).

5-HT-induced ∆Isc was higher in TXYF-formula 
group than in NMS + RS group after the effects of 
Ca2+-dependent Cl- channel (CACC) blocker DIDS (500 
μmol/L, added to apical side) or epithelial Na+ channel 
(ENaC) blocker Amiloride (100 μmol/L, added to apical 
side), respectively (69.22 μA/cm2 ± 11.7 μA/cm2 vs 
48.41 μA/cm2 ± 13.15 μA/cm2, 62.11 μA/cm2 ± 12.01 
μA/cm2 vs 44.69 μA/cm2 ± 12.58 μA /cm2, n = 8, P < 
0.05, respectively; Figure 2B). There were no statisti-
cal differences in three groups when 100 μmol/L Na+-
K+-2Cl- co-transporter (NKCC) blocker Bumetanide was 

added to basolateral (37.64 μA/cm2 ± 10.57 μA/cm2 vs 
27.55 μA/cm2 ± 10.94 μA/cm2 vs 29.43 μA/cm2 ± 7.66 
μA/cm2, n = 8, P > 0.05; Figure 2B).

There were no significant differences in three groups 
after the effects of K+ channel blocker, Na+-HCO3

- co-
transporter blocker or Cl-/HCO3

- exchanger inhibitor on 
5-HT-induced ∆Isc
∆Isc induced by 5-HT were similar in three groups 
when 5 mmol/L K+ channel blocker BaCl2 or 100 μmol/L 
Cl-/HCO3

- exchanger inhibitor SITS was respectively 
added to basolateral side of colonic mucosa (25.63 
μA/cm2 ± 13.69 μA/cm2 vs 13.92 μA/cm2 ± 8.16 μA/cm2 
vs 17.03 μA/cm2 ± 9.04 μA/cm2, 49.92 μA/cm2 ± 
11.66 μA/cm2 vs 40.41 μA/cm2 ± 14.26 μA/cm2 vs 47.7 
μA/cm2 ± 11.43 μA/cm2, n = 8, P > 0.05, respectively; 
Figure 3). There was also no statistical difference in 
three groups after the effects of 200 μmol/L Na+-HCO3

- 
co-transporter (NBC) blocker DIDS (500 μmol/L, added 
to basolateral side) (12.27 μA/cm2 ± 3.6 μA/cm2 vs 
10.74 μA/cm2 ± 2.99 μA/cm2 vs 11.88 μA/cm2 ± 3.51 
μA/cm2, n = 8, P > 0.05; Figure 3).

5-HT-induced ∆Isc was higher in TXYF-formula group 
than in NMS + RS group when Na+ in apical side of 
colonic mucosa was taken out. This phenomenon 
disappeared while Cl- and HCO3

- were taken out 
altogether or respectively
When Na+ applied to apical side of colonic mucosa was 
substituted with sodium gluconate, 5-HT-induced ∆
Isc was higher in TXYF-formula groups than in NMS 
+ RS group (56.86 μA/cm2 ± 11.2 μA/cm2 vs 39.14 
μA/cm2 ± 10.83 μA/cm2, n = 8, P < 0.05; Figure 4A). 
However, when basolateral side Na+ was substituted 
with sodium gluconate, ∆Isc was similar in three 
groups (0.87 μA/cm2 ± 0.33 μA/cm2 vs 1.15 μA/cm2 ± 
0.5 μA/cm2 vs 1.01 μA/cm2 ± 0.49 μA/cm2, n = 8, P > 
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Figure 2  Effects of 1,1-dimethyl piperidinium chloride, Glibenclamide, cystic fibrosis transmembrane conductance regulator(inh)-172, 4,4’-diisothiocyanato-
stilbene-2,2’-disulfonic acid, Amiloride and Bumetanide on 5-HT-induced the changes of short-circuit current in rats. A: After the intervention with DPC, 
Glibenclamide or CFTR(inh)-172, respectively, ∆Isc induced by 5-HT were similar in three groups (P > 0.05, respectively); B: 5-HT-induced ∆Isc was higher in TXYF-
formula group than in NMS + RS group after the intervention with DIDS or Amiloride. aP < 0.05 vs NMS + RS group; bP < 0.01 vs NMS + RS group. DPC: 1,1-dimethyl 
piperidinium chloride; CFTR: Cystic fibrosis transmembrane conductance regulator; ∆Isc: the changes short-circuit current; DIDS: 4,4′-diisothiocyanato-stilbene-2,2′-
disulfonic acid; TXYF: TongXie-YaoFang; NMS: Neonatal maternal separation; RS: Restraint stress; NH: No handlings as control.
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0.05, respectively; Figure 4B).
5-HT-induced ∆Isc was similar in three groups 

when Cl- and HCO3
- was respectively removed from 

basolateral side of colonic mucosa (14.42 μA/cm2 ± 
6.07 μA/cm2 vs 15.95 μA/cm2 ± 5.64 μA/cm2 vs 15.09 
μA/cm2 ± 4.04 μA/cm2, 33.86 μA/cm2 ± 7.47 μA/cm2 
vs 26.54 μA/cm2 ± 8.9 μA/cm2 vs 31.88 μA/cm2 ± 
6.07 μA/cm2, n = 8, P > 0.05, respectively; Figure 
4C). When both Cl- and HCO3

- were simultaneously 
removed from Krebs’ solution applied to basolateral 
side, 5-HT-induced ∆Isc was similar in three groups 
(8.38 μA/cm2 ± 1.15 μA/cm2 vs 9.3 μA/cm2 ± 2.16 
μA/cm2 vs 8.51 μA/cm2 ± 1.2 μA/cm2, n = 8, P > 0.05, 
respectively; Figure 4C).

DISCUSSION
The etiology and pathogenesis of D-IBS are complex, 
and its pathophysiological changes predominantly 
include dynamic gastrointestinal disorder and visceral 
sensory sensitivity. In TCM, D-IBS is classified as 
diarrhea or abdominal pain according to its clinical 
manifestations[18]. Previous studies had shown that 
TXYF-formula had an inhibitory effect on bowel move-
ment and reduced intestinal peristalsis by regulating 
5-HT[19,20]. Pharmacological study showed that Fang 
Feng could increase intestinal pressure threshold in rats 
so that to present its analgesic effect[21]. In this study, 
we used the method of neonatal maternal separation 
plus restraint stress to establish an animal mode of 
D-IBS, with the main simultaneous symptoms of diar-
rhea and high visceral sensitivity. This recapitulates the 
clinical symptoms of patients with D-IBS.

The secretion activities induced by 5-HT in colonic 

mucosae of NMS + RS rats were weaker than those in 
NH rats or TXYF-formula-treated rats in this study. This 
may be related to increased 5-HT and 5-HT-receptor 
levels in NMS + RS rats. When 5-HT was added to 
colonic mucosa from NMS + RS rats, the electrical 
activities across epithelium declined. The reaction to 
5-HT in colonic mucosae of rats was restored by treat-
ment with TXYF-formula, to a level almost the same 
as that observed in NH rats. This demonstrates that 
TXYF-formula has specific therapeutic effects on D-IBS.

We found that one of the therapeutic effects of TXYF-
formula is achieved by regulating secretion of Cl-. The 
specific results were as follows: 5-HT-induced ∆Isc in 
NMS + RS rats differed significantly from that in TXYF-
formula group and NH group when extracellular Cl- 
was not removed. However, when extracellular Cl- was 
removed, the difference disappeared. When a CFTR Cl- 
channel blocker was added to apical side or an NKCC 
co-transporter inhibitor was added to basolateral side 
of tissue, ∆Isc did not differ statistically in NMS + RS 
and TXYF-formula-treated rats. In presence of the non-
selective K+ channel blocker[22], 5-HT-induced ∆Isc did 
not differ significantly between NMS + RS group and 
TXYF-formula group. This indicates that Cl- secretion 
by mucosal epithelium is dependent on electrochemical 
gradient across the serosal surface generated by K+ 
transport.

We also found that TXYF-formula alters HCO3
- 

secretion. When extracellular HCO3
- was removed or 

NBC was inhibited, 5-HT-induced ∆Isc did not differ 
between NMS + RS group and TXYF-formula group. 
The same result was obtained when extracellular 
Cl- and HCO3

- were both removed or when Cl-/HCO3
- 

exchange was interrupted. Thus, the therapeutic effect 
of TXYF-formula is achieved by regulating the secretion 
of both Cl- and HCO3

-. Moreover, when Na+ on apical 
side of membrane was removed or a Na+ channel 
blocker was added, ∆Isc still differed between NMS + 
RS group and TXYF-formula group; and the differences 
between NMS + RS and NH rats did not disappear. 
Therefore, the relationship between therapeutic effects 
of TXYF-formula on Na+ transport and D-IBS is not 
close. Nevertheless, after Na+ in basilar membrane 
was removed, the electrical activity across epithelium 
did not differ between TXYF-formula group and NMS + 
RS group. Therefore, it can be seen that the regulatory 
effects of TXYF-formula on Cl- and HCO3

- secretion 
depends on Na+ in basilar membrane.

There are two main types of Cl- channels on apical 
side of epithelial cells: CFTR and CACC. CFTR is a 
cAMP-dependent, PKA-activated Cl- channel, and is 
sensitive to DPC and Glibenclamide[23,24]. After CFTR 
Cl- channel was blocked by DPC or Glibenclamide, the 
electrical activity across epithelium induced by 5-HT 
did not differ obviously between TXYF-formula group 
and NMS + RS group. However, the electrical activity 
in two groups differed markedly after the application 
of CACC blocker DIDS. Therefore, the regulatory effect 
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Figure 3  Effects of BaCl2, 4-acetamido-4’-isothio-cyanato-stilbene-2,2’-
disulfonic and 4,4′-diisothiocyanato-stilbene-2,2′-disulfonic acid on 
5-HT-induced the changes of short-circuit current in rats. 5-HT-induced 
∆Isc were similar in three groups after the intervention with BaCl2, SITS or 
DIDS, respectively (P > 0.05, respectively). ∆Isc: the changes short-circuit 
current; SITS: 4-acetamido-4′-isothio-cyanato-stilbene-2,2′-disulfonic; DIDS: 
4,4′-diisothiocyanato-stilbene-2,2′-disulfonic acid; TXYF: TongXie-YaoFang; 
NMS: Neonatal maternal separation; RS: Restraint stress; NH: No handlings as 
control.
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of TXYF-formula on electrical activity across epithelia 
of D-IBS rats is associated with CFTR Cl- channel, and 
has nothing to do with CACC channel.

Our results, combined with preliminary studies[25,26] 
about secretory mechanisms of epithelial anions in 
colonic mucosa, allow the following conclusions to 
be drawn. The regulating effects of TXYF-formula on 
D-IBS involves the secretion of Cl- and HCO3

- in colonic 
mucosa via CFTR Cl- channel, Cl-/HCO3

- exchanger, and 
NBC and NKCC co-transporters.

COMMENTS
Background
Diarrhea-predominant irritable bowel syndrome (D-IBS) is a chronic functional 
gastrointestinal disease. The pathogenesis of it has not been thoroughly 
elucidated while colonic abnormal secretory is recognized as one of the 
pathophysiological factors. The usual treatment in Western medicine, mainly 
involves symptomatic therapy, is unsatisfactory for patients while simultaneously 
increasing the use of health-care resources. Traditional Chinese medicine (TCM) 
can obviously alleviate patients’ clinical symptoms, increasing numbers of 
them have begun to seek treatment with TCM. A lot of researches have shown 
that TongXie-YaoFang formula (TXYF-formula), a Chinese herbal formula, 

can significantly improve D-IBS patients’ clinical symptoms and enhance their 
quality of lives.

Research frontiers
TXYF-formula is a Traditional Chinese classical prescription for clinical 
treatment on D-IBS. The research hotspot is its effect on colonic abnormal 
secretory via correlational ion channels, visceral sensitivity and colon 
movement.

Innovations and breakthroughs
Previous clinical and experimental studies had only shown that TXYF-formula 
can relieve diarrhea of patients with D-IBS. Its correlational effects might be 
realized by influencing secretion of colon. However, the specific mechanism 
and correlative ions are unclear. In this study, the mucosal stripping under 
a microscope was used for tissue preparation. And short-circuit current 
technology was applied to observe 5-HT-induced changes in current across ion 
channels of colonic epithelium so as to reveal the prescription effect of TXYF-
formula ion transport in colon.

Applications
The key results of this study showed that TXYF-formula can regulate the 
secretion of Cl- and HCO3

- in colonic mucosa of D-IBS rats. And this may be 
related to cystic fibrosis transmembrane conductance regulator (CFTR) Cl- 
channel, Cl-/HCO3

- exchanger, and Na+-HCO3
- co-transporter (NBC) and Na+-

K+-2Cl- co-transporter (NKCC) co-transporters.
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Figure 4  Effects of Na+, Cl– and HCO3
– on 5-HT-induced the changes of short-circuit current in rats. A: 5-HT-induced ∆Isc was higher in TXYF-formula group 

than in NMS + RS group when Na+ in apical side of colonic mucosa was taken out; B: When Na+ in basolateral side was taken out, ∆Isc was similar in three groups; C: 
5-HT-induced ∆Isc was similar in three groups when Cl– and HCO3

– was respectively or entirely removed from basolateral side of colonic mucosa. aP < 0.05 vs NMS + 
RS group; bP < 0.01 vs NMS + RS group. ∆Isc: the changes short-circuit current; TXYF: TongXie-YaoFang; NMS: Neonatal maternal separation; RS: Restraint stress; 
NH: No handlings as control.
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Terminology
D-IBS, as a clinically common functional gastrointestinal disease, is closely 
related to early adverse life events. It seriously affects patient’s quality of jobs and 
lives. TXYF-formula can regulate the Cl- and HCO3

- secretion of colonic mucosa 
via CFTR Cl- channel, Cl-/HCO3

- exchanger, NBC and NKCC co-transporters.

Peer-review
Well written, quite meticulous methodology, nicely executed study.
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Abstract
AIM
To clarify risk based upon segment length, diagnostic 
histological findings, patient age and year of sur
veillance, duration of surveillance and gender.

METHODS
Patients registered with the United Kingdom Barrett’s 
Oesophagus Registry from 9 United Kingdom centers 
were included. The outcome measures were (1) deve
lopment of all grades of dysplasia; (2) development of 
high-grade of dysplasia or adenocarcinoma; and (3) 
development of adenocarcinoma. Prevalent cases and 
subjects with < 1 year of follow-up were excluded. 
The covariates examined were segment length, 
previous biopsy findings, age at surveillance, duration of 
surveillance, year of surveillance and gender.

RESULTS
One thousand and one hundred thirty six patients were 
included (total 6474 patient-years). Fifty-four patients 
developed adenocarcinoma (0.83% per annum), 70 
developed high-grade dysplasia/adenocarcinoma 
(1.1% per annum) and 190 developed any grade of 
dysplasia (3.5% per annum). High grade dysplasia 
and adenocarcinoma increased with age and duration 
of surveillance. The risk of low-grade dysplasia deve
lopment was not dependent on age at surveillance. 
Segment length and previous biopsy findings were also 
significant factors for development of dysplasia and 
adenocarcinoma.
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CONCLUSION
The risk of development of low-grade dysplasia is 
independent of age at surveillance, but high-grade 
dysplasia and adenocarcinoma were more commonly 
found at older age. Segment length and previous 
biopsy findings are also markers of risk. This study 
did not demonstrate stabilisation of the metaplastic 
segment with prolonged surveillance. 
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Core tip: Current surveillance guidelines for Barrett’s 
oesophagus base the enrolment into surveillance 
and surveillance interval on segment length, presence 
or absence of intestinal metaplasia and dysplasia. 
This study demonstrates the importance of age as 
an important risk factor for high-grade dysplasia and 
adenocarcinoma development and that stabilisation 
of the epithelium does not reliably occur at long-term 
follow-up.

Gatenby P, Bhattacharjee S, Wall C, Caygill C, Watson A. Risk 
stratification for malignant progression in Barrett’s esophagus: 
Gender, age, duration and year of surveillance. World J 
Gastroenterol 2016; 22(48): 10592-10600  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v22/i48/10592.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v22.i48.10592

INTRODUCTION
The incidence of adenocarcinoma in Barrett’s esophagus 
has been estimated to be around 0.5% per annum[1-3] 
and 0.32% in patients without dysplasia at index 
endoscopy[4]. This would suggest a lifetime risk of 
around 1:8 to 1:14 of developing adenocarcinoma and 
1:5 to 1:6 of developing either high-grade dysplasia 
or adenocarcinoma[5]. A meta-analysis has shown a 
trend for a decrease in incidence of adenocarcinoma to 
be observed with time (which did not reach statistical 
significance, P = 0.117)[3] and in recent years large 
population-based cohort studies[6-8] have demonstrated 
lower adenocarcinoma incidence rates (0.22%, 0.43% 
and 0.12% per annum respectively). We have observed 
that the age at diagnosis of patients with Barrett’s 
esophagus is falling[9] and that the life expectancy of 
those diagnosed with Barrett’s esophagus is increa
sing[5]. The Danish pathology registry has demonstrated 
in their cohort that the adenocarcinoma incidence in 
Barrett’s increases with older age[8]. 

The currently accepted principal risk factors for 
dysplasia and cancer development in Barrett’s oeso
phagus are presence/absence of intestinal metaplasia, 
dysplasia and segment length[10-12]. These are the 
factors on which guidance for surveillance intervals are 

determined.
These observations prompt examination of what the 

time trends in cancer incidence in Barrett’s esophagus 
are: Are the annual incidences of dysplasia and cancer 
changing in the population with Barrett’s esophagus 
undergoing surveillance? Does an individual’s risk 
change over time dependent on the patient’s age at 
the time of surveillance? Does the Barrett’s segment 
stabilize with prolonged follow-up such that patients 
might be reassured and discharged from further follow-
up?

This study seeks to examine whether there is a 
demonstrable change in incidence of dysplasia and 
adenocarcinoma over time in patients undergoing 
surveillance of Barrett’s esophagus who are registered 
with the United Kingdom Barrett’s Oesophagus Registry 
and which are the most important demographic, 
histological and endoscopic features with regard to 
dysplasia and cancer risk.

MATERIALS AND METHODS
One thousand one hundred and thirty six patients 
who had been registered with the United Kingdom 
Barrett’s Oesophagus Registry from 9 centers who 
did not have prevalent adenocarcinoma (diagnosed 
at index endoscopy or within one year of the index 
endoscopy) and who had a minimum of one year of 
follow-up were included in the study cohort. The three 
outcome measures were (1) development of any 
grade of dysplasia; (2) development of high-grade 
dysplasia or adenocarcinoma; and (3) development 
of adenocarcinoma. Follow-up time commenced at 
the diagnostic biopsy and was censored at the first 
biopsy reported as demonstrating the histological 
outcome or, when this was not attained, the final 
surveillance endoscopy and biopsy. The influence of 7 
factors was then considered to provide further clarity 
as to an individual’s risk of development of dysplasia 
and cancer. These were: (1) date (year) at which sur
veillance biopsies were undertaken; (2) age of the 
patient at which surveillance endoscopy and biopsy 
were undertaken; (3) length of time during which the 
patient had been undergoing surveillance; (4) patient 
gender; (5) segment length; (6) histological findings 
at the most recent (previous) endoscopy; and (7) 
histological findings at first and second endoscopies 
(in keeping with national guidelines on enrolment into 
surveillance programmes[10-12]).

Classification of histological results were: columnar-
lined oesophagus without intestinal metaplasia, 
columnar-lined oesophagus with intestinal metaplasia, 
indefinite changes for dysplasia, low-grade dysplasia, 
high-grade dysplasia and adenocarcinoma.

The associations of dysplasia/adenocarcinoma 
risk with age at surveillance, year of surveillance and 
duration of surveillance were examined.

The associations between these factors and risk of 
development of dysplasia or cancer were examined 
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using binary logistic regression. The model was modified 
to exclude factors which did not reach statistical 
significance with removal of factors which showed no 
association with dysplasia or cancer risk. Due to the 
co-linearity of age, surveillance duration and year of 
surveillance, only the most closely-associated of these 
three variables was included in the final analyses.

Segment length data were available for 92.4% 
of cases and the analyses were repeated with the 
exclusion of segment length. Segment length was 
examined as a continuous variable and when separated 
into three similarly sized and clinically relevant groups: 
short segment (< 3 cm), 3-5 cm and > 5 cm.

Ethical permission
Approval for studies of this kind conducted by UKBOR 
was given by the London Multi-Centre Research Ethics 
Committee on 14th March 2002 number MREC/02/2/5.

Statistical analysis
Incidence calculations were undertaken using a 
patient-years at risk method and expressed as an 
annual percentage (cases per one hundred patient-
years follow-up) and 95%CI were evaluated using 
an exact Poisson distribution. Logistic regression to 
ascertain the magnitude of the effect of the covariates 
was undertaken. P values < 0.05 were taken to be 
statistically significant.

RESULTS
The 1136 patients who fulfilled the criteria for inclusion 
in the study cohort comprised 783 males and 353 
females diagnosed between 1974 and 2009. The 
mean age at diagnosis was 59.8 years, mean follow-
up was 5.70 years and total follow-up was 6474 
patient-years. The mean age at surveillance was 62.3 
years, with a small trend for this to rise in males (60 
in the 1990s, 61 in 2000-2004 and 62 from 2005 
onwards), but no change in females (mean age at 
surveillance 65). During the follow-up period 54 
patients developed adenocarcinoma, 70 developed 
either high-grade dysplasia or adenocarcinoma and 
190 developed changes of any grade of dysplasia or 
cancer. The overall annual incidence of development of 
adenocarcinoma was 0.83% per annum, of high-grade 

dysplasia or adenocarcinoma, 1.1% per annum and of 
all grades of dysplasia and adenocarcinoma, 3.5% per 
annum.

Time trends for population during the cohort
During the first 15 years of the cohort from 1974-1989 
only a small number of patients (76) were diagnosed 
and underwent surveillance, hence these patients 
have been grouped together; thereafter, dysplasia 
and adenocarcinoma incidence were examined over 
consecutive 5 year periods (Table 1). 

Risk with year of surveillance
These data demonstrate that there was no clear trend 
for the incidence of either dysplasia or adenocarcino
ma to fall appreciably during the study period (as 
examined by year of surveillance). The mean age 
at surveillance remained constant throughout the 
cohort; however there was an increased proportion of 
males in the latter portion of the cohort. When males 
and females were examined separately, there was 
no demonstrable change in the incidence of either 
adenocarcinoma or high-grade dysplasia for females 
with year of surveillance and a trend for a slight 
increase in adenocarcinoma incidence with later year 
of surveillance for males. The adenocarcinoma and 
high-grade dysplasia incidences were similar in males 
and females, but slightly lower in females. These 
results are depicted graphically in Figures 1 and 2.

Risk with age at surveillance
Table 2 and Figures 3 and 4 show the effect of age 
at surveillance on the detection of dysplasia and 
adenocarcinoma. This demonstrates a trend for 
an increasing risk of dysplasia detection as age at 
surveillance increases. When males and females were 
analysed separately, there was a trend for higher 
rates of dysplasia and adenocarcinoma incidence in 
males compared to females for specific decade of 
age at surveillance, but overall similar rates due to 
females being older than males at surveillance (40% 
of surveillance of females within the cohort occurring 
at age > 70, compared to 25% for males).

Risk with duration of surveillance
The results of the analysis which examined whether the 
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Table 1  Annual incidence of adenocarcinoma and dysplasia dependent on year of surveillance

Calendar years Total patient-years 
follow-up

Adenocarcinoma High-grade dysplasia and 
adenocarcinoma

All grades of dysplasia and 
adenocarcinoma

Number of cases Annual incidence Number of cases Annual incidence Number of cases Annual incidence
1974-1989   237   0 0.00%   0 0.00%     1 0.46%
1990-1994   753   1 0.13%   1 0.13%     9 1.33%
1995-1999 1950 19 0.97% 21 1.09%   76 4.70%
2000-2004 2058 15 0.73% 23 1.12%   60 3.63%
2005- 1477 19 1.29% 25 1.17%   44 3.66%
Total 6474 54 0.83% 70 1.09% 190 3.54%
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Logistic regression analyses
Initially all 7 variables were included in the logistic 
regression analyses. Gender was excluded as there 
was no association with the outcome measures and 
year at surveillance and duration of surveillance were 
also excluded as the association between the outcome 
variables was strongest with age at surveillance. For 
the outcome variables of high-grade dysplasia and 
adenocarcinoma: the final model showed that the 
statistically significantly associated factors were age at 
surveillance, segment length and previous histological 
biopsy grading. For the development of all grades of 

risk of development of dysplasia and adenocarcinoma 
remains constant during the course of an individual 
patient’s surveillance are shown in Table 3 and Figures 
5 and 6. These demonstrate that there is a trend for 
increasing risk of development of high-grade dysplasia 
and adenocarcinoma with increasing duration of 
surveillance, but not of development of low-grade 
dysplasia. When males and females were analyzed 
separately, there did not appear to be a significant 
effect of gender on the results.
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Figure 1  Annual incidence of adenocarcinoma and dysplasia dependent 
on calendar year of surveillance.

Figure 3  Annual incidence of adenocarcinoma and dysplasia dependent 
on age at surveillance.

Figure 4  Annual incidence of adenocarcinoma and dysplasia dependent 
on age at surveillance and gender.
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Figure 2  Annual incidence of adenocarcinoma and dysplasia dependent 
on calendar year of surveillance and gender.
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dysplasia and cancer: segment length and the findings 
at the first two biopsies reached statistical significance. 
These results are shown in Table 4.

DISCUSSION
These results demonstrate that there was no clear 
evidence of any change in overall adenocarcinoma or 
dysplasia incidence throughout the cohort period nor 
for the risk of development of all grades of dysplasia 
to change with increasing duration of follow-up. The 
risk of development of high-grade dysplasia and 
adenocarcinoma tended to increase with increased 
duration of surveillance, but more strikingly: there was 
a relationship between older age at surveillance and 

higher rate of detection of high-grade dysplasia and 
adenocarcinoma. 

These observations demonstrate that the metaplastic 
segment does not remain stable with prolonged follow-
up: the rate of development of all grades of dysplasia 
remained around 3.5% per annum and there was a 
trend for increased risk of high-grade dysplasia and 
adenocarcinoma development at increased duration of 
follow-up in common with the Dutch cohort[7].

From the logistic regression, the most significant 
time-dependent factor is age at surveillance (with 
increasing risks of development of high-grade dysplasia 
or cancer at older age).

Subsequently, this analysis has not demonstrated 

Table 2  Annual incidence of adenocarcinoma and dysplasia dependent on age at surveillance

Age at surveillance Total patient-years 
follow-up

Adenocarcinoma High-grade dysplasia and 
adenocarcinoma

All grades of dysplasia and 
adenocarcinoma

Number of cases Annual incidence Number of cases Annual incidence Number of cases Annual incidence
< 40   236   0 0.00%   1 0.42%     4 1.89%
40-49   740   0 0.00%   2 0.27%   15 2.30%
50-59 1602   6 0.37%   9 0.56%   39 2.82%
60-69 2154 15 0.70% 20 0.94%   63 3.66%
70-79 1464 20 1.37% 26 1.81%   52 4.49%
80+   278 13 4.67% 12 4.34%   17 7.18%
Total 6474 54 0.83% 70 1.09% 190 3.54%

Table 3  Annual incidence of adenocarcinoma and dysplasia dependent on duration of surveillance

Duration of 
surveillance (yr)

Total patient-
years follow-up

Adenocarcinoma High-grade dysplasia and 
adenocarcinoma

All grades of dysplasia and 
adenocarcinoma

Number of cases Annual incidence Number of cases Annual incidence Number of cases Annual incidence
1-2 1848 14 0.76% 19 1.04% 72 4.47%
3-4 1235   9 0.73% 11 0.90% 41 4.02%
5-9 1587 20 1.26% 27 1.72% 54 4.47%
10+   668 11 1.65% 13 1.96% 23 4.52%

Figure 5  Annual incidence of adenocarcinoma and dysplasia dependent 
on duration of surveillance.
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Figure 6  Annual incidence of adenocarcinoma and dysplasia dependent 
on duration of surveillance and gender.
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that after a prolonged period of stability there are 
patients who might be safely discharged from sur
veillance.

This observation would suggest that younger 
patients could undergo less intensive surveillance 
than older patients (with respect to development of 
high-grade dysplasia or adenocarcinoma), however 
younger patients potentially have longer periods of 
exposure to the risk of developing these changes 
and conceivably an increased lifetime risk[13]. These 
observations parallel those on esophageal cancer 
incidence in the United Kingdom population[14]. We 
have also observed that the average age at diagnosis 
of Barrett’s esophagus is falling[9], which, whilst this 
may subsequently result in a reduction in the annual 
incidence of adenocarcinoma for the surveillance 
cohort overall, it will not result in any risk reduction for 
an individual patient[5]. 

Overall, females and males had similar risk of 
development of dysplasia and cancer in this cohort, 
however it is likely that this is in part due to the larger 
proportion of females undergoing surveillance at 
older age compared to males and that the risk for 
females when age-matched is lower than in males. 
Similar results were shown in the Dutch national 
cohort[7]. With higher life expectancy for females, this 
is an important consideration and this study does not 
provide data to support the suggestion that females 
might be safely discharged from surveillance. The 
Dutch cohort also confirmed the high cancer risk in 
older females[7]. Different proportions of older patients 
undergoing surveillance may explain some of the 
variability seen in the incidence of high-grade dysplasia 
and adenocarcinoma in published studies.

The risk for any individual patient will depend on 
a number of factors, some of which are modifiable 
and others which cannot be modified[15]. Caucasian 
ethnic origin[16], male gender[6,8,17], older age at 
diagnosis[8,18,19], longer Barrett’s segment length[3,17,20,21] 
and the presence of dysplasia at diagnosis[6,8,20,22] have 
each been reported to be markers of higher malignant 
risk determined at the time of diagnosis. Longer duration 
of surveillance was also associated with increased 
cancer risk, but without separately examining the age 
at which surveillance was undertaken[20]. The role of 
intestinal metaplasia remains controversial[1,6,23-26]. 
Obesity[17,27,28], optimal reflux control[29-35], diet (poor 
intake of fruit, vegetables and anti-oxidants)[17,36,37], 
smoking[17,28,38,39] and medication use (particularly 
aspirin[40], non-steroidal anti-inflammatory drugs[41-43] 

and statins[40,44-46]) will influence an individual’s risk 
at the time of diagnosis and subsequently. These 
modifiable factors should be addressed by public health 
programs and medical care. Additionally, absence of 
Helicobacter Pylori infection has been associated with 
higher prevalence of Barrett’s esophagus and dysplasia 
than in subjects who have had Helicobacter Pylori 
infection[47]. It seems likely that much of the fate of the 
metaplastic segment is determined prior to the time 
of diagnosis. Once diagnosed, reflux control, smoking, 
medication use, diet and control of obesity may be 
managed, but unless the potentially malignant tissue 
is either completely resected or ablated, cancer risk in 
this tissue remains.

Encouraging data on the role of endoscopic ablation 
of the metaplastic segment have now been published, 
however long-term follow-up with respect to cancer 
development is awaited[48-50]. 

Unfortunately, the incidence of Barrett’s esopha
gus[51-55] and esophageal adenocarcinoma[56-58] are 
increasing and without improved strategies to reduce 
the risk of cancer development within the population 
at risk and the size of this population, the number 
of cases of esophageal adenocarcinoma is likely to 
continue to rise[13]. 

The results of this study demonstrate that age 
at surveillance is an important factor for high-grade 
dysplasia and adenocarcinoma development and 
should be incorporated (with segment length and 
previous biopsy findings) into risk assessment in 
Barrett’s oesophagus surveillance.
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The currently accepted principal risk factors for dysplasia and cancer 
development in Barrett’s oesophagus are presence/absence of intestinal 
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Table 4  Logistic regression results

Factor Development of all grades of dysplasia and 
cancer

Development of high-grade dysplasia or 
cancer

Development of cancer

Age P = 0.187 P = 0.400 P = 0.034
Segment length P = 0.043 P = 0.121 P = 0.129
Most recent biopsy results P = 0.058 P = 0.047
First two biopsy results P < 0.001
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This study demonstrates the importance of age as an important risk factor for 
high-grade dysplasia and adenocarcinoma development and that stabilisation 
of the epithelium does not reliably occur at long-term follow-up.

Peer-review
Interesting and practical paper, the relation between Barrett's esophagus and 
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Abstract
AIM
To clarify the association of malignancy with mesenteric 
panniculitis-like changes on computed tomography 
(CT). 

METHODS
All abdominal CT scans performed at NorthShore 
University HealthSystem showing mesenteric panniculitis 
from January 2005 to August 2010 were identified in 
the Radnet (RadNet Corporation, Los Angeles, CA) 
database. Patients with a new or known diagnosis of a 
malignancy were included for this analysis. Longitudinal 
clinical histories were obtained from electronic medical 
records.
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RESULTS
In total, 147794 abdominal CT scans were performed 
during the study period. Three hundred and fifty-
nine patients had mesenteric panniculitis (MP)-like 
abnormalities on their abdominal CT. Of these patients, 
81 patients (22.6%) had a known history of cancer at 
the time of their CT scan. Nineteen (5.3%) had a new 
diagnosis of cancer in concurrence with their CT, but 
the majority of these (14/19, 74%) were undergoing 
CT as part of a malignancy evaluation. Lymphomas 
were the most common cancers associated with MP-
like findings on CT (36 cases, 36%), with follicular 
lymphoma being the most frequent subtype (17/36). 
A variety of solid tumors, most commonly prostate (7) 
and renal cell cancers (6) also were seen. CT follow up 
was obtained in 56 patients. Findings in the mesentery 
were unchanged in 45 (80%), worsened in 6 (11%), 
and improved in 5 patients (9%). Positron emission 
tomography (PET) scans performed in 44 patients only 
showed a positive uptake in the mesenteric mass in 2 
patients (5%). 

CONCLUSION
A new diagnosis of cancer is uncommon in patients 
with CT findings suggestive of MP. MP-like mesenteric 
abnormalities on CT generally remain stable in patients 
with associated malignancies. PET scanning is not 
recommended in the evaluation of patients with 
mesenteric panniculitis-like findings on CT. 

Key words: Panniculitis; Peritoneal; X ray; Neoplasms; 
Computed tomography; Small intestine; Misty mesentery; 
Lymphoma; Tomography; Positron emission tomography

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The most important question when a 
patient has new mesenteric panniculitis - like findings 
on abdominal computed tomography (CT) scan is 
the likelihood that a malignancy is present. Based 
on our study, a first diagnosis of cancer occurs in 
approximately 5% and is unexpected diagnosis in 
1.4% of these patients. Lymphomas are the most 
likely malignancies. A careful clinical evaluation for 
lymphoma as well as solid tumors is advised. Follow up 
is also important, as an additional 5% of patients will 
eventually be diagnosed with a malignancy. In patients 
with a malignancy, CT findings are likely to remain 
stable, and positron emission tomography scanning is 
not advised.

Ehrenpreis ED, Roginsky G, Gore RM. Clinical significance 
of mesenteric panniculitis-like abnormalities on abdominal 
computerized tomography in patients with malignant neoplasms. 
World J Gastroenterol 2016; 22(48): 10601-10608  Available 
from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i48/10601.htm  DOI: http://dx.doi.org/10.3748/wjg.v22.i48.10601

INTRODUCTION
The computed tomography (CT) finding of mesenteric 
panniculitis (MP) (defined as a “misty” or “hazy” 
mesentery and/or an unexplained mesenteric mass), is 
uncommon. When truly defined by mesenteric biopsy, 
MP is a rare disease characterized by unexplained 
inflammation of the mesentery[1-3]. A variety of con­
ditions are associated with MP including abdominal 
trauma[4], lymphoma and other neoplasms[5,6] and 
autoimmune diseases[7-9]. Infectious associations 
with MP include mycobacterial[10] and cryptococcal[11] 
infections and cholera[12]. In some patients, especially 
those having an acute presentation of the disease, a 
viral mesenteritis is likely. Fever of unknown origin[13] 
and chylous ascites have also been described in 
patients with MP. CT imaging of the abdomen in these 
patients demonstrates a mass of the mesentery, 
characterized by fat enhancement and multiple soft 
tissue nodules along the root of the small bowel 
without vascular compromise; these are distinguishing 
radiographic features of MP. Histologically, MP is 
characterized by chronic inflammation, fat necrosis 
and fibrosis within the connective tissue of the 
mesentery[14-16].

CT findings suggestive of MP can be concurrent 
with a previously unidentified underlying malignancy[3]. 
Other patients with a known diagnosis of cancer 
will develop new mesenteric abnormalities on CT, 
raising the specter of mesenteric metastasis. The 
development of MP on CT imaging currently has an 
unclear influence on the natural history of cancer in 
these patients. The types of cancer likely to occur in 
the setting of MP also requires further exploration. We 
herein describe a group of patients with the CT finding 
of MP and the diagnosis of malignancy, in an attempt 
to clarify the clinical significance of the simultaneous 
presence of these two conditions in the same patient.

MATERIALS AND METHODS
A query of the, Radnet database (RadNet Corporation, 
Los Angeles, CA, United States) of the NorthShore 
University HealthSystem, (comprised of 4 hospitals 
in the Northern suburbs of Chicago, Illinois, United 
States) was performed. The terms used in the query 
were “mesenteric panniculitis” or “misty mesentery”. 
All charts of patients with these radiographic findings 
between January 1st 2005 and April 30th 2010 were 
reviewed. Some of these patients have been previously 
described3. Only patients that were undergoing a CT 
for follow up of a known cancer and patients with a new 
cancer diagnosed after the finding of the mesenteric 
abnormality were included in this analysis. Findings 
of follow up CT scans were evaluated. Results of 
mesenteric biopsies and positron emission tomography 
(PET) scanning were also noted. 
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RESULTS
In total, 147794 CT scans reviewed. Within this group, 
there were 359 patients with MP-like CT abnormalities. 
Of these patients 19 (5.3%) had a new diagnosis of 
cancer. Eighty-one patients (22.6%) had a known 
previous history of cancer. Lymphomas were the most 
common cancers associated with MP (36 patients, 
36%). Follicular lymphoma was the most common 
lymphoma subtype and was found in 17 patients. A 
variety of solid tumors were found, the most common 
being prostate (7), lung, and renal cell cancer (6). For 
additional details of these findings, see Table 1. Tables 
2 and 3 show the distribution of cancers in patients 
with a new diagnosis and a known diagnosis of cancer 
at the time of their CT scan, respectively. Figures 
1-3 show representative examples of CT imaging in 
patients with lymphoma and MP-like findings.

Fourteen of the 19 patients with newly diagnosed 
cancers were undergoing abdominal CT scanning 
as part of a malignancy workup. The remaining five 
patients with newly diagnosed cancers underwent 
abdominal CT scanning for unexplained abdominal 

pain or other systemic symptoms. 
The majority of the patients with a known history 

of malignancy underwent CT scanning for staging and 
tumor follow up (67/81, 83%).

Follow up CT scans were performed in 56 patients. 
No change in mesenteric abnormalities was seen 
in the majority of these, (45 patients, 80%). An 
increase in size of the mesenteric abnormality was 
seen in 6 patients (11%), and a decrease in size of 
the mesenteric abnormality was seen in 5 patients on 
follow up (9%). Figures 4 and 5 show follow up CT 
scans in patients with non-Hodgkins lymphoma. 

Forty-four patients underwent PET scans. Only 2 
(5%) of these patients, both with stage IV-B diffuse 
large B cell lymphoma, had positive uptake in the 
mesenteric mass. Both of these patients had resolution 
of this finding on repeat PET scan following treatment. 
CT and PET findings are shown in two patients with 
non-Hodgkins lymphoma in Figures 6 and 7. 

Five patients underwent a mesenteric biopsy. Four 
patients had biopsies of mesenteric lymph nodes, 
all showing lymphoma (two with diffuse large B-cell 
lymphoma and two with follicular lymphoma). One 
patient had a biopsy of a mesenteric mass that showed 
fibrosis and benign mesothelial cells, consistent with 
mesenteric panniculitis.

DISCUSSION
Biopsy-proven MP is an autoimmune disease, cha­
racterized by the histologic findings of fat necrosis 
and chronic inflammatory infiltrates of the mesentery. 
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Table 1  Cancer types in patients with computed tomography 
findings of mesenteric panniculitis

Total patients n  = 100

Lymphomas n = 36
   Follicular 17
   Diffuse large B cell   9
   Small lymphocytic   3
   Mantle cell   2
   T cell   2
   Other (Burkitt, Hodgkin, Marginal zone B cell)   3
Solid tumors n = 64
   Prostate   7
   Renal cell   6
   Lung   6
   Chronic lymphocytic leukemia   5
   Bladder   5
   Endometrial   5
   Breast   4
   Colon   3
   Rectal   3
   Other 20

Table 2  Cancer subtypes in 19 patients with new malignancy 
and mesenteric panniculitis

6 Follicular lymphoma
2 T cell lymphoma
2 Endometrial cancer
1 Acute myeloid leukemia 
1 Diffuse large B cell lymphoma
1 Waldenstrom's macroglobulinemia
1 Esophageal cancer
1 Small cell lung cancer
1 Lung adenocarcinoma, with diffuse metastases
1 Intraductal papillary mucinous neoplasm 
1 Bladder cancer
1 Melanoma, metastases to small bowel

Table 3  Cancer subtypes in 81 patients with known malig­
nancy and mesenteric panniculitis-like findings on computed 
tomography n  (%)

Cancer subtype Number of patients

Lymphomas 27 (33)
Follicular 11 (41)
Diffuse large B cell   6 (30)
Small lymphocytic lymphoma   3 (11)
Mantle cell 2 (7)
Burkitt’s, Hodgkin’s, marginal zone B cell   3 (11)
Solid tumors 45 (67)
Prostate 7 (9)
Renal cell 6 (7)
Chronic lymphocytic leukemia 5 (6)
Lung 5 (6)
Bladder 4 (5)
Breast 4 (5)
Colon 3 (4)
Endometrial 3 (4)
Rectal 3 (4)
Pancreatic 2 (3)
Myelodysplasia 2 (3)
Other - gallbladder, ampullary, chronic 
myeloid leukemia, gastric, glioma, IPMN, 
salivary gland adenocarcinoma, small bowel 
carcinoid, neuroendocrine tumor    

10 (12) total

IPMN: Intraductal papillary mucinous neoplasm.
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However, the diagnosis of MP is often made empirically 
based on characteristic radiographic findings, and 
not all patients with these findings will require a 
biopsy. It is imperative to fully characterize the clinical 
significance of MP-like findings on abdominal CT. 
The risk for the presence of malignancy, in patients 

Figure 1  Mesenteric panniculitis in a patient with non-Hodgkin lymphoma. 
A: Axial computed tomography (CT) scan at the level of the inferior aspect of 
the kidneys shows extensive mesenteric adenopathy (red arrows); B: Axial CT 
image obtained more caudally, at the level of the iliac crest reveals mesenteric 
adenopathy (red arrows) and synchronous mesenteric panniculitis (yellow 
arrows) characterized by hazy mesenteric fat and separation of the mesenteric 
vessels; C: Coronal reformatted CT image demonstrates the extensive 
mesenteric adenopathy (red arrows); D: Coronal reformatted CT image, take 
dorsal to (C) depicts synchronous mesenteric adenopathy (red arrows) and 
mesenteric panniculitis (yellow arrows).

A

B

C

D

Figure 2  Mesenteric panniculitis in a patient with non-Hodgkin lymphoma. 
Axial computed tomography scan shows synchronous mesenteric panniculitis 
(yellow arrows), manifested by fat separating the mesenteric vessels, and 
mesenteric adenopathy (red arrows). 

Figure 3  Mesenteric panniculitis in a patient with non-Hodgkin lymphoma. 
Axial computed tomography image shows synchronous mesenteric adenopathy 
(red arrows) and mesenteric adenopathy (yellow arrows).

Figure 4  Mesenteric panniculitis in a patient with non-Hodgkin lymphoma 
(same patient as Figures 3 and 7) following chemotherapy. Axial computed 
tomography image shows almost complete resolution of the mesenteric 
adenopathy (red arrow) but persistent mesenteric panniculitis (yellow arrows).
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Figure 5  Mesenteric panniculitis in a patient with non-Hodgkin lymphoma. Positron emission tomography-computed tomography (PET-CT) scan following 
chemotherapy (same patient as Figures 3, 4 and 7). Computed tomography (CT) image (A), PET image (B), fused PET-CT image (C), and whole body PET image (D) 
demonstrates almost complete resolution of the mesenteric adenopathy (red arrow) with no fludeoxyglucose uptake in the portion of mesentery involved by mesenteric 
panniculitis (yellow arrows). The disseminated adenopathy seen in Figure 5D has almost completely resolved.

Figure 6  Mesenteric panniculitis in a patient with non-Hodgkin lymphoma (same patient as Figure 2). Positron emission tomography-computed tomography 
(PET-CT) scan. CT image (A), PET image (B), fused PET-CT image (C), and whole body PET image (D) shows abnormal fludeoxyglucose uptake in the mesenteric 
lymph nodes containing tumor (red arrows) but not in the portion of mesentery involved by mesenteric panniculitis (yellow arrows).
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having MP-like abnormalities on abdominal CT creates 
great concern for patients and clinicians alike. Prior 
studies that have suggested the finding of MP-like 
abnormalities on abdominal CT are associated with a 
very high risk of malignancy that ranges between 30 
and 63%. Our study on the other hand shows a much 
lower rate of 5.3% of new cancers associated with the 
currents of the CT findings. In fact, our data suggests 
that only five of the total of 359 patients having 
MP -like abnormalities on abdominal CT were not 
suspected of having cancer at the time performance 
of the examination. This would suggest that the rate 
of completely new cancers found in the setting of MP- 
like mesenteric abnormalities on abdominal CT scan 
is only 1.4%. The discrepancy between the high rate 
of cancer associated with MP-like abnormalities in 
previous studies and the very low rate in our study 
may be explained in part by the inclusion of patients 
with known malignancy in prior studies that calculated 
the rate of association of these two conditions. In our 
study, if all patients with known and newly suspected 
cancers are included, 100 of the 359 number of 
patients with MP-like abnormalities on abdominal CT 
(or 28% of the total group) had an associated cancer. 
In our view, the most important question to the 
clinician having a patient with new MP -like findings on 
abdominal CT is the likelihood that a further evaluation 
will reveal the presence of malignancy. Based on 
these data, the likelihood that a cancer is initially 

present is approximately 5% and is a new diagnosis 
in 1.4%. Newly diagnosed malignancies in association 
with the CT findings are likely to be lymphomas, and 
careful clinical evaluation for lymphoma and some 
of the associated solid tumors found in our study is 
advised. Follow up is also important as an additional 
5% of patients will eventually be diagnosed with a 
malignancy[17]. 

Most studies and reviews on MP recommend follow-
up evaluation with abdominal imaging[18-21]. Our data 
also suggests that at least in patients with a malignancy, 
mesenteric findings are likely to remain stable.

Mesenteric uptake of fludeoxyglucose (FDG) during 
PET scanning within the thickened area of mesentery is 
rare, and was only seen in 5% of patients undergoing 
PET in our study. These findings are consistent with 
our prior observation in a case report[22]. On the other 
hand, Zissin et al[23] suggested that the addition of 
PET to CT scanning may help to differentiate between 
inflammatory and neoplastic forms of mesenteric 
thickening. Our data suggest that PET will not be 
useful to distinguish an inflammatory mesenteric mass 
due to MP from a malignant mesenteric mass, or rule 
out the possibility that a patient has a neoplasm. In 
fact, our data appears to demonstrate that the MP-
like mesenteric abnormality that occurs in patients 
with malignancy may in fact be an epiphenomenon 
of the underlying neoplasm. Because most patients 
with malignancy demonstrate little change in this 

Figure 7  Mesenteric panniculitis in a patient with non-Hodgkin lymphoma (same patient as Figure 3). Positron emission tomography-computed tomography 
(PET-CT) scan. Computed tomography image (A), PET image (B), fused PET-CT image (C), and whole body PET image (D) shows abnormal fludeoxyglucose (FDG) 
uptake in the mesenteric lymph nodes containing tumor (red arrows) but not in the portion of mesentery involved by mesenteric panniculitis (yellow arrows). Notice the 
innumerable regions of abnormal FDG uptake (black regions in D) corresponding to the patient’s disseminated adenopathy.
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mesenteric abnormality on follow up CT, MP-like 
findings appear to have little influence on the natural 
history of neoplastic disease. As noted by prior 
authors, MP may in fact represent a paraneoplastic 
process[6]. 

Since this was a retrospective study, evaluation 
including the performance of follow up CT was variable 
and not controlled. In addition, although our radiology 
practice has agreed to use the terms “misty mesentery” 
and “mesenteric panniculitis” when describing an MP-
like finding on abdominal CT scanning, it is feasible 
but some cases in which the aforementioned terms 
were not used in the radiology reports could have 
been missed. Since the vast majority of the patients 
in our practice with MP did not receive a biopsy of 
the mesenteric mass, this study does not reveal 
whether these abnormalities represent inflammation or 
neoplastic extension.

In conclusion, our study shows that a new and 
unexpected diagnosis of malignancy is rare in patients 
with MP-like abnormalities on CT scan. These CT 
findings generally remain stable in patients with known 
malignancies, and appear to represent a paraneoplastic 
process. PET scanning does not appear to have a role 
in assisting with the further characterization of MP-like 
findings in the mesentery.

COMMENTS
Background
Mesenteric panniculitis (MP) is a rare disease characterized by unexplained 
inflammation of the mesentery. Computed tomography (CT) scan imaging of the 
abdomen demonstrates thickening of mesenteric tissue and lymphadenopathy 
at the root of the small bowel mesentery without vascular compromise. Chronic 
inflammation, fat necrosis and fibrosis are a variety of conditions are associated 
seen on biopsy. MP is associated with neoplastic disease, abdominal trauma, 
autoimmune diseases and infections. MP-like findings on abdominal CT can 
occur in patients with previously unidentified cancers and in those with a known 
diagnosis of cancer. The development of MP on CT imaging currently has an 
unclear influence on the natural history of cancer in these patients. The authors 
herein describe a group of patients with the CT finding of MP and the diagnosis 
of malignancy, in an attempt to clarify the relationship between these conditions. 

Research frontiers
Currently, little is known about MP, including its etiology, pathophysiology and 
clinical outcome in individual patients. Few studies have addressed appropriate 
evaluation and treatment with MP. Appropriate algorithms for diagnosis and 
treatment of MP are lacking in the medical literature. 

Innovations and breakthroughs
Although prior studies have described the association of MP and malignancy, 
the current study shows that only 1.4% of patients with a CT finding of MP will 
be found to have a previously undiagnosed or suspected cancer. The higher 
rate of association of MP and cancer described in prior studies likely represents 
inclusion of patients with a known history of cancer. Additionally, this study 
shows that follow up abdominal CT in patients with cancer shows stability and 
not worsening of MP. Finally, the study shows that in patients with cancer, PET 
scanning rarely shows uptake within the mesenteric abnormality. 

Applications 
This study demonstrates reassurance to the clinician and patient that findings 
suggestive of MP on abdominal CT rarely represent the occurrence of a new 
cancer. Initial standard evaluation to rule out cancer and appropriate follow up is 

advised by the authors. Furthermore, these findings do not appear to represent 
a poorer prognosis in patients with existing cancer. Frequent monitoring with 
abdominal CT does not appear to be of benefit in these patients. PET scanning 
does not appear to have a role for follow up in these patients. 

Terminology
Mesenteric panniculitis is a rare idiopathic inflammatory disorder of the 
mesentery characterized by the biopsy findings of fat necrosis, mesenteric 
infiltration with chronic inflammatory cells and fibrosis. Its natural history is 
unclear and diagnostic and treatment algorithms are incomplete.

Peer-review
This study represented an interesting advance toward the understanding of this 
condition.
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Abstract
AIM
To evaluate the safety and efficacy of a modified 
cyanoacrylate [N-butyl-2-cyanoacrylate associated with 
methacryloxysulfolane (NBCA + MS)] to treat non-
variceal upper gastrointestinal bleeding (NV-UGIB).

METHODS
In our retrospective study we took into account 579 
out of 1177 patients receiving endoscopic treatment 
for NV-UGIB admitted to our institution from 2008 to 
2015; the remaining 598 patients were treated with 
other treatments. Initial hemostasis was not achieved 
in 45 of 579 patients; early rebleeding occurred in 12 
of 579 patients. Thirty-three patients were treated with 
modified cyanoacrylate: 27 patients had duodenal, 
gastric or anastomotic ulcers, 3 had post-mucosectomy 
bleeding, 2 had Dieulafoy’s lesions, and 1 had duodenal 
diverticular bleeding.

RESULTS
Of the 45 patients treated endoscopically without initial 
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hemostasis or with early rebleeding, 33 (76.7%) were 
treated with modified cyanoacrylate glue, 16 (37.2%) 
underwent surgery, and 3 (7.0%) were treated with 
selective transarterial embolization. The mean age of 
patients treated with NBCA + MS (23 males and 10 
females) was 74.5 years. Modified cyanoacrylate was 
used in 24 patients during the first endoscopy and in 9 
patients experiencing rebleeding. Overall, hemostasis 
was achieved in 26 of 33 patients (78.8%): 19 out of 
24 (79.2%) during the first endoscopy and in 7 out of 9 
(77.8%) among early rebleeders. Two patients (22.2%) 
not responding to cyanoacrylate treatment were treated 
with surgery or transarterial embolization. One patient 
had early rebleeding after treatment with cyanoacrylate. 
No late rebleeding during the follow-up or complications 
related to the glue injection were recorded.

CONCLUSION
Modified cyanoacrylate solved definitively NV-UGIB 
after failure of conventional treatment. Some reported 
life-threatening adverse events with other formulations, 
advise to use it as last option.

Key words: Rescue treatment; Glubran; Non-variceal 
upper gastrointestinal bleeding; Endoscopic treatment; 
Cyanoacrylate

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Endoscopic hemostasis methods are very 
effective for managing non-variceal upper gastro
intestinal bleeding (NV-UGIB), but an early rebleeding 
rate of approximately 10% reduces the success of 
initial hemostasis. A modified cyanoacrylate (NBCA + 
MS) glue used for variceal bleeding has occasionally 
also been used to treat NV-UGIB. In our 7 years of 
experience, 33 patients were treated with NBCA + 
MS after conventional treatment modalities failed. 
Hemostasis was achieved in approximately 80% of 
these patients. Modified cyanoacrylate effectively 
treated NV-UGIB after the failure of conventional 
treatment modalities.

Grassia R, Capone P, Iiritano E, Vjero K, Cereatti F, Martinotti M, 
Rozzi G, Buffoli F. Non-variceal upper gastrointestinal bleeding: 
rescue treatment with a modified cyanoacrylate. World J 
Gastroenterol 2016; 22(48): 10609-10616  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v22/i48/10609.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v22.i48.10609

INTRODUCTION
Acute upper gastrointestinal bleeding is the most com­
mon, potentially life-threatening emergency occurring 
in gastroenterology departments[1]. The condition has 
an incidence ranging from approximately 50 to 150 per 
100000 of the population each year, and the incidence 

is the highest in areas of the lowest socioeconomic 
status[1].

In the United States, acute upper gastrointestinal 
bleeding causes more than 300000 hospital admissions 
with an annual incidence of hospitalization equal to 
1 per 1000 people[2] and a mortality rate of approxi­
mately 10%[3]. From a socioeconomic point of view, 
treating and preventing upper gastrointestinal bleeding 
costs many billions of dollars per year[4]. Despite the 
introduction of endoscopic therapies that reduce the 
rebleeding rate, the mortality rate has only slightly 
decreased over the last 30 years. This phenomenon 
is attributed to the increasing occurrence of upper 
gastrointestinal bleeding in the elderly. This group has 
a worse prognosis than others because of their greater 
use of antiplatelet medications or anticoagulants and 
their frequent comorbidities[5,6].

Mortality has been reported to be lower in specialist 
units[7]. This difference is more likely to be due to 
adherence to protocols and guidelines than to technical 
developments.

Upper gastrointestinal bleeding can be caused by a 
wide variety of medical conditions. Peptic ulcers have 
been reported to be the cause of approximately 50% of 
upper gastrointestinal bleeding cases, whereas Mallory-
Weiss tears account for 5%-15% of cases[8]. Esophageal 
varices are a common source of upper gastrointestinal 
bleeding, especially in patients with liver dysfunction 
and chronic alcoholism. Less frequent causes of upper 
gastrointestinal bleeding include erosive duodenitis, 
neoplasms, aortoenteric fistulas, vascular lesions, 
Dieulafoy’s ulcers and prolapse gastropathy[9].

In our country, the large “Prometeostudy”[10] of 
patients with upper gastrointestinal bleeding recently 
showed that peptic lesions were the main cause of 
bleeding (duodenal ulcer 36.2%, gastric ulcer 29.6%, 
gastric/duodenal erosion 10.9%). Comorbidities 
were present in 83% and 52.4% of patients treated 
with acetyl salicylic acid or other non-steroidal anti-
inflammatory drugs (NSAIDs), respectively, and 
13.3% of patients had experienced previous episodes 
of upper gastrointestinal bleeding. Early rebleeding 
was observed in 5.4% of patients, and surgery was 
required in 14.3%. Bleeding-related death occurred in 
4.0% of patients.

Endoscopic therapy is typically considered based on 
the characteristics and the classification of a bleeding 
ulcer. The Forrest classification is commonly used 
in Europe and Asia to describe bleeding lesions[11]. 
Stigmata can be used to predict the risk of further 
bleeding and the need for therapeutic intervention[12,13].

Approximately 80% of upper gastrointestinal bleed­
ing episodes appear to stop bleeding spontaneously[11]; 
the approximately 20% of episodes remaining either 
continue to bleed or will rebleed[14]. The recurrence 
of gastrointestinal hemorrhage is associated with an 
increased mortality rate, a greater need for surgery 
and blood transfusions, a prolonged hospital stay, and 
increased overall healthcare costs[15].
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Endoscopy within the first 24 h is considered the 
standard of care for the management of upper gastroin­
testinal bleeding[15].

Endoscopic therapy can be performed by a variety 
of methods, such as thermal coagulation, sclerotherapy, 
laser excision, and clip placement. All types of endo­
scopic therapy are generally considered equivalent, and 
a combination of methods is superior to an individual 
therapy[15].

Among the treatments that can be used during 
endoscopic treatment, cyanoacrylate glues have several 
advantages: they can be easily and rapidly applied, 
they are relatively painless, and they eliminate the need 
for suture removal[16].

Cyanoacrylate is a liquid tissue adhesive that has a 
well-established utility in the endoscopic management 
of gastrointestinal variceal bleeding[17-19], but its role in 
non-variceal bleeding is less clear[19-21]. This limitation 
is probably related to the limited experience in this 
area due to the availability of alternative modes of 
hemostasis, e.g., transarterial embolization, and to 
the potential side effects of endoscopic cyanoacrylate 
use in peptic ulcer disease[22]. In fact, despite the 
relatively safe use of cyanoacrylate glues for treating 
gastroesophageal variceal bleeding[23], there are 
concerns about potential serious complications, parti­
cularly distant embolization.

Given the possibility of this life-threatening adverse 
event[21], cyanoacrylate is considered a last resort for 
achieving endoscopic hemostasis in high surgical risk 
patients after conventional treatment methods have 

failed[19].
During the last 20 years, several cyanoacrylate form­

ulations have been developed. In our clinical practice, 
we have chosen N-butyl-2-cyanoacrylate associated 
with methacryloxysulfolane (NBCA + MS: Glubran® 2) 
because of its peculiar characteristics. This formulation 
has hemostatic, sealing, bacteriostatic, adhesive and 
sclerosing properties. Polymerization begins 1-2 s 
after application and completes within 60-90 s. The 
polymerization reaction generates a temperature of 
approximately 45 ℃[24,25], which is lower than that of 
pure cyanoacrylates[16,26], and this formulation is the 
only cyanoacrylate glue approved for embolization 
therapy, as stated in the product’s instructions for use.

In this paper, we retrospectively describe our 
personal experience using NBCA + MS injections for 
the management of (NV-UGIB) after the failure of 
conventional endoscopic modalities.

MATERIALS AND METHODS
Between April 2008 and May 2015, 1177 patients were 
referred to our center for NV-UGIB; 579 (49.2%) of 
these patients received endoscopic treatment.

Patients in whom initial hemostasis was not 
achieved or who had early rebleeding were treated 
with other measures, including surgery, selective 
transarterial embolization and/or cyanoacrylate glue 
injections (Figure 1).

NBCA + MS (Glubran® 2, GEM S.r.l.; Italy) were 
used according to manufacturer’s indications, and all 
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NV-UGIB

Endoscopic treatment

Total failure 

Early rebleeding

NBCA + MS during 
1st endoscopy NBCA + MS

Successful Successful

Successful

Successful

Total NBCA + MS

Failure

Failure

Failure

Surg./TAE

Surg./TAE

Other treatments
1177

579

45

12

9

9

24

26 7

3

2

57

598

534

19

33

Figure 1  Treated patient results: successes and failures. NV-UGIB: non-variceal upper gastrointestinal bleeding; NBCA + MS: N-butyl-2-cyanoacrylate associated 
with methacryloxysulfolane; TAE: transarterial embolization.
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possible precautions were taken to avoid intravasal 
penetration.

The technique involves injection through a sclero­
therapy catheter with a 21- to 25-gauge retractable 
needle in or around actively bleeding points or non-
bleeding vessels (Figure 2).

NBCA + MS is applied deep in the submucosa 
with an injection needle in 0.5-mL to 1.5-mL boluses 
around the relevant vessel to “compress” from the 
outside of the bleeding vessel. The technique is then 
repeated for each bleeding vessel.

We have used this approach in 24 patients during 
their first endoscopy and in 9 patients who experienced 
rebleeding after the initial success of a conventional 
treatment. Bleeding recurrence was considered in the 
event of any one of the following: the vomiting of fresh 
blood, hypotension and melena, or the requirement for 
more than four units of blood in the 72-h period after 
endoscopic treatment[23].

All 33 patients have received follow-up examin­
ations to detect eventual rebleeding. Currently, the 
average follow-up period is 37.6 mo (median, 40; 
range, 3-57).

RESULTS
Endoscopic hemostasis could not be achieved in 45 of 
579 patients (7.8%) with conventional treatments, and 
early rebleeding occurred in 12 patients (2.1%). Of 
the 45 patients who did not exhibit initial hemostasis 
or who had early rebleeding, 33 (76.7%) were treated 
with cyanoacrylate glue, 16 (37.2%) underwent 
surgery (including 5 patients in whom cyanoacrylate 
therapy failed), and 3 (7.0%) were treated with 
selective transarterial embolization (including 2 
patients in whom cyanoacrylate therapy failed).

The group of patients treated with NBCA + MS 
consisted of 23 males and 10 females; the mean 
patient age was 74.5 years (median, 78; range, 
38-94) (Tables 1 and 2).

The physical status of each patient was classified 
according to guidelines of the American Society of 
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Anesthesiologists. Upon admission, the patients were 
categorized as follows: 1 patient, (3.0%) class Ⅰ; 9 
patients, (27.3%) class Ⅱ; 20 patients, (60.6%) class 
Ⅲ; and 3 patients, (9.1%) class Ⅳ.

The presenting symptomatology was melena in 
16 patients (48.5%), hematemesis in 16 patients 
(48.5%), and shock + hematemesis in 1 patient 
(3.0%). The average hemoglobin value at admission 
was 8.81 g/dL (range, 5.5-11.2). Seventeen (51.5%) 
patients had a duodenal ulcer, 6 (18.2%) had a gastric 
ulcer, 4 (12.1%) had an anastomotic ulcer, 2 (6.1%) 
had gastric post-mucosectomy bleeding, 2 (6.1%) 
had a gastric Dieulafoy’s ulcer, 1 (3.0%) had duodenal 
diverticular bleeding, and 1 (3.0%) had esophageal 
post-mucosectomy bleeding.

Regarding the Forrest classification, 16 (48.5%) 
patients were grade Ⅰa, 6 were grade Ⅰb (18.2%), 
and 5 were grade Ⅱa (15.2%).

The initial endoscopic treatment consisted of epine­
phrine (Epi) + clip in 16 patients (48.5%), clip alone in 
12 (36.4%), APC (Argon Plasma Coagulation) alone in 
2 (6.1%), APC + Epi + clip in 1 (3.0%), Epi + APC in 1 
(3.0%), and APC + clip in 1 (3.0%).

Glubran® 2 was used in 24 patients during the first 
endoscopy and in 9 patients experiencing rebleeding 
after an initially successful treatment.

Overall, hemostasis was achieved with NBCA + 
MS in 26 of 33 patients (78.8%). Hemostasis was 
successfully achieved with NBCA + MS during the 
first endoscopy in 19 of 24 patients (79.2%). Four 
patients (16.6%) who did not stop bleeding after the 
first endoscopy underwent surgery, and 1 (4.2%) was 
treated with selective transarterial embolization. One 
patient (4.1%) experienced early rebleeding after 
being treated with cyanoacrylate.

Of the 9 patients with early rebleeding, 7 (77.8%) 
achieved hemostasis with NBCA + MS usage, whereas 
2 (22.2%) did not and were treated with surgery (1 
patient) or transarterial embolization (1 patient).

No late rebleeding occurred during the follow-up 
period, and no complications related to the glue injections 
were recorded.

A B C

Figure 2  a duodenal bleeding ulcer (Forrest type Ⅰb) (A); endoscopic hemostasis achieved with cyanoacrylate (B); and injection site evaluation after 3 d (C).
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Table 1  Patients treated with cyanoacrylate injection during first endoscopy

DISCUSSION
Despite significant positive changes in recent years, 
NV-UGIB remains a common, challenging and often 
life threatening emergency for gastroenterologists and 
endoscopists. Although there have been significant 
improvements in endoscopic and supportive therapies, 
the overall mortality rate remains approximately 10% 
and may even reach 35% in the elderly and in hospi­
talized patients with serious comorbidities[27].

In most cases, peptic ulcers spontaneously stop 
bleeding, and high-dose intravenous proton pump 
inhibitors and endoscopic therapies for bleeding 
ulcers reduce recurrent bleeding risk and the need for 

surgery[28].
In approximately 4/5th of all upper gastrointestinal 

episodes, bleeding stops spontaneously[11], whereas in 
the remaining 1/5th, the bleeding either continues or 
will recur, causing a rebleeding episode[14]. Thus, the 
main open question seems to involve the management 
of rebleeding.

Because the recurrence of gastrointestinal hemorr­
haging increases morbidity, mortality and cost[15], 
the timely identification and aggressive management 
of patients at high risk for continued bleeding or 
rebleeding has become the major focus of upper 
gastrointestinal bleeding therapy[8].

Rebleeding after initial endotherapy can be con­
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Pat. 
No.

Age Gender Lesion ASA Forrest Presentation Hb (at 
entry)

Initial endoscopic 
treatment

Hemostasis with cyanoacrylate 
(first endoscopy)

Failure therapy Follow-
up (mo)

1 81 M DU Ⅲ Ⅰa Hematemesis 10.6 Epi + clip Yes No 45
2 74 M GU Ⅱ Ⅰa Melena 10.9 Epi + clip Yes No 51
3 86 F G-EMR Ⅲ na Hematemesis   7.6 Apc Yes No 49
4 74 M An-U Ⅲ Ⅰa Melena   5.5 Epi + clip Yes No 40
5 80 M DU Ⅳ Ⅰb Melena   8.2 Clip Yes No 40
6 63 M E-EMR Ⅲ na Hematemesis   9.6 Clip Yes No 47
7 71 M GU Ⅱ 2° Melena 10.0 Apc + clip Yes No 57
8 75 M DU Ⅱ 2° Melena   7.6 Epi + clip Yes No 49
9 82 F DU Ⅲ 2° Melena 10.3 Epi + clip Yes No 40
10 43 F DU Ⅰ Ⅰa Melena   7.6 Epi + clip No Surgery 49
11 61 M DU Ⅱ Ⅰa Melena   8.6 Epi + clip No Surgery 39
12 85 F DU Ⅳ Ⅰa Hematemesis   6.5 Clip Yes No 35
13 71 M DU Ⅲ Ⅰb Melena 11.0 Epi + clip Yes No 39
14 70 M GU Ⅱ Ⅰa Melena 10.2 Apc + Epi + clip Yes No 47
15 85 M G-Dieulafoy Ⅲ na Hematemesis   9.2 Clip Yes No 40
16 84 F DU Ⅲ Ⅰa Shock, Hematemesis   8.0 Clip No Surgery 39
17 89 M GU Ⅲ Ⅰb Melena   9.7 Epi + clip Yes No 42
18 82 F DU Ⅱ Ⅰa Hematemesis   8.9 Epi + clip No TAE 45
19 88 F DU Ⅲ Ⅰa Hematemesis 11.2 Epi + clip Yes No 34
20 61 M An-U Ⅱ 2° Hematemesis   7.6 Epi + clip No Surgery 30
21 41 M DU Ⅱ 2° Hematemesis 10.7 Clip Yes No 28
22 63 M GU Ⅲ Ⅰb Hematemesis   8.1 Epi + clip Yes No 11
23 81 M DU Ⅲ Ⅰa Melena   6.8 Clip Yes No   3
24 74 M G-Dieulafoy Ⅲ na Hematemesis   7.2 Clip Yes No   3

ASA: American Society of Anesthesiologists; DU: duodenal ulcer; GU: gastric ulcer; An-U: anastomotic ulcer; DD: duodenal diverticulum; G-EMR: 
gastric mucosectomy; E-EMR: esophageal mucosectomy; Epi: epinephrine; TAE: transarterial embolization; na: not applicable.

Table 2  Patients who underwent cyanoacrylate injection for rebleeding

Pat. 
No.

Age Gender Lesion ASA Forrest Presentation Hb (at 
entry)

Initial endoscopic treatment Hemostasis with cyanoacrylate 
(second endoscopy)

Failure therapy Follow-up 
(mo)

r1 87 M DU Ⅲ Ⅰa Hematemesis   8.6 Clip Yes No 38
r2 38 F An-U Ⅱ Ⅰb Hematemesis   7.4 Clip No Surgery 43
r3 76 M DD Ⅲ na Melena   7.2 Clip Yes No 47
r4 73 F An-U Ⅲ Ⅰa Hematemesis   9.7 Epi + clip Yes No 49
r5 82 M DU Ⅲ Ⅰa Hematemesis   9.3 Epi + clip Yes No 42
r6 94 M G-EMRⅣ na Melena   8.6 Apc Yes No 36
r7 87 F GU Ⅲ Ⅰb Melena   8.8 Epi + apc No TAE 32
r8 78 M DU Ⅲ Ⅰa Melena 10.4 Clip Yes No 27
r9 80 M DU Ⅲ Ⅰa Hematemesis   9.0 Epi + clip Yes No 26

ASA: American Society of Anesthesiologists; DU: duodenal ulcer; An-U: anastomotic ulcer; DD: duodenal diverticulum; G-EMR: gastric mucosectomy; 
Epi: epinephrine; na: not applicable.
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trolled in approximately 75% of patients with a second 
endoscopic treatment, which is safer than undergoing 
surgery[29].

While cyanoacrylate glue injections effectively control 
variceal bleeding, the role of the material in NV-UGIB is 
less defined[30].

When administered by a suitably experienced endos­
copist for hemostasis, cyanoacrylate glue is considered 
a safe, inexpensive and effective salvage alternative to 
surgery when other measures have failed or if selective 
transarterial embolization is unavailable[19-21,31]. It is 
important to note that several different formulations 
of cyanoacrylate glue are available; these different 
formulations merit investigation as they may lead signi­
ficantly different results and safety profiles.

In variceal bleeding, the use of cyanoacrylate is 
very common and is included in several guidelines. 
However, few papers have report the results of its use 
in NV-UGIB, and some are simple case descriptions or 
short case series[19-20,22]. No direct comparisons of the 
cyanoacrylate formulations are available.

To the best of our knowledge, the largest (126 
patients) and only randomized study was performed 
by Lee et al[21], who demonstrated significantly lower 
rebleeding rates in patients with Forrest type Ia 
lesions treated with a pure N-butyl-cyanoacrylate 
glue (Histoacryl®) compared with a hypertonic saline-
adrenaline (HSE) injection; no overall benefits regarding 
hemostasis rates were observed in the other patients. 
However, although no complications followed HSE 
therapy, arterial embolization with infarction occurred 
in 2 patients treated with cyanoacrylate, and one of 
these patients died. Arterial embolization is considered 
the most dangerous complication of this treatment; 
therefore, this therapy is typically recommended as 
a final measure due to the potentially fatal adverse 
effects[21]. In contrast, in other published papers, com­
plication rates are typically negligible[19,20,22], mirroring 
the low rates of complications recently reported with 
the use of cyanoacrylate for varices[23,30].

Our retrospective series of 33 cases supports the 
efficacy (78.8% success rate) and safety (no side 
effects) of the modified cyanoacrylate formulation 
(NBCA + MS) used in our Digestive Endoscopy and 
Gastroenterology Unit. Compared with other similar, but 
shorter, case series[19,20,22], the success rate observed in 
our patients might be due to the fact that we used the 
glue exclusively as a second-line therapy; in addition, 
we used a different methodology, i.e., injection only, 
and our patients had different baseline diseases.

Although our results were obtained from a retro­
spective series, in our opinion, it would be possible to 
hypothesize that the lack of complications might be at 
least partly derived from our long experience in treating 
variceal bleeding with this product that has been largely 
documented in digestive endoscopy[29,32-34].

In addition, the differences among the cyano­
acrylate formulations might be crucial. In particular, 
polymerization time and temperature may play a 

role in this respect. The polymerization time depends 
on the amount of injected liquid. However, NBCA + 
MS generally begins to polymerize 1 s to 2 s after 
application, and the polymerization is complete within 
60 s to 90 s. In contrast, other cyanoacrylates take 
longer (150-180 s) to polymerize[16,26], and these 
glues only reach maximum mechanical strength upon 
complete polymerization. The differences regarding the 
temperature generated by the polymerization reaction 
appear to be more important than polymerization time. 
NBCA + MS generates a temperature of approximately 
45 ℃ and thus causes very limited damage to the 
surrounding tissue[24,25]. In contrast, other cyanoa­
crylates generate temperatures of 80-90 ℃, causing 
more inflammation and, rarely, tissue necrosis and 
deep ulcers or fistulas[35].

Some authors consider surgery or selective 
transarterial embolization to be preferred methods 
for controlling rebleeding, even though it is accepted 
that treatments should be largely based on patient 
comorbidities and surgical risk[22]. In our opinion, NBCA 
+ MS should be implemented before surgery because 
it is cheaper, is associated with fewer complications, 
and is very effective (77.8% in our early rebleeding 
patients), as previously reported by others[19].

Our retrospective observational study indicates that 
the formulation of cyanoacrylic glue associated with 
methacryloxysulfolane used in our department was 
safe and effective for treating NV-UGIB after the failure 
of conventional treatment modalities. As our results 
were obtained from a medium size retrospective 
series, no definitive conclusions can be drawn. In our 
experience, the glue has been safe and has not caused 
any side effects. Therefore, in agreement with the 
literature[21], we suggest its use in high surgical risk 
patients for endoscopic hemostasis as a last resort, 
given the possibility of life-threatening adverse events. 
Finally we consider important to underline that our 
results are derived from a retrospective observational 
study: it is well known that retrospective studies have 
a limited validity compared to randomized clinical 
trials because the characteristics of the subjects 
included, the data collected and measured outcomes 
are defined after the end of the recruitment. Our data 
have been collected in order to obtain a good level 
of quality, but, in retrospective studies this cannot be 
guaranteed. Furthermore, observational studies tend 
both to overestimate the effects of treatment and to 
have greater variability in effect estimates because 
of residual confounding. Hence our results should be 
read taking into account these possible biases. In our 
opinion a randomized clinical trial comparing NBCA 
+ MS with the current standard rescue treatments in 
selected populations is therefore highly advisable.

In the case of positive outcomes, further com­
parisons with other cyanoacrylate formulations might 
be useful for establishing the role of NBCA + MS in 
patients with NV-UGIB after conventional treatments 
have failed and for clarifying the long-term differences 
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in safety and efficacy.
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COMMENTS
Background
Endoscopy within the first 24 h is considered the standard of care for the 
management of upper gastrointestinal bleeding. Cyanoacrylate has a well-
established utility in the endoscopic management of gastrointestinal variceal 
bleeding, but its role in non-variceal bleeding is less clear.

Research frontiers
Several cyanoacrylate formulations are available. The authors use N-butyl-2-
cyanoacrylate associated with methacryloxysulfolane (NBCA + MS: Glubran® 
2) because of its peculiar characteristics: polymerization begins and completes 
in few second and the polymerization reaction generates a temperature 
of approximately 45 ℃, which is lower than that of other cyanoacrylates. 
Furthermore this formulation is the only cyanoacrylate glue approved for 
embolization therapy.

Innovations and breakthroughs
In this paper, the authors retrospectively describe their personal 5-year 
experience using NBCA + MS for the management of non-variceal upper 
gastrointestinal bleeding after the failure of conventional endoscopic modalities.

Applications
In their experience, the glue has been safe and has not caused any side 
effects. The authors suggest its use in high surgical risk patients for endoscopic 
hemostasis. Some reported life-threatening adverse events with other 
formulations, advise to use it as last option. Their results are derived from a 
retrospective observational study and therefore our results should be read 
taking into account these possible biases.

Peer-review
The authors conducted a retrospective study regarding the usefulness of 
modified cyanoacrylates a rescue method for failed hemostasis in NV-UGIB 
patients. The topic is interesting and the study showed some promising results, 
although the patient number is small.
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Abstract
AIM
To evaluate the efficacy of quantitative fecal immuno
chemical test (FIT) as biomarker of disease activity in 
ulcerative colitis (UC).

METHODS
Between February 2013 and November 2014, a 
total of 82 FIT results, obtained in conjunction with 
colonoscopies, were retrospectivelyevaluated for 63 
patients with UC. The efficacy of FIT for evaluation of 
disease activity was compared to colonoscopic findings. 
Quantitative fecal blood with automated equipment 
examined from collected feces. Endoscopic disease 
severity were assessed using the Mayo endoscopic 
subscore (MES) classification. The extent of disease 
were classified by proctitis (E1), left sided colitis 
(E2), and extensive colitis (E3). Clinical activity were 
subgrouped by remission or active.

RESULTS
All of 21 patients with MES 0 had negative FIT (< 7 
ng/mL), but 22 patients with MES 2 or 3 had a mean 
FIT of > 134.89 ng/mL. The sensitivity, specificity, 
positive predictive value (PPV), negative predictive 
value (NPV) and accuracy of negative FIT about 
mucosal healing were 73.33%, 81.82%, 91.49%, 
51.43% and 73.17%, respectively. The sensitivity, 
specificity, PPV, NPV and accuracy of predictive value 
of positive FIT (cutoff value > 100 ng/mL) about active 
disease status were 45.45%, 93.33%, 71.43%, 82.35% 
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and 26.83%, respectively. Among patients with clinical 
remission, FIT was negative in 31 (81.6%) of 38 cases, 
with a mean fecal hemoglobin concentration of 6.12 
ng/mL (range, negative to 80.9 ng/mL) for this group 
of patients. Among patients with clinical active disease, 
FIT was negative in 16 (36.4%) out of 44 cases, with 
a mean fecal hemoglobin concentration > 167.4 ng/mL 
for this group of patients. FIT was positively correlated 
with endoscopic activity (r  = 0.626, P  < 0.01) and 
clinical activity (r  = 0.496, P  < 0.01). But, FIT did not 
correlate with the extent of disease (r  = -0.047, P  = 
0.676)

CONCLUSION
Quantitative FIT can be a non-invasive and effective 
biomarker for evaluation of clinical and endoscopic 
activity in UC, but not predict the extent of disease.

Key words: Ulcerative colitis; Fecal immunochemical 
test; Mayo endoscopic subscore; Biomarker; Disease 
activity

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Until now, colonoscopy has been regarded as 
the gold standard to assess mucosal status and disease 
activity in patients with ulcerative colitis (UC). Recently, 
non-invasive markers of mucosal healing have been 
studied in UC. Fecal immunochemical test (FIT) is one 
of them suggested association with mucosa healing 
in some studies. Our results have identified that FIT 
correlated positively with endoscopic activity and clinical 
remission, but not with extent of disease. In particular 
a negative FIT could be regarded as an indication of 
endoscopic and clinical remission. FIT can be a non-
invasive and economic biomarker in patients with UC.

Ryu DG, Kim HW, Park SB, Kang DH, Choi CW, Kim SJ, Nam 
HS. Assessment of disease activity by fecal immunochemical 
test in ulcerative colitis. World J Gastroenterol 2016; 22(48): 
10617-10624  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i48/10617.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i48.10617

INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory disorder 
of the colorectum that is characterized by a clinical 
course of remission and relapse[1]. Assessment of 
the response to treatment and monitoring of disease 
activity are two important aspects of the clinical 
management inpatients with UC. Clinical indices do 
not always correlate with actual inflammation in UC 
patient and active mucosal inflammation is often 
present in asymptomatic patients. Therefore, recent 
opinions increasingly require to achieve both clinical 
response and endoscopic mucosal healing (MH) in the 

treatment of UC[2-4]. To date, the evaluation of mucosal 
inflammation with colonoscopy is the gold standard to 
assess disease activity in patients with UC. However, 
colonoscopic examination is difficult to frequently 
perform due to cost and inconvenience to patients. 
Therefore, identification of non-invasive biomarkers of 
disease activity in UC is a research priority.

Fecal calprotectin (FC) may provide a promising 
non-invasive marker of mucosal inflammation, with 
several studies having shown a correlation between FC 
and the severity of mucosal inflammation[5-9]. However, 
the measurement of FC requires the enzyme-linked 
immunosorbent assay technique which usually can only 
be performed in tertiary healthcare institutions, usually 
takes several hours to perform and is expensive[6]. In 
contrast, quantitative fecal immunochemical test (FIT) 
measures hemoglobin concentration in feces by using 
an antibody for human hemoglobin. FIT has been 
used to screen for colorectal cancer in the general 
population[10]. FIT quantifies blood in fecal samples 
simply and rapidly using automated equipment[11]. In 
patients with UC who are in clinical remission, occult 
blood can be present in stool samples due to residual 
mucosal inflammation. In fact, previous studies have 
shown that FIT correlates well with the mucosal status 
in patients with UC[12,13]. 

In this study, we measured FITs in patients with 
UC who had undergone colonoscopy with the aim of 
comparing endoscopic disease activities with FITs. 
Furthermore, unlike other studies thus far, we used FIT 
to compare clinical disease activity and extent of the 
disease.

MATERIALS AND METHODS
Patients and diagnosis of UC
Between February 2013 and November 2014 we 
retrospectively reviewed the medical records of 
patients with UCat the Pusan National University 
Yangsan Hospital, Korea. During the period, a total of 
206 patients with suspected UC were evaluated. UC is 
diagnosed based on a comprehensive medical history 
and clinical features, in combination with typical 
endoscopic and biopsy findings according to current 
guidelines. UC is a chronic inflammatory condition 
causing continuous mucosal inflammation of the colon 
without granulomas on biopsy, affecting the rectum 
and a variable extent of the colon in continuity, which 
is characterized by relapsing and remitting course[14,15]. 

Patients are not clearly diagnosed with UC including 
inflammatory bowel disease unclassified (IBDU) and 
indeterminate colitis were excluded. IBDU is the 
cases where a definitive distinction between UCand 
Crohn’s disease (CD), or other cause of colitis cannot 
be made after the history, endoscopic appearances, 
histopathology and appropriate radiology[15]. In
determinate colitis is a term which has overlapping 
features of UC and CD[16]. Rule out other diseases in 
this process, a total of 187 patients were diagnosed 
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with UC. Patients not performed colonoscopy or FIT 
were excluded and patients with the interval of FIT and 
colonoscopy was more than 1 wk were also excluded. 
Finally a total of 82 FIT results of 63 patients who 
underwent colonoscopy included in this study (Figure 1).

Fecal sampling and FIT analysis
Fecal samples were prepared on the morning of 
hospital visit or the previous day hospital visit. FIT 
results were obtained on the day of colonoscopy (56/82, 
68.3%) or within 1 wk (before or after) of colonoscopy 
(26/82, 31.7%). About seasonally correlation FIT 
results and disease activity or mucosa status in UC 
patients is not yet known. But one study reported 
that FIT results and disease activity of patients with 
UC can deviate for 2-4 wk[17]. With reference to the 
study, patients with more than 1 wk intervals between 
FIT and colonoscopy were excluded. Submitted stool 
samples were immediately processed and examined 
using the HM-JACK system (Kyowa Medex, Japan), 
a fully automated quantitative FIT system. The HM-
JACK system can accurately measure fecal hemoglobin 
concentration within a range of 7-300000 ng/mL. 
Stools with a hemoglobin concentration > 1000 ng/mL 
were classified as bloody stools. On the other hand, 
fecal specimens with a hemoglobin concentration < 
7 ng/mL were classified as negative (0-7 ng/mL). 
The HM-JACK system cannot accurately differentiate 
hemoglobin concentrations < 7 ng/mL.

Assessment of clinical and endoscopic activity
Clinical and endoscopic disease activity were evaluated 
using the Mayo scoring system for UC[18]. Endoscopic 
remission and MH were defined bya Mayo endoscopic 
score (MES) of “0” or “1”[3]. Clinical remission was 
defined by a Mayo stool frequency subscore of “0” 
or “1” and a Mayo rectal bleeding subscore of “0”[3]. 
Patients with any other Mayo scores were considered 

to be active disease state. The extent of UC was based 
on the Montreal Classification, with patients classified 
as having either: proctitis (E1), left sided colitis (E2) or 
extensive colitis (E3)[15]. 

Statistical analysis
Statistical calculations were performed using SPSS 
version 21.0 for Windows (SPSS Inc., Chicago, IL, 
United States). Spearman’s and Kendall’s tau rank 
correlation were performed to determine the association 
among FIT, MES, the extent of disease and clinical 
remission. Sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV), with 
associated 95%CI, for detecting mucosal status based 
on FIT results, were determined. Statistical significance 
was set at a P value of 0.05.

RESULTS
Patients characteristics
A total of 82 FITs were evaluated for 63 patients with 
UC, 60 males and 22 females, with a median age 
of 47.9 years. Baseline characteristics of our patient 
group are shown in Table 1. Mean disease duration 
was 33.5 mo (range, 0-217 mo). All patients were 
treated with suppository or oral 5-ASA, with 46 patients 
(56.1%) treated with additional therapy: 17 patients 
(20.7%) with systemic steroids; 23 patients (28%) 
with azathioprine; and 6 patients (7.3%) with anti 
TNF-alpha therapy. During the study period, 3 patients 
were hospitalized for severe UC. No patient underwent 
surgery for UC-related complications and no patient 
died.

Correlation between FIT and endoscopic finding
Colonoscopy was performed in all patients during the 
study period. Among the 82 colonoscopy, 38 (46.3%) 
were performed in patients in clinical remission and 
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Figure 1  Flow chart of the enrolled patients. UC: Ulcerative colitis; FIT: Fecal immunochemical test.

Between February 2013 and November 2014, a total of 206 UC suspected patients were evaluated.

A total of 187 patients were finally diagnosed with UC.

A total of 82 FIT results of 63 patients who underwent colonoscopy were included.

Exclusion (n  = 19)
   Presumed to infections colitis: 3
   Presumed to non specific colitis: 7
   Inflammatory bowel disease unclassified: 5
   Indeterminate colitis : 3
   Finally diagnosed with CD: 1

Exclusion (n  = 124)
   Not presumed colonoscopy: 46
   Poor bowel preparation: 1
   Not performed FIT: 46
   Interval of FIT and colonoscopy > 1 wk: 23
   Follow-up loss: 8
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negative to > 1000 ng/mL). Among patients with MES 
of “2” or “3”, 18.2% (4 of 22 patients) had a negative 
FIT (Table 2).

The distribution of MES for the 47 negative FIT 
cases was as follows: MES of “0” in 21 patients (44.7%); 
MES of “1” in 22 (46.8%) patients; MES of “2” in 3 
(6.4%) patients; and MES of “3” in 1 patient (2.1%). 
Therefore, a negative FIT identifies mucosa healing, 
assessed by endoscopy (MES of “0” or “1”), with a 
probability of 92%. For the 35 patients with a positive 
FIT, the distribution of MES was as follows: MES of “0” 
in 0 patient; MES of “1” in 17 patients (48.6%); MES 
of “2” in 12 patients (34.3%); and MES of “3” in 6 
patients (17.1%). Among the three patients with FIT 
>1000 ng/mL, 2 patients had a MES of “2”, with the 
other patient having a MES of “3” (Table 3).

When we consider only the 60 cases in whom 
endoscopy identified MH, FIT was negative in 44 of 
these 60 cases (73.33%). The sensitivity, specificity, 
PPV, NPV and accuracy of the fecal hemoglobin 
concentration in relation to MH are reported in Table 
4 and summarized as follows: sensitivity, 73.33%; 
specificity, 81.82%; PPV, 91.49%; NPV, 51.43%; and 
accuracy, 73.17%. The change in these predictive 
values of FIT using a cutoff value of fecal hemoglobin 
concentration > 100 ng/mL, which is popularly used 
for colon cancer screening, is reported in Table 5. The 
predictive value of FIT specifically in patients with 
an active disease status, identified by endoscopy, is 
summarized as follows: sensitivity, 45.45%; specificity, 
93.33%; PPV, 71.43%; NPV, 82.35%; and accuracy, 
26.83%.

the other 44 (53.7%) in patients with clinical active 
disease. The distribution of MES based on colonoscopic 
findings was as follows: MES of “0” in 21 patients 
(25.6%); MES of “1” in 39 (47.6%); MES of “2” in 15 
(18.3%) patients; and MES of “3” in 7 (8.5%). All of 
patients with MES of “0” had negative FIT (< 7 ng/
mL). Patients with MES of “2” or “3” had a mean fecal 
hemoglobin concentration of 134.89 ng/mL (range, 

Table 1  Characteristics of enrolled cases

Characteristics variables Value

Age (yr), mean (range) ± SD 47.9 (22-75) ± 12.5
Male/Female, n (%) 60/22 (73.2/26.8)
Disease duration (mo), mean (range) ± SD 33.5 (0-217) ± 48.3
MES, n (%)
   0 21 (25.6)
   1 39 (47.6)
   2 15 (18.3)
   3 7 (8.5)
Disease extent, n (%)
   Extensive colitis 32 (39.0)
   Left sided colitis 30 (36.6)
   Proctitis 20 (24.4)
Fecal hemoglobin concentrations (ng/mL), n (%)
   0-7, negative 47 (57.3)
   7-100 21 (25.6)
   100-1000 11 (13.4)
   > 1000 3 (3.7)
Drug at study entry, n (%)
   Oral / Suppository 5-ASA 64 (100.0)/18 (22.0)
   Systemic steroids 17 (20.7)
   Azathioprine 23 (28.0)
   Anti-TNFα 6 (7.3)

MES: Mayo endoscopic subscore; 5-ASA: 5-aminosalicylic acids; TNF: 
Tumor necrosis factor.

Table 2  Negative fecal immunochemical test probability (%) 
and mean fecal immunochemical test values according to 
mayo endoscopic subscore

MES Negative FIT (%) mean FIT (ng/mL)

0 21/21 (100)  0
1 44/60 (73.3)     33.94
2 or 3   4/22 (18.2) > 134.891

1Three cases in MES “2” or “3” were measured more than 1000 ng/mL 
fecal hemoglobin concentration. MES: Mayo endoscopic subscore; FIT: 
Fecal immunochemical test.

Table 3  Mayo endoscopic subscore according to fecal 
immunochemical test values

n  (%)

Negative FIT cases (n = 47)
   MES 0 or 1 43 (91.5)
   MES 2 or 3 4 (8.5)
Positive FIT cases (n = 35)
   MES 0 0
   MES 1 17 (48.6)
   MES 2 or 3 18 (51.4)

MES: Mayo endoscopic subscore; FIT: Fecal immunochemical test.

Negative FIT (< 7 ng/mL)

Sensitivity (95%CI) 0.73 (0.60-0.83)
Specificity (95%CI) 0.81 (0.59-0.94)
PPV (95%CI) 0.91 (0.80-0.97)
NPV (95%CI) 0.52 (0.35-0.70)
Accuracy (95%CI) 0.73 (0.62-0.82)

MES: Mayo endoscopic subscore; FIT: Fecal immunochemical test; PPV: 
Positive predictive value; NPV: Negative predictive value.

Table 4  Sensitivity, specificity and predictive value of fecal 
immunochemical test for mucosal healing (mayo endoscopic 
subscore 0 or 1)

Table 5  Sensitivity, specificity and predictive value of fecal 
immunochemical test for endoscopic active disease (mayo 
endoscopic subscore 2 or 3)

Positive FIT (> 100 ng/mL)

Sensitivity (95%CI) 0.45 (0.24-0.67)
Specificity (95%CI) 0.93 (0.83-0.98)
PPV (95%CI) 0.71 (0.41-0.91)
NPV (95%CI) 0.82 (0.71-0.90)
Accuracy (95%CI) 0.26 (0.17-0.37)

MES: Mayo endoscopic subscore; FIT: Fecal immunochemical test; PPV: 
Positive predictive value; NPV: Negative predictive value.
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As a result, FIT was positively correlated with 
endoscopic activity, with a Spearman’s rho correlation 
coefficient of 0.626 and corresponding P value <0.01. 
The correlation between the FIT and findings of disease 
activity on endoscopy are shown in Figure 2.

Correlation between FIT and the extent of disease
Eighty two cases of colonoscopy were classified 
according to the extent of disease, where the extent 
of UC was defined using the Montreal Classification. 
The distribution of cases was as follows: 20 patients 
(24.4%) were classified in the E1 category; 30 patients 
(36.6%) in the E2 category; and 32 patients (39.0%) 

in the E3 category. Among the 47 patients with a 
negative FIT, the extent of disease was classified as E1 
in 12 patients (25.6%), as E2 in 16 patients (34.0%), 
and as E3 in 19 patients (40.4%). Among the 35 
patients with a positive FIT, the extent of disease was 
classified as E1 in 8 patients (22.9%), as E2 in 14 
patients (40.0%), and as E3 in 13 patients (37.1%). 
As a result, FIT did not correlated with the extent of 
disease (r = -0.047, P = 0.676).

Correlation between FIT and clinical activity
Among the 82 colonoscopies performed, 38 (46.3%) 
were performed in patients with clinical remission, with 
the other 44 (53.7%) were performed in patients 
with clinical active disease. Among patients in clinical 
remission, FIT was negative in 31 (81.6%) of 38 cases, 
with a mean fecal hemoglobin concentration of 6.12 
ng/mL (range, negative to 80.9 ng/mL) for this group 
of patients. Among patients in clinical active disease, 
FIT was negative in 16 (36.4%) out of 44 cases, with a 
mean fecal hemoglobin concentration > 167.4 ng/mL 
(range, negative to > 1000 ng/mL) for this group of 
patients. The probability of a negative FIT and mean FIT 
values according to clinical status of UC are reported in 
Table 6, with MES according to clinical status reported 
in Table 7. Overall, FIT positively correlated with clinical 
activity (r = 0.496, P < 0.01).

Correlation between FIT and conventional inflammatory 
markers
Erythrocyte sedimentation rate (ESR) and C-reactive 
protein (CRP) were measured in all patients. In FIT 
negative group (n = 47), ESR was normal range (0-10 
mm/h) in 15 cases (31.9%) and CRP was normal range 
(0-0.5 mg/dL) in 38 cases (80.9%). In FIT positive 
group (n = 35), ESR was higher than the normal 
ranges in 28 cases (80.0%) and CRP was higher than 
the normal ranges in 13 cases (37.1%). Mean ESR 
was 18.47 mm/hr (range, 2-83) in FIT negative group 
and 31.06 mm/hr (range, 2-118) in FIT positive group. 
Mean CRP was 0.338 mg/dL (range, 0.01-3.12) in FIT 
negative group and 1.286 mg/dL (range, 0.01-7.45) in 
FIT positive group. Statistically, FIT did not correlated 
with ESR (r = 0.183, P = 0.100) or CRP (r = 0.154, P 
= 0.167).

DISCUSSION
As the clinical course of UC is characterized by multiple 
phases of clinical remission and acute exacerbations, 
continued monitoring of disease status and treatment 
are required. In particular, identification of disease 
activity during asymptomatic periods is important 
inpredictingsubsequent acute exacerbation. With the 
accumulation of evidence on the value of the status 
of the mucosa in the disease process of UC, MH has 
been regarded as an important clinical goal to achieve 
in patients with UC[3,11]. Studies have in fact indicated 
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Figure 2  Correlation between fecal immunochemical test and mayo 
endoscopic subscore. FIT was positively correlated with endoscopic activity 
(Spearman’s rank correlation coefficient = 0.626, P < 0.01). MES: Mayo 
endoscopic subscore; FIT: Fecal immunochemical test.

Table 6  Negative fecal immunochemical test probability (%) 
and mean fecal immunochemical test values according to 
clinical condition

Clinical condition Negative FIT (%) mean FIT (ng/mL)

Remission status (n = 38) 31/38 (81.6) 6.12
Active status (n = 44) 16/44 (36.4) > 167.41

1Three cases in clinical active were measured more than 1000 ng/mL fecal 
hemoglobin concentration. FIT: Fecal immunochemical test.

Table 7  Mayo endoscopic subscore according to clinical 
condition

Clinical condition n  (%)

Remission status (n = 38)
   MES 0 or 1 37 (97.4)
   MES 2 1 (2.6)
   MES 3 0
Active status (n = 44)
   MES 0 or 1 23 (52.3)
   MES 2 14 (31.8)
   MES 3 7 (15.9)

MES: Mayo endoscopic subscore.
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that MH can alter the course of UC, reducing the 
rate of hospitalization and surgery[19]. Therefore, the 
evaluation of MH is an important component of the 
treatment and follow-up of patients with UC. Until now, 
colonoscopy has been regarded as the gold standard 
to assess mucosal status in patients with UC. However, 
colonoscopy is burdensome for patients and carries 
the possibility of exacerbating the disease status. 
Furthermore in one study, colonoscopy itself may 
worsen the disease condition in IBD patients, even in 
remission state[20]. Therefore, frequent colonoscopy, 
as required for adequate monitoring of UC status, is 
difficult due to cost and the inconvenience to patients. 
To overcome this clinical problem, non-invasive 
markers of MH have been studied. Although ESR and 
CRP levels have been used as conventional markers of 
inflammation, the clinical application of these markers 
is limited as they reflect systemic inflammation and, 
therefore, are non-specific to inflammation of the 
mucosa. FC seems to be promising non-invasive 
marker of mucosal inflammation and several studies 
have shown its correlation to the severity of mucosal 
inflammation. The usefulness of FC has been proven 
in clinical practice, reliably identifying disease activity 
in patients with UC who had undergone endosco
picexamination and correlating well with the degree 
of mucosal inflammation[5-9]. Usually, however, FC can 
only be performed in tertiary institutions, takes several 
hours to provide results and is expensive. Moreover, 
it has been reported that FCresults can exhibit large 
variation, even between stool samples from the same 
patient collected on the same day[21]. 

FIT has been reported from several recent studies 
as another biomarker[12,13,22]. FC estimate the degree 
of inflammation in the bowel based on the amount of 
inflammatory cells, whereas FIT measures the amount 
of blood from the damaged bowel mucosa[22]. Our 
study demonstrates that fecal hemoglobin can be used 
as a marker of endoscopic and clinical disease activityin 
patients with UC, with a negative FIT accurately 
reflecting MH and disease remission. Therefore, FIT 
could provide an “easily available” evaluation of MH to 
assess the effectiveness of therapy aimed at inducing 
disease remission in patients with UC. FIT would also 
be appropriate for repeated evaluations of MH, which 
is required over the course of clinical remission in 
patients with UC. In this regard, FIT provides the fast 
results and at a low financial cost, which could allow 
physicians to monitor patients with UC more easily and 
frequently.

FC requires 5-10 g of fecal material for analysis 
while FIT only requires the probe to be placed in a small 
sample of stool[6,23]. FIT is available even in smaller 
institutions, including general primary healthcare. As 
well, FIT has a unique comparative cutoff value to 
differentiate disease activity and status, whereas a 
status cutoff value for FC is currently undetermined[23]. 

The definition of MH in UC has not been clearly 
established. Older studies had reported the MH to MES 

0 or 1[3], whereas more recent studies have reported 
MH to MES 0 alone[12]. In recent one study, when the 
MH to MES 0, FIT appears to be more sensitive than 
FC for predicting MH (FIT, 95% sensitivity; FC, 82% 
sensitivity)[22]. 

The ideal biomarker will be able to detect early 
relapse in asymptomatic period. Our results also provide 
evidence of the future possibility of using FIT to identify 
aggravation of the disease status among patients 
with a positive FIT. As an example, among our patient 
group, a 57-year-old male patient, diagnosed with UC 
5 years prior, was being treated using azathioprine 
and oral 5-ASA agents. The colonoscopy and FIT were 
performed while this patient was classified as being in 
clinical remission. Although endoscopy findings were 
negative, with MES of “1” and disease status of E1, 
a fecal hemoglobin concentration of 74.1 μg/dL was 
identified on the FIT. Three months later, the patient 
showed worsening of his clinical symptoms, including 
persistent bleeding. Sigmoidoscopy conducted at the 
time of disease exacerbation classified the mucosa as a 
MES of “3”. The patient’s symptoms improved after his 
doses of azathioprine and oral 5-ASA were adjusted. 
One previous study reported that FIT became higher 
prior to clinical relapse in some UC patients[17]. In order 
to accurately prove whether the FIT or FC can detect 
subclinical relapse in early, well designed studies are 
required.

The limitations of our study need to be acknow
ledged in the interpretation and application of our 
results. First, we conducted a retrospective, single 
center study that included a small absolute number of 
patients with UC. Second, although previous studies 
have used the OC-SENSOR neo system to measure 
hemoglobin concentrations < 50 ng/mL, in our study 
we used the HM-JACK system that can detect a 
negative FIT at < 7 ng/mL. With a lower discrimination 
threshold, a negative FIT can be a very sensitive 
test of disease status. Nevertheless, the correlation 
between the MES “0” and a negative FIT was 100% 
in our study. Third, all patients did not enforce the 
same day as the fecal sampling and colonoscopy. 
Although the fecal sampling 1 wk before or after 
the colonoscopy, FIT and mucosa state may not be 
exact match as temporally. Forth, only a single fecal 
sample was obtained from each patient thus individual 
variation and sampling variation can arise and lead to 
incorrect results.

In conclusion, our results show that FIT was a 
reliable tool to identify the inflammation status of 
colonic mucosa in patients with UC, especially for 
identifying clinical and endoscopic remission. As FIT 
was positively correlated with clinical status, a negative 
FIT could be regarded as an indication of endoscopic 
and clinical remission. With a positive FIT, careful 
observation and follow-up is recommended. Sequential 
testing using FIT could be helpful to monitor disease 
activity and to inform clinical decisions to modify 
treatment, including increasing dose of medication. 
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Therefore, FIT can bean effective test which can assess 
the disease activity in patients with UC.
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Abstract
AIM
To evaluate diagnostic yields of capsule endoscopy (CE) 
and/or single-balloon enteroscopy (SBE) in patients 
with suspected small bowel diseases.

METHODS
We retrospectively analyzed 700 patients with 
suspected small bowel diseases from September 2010 
to March 2016. CE, SBE, or SBE with prior CE was 
performed in 401, 353, and 47 patients, respectively. 
Data from clinical and endoscopy records were 
collected for analysis. Indications, procedure times, 
diagnostic yields, and complications were summarized 
and evaluated.
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RESULTS
The overall diagnostic yield for the CE group was 
57.6%. The diagnostic yield of CE in patients with 
obscure gastrointestinal bleeding (OGIB) was 
significantly greater than that in patients with no 
bleeding (70.5% vs  43.8%, P  < 0.01). The overall 
diagnostic yield of SBE was 69.7%. There was no 
difference in the diagnostic yield of SBE between 
patients with OGIB and those with no bleeding (72.5% 
vs  68.9%, P  = 0.534). Forty-seven patients underwent 
CE prior to SBE. Among them, the diagnostic yield of 
SBE with positive findings on prior CE was 93.3%. In 
addition, SBE detected two cases with superficial ulcer 
and erosive lesions in the small bowel, which were 
missed by CE. However, one case with lymphoma 
and two with Crohn’s disease were not confirmed by 
SBE. The rate of capsule retention was 2.0%. There 
were no significant complications during or after SBE 
examinations.

CONCLUSION
SBE is a safe and effective technique for diagnosing 
small bowel diseases. SBE with prior CE seemed to 
improve the diagnostic yield of small bowel diseases.

Key words: Capsule endoscopy; Small bowel diseases; 
Single-balloon enteroscopy; Diagnosis; Balloon-assisted 
enteroscopy

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The aims of this study were to evaluate 
diagnostic yields associated with capsule endoscopy 
(CE), single-balloon enteroscopy (SBE), or their 
combined use in patients with suspected small bowel 
diseases, as well as to demonstrate the appropriate 
diagnostic algorithms for diagnosing different small 
bowel diseases. This study revealed the diagnostic 
yield of SBE with positive findings on prior CE was high 
(93.3%). CE followed by SBE represents an especially 
effective strategy for determining the cause of small 
bowel disease when findings from an initial CE exa
mination are indeterminate.

Ma JJ, Wang Y, Xu XM, Su JW, Jiang WY, Jiang JX, Lin L, 
Zhang DQ, Ding J, Chen L, Jiang T, Xu YH, Tao G, Zhang 
HJ. Capsule endoscopy and single-balloon enteroscopy in 
small bowel diseases: Competing or complementary? World J 
Gastroenterol 2016; 22(48): 10625-10630  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v22/i48/10625.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v22.i48.10625

INTRODUCTION
The small bowel has long been considered by gastro­
enterologists as a “black box” due to its length and 
complex anatomy. Before 2000, it was not possible 

to reach most of the small bowel using conventional 
endoscopic techniques, and thus the diagnosis 
of small bowel diseases has been a challenge for 
gastroenterologists. The development of capsule 
endoscopy (CE) and balloon-assisted enteroscopy 
(BAE) represents a decisive breakthrough in the 
field. CE is painless and can be used to explore the 
entire small bowel in a single examination, making it 
the best choice for an initial diagnostic examination 
when a patient is suspected of possessing small 
bowel disease[1-3]. However, CE has some technical 
limitations, including a lack of therapeutic capability 
and the risk of capsule retention.

BAE was introduced as a breakthrough technique 
for examining the deep small bowel, and comprises 
double-balloon endoscopy (DBE) and single-balloon 
enteroscopy (SBE). DBE was introduced in 2001 
and is considered the standard technique of deep 
endoscopy for visualizing the small bowel and enabling 
endoscopists to perform therapeutic interventions; 
however, it must be noted that the preparation and 
handling of DBE is complex. SBE was introduced in 
2008, which has a simpler and easier-to-handle small 
bowel endoscopy system. Although SBE may be less 
efficient in terms of depth of insertion and complete 
visualization of the small bowel when compared with 
DBE, some studies have shown that SBE is not inferior 
to DBE with respect to diagnostic yield[4]. Both CE and 
BAE are reported to have similarly high diagnostic 
yields for small bowel diseases[5,6]. DBE is considered 
an effective complementary technique which can be 
used after initial diagnostic CE examination[7]. However, 
there are comparatively limited data on the role of CE 
alone and in combination with SBE for assessment of 
small bowel diseases[8].

We performed a retrospective study with the aim 
to: (1) compare the diagnostic yields of CE, SBE, or 
their combined use; (2) determine their performance 
characteristics in patients with suspected small bowel 
diseases; and (3) demonstrate the appropriate diag­
nostic algorithms for different small bowel diseases.

MATERIALS AND METHODS
Study design and patient selection
We retrospectively analyzed the records of 700 
patients suspected of small bowel diseases who 
underwent CE and/or SBE between September 2010 
and March 2016 at the First Affiliated Hospital of 
Nanjing Medical University. All patients underwent 
routine clinical examinations and laboratory tests 
(including hemoglobin level and stool tests), abdominal 
ultrasound or computed tomography (CT), upper 
gastrointestinal endoscopy, and colonoscopy. CE and 
SBE were performed after obtaining informed consent 
from the patients. Indications for the study included 
obscure gastrointestinal bleeding (OGIB), abdominal 
pain, diarrhea, or other symptoms. The characteristics 
of all patients and procedures were extracted from 
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electronic medical records and the endoscopy reporting 
system. Final diagnosis was based on SBE findings, CE 
findings, surgical pathology, and/or clinical follow-up. 
Diagnostic yield was calculated by dividing the total 
number of patients who underwent the procedure 
by the number of cases with positive findings that 
could explain the patient’s symptoms. This study was 
approved by the Ethics Committee of the First Affiliated 
Hospital of Nanjing Medical University.

CE procedure
CE studies were performed using the OMOM CE system 
(Jinshan Science and Technology Company, Chongqing, 
China) or MiroCam™ system (IntroMedic, Seoul, South 
Korea). Each patient underwent bowel preparation 
with 3 L polyethylene glycol solution the day before the 
procedure, and then fasted overnight. Collected CE data 
included gastric transit time (GTT), small bowel transit 
time (SBTT), abnormal findings during the procedure, 
total recording time, quality of bowel preparation, and 
complete visualization rate of the small bowel. The 
complete video of each CE examination was viewed by 
two independent and experienced gastroenterologists.

SBE procedure
SBE procedures were performed using the SBE 
endoscope system (SIF-Q260; Olympus, Tokyo, Japan). 
For anterograde SBE, patients generally needed an 
overnight fast. For a retrograde approach, patients 
underwent bowel preparation with 3 L polyethylene 
glycol solution the day before the procedure, and then 
fasted overnight. The examination itself was carried 
out with conventional sedation with propofol and 
opioid. All procedures were performed by one of three 
experienced endoscopists, each of whom had previously 
conducted at least 50 SBE procedures. Procedures were 
carried out via the anterograde or retrograde approach, 
depending on whether the suspected pathology was in 
the proximal or distal small bowel.

Statistical analysis
Continuous data are expressed as mean ± SD and 
range, and categorical data are showed as percen­
tages. Student’s t test was used to compare age 

distributions between the CE and SBE groups. The 
χ2 test was used to compare positive-detection rates 
and sex distribution between the CE and SBE groups. 
P < 0.05 was considered statistically significant. All 
statistical analyses were conducted using SPSS version 
20.0 (SPSS Inc., Chicago, IL, United States).

RESULTS
Patient characteristics
Seven hundred patients who underwent CE and/or 
SBE were reviewed in the present study. Of these, 
401 individuals (248 male, 153 female; mean age, 
49.4 ± 16.0 years) underwent 404 CE procedures; 
353 individuals (235 male, 118 female; mean age, 
42.1 ± 15.8 years) underwent 419 SBE procedures; 
and 47 individuals (38 male, 9 female; mean age, 
45.3 ± 15.1 years) underwent both CE and SBE (CE 
first) (Table 1). Main indications for CE and/or SBE 
were OGIB (37.1%, 243 with overt OGIB, and 17 with 
occult OGIB), chronic abdominal pain (42.6%), chronic 
diarrhea (11.3%), and other complaints (9.0%). The 
demographic data of these patients are shown in Table 
1. The mean age of these patients was 46.1 ± 16.5 
years (range, 11-85 years). There was no significant 
difference in sex distribution between the CE and SBE 
group (P = 0.177). The average age of the CE group 
was older compared with the SBE group (P < 0.01).

CE
A total of 401 patients underwent 404 CE procedures. 
Complete visualization of the small bowel was achieved 
in 73.5% (297/404). The mean recording time was 
555 min ± 115 min (192-721 min). Mean GTT was 51 
min ± 62 min (range 1-565 min) and mean SBTT was 
352 min ± 157 min (range 33-715 min). The overall 
diagnostic yield for small bowel disease by CE was 
57.6% (231/401). The main findings included: mucosal 
erosion and superficial ulcer in 98 patients (42.4%), 
angiodysplasia in 67 (29.0%), Crohn’s disease (CD) 
in 26 (11.3%), and masses (tumors and polyps) in 
24 (10.4%). Other findings were parasites in 5.6% 
(13/231), diverticulum in 2.6% (6/231), and ongoing 
bleeding in 2.2% (5/231) (Table 2, Supplementary 
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Table 1  Patient characteristics and indications for single-balloon enteroscopy and capsule endoscopy

CE SBE Both (CE prior to SBE) P value (CE vs  SBE)

No. of patients 401 353 47
Age (yr) 49.4 ± 16.0 42.1 ± 15.8 45.3 ± 15.1  < 0.01
Mean (range) (13-85) (11-84) (15-77)
Male/female 248/153 235/118 38/9 0.177
Main indications, n (%)
   OGIB 207 (51.6)  80 (22.7) 30 (63.8)
   Abdominal pain 133 (31.2) 184 (52.1) 11 (23.4)
   Diarrhea 30 (7.5)  52 (14.7) 1 (2.1)
   Other 31 (7.7)  37 (10.5) 5 (10.6)

CE: Capsule endoscopy; SBE: Single-balloon enteroscopy; OGIB: Obscure gastrointestinal bleeding.
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Figure 1). The diagnostic yield of CE in patients with 
OGIB was greater than that in those with no bleeding 
(70.5% vs 43.8%, P < 0.01) (Table 3). For eight 
patients, capsules were retained at the lesion sites, 
leading to a capsule-retention rate of 2.0%. Five of 
these patients were diagnosed with CD, two were 
diagnosed with lymphoma, and another patient had 
diverticulum with ulceration. Retained capsules were 
subsequently removed via surgery. We also examined 
whether there was any difference between the OMOM 
system and MiroCam system. Complete visualization 
of the small bowel was achieved in 72.4% (197/272) 
with OMOM and 78.8% (104/132) with MiroCam 
(P = 0.169). The overall diagnostic yield for small 
bowel diseases was 57.2% (155/271) by OMOM CE 
and 60.8% (79/130) by MiroCam (P = 0.497). The 
results showed no significant difference with regards 
to the rates of complete small-bowel examination or 
diagnostic yields between MiroCam and OMOM capsule 
endoscopy (Supplementary Table 1).

SBE
A total of 419 SBE procedures were performed in 
353 patients: 98 anterograde and 321 retrograde 
procedures were conducted, as well as 24 combined 
anterograde and retrograde SBEs. No adverse events 
occurred during or after these procedures. The 
mean examination time was 65.5 min ± 26.6 min 
(15-120 min). The overall diagnostic yield for small 
bowel disease by SBE was 69.7% (246/353). The 
main findings were as follows: mucosal erosion and 
superficial ulceration in 111 patients (45.1%), CD 
in 86 (35.0%), angiodysplasia in 21 (8.5%), and 
masses (tumors and polyps) in 26 (10.6%). Other 
findings were diverticulum (1.2%, 3/246) and parasites 
(0.4%, 1/246) (Table 2, Supplementary Figure 2). The 
diagnostic yield for small bowel diseases by SBE was 
greater than that by CE (69.7% vs 57.6%). There was 
no significant difference in the diagnostic yield of SBE 
between patients with OGIB and those with no bleeding 
(72.5% vs 68.9%, P = 0.534). In a subgroup analysis, 
the diagnostic yield for OGIB by SBE was similar to by 
CE (72.5% vs 70.5%). In addition, the diagnostic yield 
for small bowel diseases in patients with no bleeding 
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tended to be greater using SBE compared with CE 
(68.9% vs 43.8%, P < 0.01) (Table 3).

CE combined with SBE
Forty-seven patients underwent CE (including 30 with 
OGIB, 11 with abdominal pain, 1 with diarrhea, and 5 
with weight loss) and were subsequently subjected to 
SBE. The small intestinal findings on SBE in patients 
with negative evaluation or definite findings on CE are 
shown in Table 4. Of 47 patients, 45 had positive fin
dings by CE examination followed by SBE and 42 had 
positive findings by SBE examination. The diagnostic 
yield of SBE with findings on prior CE was 93.3% 
(42/45), which was a high diagnostic yield. Two cases 
of superficial ulcer and mucosal erosion that were 
missed by CE were found by SBE. However, CE also 
detected one mass and two cases of CD that were not 
detected by SBE.

DISCUSSION
Current options for diagnosing small bowel diseases 
include push enteroscopy, CE, DBE, SBE, and intra­
operative enteroscopy. Push enteroscopy has a limited 
depth of insertion. Intraoperative enteroscopy is the 
most invasive method and its use has diminished 
with the development of CE and BAE. CE is widely 
used to screen for various small bowel diseases, 
but is limited by a lack of therapeutic ability, as well 
as imprecise localization and the required collection 
of biopsy specimens. DBE is a deep enteroscopy 
technique that overcomes these shortcomings, but 
has the disadvantages of complex preparation and 
handling procedures. SBE was recently introduced 
as an alternative deep enteroscopy technique, with 
some studies demonstrating that it can provide a 
high diagnostic yield and enable therapeutic inter­
ventions[9-12]. In the present study, the diagnostic yield 
of SBE for small bowel diseases was 69.7%, which 
suggests that SBE has a high diagnostic yield. However, 
previous studies showed the complete visualization 
rate of the small bowel using SBE was lower than when 
using DBE; the rate of complete enteroscopy using DBE 
was 40%-80%, while using SBE was 0%-25%[13]. This 
indicated that CE, DBE, and SBE all have advantages 
and limitations. It is therefore important to select the 

Table 2  Comparison of findings between single-balloon 
enteroscopy and capsule endoscopy n  (%)

Findings CE (n  = 401) SBE (n  = 353)

Overall detection rate 231 (57.6) 246 (69.7)
Superficial ulcer and erosion 98 (42.4) 111 (45.1)
Angiodysplasia 67 (29.0) 21 (8.5)
Mass 24 (10.4) 26 (10.6)
Crohn’s disease 26 (11.3) 86 (35.0)
Parasites  13 (5.6) 1 (0.4)
Diverticulum 6 (2.6) 3 (1.2)
Bleeding 5 (2.2) 0

CE: Capsule endoscopy; SBE: Single-balloon enteroscopy.

Table 3  Subgroup analysis of the diagnostic yield of capsule 
endoscopy or single-balloon enteroscopy in patients with 
obscure gastrointestinal bleeding or non-bleeding patients

Diagnostic yield (%) P value

OGIB Non-bleeding
CE 70.5 43.8  < 0.01
SBE 72.5 68.9       0.534

OGIB: Obscure gastrointestinal bleeding; CE: Capsule endoscopy; SBE: 
Single-balloon enteroscopy.
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appropriate diagnostic algorithms when small bowel 
disease is suspected, and should be made on a case-
by-case basis and dependent on clinical scenario, 
diagnostic yield, involved risks, availability, and patient 
preference.

In this study, OGIB was a common indication for 
small bowel endoscopy. Unless contraindicated, CE is 
recommended as the initial diagnostic test for patients 
with suspected OGIB[14], as it is minimally invasive, 
easily tolerated, and can theoretically visualize the 
entire small bowel. Here, the diagnostic yield of CE for 
small bowel abnormalities in patients with OGIB was 
70.5%, with this result being supported by previous 
studies[15,16]. CE and BAE are also considered comple­
mentary procedures for the evaluation and treatment 
of OGIB[17-20]. Previous studies have supported using 
the non-invasive CE technique for patients with OGIB, 
with a subsequent DBE examination if necessary[21]. In 
the present study, CE found small bowel lesions in 30 
patients with OGIB who were subsequently subjected 
to SBE. Twenty-eight patients had confirmed diagnosis 
by SBE examination. If false-negative rates were 
considered, our data suggested that both SBE and CE 
did miss some lesions. This study supports the belief 
that CE evaluation should remain the preferred initial 
strategy for patients with OGIB because of its relative 
non-invasiveness and acceptable diagnostic yield. 
However, SBE is useful in cases in which the CE result 
is ambiguous and further examination or a biopsy is 
required. For patients with no bleeding, previous studies 
have not detected a difference between DBE and CE in 
identifying small bowel abnormalities[22]. However, we 
found that for identifying small bowel abnormalities in 
patients with no bleeding, the diagnostic yield of SBE 
was higher than that of CE (68.9% vs 43.8%).

SBE has the potential to become a useful technique 
for deep enteroscopy, as it has a reasonable depth 
of insertion, can be administered using standard 
conscious sedation, and can be used with existing 
endoscopy systems. In addition, the SBE technique is 
easy to learn and can be rapidly incorporated into an 
endoscopy unit[23,24]. In our study, SBE generated a 
high diagnostic yield for small bowel diseases (overall 
diagnostic yield, 69.7%), as well as for patients with 
OGIB and those without bleeding (72.5% vs 68.5%). A 
previous study recommended an initial CE examination 
that should be followed by DBE if necessary[7]. Here, 

we combined CE and SBE techniques to detect small 
bowel diseases and found that 45 patients had positive 
findings by CE examination followed by SBE, and 42 
patients had positive findings by SBE examination. 
The diagnostic yield of SBE with prior CE was 93.3% 
(42/45), which was a high diagnostic yield.

In summary, SBE appears to be a safe and effective 
method for diagnosing small bowel disease, especially 
for patients with OGIB. CE followed by SBE represents 
an especially effective strategy for determining the 
cause of small bowel disease when findings from initial 
CE examinations are indeterminate.

COMMENTS
Background
The diagnosis of small bowel diseases was difficult until the advent of capsule 
endoscopy (CE) and balloon-assisted enteroscopy (BAE). Both CE and BAE 
were reported to have similarly high diagnostic yields of small bowel disorders. 
Single balloon enteroscopy (SBE), which is an alternative technique of double 
balloon enteroscopy (DBE) for examining the deep small bowel, is simpler and 
easier to handle. There is limited data on the role of CE, both in comparison 
and combination with SBE, in the assessment of small bowel diseases.

Research frontiers
In this study, the authors aimed to evaluate the diagnostic yields associated 
with CE, SBE, or their combined use in patients with suspected small bowel 
diseases, as well as demonstrate the appropriate selection for different small 
bowel diseases.

Innovations and breakthroughs
This study was a single-center experience in China involving 700 patients who 
underwent CE and/or SBE. The diagnostic yield difference in detecting small 
bowel diseases between CE and SBE was evaluated. The diagnostic yields 
of different indications and findings of CE and/or SBE were analyzed in detail. 
At the same time, the advantage of SBE combined with prior CE was also 
evaluated.

Applications
Both CE and SBE have high diagnostic yields of small bowel disorders. SBE 
has a similar diagnostic yield for patients with obscure gastrointestinal bleeding 
and a higher diagnostic yield with non-bleeding compared with CE. CE followed 
by SBE represents an especially effective strategy for determining small bowel 
disease.

Terminology
CE refers to a miniature capsule-shaped camera that takes multiple pictures 
as its passes through the small intestine. SBE is a method of enteroscopy that 
can lead to the observation of the small intestine via the mouth or anus with the 
help of a balloon attached to the distal end of a soft overtube.
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 COMMENTS

Table 4  Identification of positive findings on prior capsule endoscopy or single-balloon enteroscopy

Findings CE: negative diagnosis CE: definite diagnosis CE: definite diagnosis

SBE: definite diagnosis SBE: definite diagnosis SBE: negative diagnosis
Angiodysplasia   9
Erosion and superficial ulcer 2 18
Mass   3 1
Crohn’s disease 11 2
Parasites   1

CE: Capsule endoscopy; SBE: Single-balloon enteroscopy.
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Peer-review
This is an interesting study that shows the role of small bowel evaluation in 
CE and SBE. It deserves to be published, as it will add to the literature on the 
subject. It shows very good language and presentation of data.
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Abstract
AIM
To determine the effects of Lactobacillus acidophilus 
NCFM on irritable bowel syndrome (IBS) symptoms and 
quality of life (QoL).

METHODS
In this randomized triple-blind trial, adult IBS volunteers 
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who were recruited according to Rome Ⅲ criteria 
received 109 or 1010 colony-forming units of NCFM or 
placebo daily for 12 wk. IBS Symptom Severity Score 
(IBS-SSS), which constituted the primary outcome, 
and secondary outcomes, including individual IBS 
symptoms, IBS-related QoL questionnaire, anxiety and 
depression, defecation frequency, and stool consistency, 
were assessed at baseline at the end of the 8-wk run-
in period, after 4 and 12 wk of intervention, and after a 
4-wk washout.

RESULTS
A total of 340 of 391 randomized volunteers completed 
the trial. IBS-SSS improved over 12 wk of treatment 
in all treatment groups, decreasing by a mean ± 
SD of 44.0 ± 80.2, 50.8 ± 82.4, and 48.3 ± 72.2 in 
the placebo, active low-dose, and active high-dose 
groups, respectively. Similarly, secondary outcomes 
did not differ between treatment groups. However, 
in a post hoc analysis of volunteers with moderate to 
severe abdominal pain at baseline (VAS > 35/100), 
the treatment significantly reduced the sensation of 
abdominal pain. Pain scores fell by 20.8 ± 22.8, 29.4 ± 
17.9, and 31.2 ± 21.9 in the placebo, active low-dose, 
and active high-dose groups, respectively (P  value for 
placebo vs  combined active doses = 0.0460).

CONCLUSION
NCFM alleviates moderate to severe abdominal pain, 
consistent with earlier observations of this strain 
mitigating visceral pain through increased analgesic 
receptor expression.

Key words: irritable bowel syndrome; functional 
bowel disorder; symptom questionnaire; quality 
of life; visceral pain; abdominal pain; Lactobacillus 
acidophilus ; probiotic; intervention

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Symptoms of irritable bowel syndrome (IBS) 
might benefit from probiotic interventions, although 
mechanistic insights into probiotic function are seldom 
available. Lactobacillus acidophilus  NCFM induces 
human colonic mucosal opioid receptor expression - the 
putative mechanism by which visceral pain is alleviated. 
In this study, 391 volunteers with IBS were treated 
with 109 or 1010 colony-forming units of NCFM or 
placebo and evaluated using symptom questionnaires. 
NCFM was not superior to placebo in improving the 
composite IBS symptom score, whereas abdominal pain 
- as an individual symptom - declined in IBS volunteers 
with moderate to severe pain at baseline.

Lyra A, Hillilä M, Huttunen T, Männikkö S, Taalikka M, Tennilä J, 
Tarpila A, Lahtinen S, Ouwehand AC, Veijola L. Irritable bowel 
syndrome symptom severity improves equally with probiotic 
and placebo. World J Gastroenterol 2016; 22(48): 10631-10642  

Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i48/10631.htm  DOI: http://dx.doi.org/10.3748/wjg.v22.
i48.10631

INTRODUCTION
With a prevalence of 5% to 16% in northern Europe, 
irritable bowel syndrome (IBS) imposes considerable 
health care costs on society[1,2]. IBS affects adult 
age groups evenly but is more common in women[2]. 
According to the European Food Safety Authority, IBS 
volunteers can be recruited as an appropriate group 
for studying bowel discomfort symptoms that also 
affect the general population[3], allowing the results to 
be extrapolated to a wider potential market. 

A host’s gastrointestinal (GI) microbiota can 
contribute to IBS etiology and symptomology through 
changes in bacterial abundance and fermentation 
products, lower diversity, and instability over time, 
which are associated with increased epithelial 
permeability, aberrations in immunity and brain-gut 
interactions, and altered GI neuromuscular function[4-7]. 
Thus, manipulation of the GI microbiota with probiotics 
is a putative therapeutic option for IBS [4,8]. 

Probiotics, defined as “live microorganisms that, 
when administered in adequate amounts, confer a 
health benefit on the host”[9], have shown efficacy 
in selected randomized clinical trials in relieving IBS 
symptoms and are generally well tolerated[10-12]. 
However, the quality of several probiotic intervention 
studies has been limited due to inadequate sample 
sizes and intervention periods, poor trial design, and 
undefined or unstable probiotic products[13]. Moreover, 
each strain or combination of strains and each dose 
requires a separate clinical trial to show efficacy [9,10].

Our aim was to perform a high-quality, randomized, 
triple-blind, and placebo-controlled dose-response 
clinical trial of 3 statistically adequately sized parallel 
groups. The supplement that we examined is a well-
characterized and stable probiotic strain, mechanistic 
studies of which have reported putative efficacy in 
alleviating visceral pain. Lactobacillus acidophilus NCFM 
increases the visceral pain threshold in a rat model by 
44% through the opioid pathway[14] and upregulates 
μ-opioid receptor (MOR) in humans[15]. 

Participant-reported severity of functional bowel 
symptoms, however, has merely been evaluated for 
a high-concentration combination of L. acidophilus 
NCFM and Bifidobacterium animalis subsp. lactis 
Bi-07[16], which is significantly less effective in increasing 
MOR expression than L. acidophilus NCFM alone[15]. 
Therefore, assessment of the clinical effects of L. 
acidophilus NCFM as a single-strain supplement for 
functional bowel symptoms, including visceral pain, 
was essential. Two doses, 109 and 1010 colony-forming 
units (CFU), were selected as clinically adequate and 
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applicable for use in consumer products.

MATERIALS AND METHODS
Study volunteers
This trial was performed at 2 private clinics in Helsinki 
and Turku, Finland, from October 2012 to November 
2014. Newspaper and radio advertisements, followed 
by prescreening phone calls, were used to invite 
potential eligible volunteers to screening visits that 
were held by gastroenterologists who were experienced 
in functional bowel disorders, including IBS. The re
cruited volunteers were adults (18-65 years) who were 
diagnosed with IBS according to Rome Ⅲ criteria[17]. 
Volunteers who suffered from severe IBS symptoms 
were excluded due to the use of medications (strong 
pain medication, diarrhea medication, and laxatives) 
that might have confounded the primary outcome 
measure. Other inclusion criteria were sufficient general 
health and orientation for participation in the study, 
adequate Finnish language skills for being interviewed 
and completing questionnaires, high likelihood of 
compliance with and completion of the study, and a 
body mass index (BMI) between 19 and 35. 

Volunteers were excluded if they had participated 
in a clinical trial with an investigational product (IP) or 
drug within 3 mo prior to the screening, were likely 
to be noncompliant with the protocol or judged to be 
unsuitable for study participation by the investigator 
for any reason, were planning major changes in 
lifestyle (e.g., diet, dieting, exercise level, travel), had 
a history of drug or alcohol abuse, were pregnant or 
breastfeeding, were diagnosed with or suspected of 
having organic GI disease (e.g., colitis, Crohn’s disease, 
celiac disease, bowel surgery, recurrent diverticulitis), or 
had severely impaired general health, including cancer 
and cancer therapy. Lactose-intolerant volunteers were 
allowed to enter the trial if they followed a non lactose 
diet. Any previous allergic reaction to any substance 
in the study product was also considered an exclusion 
criterion. 

Medications that could affect the outcomes, including 
anticholinergic medications, antibiotics (including 
use during the 3 mo prior to the start of the study), 
pain medications that contained opiates or morphine, 
weight loss medication, misoprostol, 5-HT3 receptor 
antagonists, antacids with magnesium or aluminum, 
diarrhea medication, medication that accelerates the 
emptying of the stomach, sulfasalazine, laxatives, 
cholestyramine, cytostatics, biological medications, 
oral steroids (3 mo prior to and during the study), and 
probiotic products, excluded subjects from participation 
in the trial. Iron supplements, antidepressants, fiber 
supplements, statins, thyroxine, coxibs, acid medication, 
inhaled steroids, and other non excluding medications 
that did not affect outcome measures in the clinician’
s opinion were allowed during the trial if they had been 
consumed for at least 30 d at the same dose.

During the screening visit, thorough demographic 
data were collected, including lifestyle habits, diet, 
medical history, and family history of GI disturbances. 
Screening safety blood tests included a basic blood 
count, C-reactive protein (CRP), celiac test, lactase 
gene test, and thyroid-stimulating hormone for con
stipated IBS volunteers. The test results complied with 
the inclusion and exclusion criteria and were clinically 
within normal-range values according to the recruiting 
gastroenterologists.

Study design
The trial was a randomized, triple-blind (volunteers, 
investigators, and statisticians blinded), placebo-
controlled, dose-response intervention to determine 
the efficacy of a probiotic supplement in reducing 
IBS Symptom Severity Score (IBS-SSS)[18]. The trial 
comprised an 8-wk run-in period, a 12-wk intervention 
phase, and a 4-wk washout period (Figure 1). Outcome 
measures were assessed using questionnaires, and 
adverse events (AEs) were recorded through phone 
calls. Volunteers who withdrew were not replaced.

The primary outcome was the change in IBS-SSS 
from baseline at the end of the run-in period to after 
12 wk of treatment[18]. IBS-SSS is a composite score of 
abdominal pain, number of days with abdominal pain, 
bloating/distension, satisfaction with bowel habits, 
and IBS-related quality of life (QoL). Each measure is 
rated from 0 to 100, with total scores ranging from 0 
to 500. Based on previous trials[19,20], a 15% change in 
the IBS-SSS was determined to be clinically significant 
in measuring efficacy. QoL was evaluated with a 
thorough 34-item IBS-related QoL questionnaire (IBS-
QoL), analyzed as a total score and as subscales on 
dysphoria, interference with activity, body image, 
health-related worries, food avoidance, social rea
ctions, sexuality, and relationships[21]. Psychological 
comorbidities were evaluated with the Hospital Anxiety 
and Depression Scale (HADS) questionnaire[22].

IBS-SSS, IBS-QoL, and HADS data were collected 
at the end of the run-in, after 4 and 12 wk of treatment, 
and after the 4-wk washout. Weekly bowel movement 
frequency and consistency were recorded prior to 
each outcome assessment time point with an in-
house questionnaire, based on the Bristol Stool Form 
Scale[23]. For analysis, stool consistencies were grouped 
into constipation (Bristol Scale 1 or 2), diarrhea (Bristol 
Scale 6 or 7), and normal (Bristol Scale 3, 4, or 5). 
Overall satisfaction with the treatment with regard 
to IBS symptoms was measured with a dichotomous 
adequate relief (AR) question[24]. The volunteers 
were instructed to compare AR from IBS symptoms 
during the past week to their symptom severity prior 
to consuming IPs. Volunteers who reported AR for at 
least half of the intervention weeks were considered to 
be responders. AR data were collected throughout the 
12-wk intervention.

Prior to each visit (end of run-in, week 4, week 12, 
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registered at Clinicaltrials.gov under the identifier 
NCT01728610.

Data quality assurance
Case report forms were 100% monitored and double-
entered independently into a database that was 
created with SAS®. Queries were raised in cases of 
illegible, missing, or inconsistent data. All discrepancies 
were resolved before the database was locked. 
Data management and statistics were performed by 
4Pharma Ltd.

Statistical analyses
Determination of sample size: The primary analysis 
variable was the change in IBS-SSS from baseline 
to week 12. Baseline levels were estimated to be 
approximately 250 (halfway on the 0-500 scale). 
A difference of 15% - i.e., 37.5 points - was used 
in the sample size calculation[20]. Using 80% power 
and a 2-sided alpha level of 0.05, the sample size 
was calculated to be 104 for each group. Taking into 
account a discontinuation rate of 20%, approximately 
390 patients were needed for randomization. The 
sample sizes were calculated using NQuery Advisor, 
version 7.0.

Analysis sets: The intent-to-treat dataset (ITT) 
included all randomized volunteers who received at 
least 1 dose of the IP and had at least 1 post baseline 
efficacy measurement available. The per protocol 
dataset (PP) was a subset of the ITT dataset, excluding 
volunteers and measurements for a given volunteer 
with major protocol violation(s) or concomitant 
medication use that was expected to alter the primary 
outcome. Volunteer classification into the ITT and PP 
populations was detailed after locking the database 
and completed before the study was unmasked. In 
addition, post hoc analyses of volunteers with IBS-SSS 
pain score VAS > 35/100 were performed.

and end of washout), research nurses contacted the 
volunteers by phone to inquire about AEs and remind 
them of the sampling time point procedures.

Study treatment
The IPs were administered orally in 1 daily capsule that 
contained 109 (low dose) or 1010 (high dose) CFU of L. 
acidophilus NCFM (ATCC 700396), with microcrystalline 
cellulose as the excipient or microcrystalline cellulose 
as placebo. All treatments were supplied by Danisco 
USA (Madison, Wisconsin, United States). The formu
lations of all 3 treatments were similar in smell, taste, 
and appearance. The IPs were stored at -20 ℃ until 
they were distributed to the clinics, where they were 
refrigerated below 6 ℃. Volunteers were allowed to 
store the IPs refrigerated or at room temperature. The 
CFU counts were checked in the active and placebo 
products during and after the trial.

Laboratory measures
Screening safety tests were performed by certified 
clinical laboratories of the private clinics Mehiläinen 
Töölö (Helsinki, Finland) and Mehiläinen Turku (Turku, 
Finland).

Compliance testing
Volunteers received 84 capsules and were instructed 
to return the container after the 84-d treatment 
period. Leftover capsules were counted to estimate 
compliance.

Ethical considerations
This study was conducted according to the 2008 
Sixth Revision of the Declaration of Helsinki, the EMA 
Note for Guidance on Good Clinical Practice (CPMP/
ICH/135/95 - in operation 17.01.97), and laws and 
regulations for clinical research in Finland. Written 
informed consent was obtained from each volunteer 
before any study-specific procedures. The trial was 

Figure 1  Study outline. Volunteers were selected for screening visits by a prescreen for compliance over the phone. Eligible volunteers entered an 8-wk run-in 
period without any investigational product (IP) consumption and were thereafter randomized to receive low- or high-dose active IP or a placebo IP for 12 wk. The 
intervention period was followed by a 4-wk washout period without any IP consumption. Preceding each time point (weeks 0, 4, 12, and 16), volunteers recorded their 
stool consistency during each defecation event for 7 d. At each time point, questionnaires [Irritable Bowel Syndrome Symptom Severity Score (IBS-SSS); IBS-related 
Quality of Life (IBS-QoL); Hospital Anxiety and Depression Score (HADS)] were filled out. All volunteers were contacted by phone prior to each sampling time point to 
inquire about adverse events (AEs) and to remind of the sampling procedures.

Pre-screening and screening

Base-line measurements and randomization

Phone contact to enquire AEs and to remind of questionnaires to be answered
Begin of 7-d defecation frequency and stool consistency data collection 

IBS-SSS, IBS-QoL and HADS questionnaires filled
End of defecation frequency and stool consistency data collection

-8 0 4 16

Run in 8 wk
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Intervention 12 wk

12

Wash-out 4 wk
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Randomization: Volunteers were randomized at 
the end of the 8-wk run-in phase, because the long 
run-in period created risk of a high dropout rate. 
Randomization was performed with Research Ran
domizer[25], applying non repeating numbers in blocks 
of 6. Volunteers, investigators, statisticians, and 
monitors were blinded until the database was locked 
and the Statistical Analyses Plan was completed. The 
clinics were supplied with sealed, volunteer-specific 
envelopes for revealing the randomization code, if 
required by the investigators. None of the envelopes 
was opened during the trial.

Analysis of efficacy: Descriptive statistics for all 
variables were computed, and the disposition of 
volunteers was summarized by treatment. The primary 
efficacy variable (change in IBS-SSS from baseline) 
was analyzed using a repeated measures analysis of 
covariance (RM ANCOVA) model. The differences (low 
dose vs placebo and high dose vs placebo) in changes 
from baseline in IBS symptom score at 12 wk and their 
95%CI were estimated with the RM ANCOVA model. 
Explorative comparisons were performed for high dose 
vs low dose and combined active group vs placebo and 
for within-group changes from baseline. 

The individual domains of the IBS-SSS were 
analyzed with a similar RM ANCOVA model that was 
applied for IBS-SSSs. A logistic regression model was 
used to compare treatment groups against placebo 
for AR responder status. Changes in HADS and IBS-
QOL scores from baseline were analyzed using an RM 
ANCOVA model. The stool consistencies (Bristol Stool 
Form) and defecation frequencies were summarized 
descriptively. Simple t-test was used in the post 
hoc analyses of subgroups (e.g., pain score VAS > 
35/100).

All statistical analyses and volunteer data listings 
were performed at 4Pharma Ltd using SAS, version 9.3 
(SAS Institute Inc., Cary, NC, United States).

Safety analyses: All randomized volunteers who 
received the study treatment were included in the 
safety analysis. AEs were counted by volunteer, event, 
type, treatment, severity, and causality. Each symptom 
of an AE or serious adverse event (SAE) case was 
recorded separately.

The statistical methods were reviewed by statistician 
Teppo Huttunen, 4Pharma Ltd.

RESULTS
Altogether, 618 volunteers were prescreened by 
telephone interview for compliance with the inclusion 
and exclusion criteria, and thereafter, the eligibility 
of 529 potential volunteers was confirmed by gastro
enterologists. A total of 471 volunteers entered the 
trial, of whom 391 were randomized after the 8-wk run-
in phase, with 340 (87%) completing the trial (Figure 2). 

The results are presented for the ITT dataset; those for 
the PP dataset were comparable.

Demographics and baseline characteristics
The volunteers from Helsinki (n = 276; 34 dropouts) 
and Turku (n = 115; 17 dropouts) were randomized 
evenly to the 3 treatments. The treatment groups 
were comparable with regards to age, sex, BMI, and 
lifestyle habits, including type of diet, exercise level, 
alcohol consumption, smoking (Table 1), and IBS 
symptom characteristics (Table 2). All groups were 
predominantly female (71.8% to 79.4% female), and 
men had a higher BMI (60.6% and 36.6% of male 
and female volunteers, respectively, had a BMI > 25). 
All findings on vital signs and the safety blood tests 
taken at screening were evaluated for their clinical 
significance in relation to the inclusion and exclusion 
criteria.

Prior and concomitant medications 
Prior and concomitant medications for the alimentary 
tract, pain, and anxiety/depression were recorded, 
with gastroenterologists evaluating any putative bias 
of them on efficacy measures. The most common 
medications used before and during the study were 
drugs for gastric acid disorders, nonsteroidal anti-
inflammatory drugs, and antidepressants/anxiolytics. 
Also, 36 volunteers were on thyroxine medication due 
to hypothyreosis.

IP quality check and compliance
The L. acidophilus NCFM CFU count was confirmed 
to be adequate for both active treatment doses (> 
1.04 × 1010 and > 9.8 × 109 CFU/capsule for the high 
and low doses, respectively). For the placebo, the L. 
acidophilus NCFM count was below < 3.2 × 102 CFU/
capsule. According to the number of returned capsules 
95%, 95%, and 94% of IP capsules were consumed 
in the placebo and low-dose and high-dose treatment 
groups, respectively.

Efficacy 
The IBS-SSS improved significantly from baseline to 
the end of the intervention by a mean ± SD of 44.0 
± 80.2, 50.8 ± 82.4, and 48.3 ± 72.2 in the placebo, 
low-dose, and high-dose groups, respectively (P < 
0.001 for all groups), with no significance between 
the placebo and active groups (Figure 3). Results 
for individual IBS-SSS item scores were comparable 
between groups (Table 3). However, in a post hoc 
analysis of a subgroup of volunteers who suffered 
from moderate to severe pain (pain score VAS > 
35/100 at baseline), L. acidophilus NCFM significantly 
reduced abdominal pain in the combined active groups 
compared with placebo (Table 4).

During the intervention period, 28.4%, 25.0%, and 
26.5% of volunteers considered their IBS symptoms 
to have been adequately relieved with the placebo, 
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Table 1  Baseline demographics mean ± SD or n  (%)

Characteristics Placebo (n  = 131) Low-dose (n  = 129) High-dose (n  = 131)

Age (yr)   49.4 ± 12.9   47.1 ± 13.3   47.2 ± 12.5
Gender
   Male 37 (28.2) 35 (27.1) 27 (20.6)
   Female 94 (71.8) 94 (72.9) 104 (79.4)
BMI (kg/m2) 24.9 ± 3.7 24.7 ± 3.7 24.5 ± 3.9
Diet
   Low-carbohydrate 2 (1.5) 0 (0.0) 0 (0.0)
   Vegetarian 1 (0.8) 2 (1.6) 0 (0.0)
   Non-lactose 26 (19.8) 32 (24.8) 26 (19.8)
   Regular 77 (58.8) 63 (48.8) 67 (51.1)
Probiotics
   Daily user 24 (18.3) 25 (19.4) 18 (13.7)
   Irregular user 18 (13.7) 17 (13.2) 29 (22.1)
   History of using 65 (49.6) 62 (48.1) 66 (50.4)
   No use 23 (17.6) 25 (19.4) 18 (13.7)
   N/A 1 (0.8) 0 (0.0) 0 (0.0)
Exercise level
   > 30 min 3 times a week 62 (47.3) 63 (48.8) 59 (45.0)
   ≤ 30 min 3 times a week 57 (43.5) 56 (43.4) 63 (48.1)
   No exercise 12 (9.2) 10 (7.8) 9 (6.9)
Alcohol consumption
   > 14 units/wk 1 (0.8) 0 (0.0) 0 (0.0)
   ≤ 14 units/wk 96 (73.3) 90 (69.8) 90 (68.7)
   Non-drinker 34 (26.0) 39 (30.2) 41 (31.3)
Tobacco smoking
   Current use 11 (8.4) 11 (8.5) 14 (10.7)
   Never used 80 (61.1) 86 (66.7) 88 (67.2)
   History of use 40 (30.5) 32 (24.8) 29 (22.1)
Drug abuse
   Never used 131 (100) 129 (100) 131 (100)

Figure 2  Disposition of volunteers. During the 8-wk run-in period prior to randomization, 17% of eligible volunteers dropped out. After randomization, most 
volunteers (87%) completed the trial. Withdrawals were evenly distributed between treatment groups. Low- and high-dose treatment groups received 109 or 1010 CFU 
Lactobacillus acidophilus NCFM daily.
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low-dose, and high-dose treatments, respectively 
(P = 0.8371 between groups by logistic regression). 
The IBS-QoL reflected a higher QoL at the end of the 
intervention in all treatment groups (Table 5), although 
neither active treatment dose was superior to placebo. 
The HADS total score declined significantly from 
baseline to the end of the intervention in both active 
treatment groups, HADS anxiety improved significantly 
in all treatment groups, but HADS depression improved 
significantly only in the high-dose group. However, none 
of the between-group comparisons reached statistical 
significance, although total HADS and HADS anxiety 
were slightly lower in the high-dose group compared 
with placebo (Table 5).

None of the treatments had undesired effects on 
stool consistency (Table 6).

Safety results
AEs were evenly distributed in all groups, with 81, 57, 
and 61 AEs recorded during the treatment period in the 
placebo, low-dose, and high-dose treatment groups, 
respectively. The most common treatment-emergent 
AEs were GI disorders (abdominal discomfort, ab
dominal distension, abdominal pain, constipation, 
diarrhea, flatulence), gastroenteritis, and influenza. 
Potentially IP-related AEs - mild GI symptoms, which 
might also have been due to all volunteers having IBS 
that presented with similar symptoms - were recorded 
for 7, 7, and 9 volunteers in the placebo, low-dose, 
and high-dose treatment groups, respectively. 

AEs led to discontinuation 10, 4, and 3 times in 
the high-dose, low-dose, and placebo groups, re
spectively, but these cases were not considered IP-
related safety issues, based on the possibility of the 
IP-related cases being general IBS symptoms. Two 
SAE cases that presented with 3 symptoms were 
encountered: pneumonia with fever and cough and a 
case of syncope that resulted in a hospital visit; neither 
was associated with the IP or any trial procedure. The 
case of pneumonia, which involved hospitalization and 
antibiotic treatment, led to discontinuation. 

DISCUSSION
This study is the first adequately powered clinical 
trial to determine the effects of L. acidophilus NCFM 
on IBS symptoms using patient-reported outcomes. 
The L. acidophilus NCFM strain is well characterized[26] 
and has been commercially available as a probiotic 
for several decades. It has been associated with the 
alleviation of the perception of visceral pain as a 
2-strain blend with B. lactis Bi-07 in volunteers with 
bloating and among colonoscopy patients[14,15,27]. In a 
mechanistic study, however, L. acidophilus NCFM, as 
a single-strain supplement, was more effective than 
the combination in enhancing human colonic MOR 
expression and activity, although both treatments 
relieved bowel symptoms, albeit insignificantly[15,16].

L. acidophilus NCFM has been shown to elevate 
the visceral pain threshold in a rat model by 44% 

Table 2  Irritable bowel syndrome symptom characteristics n  (%)

Placebo (n  = 131) Low-dose (n  = 129) High-dose (n  = 131)

IBS subtype
   IBS-C 25 (19.1) 20 (15.5) 20 (15.3)
   IBS-D 49 (37.4) 51 (39.5) 52 (39.7)
   IBS-M 56 (42.7) 58 (45.0) 58 (44.3)
   IBS-U 1 (0.8) 0 (0.0) 1 (0.8)
Postinfectious IBS 9 (6.9) 4 (3.1) 7 (5.3)
Psychological comorbidities 9 (6.9) 6 (4.7) 13 (9.9)
Symptoms provoked by specific food 103 (79.8)1 116 (89.9) 120 (91.6)
Family history of intestinal disorders or diseases 95 (72.5) 97 (75.2) 92 (70.8)2

1Two volunteers not analysed; 2One volunteer not analyzed. IBS: Irritable bowel syndrome.
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Figure 3  Irritable bowel syndrome symptom severity score over time. IBS-
SSS is a 5-item composite score inquiring about the severity of abdominal pain, 
bloating/distension, satisfaction with bowel habits, and IBS-related quality of life 
on a 10-cm VAS scale and the number of days with abdominal pain over the 
past 10 d[18]. All items are scored from 0 to 100, allowing for IBS-SSSs to range 
from 0 to 500. Francis and colleagues have validated non-IBS controls and 
volunteers suffering from mild, moderate, and severe IBS symptoms to range 
between 0-75, 75-175, 175-300, and 300-500, respectively[18]. The composite 
symptom score declined similarly in all treatment groups during the intervention, 
showing no treatment effect for the active groups (low-dose and high-dose) 
receiving Lactobacillus acidophilus NCFM. The severity scores are given as 
mean ± SD. Differences from baseline to week 12 were not significant between 
treatment groups. All within-group comparisons to baseline (week 4, week 12, 
and washout) were significant (P < 0.001). IBS-SSS: Irritable bowel syndrome 
symptom severity score; IBS: Irritable bowel syndrome.
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through the MOR-mediated pathway with an efficacy 
that is comparable with that of 1 mg/kg subcutaneous 
morphine[14]. Thus, there was tremendous interest in 
determining the efficacy of L. acidophilus NCFM as a 
single-strain supplement in mitigating functional bowel 
symptoms.

The volunteer recruitment was successful, and the 
trial completion rate and IP compliance were high. 
All 391 randomized volunteers fulfilled the Rome 
Ⅲ criteria for IBS, with an even distribution of IBS 
subtypes and demographics between groups. Blood 
tests were performed at the screening visit (basic 
blood count and CRP) to rule out inflammatory causes 
of the bowel symptoms. Most volunteers (57%) had 
undergone a colonoscopy in the past due to chronic 
GI symptoms to rule out organic or inflammatory 
causes, but endoscopy was not performed during the 
screening. 

Based on a crossover trial that raised concerns 
over the inadequate length of a 1-mo run-in period[28], 
all volunteers refrained from using any commercial 
or trial-related probiotics over an 8-wk run-in period 
to reduce any putative carryover effects. A total 
of 83% of randomized volunteers had a history of 
consuming commercial probiotics. The intervention 

period was designed to last for 12 wk to follow up on 
the efficacy and AEs for a sufficient period of time[10] 
and to limit the placebo effect toward the end of the 
trial. Altogether, we recruited an adequate number of 
reliably diagnosed, extensively examined volunteers 
who were not using any concomitant medications or 
supplements that could have affected outcomes. The 
treatment was a well-characterized probiotic strain 
that was supplemented in 2 common doses for an 
adequately long intervention period.

However, in this trial, based on a composite score of 
IBS symptom severity (IBS-SSS), L. acidophilus NCFM 
was not superior to placebo. No significant differences 
in the secondary outcomes were observed between 
groups, and none of the outcomes showed a dose-
response effect. Nevertheless, in post hoc analyses of 
a subgroup that presented with moderate to severe 
abdominal pain at baseline (IBS-SSS pain score on 
VAS > 35/100 at baseline; active groups combined vs 
placebo), the level of abdominal pain declined in the 
active groups at week 12. These data are consistent 
with previous mechanistic findings of greater MOR 
expression and activity during L. acidophilus NCFM 
treatment in humans and rats[14,15] and earlier recovery 
from colonoscopy-associated pain[27]. 

Table 3  Irritable bowel syndrome symptom severity score item scores at baseline and end of intervention

Treatment Baseline Week 12 Change from 
baseline

Within-group 
comparison

Comparison with 
placebo

Comparison with 
low- and high-dose

n mean ± SD n mean ± SD mean ± SD P value P  value P  value
Severity of pain
   Placebo 121 20.2 ± 20.6 118 18.5 ± 20.7   -2.2 ± 21.8    0.024 NA 0.303
   Low-dose 124 24.1 ± 22.3 110 18.3 ± 18.6   -5.2 ± 24.4    0.005 0.640 NA
   High-dose 122 24.3 ± 21.5 113 16.4 ± 17.8   -7.9 ± 21.8 < 0.001 0.189 NA
Number of days with pain over 10 d
   Placebo 114 3.8 ± 2.8 111 2.8 ± 2.8 -1.0 ± 2.7 < 0.001 NA 0.234
   Low-dose 115 4.4 ± 2.8 105 3.3 ± 2.6 -1.1 ± 2.9 < 0.001 0.470 NA
   High-dose 121 4.1 ± 2.8 106 2.9 ± 2.4 -1.2 ± 2.5 < 0.001 0.634 NA
Bloating/Distension
   Placebo 121 39.0 ± 28.0 118 30.7 ± 25.6   -8.3 ± 23.6 < 0.001 NA 0.669
   Low-dose 122 40.5 ± 29.9 110 31.0 ± 25.7   -9.4 ± 29.6 < 0.001 0.905 NA
   High-dose 122 37.1 ± 26.6 113 31.0 ± 27.3   -6.1 ± 25.8 0.002 0.535 NA
Satisfaction with bowel habits
   Placebo 121 57.4 ± 22.6 118 47.3 ± 24.2 -10.3 ± 21.4 < 0.001 NA 0.964
   Low-dose 124 59.4 ± 22.7 110 46.3 ± 19.8 -11.8 ± 22.4 < 0.001 0.701 NA
   High-dose 122 55.0 ± 19.7 113 46.4 ± 22.6   -8.3 ± 23.3 < 0.001 0.757 NA
Interference of IBS with quality of life
   Placebo 121 62.4 ± 17.0 118 48.6 ± 22.1 -13.9 ± 20.3 < 0.001 NA 0.210
   Low-dose 124 60.8 ± 16.9 110 50.1 ± 19.4   -9.8 ± 16.5 < 0.001 0.133 NA
   High-dose 122 59.8 ± 13.5 113 47.9 ± 16.5 -11.7 ± 13.6 < 0.001 0.509 NA

IBS: Irritable bowel syndrome.

Table 4  Change in pain score for volunteers with moderate or severe abdominal pain at baseline

Treatment n Baseline Week 12 Change from baseline Mean difference for combined active doses P  value

mean ± SD mean ± SD mean ± SD 95%CI
Placebo 29 51.1 (9.3) 30.3 (22.9) -20.8 (22.8)
Low-dose 36   53.6 (10.9) 24.4 (19.4) -29.4 (17.9) -9.5 (-18.8; -0.17) 0.046
High-dose 34   52.1 (10.7) 21.9 (20.6) -31.2 (21.9)
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IBS is associated with significant placebo effects, 
in part due to the subjective nature of the outcome 
measures (Shah and Pimentel, 2014). Our trial had 
an 8-wk run-in period during which volunteers did not 
consume any product (including placebo); thus, there 
was no pre-randomization selection for high placebo 
responders. The study products were administered 
daily, which should be beneficial for minimizing a 
placebo effect. However, the high frequency of contact 
by research nurses might have heightened the placebo 
response, although their attention and care were 
targeted originally toward evaluating safety adequately 
and ensuring high compliance with the protocol. 

Our principal challenge was the significant placebo 
effect, which was comparable with the efficacy of the 
active treatments. A decrease of > 50 in IBS-SSS 

indicates clinical improvement of symptoms[18]. In the 
present trial, the IBS-SSS decreased from 44.0 to 
50.8 in the 3 different treatment groups suggesting 
a borderline clinically significant effect. Similarly, IBS-
QoL scores corresponded to moderate symptom 
severity at baseline vs mild symptom severity by 
the end of treatment in all groups[21]. Also, with the 
AR questionnaire, the placebo was as effective as 
the active treatment. Volunteers had had difficulty 
comprehending whether the weekly AR question should 
be referenced to the base-line period, as intended, or 
to the previous calendar week. Thus some participants 
compared consecutive intervention weeks rather than 
treatment to baseline in the AR questionnaire.

HADS was applied to subgroup participants by 
psychological comorbidity which has previously been 
associated with characteristics of intestinal microbiota[29]. 
Statistically significant reductions in HADS were 
observed in the active treatment groups. However, 
these changes were small and likely of no clinical 
relevance; further, the prevalence of anxiety and 
depression was low, and for all treatment groups 
HADS averages throughout the study were at normal 
levels[22]. No subgroup analyses were implemented. 
Nevertheless, the changes in HADS indicate a target 
for future study in a more appropriate population.

Changes in stool consistency are not unexpected 
for an IBS population[30], and none of the treatments 
appeared to cause undesirable alterations in stool 
form. Defecation frequencies were close to normal 
limits, suggesting that diarrhea and constipation in IBS 
volunteers are subjective phenomena that are related 
to defecation events, rather than a result of hard stool 
and slow transit or loose stool and accelerated transit. 
Thus recruitment of all IBS symptom subtypes is 
justifiable.

Table 5  Change in irritable bowel syndrome-related quality of life and level of anxiety and depression (Hospital Anxiety and 
Depression Score)

Treatment Baseline Week 12 Change from 
baseline

Within-group 
comparison

Comparison with 
placebo

Comparison with low- 
and high-dose

n mean ± SD n mean ± SD mean ± SD P value P  value P  value
IBS-QoL
   Placebo 121   66.4 ± 17.5 118 73.2 ± 19.0     7.0 ± 12.3 < 0.001 NA 0.412
   Low-dose 124   63.9 ± 19.0 110 71.6 ± 19.3     7.4 ± 12.3 < 0.001 0.812 NA
   High-dose 122   68.2 ± 16.5 113 76.5 ± 15.8   8.5 ± 8.8 < 0.001 0.238 NA
HADS total score
   Placebo 119   9.2 ± 5.6 110 8.6 ± 6.6 -0.4 ± 4.3    0.302 NA 0.134
   Low-dose 122 10.1 ± 5.7 109 9.2 ± 6.0 -1.0 ± 4.4    0.034 0.435 NA
   High-dose 118   9.7 ± 5.5 109 8.2 ± 5.8 -1.5 ± 3.9 < 0.001 0.071 NA
HADS-Anxiety
   Placebo 121   5.9 ± 3.5 114 5.3 ± 3.6 -0.4 ± 2.6    0.036 NA 0.246
   Low-dose 122   6.1 ± 3.3 109 5.5 ± 3.1 -0.6 ± 2.7    0.011 0.726 NA
   High-dose 119   6.2 ± 3.3 109 5.0 ± 3.1 -1.0 ± 2.2 < 0.001 0.099 NA
HADS-Depression
   Placebo 119   3.4 ± 2.9 111 3.4 ± 3.6   0.0 ± 2.3    0.906 NA 0.162
   Low-dose 124   4.0 ± 3.0 109 3.7 ± 3.4 -0.3 ± 2.2    0.258 0.376 NA
   High-dose 119   3.5 ± 2.9 110 3.2 ± 3.1 -0.4 ± 2.4    0.041 0.125 NA

HADS: Hospital anxiety and depression score; IBS-QoL: Irritable bowel syndrome quality of life.

Table 6  Change in stool consistency from baseline according 
to Bristol stool scale1 n  (%)

n Change to optimal from 
constipation or diarrhea 

Change to constipation or 
diarrhea from optimal 

Placebo 131
   Week 4   18 (13.7)   15 (11.5)
   Week 12   21 (16.0)   18 (13.7)
   Washout   20 (15.3)   17 (13.0)
Low-dose 129
   Week 4   26 (20.2)   13 (10.1)
   Week 12   27 (20.9)   14 (10.9)
   Washout   14 (10.9) 12 (9.3)
High-dose 131
   Week 4   14 (10.7)   16 (12.2)
   Week 12   18 (13.7)   20 (15.3)
   Washout   14 (10.7)   18 (13.7)
Total 391 172 (44.0) 143 (36.6)

1Bristol stool scale types 1 and 2 were classified as constipation; 3, 4, and 5 
were classified as optimal stool consistency; and 6 and 7 were classified as 
diarrhea.
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Selecting volunteers from only 1 IBS symptom 
subgroup or setting a threshold for baseline symptom 
severity as applied by Sisson and colleagues[31] 
can reduce variation in the response to treatment. 
However, our objective was to recruit IBS volunteers 
as a representation of the general population[3], which 
would have been distorted by selecting subgroups 
or IBS patients with more severe symptoms. In 
addition, because the etiology of IBS is multifacto
rial and, to a large extent, unknown and because 
symptom subgroups tend to vary over time in each 
volunteer[30], selecting between symptom subgroups 
is challenging. Moreover, excluding volunteers whom 
consume diarrhea medication, laxatives, and opiate- or 
morphine-containing pain medications was necessary, 
because these agents influence the outcome, but it 
also effectively excluded volunteers with severe IBS 
symptoms.

Another shortcoming in assessing the efficacy of 
bowel symptoms was the infrequent and retrospective 
evaluation of IBS symptoms[32]. The symptom 
questionnaires were administered 4 times in total and 
only twice during the 12-wk intervention period. More 
frequent assessments were initially considered to be 
a risk for noncompliance due to the laboriousness of 
answering so many questionnaires. Moreover, although 
the IBS-SSS questionnaire inquires about symptom 
severity over the past 10 d, the volunteers’ symptoms, 
everyday events, and mood when they complete 
the questionnaires are likely to bias the answers, 
resulting in potentially irrelevant variations in scores. 
Because volunteers were not severely symptomatic 
(mean IBS-SSS at baseline corresponded to moderate 
for all treatment groups), inquiring about symptom 
frequency instead of severity might have been more 
sensitive in measuring efficacy[33].

AEs were evenly distributed between groups. The 
slightly higher number of volunteer discontinuations 
due to AEs in the active high-dose group was not 
treatment-related. Digestive symptoms were the chief 
manifestation of the inclusion criteria of the study 
population; thus, GI discomfort, recorded as a possibly 
treatment-related AE, might have also been part of 
their normal symptomology. 

L. acidophilus NCFM can be consumed safely 
by adult IBS volunteers over a 3-mo period but is 
ineffective against IBS symptoms in general compared 
to placebo. However, L. acidophilus NCFM treatment 
alleviated abdominal pain in IBS volunteers with at 
least moderately severe visceral pain. More frequent 
- preferably daily - assessment of bowel symptoms 
with a user-friendly application is recommended for 
future trials in this area. Moreover, enquiring individual 
symptoms rather than a composite score sum may be 
more applicable. Among the recruited IBS participants 
with moderate symptom severity at baseline bowel 
movement frequency appeared normal regardless of 
stool consistency and anxiety and depression levels 

were not clinically notable.
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COMMENTS
Background
Functional bowel symptoms are a common disturbance encountered transiently 
by most humans and in a chronic manner by many. Irritable bowel syndrome 
(IBS) is a functional bowel disorder with abdominal pain as its core symptom. 
In the present trial, Lactobacillus acidophilus NCFM, a probiotic bacterium 
that is known to enhance analgesic receptor expression in the gastrointestinal 
(GI) tract of rodents and humans, was evaluated for its ability to alleviate IBS 
symptoms.

Research frontiers
In probiotic research there is a great demand for high quality clinical trials to 
show potential health efficacy for well-defined probiotic strains. This applies 
to an array of health areas, including GI wellbeing. On the other hand, also 
mechanistic insight into the modes of action of probiotics is required to enlighten 
their efficacy.

Innovations and breakthrough
The present clinical trial was conducted with high quality applying an adequate 
population for statistical power and a well characterized probiotic strain with 
prior mechanistic efficacy data. A thorough set of participant-reported outcomes 
were evaluated on bowel symptoms, quality of life, psychological wellbeing and 
defecation habit and stool consistency. The participants complied well with the 
trial protocol allowing analysis of a comparatively large and complete dataset.

Applications
In the present trial the tested strain was not superior to placebo on IBS 
symptom alleviation in general. However, abdominal pain was relieved among 
participants with moderate to severe abdominal pain at baseline. The trial also 
gives insight into design and conduct of probiotic clinical trials on functional 
bowel disorders.

Peer-review 
This article describes a very well designed clinical trial on the effect of the 
probiotic strain L. acidophilus NCFM in two doses on symptoms in IBS patients. 
The trial design is of high-quality including the use of a well-defined strain, as 
well as an adequate number of participants and a long enough intervention 
period.
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Abstract
AIM
To assess the prevalence of possible risk factors of 
upper gastrointestinal bleeding (UGIB) and their age-
group specific trend among the general population and 
osteoarthritis patients.

METHODS
We utilized data from the National Health Insurance 
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Additionally, subjects with high risk should control 
modifiable UGIB risk factors.
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INTRODUCTION
Despite advances in medical science, upper gastro­
intestinal bleeding (UGIB) is still a high risk condition 
with high morbidity and mortality[1]. Rotondano et al[2] 
reported that the overall mortality rate of UGIB was 
approximately 5%. Although its incidence is decreasing 
worldwide, a substantial amount of patients are still 
suffering from UGIB[3]. In the United States, the 
incidence of UGIB was approximately 60.6 per 100000 
in 2009[4]. Furthermore, the proportion of aspirin- or 
non-steroidal anti-inflammatory drugs (NSAIDs)-related 
UGIB is also increasing[5]. This has led to incurrence of 
substantial costs[6].

The high mortality and economic burden of UGIB 
have raised concerns regarding risk factors for the 
disease. In general, UGIB occurs more frequently in 
the male sex and advancing age[7,8]. Additionally, many 
underlying diseases, drugs, and unhealthy lifestyle 
(e.g., smoking) are proven risk factors of UGIB[3,8-27]. 
Also, the increasing trend of NSAIDS-induced UGIB 
has also led to research focusing on arthritis patients, 
who are potential long-term consumers of these 
predisposing drugs[28-31].

While several studies have identified significant 
risk factors of UGIB, many focused on assessing the 
relative risks of each factor in a specific population 
group only, not the general population. To the best of 
our knowledge, to date, no large general-population-
based studies have investigated the epidemiology of 
UGIB risk factors.

In this study, we assessed the prevalence of possible 
risk factors of UGIB and their age-group specific trend 
among the general population, and compared the 
prevalence between patients with osteoarthritis and 
others.

MATERIALS AND METHODS
Data source
This study utilized data from the National Health 
Insurance Service (NHIS) (NHIS-2015-2-099), compiled 
by the NHIS. The National Health Insurance in South 
Korea covers approximately 98% of the population, 
ensuring generalization of data[32]. The original claims 

Service that included claims data and results of 
the national health check-up program. Comorbid 
conditions (peptic ulcer, diabetes, liver disease, chronic 
renal failure, and gastroesophageal reflux disease), 
concomitant drugs (aspirin, clopidogrel, cilostazol, 
non-steroidal anti-inflammatory drugs, steroid, 
anticoagulants, and SSRI), personal habits (smoking, 
and alcohol consumption) were considered as possible 
UGIB risk factors. We randomly imputed the prevalence 
of infection in the data considering the age-specific 
prevalence of Helicobacter pylori  (H. pylori ) infection 
in Korea. The prevalence of various UGIB risk factors 
and the age-group specific trend of the prevalence 
were identified. Prevalence was compared between 
osteoarthritis patients and others.

RESULTS
A total of 801926 subjects (93855 osteoarthritis 
patients) aged 20 and above were included. The 
prevalence of individual and concurrent multiple risk 
factors became higher as the age increased. The 
prevalence of each comorbid condition and concomitant 
drug were higher in osteoarthritis patients. Thirty-five 
point zero two percent of the overall population and 
68.50% of osteoarthritis patients had at least one or 
more risk factors of UGIB. The prevalence of individual 
and concurrent multiple risk factors in younger age 
groups were also substantial. Furthermore, when 
personal habits (smoking, and alcohol consumption) 
and H. pylori  infection were included, the prevalence of 
concurrent multiple risk factors increased greatly even 
in younger age groups.

CONCLUSION
Prevalence of UGIB risk factors was high in elderly 
population, but was also considerable in younger 
population. Patient with osteoarthritis was at higher 
UGIB risk than those without osteoarthritis. Physicians 
should consider individualized risk assessment 
regardless of age when prescribing drugs or performing 
procedures that may increase the risk of UGIB, 
and take necessary measures to reduce modifiable 
risk factors such as H. pylori  eradication or lifestyle 
counseling.

Key words: Upper gastrointestinal bleeding; Prevalence; 
Risk factor; General population; Osteoarthritis

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This study identified the prevalence of various 
upper gastrointestinal bleeding (UGIB) risk factors 
and the age-group specific trend of the prevalence in 
general population and osteoarthritis patients using 
large population representative data. Considering the 
age-group specific trend of the prevalence of UGIB risk 
factors, physicians should consider individualized risk 
assessment regardless of age when prescribing drugs 
or performing procedures that predispose to UGIB. 
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data included 90% of the population in South Korea. 
Using a randomized stratified sampling method, the 
NHIS provided 2% samples of cohorts of the claims 
data from 2002 to 2013. Detailed explanation of the 
data structure is provided elsewhere[33]. To investigate 
recent epidemiology, we used the claims data of 
outpatient visits in 2013. In addition, to take into 
account subjects’ personal habits, we used results from 
the national health check-up program cohorts in 2013, 
which included lifestyle and medical information, as well 
as biochemical markers. NHIS provides both claims 
data and results of national health check-up programs 
through an online review system (https://nhiss.nhis.
or.kr/bd/ab/bdaba000eng.do). 

This study was approved by the institutional review 
board of Seoul National University Hospital (IRB No. 
E-1508-002-689).

Risk factors of UGIB
From a literature review of previous studies, we 
identified the possible risk factors of UGIB. We subdivided 
risk factors into 3 categories: (1) comorbid conditions; 
(2) concomitant drugs; and (3) personal habit. Co­
morbid conditions included peptic ulcer[8,10,16], diabetes 
mellitus[15], liver disease[14], chronic renal failure[3,17,18], 
and gastroesophageal reflux disease (GERD)[3]. Con­
comitant drugs included oral aspirin[3,8,11,15,21], other 
antiplatelet agents including cilostazol and clopidogrel[3,11], 
NSAIDs[3,8,10,11,16,29], steroids[3,19], anticoagulants including 
warfarin, rivaroxaban, dabigatran, and apixaban[3,10,11], 
and selective serotonin reuptake inhibitors[3,23,24]. As 
selective cyclooxygenase (COX)-2 inhibitors had been 
prescribed to reduce the gastrointestinal complica­
tions, these drugs were not included as concomitant 
drugs[31,34,35]. Personal habits included smoking[8,10,11], 
and alcohol consumption[8,10,11].

Helicobacter pylori (H. pylori) infection was also con­
sidered as a possible independent risk factor[3,8,10,13,16].

Definition of variables
We defined cases of comorbid conditions based on the 
ICD-10 codes: “K25.X”, “K26.X”, “K27.X”, and “K28.
X” for peptic ulcer; “E08.X”, “E09.X”, “E10.X”, “E11.
X”, “E12.X”, “E13.X”, and “E14.X” for diabetes; “K70.
X”, “K71.X”, “K72.X”, “K73.X”, “K74.X”, “K75.X”, “K76.
X”, and “K77.X” for liver disease; “N18.X” for chronic 
renal failure; “K21.X”, and “K221” for GERD. Cases 
of comorbid conditions were defined if any of the 
above-mentioned relevant ICD-10 codes was the main 
diagnosis (for which the patient primarily presented 
with), or the first additional diagnosis (that the patient 
was already being treated for or was diagnosed at 
the same visit as the main diagnosis). Subjects with 
“M15.X” to “M19.X” ICD-10 codes as the main or the 
first additional diagnosis were defined as patients with 
osteoarthritis.

Although short-term use of some drugs could 
increase the risk of UGIB[36], we aimed to identify 

longer-term users of predisposing drugs, especially 
those with the potential to consume these drugs for 
life. Therefore, we only included subjects who had 
been prescribed drugs for at least 60 d as cases of 
concomitant drug users.

Smoking was subdivided into 2 categories: (1) non- 
or former smoker; and (2) current smoker. Problematic 
alcohol consumption was defined as follows: men 
who drink more than 4 standard drinks a day or 14 
standard drinks a week; women who drink more than 
3 standard drinks a day or 7 standard drinks a week; 
and subjects aged 65 or more who drink more than 
1 standard drink a day or 7 standard drinks a week. 
One standard drink contains approximately 14 g of 
alcohol[37].

Statistical analysis
Subjects aged 20 and above were included in our 
analysis. First, we calculated the prevalence of each 
risk factor within the general population and it was 
compared between osteoarthritis patients and others. 
To identify subjects with concurrent multiple risk factors, 
we categorized subjects into 3 categories: (1) those 
with 1 or more risk factors; (2) those with 2 or more 
risk factors; and (3) those with 3 or more risk factors 
or more. As patients with osteoarthritis potentially 
consume NSAIDs[31], we additionally calculated the 
prevalence after excluding NSAIDs as a concomitant 
drug for osteoarthritis patients. Additionally, age-
group specific prevalence of individual and concurrent 
multiple risk factors were calculated. Since the data 
did not provide information about H. pylori infection, 
we formulated a statistical method to consider this 
infection. Considering the age-specific prevalence of 
H. pylori infection in Korea from a representative large 
cohort study, we randomly imputed the prevalence of 
infection in the data[38]. The reported prevalence of H. 
pylori infection was 26.4, 42.1, 52.6, 61.4, 61.6, and 
58.6 % for subjects in their 20 s, 30 s, 40 s, 50 s, 60 
s, and 70 s (or more), respectively. Following random 
imputation, prevalence of concurrent multiple risk 
factors were calculated.

As mentioned above, we included personal habits 
as risk factors of UGIB. However, information regarding 
subjects’ personal habits was only available in those 
who participated in the national health check-up 
program in 2013. Subgroup analysis was performed to 
take into account the lifestyle factors in these subjects.

 To address the possible differences of the definition 
of concomitant drug user, sensitivity analysis was 
performed. Subjects who have been prescribed the 
drugs for at least 30 d were considered as cases of 
concomitant drug users.

All statistical analyses were conducted using the 
STATA software version 14.0 (StataCorp., TX).

RESULTS
A total of 801926 subjects from the general population 
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was considered, the prevalence of concurrent multiple 
risk factors increased approximately 2-fold in the 
overall population. The increase in the prevalence of 
osteoarthritis patients was also substantial. All P values 
for each risk factor from the chi square test between 
subjects without osteoarthritis and osteoarthritis 
patients were below 0.001.

Figure 1 shows the age-group specific trend of 
prevalence with at least one risk factor. Prevalence of 
UGIB risk factors increases with age, with the highest 
value seen among the 70-79 year-old age group. The 
age-group specific prevalence of UGIB risk factors 
among osteoarthritis patients is provided in online only 
supplementary Table 2.

The increased prevalence of UGIB risk factors with 
age was consistently noted in the overall population, 
peaking among subjects in their 70 s (Table 2). For 
subjects who participated in the national health check-
up program, the prevalence of multiple risk factors 
increased naturally as 2 more risk factors (smoking, 
and alcohol consumption) were considered (Figure 
2). The number of smokers and alcohol consumers 
generally decreased with age. As the criteria for alcohol 
consumption changed at the age of 65, the prevalence 
of problematic drinking increased at the age-group (see 
online only supplementary Table 3).

aged 20 or more (93855 were patients with oste­
oarthritis) were included in the analysis. Out of this, 
233879 subjects participated in the national health 
check-up program in 2013. The age- and sex-specific 
distributions of the study population are provided in 
online only supplementary Table 1.

Table 1 shows the overall prevalence of individual 
and concurrent multiple risk factors. GERD was the 
most frequent comorbid condition associated with 
UGIB in the overall population, subjects without 
osteoarthritis, and patients with osteoarthritis (14.10%, 
12.67%, and 26.60%, respectively). Although aspirin 
was the most frequently used predisposing drug in the 
overall population (6.63%), NSAIDs had the highest 
prevalence in osteoarthritis patients (28.42%). The 
prevalence of each comorbid condition and concomitant 
drug usage were also higher in these patients compared 
to the general population. We found that 35.02% of 
the overall population and 68.50% of osteoarthritis 
patients had at least one or more risk factors of 
UGIB. More than 16% of subjects with osteoarthritis 
had 3 or more concurrent risk factors. Even when 
NSAIDs were excluded for prevalence calculation of 
concurrent multiple risk factors, the prevalence of 
osteoarthritis patients with at least one or more risk 
factors decreased by only 8%. When H. pylori infection 

Table 1  Prevalence of gastrointestinal bleeding risk factors

Overall Population 
(n  = 801926 )

Without Osteoarthritis 
(n  = 708107)

Osteoarthritis Patients 
(n  = 93855)

Comorbid conditions
   Peptic ulcer   9.15%   7.85% 19.00%
   Diabetes   8.33%   7.04% 18.12%
   Chronic liver disease   5.76%   5.28%   9.32%
   Chronic renal failure   0.49%   0.44%   0.83%
   Gastroesophageal reflux disease 14.30% 12.67% 26.60%
Concomitant drugs1

   Aspirin   6.63%   5.41% 15.86%
   Clopidogrel   1.78%   1.43%   4.44%
   Cilostazol   0.66%   0.51%   1.76%
   NSAIDs   5.99%   3.02% 28.42%
   Steroid   1.28%   0.93%   3.94%
   Anticoagulants2   0.18%   0.16%   0.36%
   SSRI   0.44%   0.37%   1.00%
No. of risk factors
   ≥ 1 35.02% 30.58% 68.50%
   ≥ 2 13.87% 10.66% 38.04%
   ≥ 3   4.52%   2.97% 16.25%
No. of risk factors
(Excluding concomitant NSAIDs Use)
   ≥ 1 33.10% 29.49% 60.40%
   ≥ 2 11.81%   9.63% 28.26%
   ≥ 3   3.22%   2.38%   9.60%
No. of risk factors
(After H. pylori prevalence imputation)
   ≥ 1 64.57% 62.16% 82.76%
   ≥ 2 23.26% 20.08% 47.19%
   ≥ 3   8.12%   6.47% 20.60%

1Subjects who were prescribed 60 d or more in 2013; 2Warfarin, rivaroxaban, dabigatran, and apixaban were included. All P values from the χ 2 test between 
subjects without osteoarthritis and arthritis patients are below 0.001. NSAIDs: Non-steroidal anti-inflammatory drugs; SSRI: Selective serotonin reuptake 
inhibitor. 
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Figure 2  Age-Group Specific Prevalence of Multiple Risk Factors in Subjects Performed Health Check-up. A: Without Helicobacter pylori (H. pylori) prevalence 
imputation; B: With H. pylori prevalence imputation. Smoking and problematic alcohol drinking were included as risk factors additionally.
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Figure 1  Age-group specific prevalence of any upper gastrointestinal bleeding risk factors. A: Without Helicobacter pylori (H. pylori) prevalence imputation; B: 
With H. pylori prevalence imputation; NSAIDs: Non-steroidal anti-inflammatory drugs.

100

90

80

70

60

50

40

30

20

10

0

(%)

20
-2

4
25

-2
9

35
-3

9
40

-4
4

45
-4

9
50

-5
4

55
-5

9
60

-6
4

65
-6

9
70

-7
4

75
-7

9
80

-8
4

≥
 85

 yr
30

-3
4

B

A

100

90

80

70

60

50

40

30

20

10

0

(%)

20
-2

4
25

-2
9

35
-3

9
40

-4
4

45
-4

9
50

-5
4

55
-5

9
60

-6
4

65
-6

9
70

-7
4

75
-7

9
80

-8
4

≥
 85

 yr
30

-3
4

Osteoarthritis patients

Osteoarthritis patients
(excluding concomitant NSAIDs use)

Without osteoarthritis

Overall population



10648 December 28, 2016|Volume 22|Issue 48|WJG|www.wjgnet.com

In
 t

he
 s

en
si
tiv

ity
 a

na
ly

si
s,

 a
lth

ou
gh

 t
he

 p
re

va
le

nc
e 

of
 e

ac
h 

co
nc

om
ita

nt
 d

ru
g 

us
ag

e 
w

as
 s

lig
ht

ly
 d

ec
re

as
ed

, 
th

e 
pr

ev
al

en
ce

 d
id

 n
ot

 v
ar

y 
m

uc
h 

fr
om

 t
ha

t 
of

 t
he

 m
ai

n 
an

al
ys

is
 (

Ta
bl

e 
3)

.

D
IS

C
U

S
S
IO

N
To

 t
he

 b
es

t 
of

 o
ur

 k
no

w
le

dg
e,

 t
hi

s 
is

 t
he

 fi
rs

t 
st

ud
y 

to
 in

ve
st

ig
at

e 
th

e 
pr

ev
al

en
ce

 o
f 
in

di
vi

du
al

 a
nd

 c
on

cu
rr

en
t 

m
ul

tip
le

 U
G

IB
 r

is
k 

fa
ct

or
s 

in
 t

he
 g

en
er

al
 p

op
ul

at
io

n 
an

d 
pa

tie
nt

s 
w

ith
 o

st
eo

ar
th

rit
is

. 
W

e 
al

so
 id

en
tifi

ed
 t

he
 t

re
nd

 o
f 

ag
e-

gr
ou

p 
sp

ec
ifi

c 
pr

ev
al

en
ce

 o
f 

U
G

IB
 r

is
k 

fa
ct

or
s.

 L
ar

ge
 s

am
pl

e 
si

ze
 w

ith
 s

ys
te

m
at

ic
 s

am
pl

in
g 

m
et

ho
d 

en
su

re
s 

th
e 

ge
ne

ra
liz

at
io

n 
of

 th
e 

re
su

lts
. M

or
eo

ve
r, 

th
e 

un
iq

ue
 d

at
as

et
 fr

om
 N

H
IS

 e
na

bl
ed

 u
s 

to
 a

dd
re

ss
 m

ul
tip

le
 p

er
so

na
l h

ab
its

 s
uc

h 
as

 s
m

ok
in

g,
 a

lc
oh

ol
 c

on
su

m
pt

io
n,

 
as

 w
el

l a
s 

co
m

or
bi

d 
di

se
as

es
 a

nd
 d

ru
gs

.
O

ur
 f

in
di

ng
s 

sh
ow

ed
 t

ha
t 

ag
e 

w
as

 a
ss

oc
ia

te
d 

w
ith

 i
nc

re
as

ed
 p

re
va

le
nc

e 
of

 U
G

IB
 r

is
k 

fa
ct

or
s,

 c
on

si
st

en
t 

w
ith

 p
re

vi
ou

s 
st

ud
ie

s[7
,8

] . 
N

at
ur

al
ly

, 
th

e 
pr

ev
al

en
ce

 o
f 

in
di

vi
du

al
 a

nd
 c

on
cu

rr
en

t 
m

ul
tip

le
 r

is
k 

fa
ct

or
s 

be
ca

m
e 

hi
gh

er
 a

s 
th

e 
ag

e 
in

cr
ea

se
d.

 H
ow

ev
er

, t
he

 p
re

va
le

nc
e 

of
 U

G
IB

 r
is

ks
 in

 y
ou

ng
er

 s
ub

je
ct

s 
w

as
 a

ls
o 

su
bs

ta
nt

ia
l. 

In
 

th
e 

ov
er

al
l p

op
ul

at
io

n,
 m

or
e 

th
an

 1
4%

 o
f 
su

bj
ec

ts
 a

ge
d 

50
-5

4 
ye

ar
s 

ol
d 

al
re

ad
y 

ha
d 

2 
or

 m
or

e 
ris

k 
fa

ct
or

s.
 W

he
n 

H
. 

py
lo

ri 
in

fe
ct

io
n 

w
as

 c
on

si
de

re
d,

 t
he

 p
re

va
le

nc
e 

of
 3

 o
r 

m
or

e 
ris

k 
fa

ct
or

s 
is

 1
0%

 in
 t

hi
s 

ag
e 

gr
ou

p.
 F

ur
th

er
m

or
e,

 a
pp

ro
xi

m
at

el
y 

50
%

 o
f 
su

bj
ec

ts
 a

ge
d 

30
-3

4 
ye

ar
s 

ol
d 

ha
d 

at
 le

as
t 

on
e 

ris
k 

fa
ct

or
. 

Th
is

 is
 e

ve
n 

m
or

e 

Ta
bl

e 
2
  
A

ge
-g

ro
up

 s
pe

ci
fic

 p
re

va
le

nc
e 

of
 g

as
tr

oi
nt

es
ti
na

l b
le

ed
in

g 
ri
sk

 f
ac

to
rs

 in
 o

ve
ra

ll 
po

pu
la

ti
on

2
0
-2

4
2
5
-2

9
3
0
-3

4
3
5
-3

9
4
0
-4

4
4
5
-4

9
5
0
-5

4
5
5
-5

9
6
0
-6

4
6
5
-6

9
7
0
-7

4
7
5
-7

9
8
0
-8

4
≥

 8
5
 y

r

C
om

or
bi

d 
co

nd
iti

on
s 

   
Pe

pt
ic

 u
lc

er
  3

.8
4%

  4
.8

0%
  4

.9
2%

  5
.4

9%
  7

.6
1%

  8
.4

7%
10

.8
7%

12
.4

5%
14

.2
0%

15
.4

9%
17

.5
0%

16
.0

8%
13

.7
2%

  9
.9

5%
   

D
ia

be
te

s
  0

.3
1%

  0
.4

9%
  0

.9
6%

  1
.7

6%
  3

.2
7%

  5
.6

8%
  8

.7
8%

13
.1

7%
18

.1
8%

22
.0

4%
25

.4
8%

25
.9

6%
23

.5
5%

16
.1

3%
   

C
hr

on
ic

 li
ve

r d
is

ea
se

  2
.1

7%
  2

.9
9%

  3
.7

4%
  4

.4
0%

  4
.7

6%
  5

.9
9%

  7
.5

5%
  8

.6
8%

  9
.0

9%
  9

.0
3%

  8
.0

1%
  6

.9
1%

  5
.6

5%
  3

.9
6%

   
C

hr
on

ic
 re

na
l f

ai
lu

re
  0

.0
3%

  0
.0

6%
  0

.0
9%

  0
.1

4%
  0

.2
3%

  0
.2

8%
  0

.3
9%

  0
.5

9%
  0

.8
8%

  1
.1

3%
  1

.6
6%

  1
.8

4%
  1

.9
6%

  1
.6

6%
   

G
as

tr
oe

so
ph

ag
ea

l 
   

Re
flu

x 
di

se
as

e
  6

.0
2%

  8
.3

4%
  8

.8
8%

  9
.9

2%
13

.2
2%

13
.6

3%
17

.1
8%

19
.1

1%
22

.1
1%

22
.8

5%
23

.9
3%

20
.9

4%
17

.2
9%

11
.4

3%

C
on

co
m

ita
nt

 d
ru

gs
1

   
A

sp
ir

in
  0

.0
3%

  0
.0

8%
  0

.1
3%

  0
.4

2%
  1

.1
5%

  2
.6

5%
  5

.6
6%

10
.2

1%
15

.5
5%

19
.8

4%
24

.2
6%

25
.5

7%
25

.1
5%

19
.6

6%
   

C
lo

pi
do

gr
el

  0
.0

1%
  0

.0
1%

  0
.0

3%
  0

.0
9%

  0
.2

7%
  0

.5
6%

  1
.1

0%
  2

.1
3%

  3
.6

6%
  5

.1
8%

  7
.2

3%
  8

.5
9%

  9
.4

1%
  7

.1
9%

   
C

ilo
st

az
ol

  0
.0

0%
  0

.0
0%

  0
.0

1%
  0

.0
3%

  0
.1

1%
  0

.2
3%

  0
.4

8%
  0

.8
6%

  1
.3

6%
  1

.9
8%

  2
.5

9%
  3

.0
9%

  2
.9

6%
  2

.1
7%

   
N

SA
ID

s
  0

.4
8%

  0
.6

6%
  1

.0
0%

  1
.6

5%
  2

.2
8%

  3
.5

8%
  6

.1
9%

  8
.7

7%
11

.8
1%

15
.2

7%
18

.3
1%

19
.8

3%
19

.5
7%

14
.9

9%
   

St
er

oi
d

  0
.2

7%
  0

.3
5%

  0
.4

4%
  0

.5
9%

  0
.7

2%
  0

.9
1%

  1
.2

3%
  1

.6
4%

  2
.1

8%
  2

.9
9%

  3
.6

0%
  3

.8
0%

  3
.4

8%
  2

.5
0%

   
A

nt
ic

oa
gu

la
nt

s2
  0

.0
1%

  0
.0

1%
  0

.0
3%

  0
.0

4%
  0

.0
6%

  0
.0

9%
  0

.1
5%

  0
.2

3%
  0

.3
2%

  0
.4

7%
  0

.6
8%

  0
.8

8%
  0

.6
8%

  0
.4

6%
   

SS
RI

  0
.1

6%
  0

.1
7%

  0
.1

5%
  0

.2
1%

  0
.2

4%
  0

.2
9%

  0
.3

8%
  0

.4
1%

  0
.5

9%
  0

.9
2%

  1
.2

3%
  1

.5
7%

  1
.8

8%
  1

.4
1%

N
o.

 o
f r

is
k 

fa
ct

or
s 

 
   
≥

 1
11

.5
3%

15
.2

6%
16

.7
2%

19
.6

3%
25

.8
8%

30
.4

5%
40

.2
2%

49
.0

0%
58

.3
9%

64
.4

3%
70

.2
7%

70
.6

9%
67

.5
9%

54
.9

3%
   
≥

 2
  1

.6
6%

  2
.4

2%
  3

.2
3%

  4
.3

6%
  6

.5
9%

  9
.3

5%
14

.7
9%

20
.8

7%
28

.0
1%

33
.9

2%
39

.7
4%

40
.0

3%
36

.6
7%

25
.3

4%
   
≥

 3
  0

.1
6%

  0
.2

5%
  0

.3
9%

  0
.6

7%
  1

.2
2%

  2
.1

0%
  3

.9
2%

  6
.4

4%
10

.0
6%

13
.4

4%
17

.0
8%

16
.9

7%
15

.0
5%

  8
.4

8%
N

o.
 o

f r
is

k 
fa

ct
or

s 
(A

fte
r H

. p
yl

or
i p

re
va

le
nc

e 
im

pu
ta

tio
n)

   
≥

 1
34

.8
4%

37
.7

2%
51

.6
0%

53
.6

1%
64

.8
4%

67
.0

8%
76

.8
4%

80
.3

4%
83

.9
9%

86
.3

5%
87

.8
6%

87
.9

1%
86

.9
3%

82
.2

0%
   
≥

 2
  4

.2
4%

  5
.7

9%
  8

.9
3%

10
.8

1%
16

.8
5%

20
.4

8%
30

.3
4%

38
.0

5%
46

.7
2%

52
.9

0%
57

.5
4%

57
.8

8%
54

.6
0%

42
.9

2%
   
≥

 3
  0

.5
4%

  0
.8

3%
  1

.6
0%

  2
.2

6%
  4

.0
4%

  5
.8

7%
10

.6
3%

15
.3

5%
21

.2
2%

26
.2

0%
30

.4
3%

30
.3

6%
27

.9
5%

18
.3

1%

1 Su
bj

ec
ts

 w
ho

 w
er

e 
pr

es
cr

ib
ed

 6
0 

d 
or

 m
or

e 
in

 2
01

3;
 2 W

ar
fa

ri
n,

 ri
va

ro
xa

ba
n,

 d
ab

ig
at

ra
n,

 a
nd

 a
pi

xa
ba

n 
w

er
e 

in
cl

ud
ed

. N
SA

ID
s:

 N
on

-s
te

ro
id

al
 a

nt
i-i

nfl
am

m
at

or
y 

dr
ug

s;
 S

SR
I: 

Se
le

ct
iv

e 
se

ro
to

ni
n 

re
up

ta
ke

 in
hi

bi
to

r.

Kim SH et al . Gastrointestinal bleeding risk factor prevalence



10649 December 28, 2016|Volume 22|Issue 48|WJG|www.wjgnet.com

ev
id

en
t w

he
n 

w
e 

in
cl

ud
ed

 p
er

so
na

l h
ab

its
 a

s 
ris

k 
fa

ct
or

s.
Pa

tie
nt

s 
w

ith
 o

st
eo

ar
th

rit
is

 h
av

e 
a 

hi
gh

er
 p

re
va

le
nc

e 
of

 c
on

cu
rr

en
t 

m
ul

tip
le

 r
is

k 
fa

ct
or

s 
co

m
pa

re
d 

to
 t

he
 s

ub
je

ct
s 

w
ith

ou
t,
 e

ve
n 

af
te

r 
ex

cl
ud

in
g 

N
SA

ID
s.

 W
he

n 
N

SA
ID

s 
w

er
e 

ex
cl

ud
ed

, 
th

e 
di

ffe
re

nc
e 

of
 a

ge
-g

ro
up

 s
pe

ci
fic

 p
re

va
le

nc
e 

of
 h

av
in

g 
at

 le
as

t 
on

e 
ris

k 
fa

ct
or

 b
et

w
ee

n 
th

e 
su

bj
ec

ts
 w

ith
ou

t 
os

te
oa

rt
hr

iti
s 

an
d 

os
te

oa
rt

hr
iti

s 
pa

tie
nt

s 
be

ca
m

e 
sm

al
le

r. 
H

ow
ev

er
, 

th
is

 d
iff

er
en

ce
 o

f 
pr

ev
al

en
ce

 b
ec

am
e 

la
rg

er
 a

s 
ag

e 
de

cr
ea

se
s,

 s
ug

ge
st

in
g 

th
at

 y
ou

ng
 o

st
eo

ar
th

rit
is

 p
at

ie
nt

s 
ha

ve
 m

or
e 

un
de

rly
in

g 
ris

k 
fa

ct
or

s 
th

an
 th

e 
su

bj
ec

ts
 w

ith
ou

t o
st

eo
ar

th
rit

is
.

O
ur

 fi
nd

in
gs

 h
av

e 
im

po
rt

an
t 
cl

in
ic

al
 im

pl
ic

at
io

ns
: 

Fi
rs

t,
 e

ld
er

ly
 s

ub
je

ct
s 

ar
e 

at
 h

ig
h 

ris
k 

fo
r 

U
G

IB
 b

y 
no

t 
on

ly
 d

ue
 t

o 
th

ei
r 

ag
e,

 b
ut

 a
ls

o 
m

ul
tip

le
 c

om
or

bi
d 

co
nd

iti
on

s 
an

d 
co

nc
om

ita
nt

 d
ru

g 
us

ag
e.

 F
ur

th
er

m
or

e,
 in

cr
ea

si
ng

 a
ge

 is
 a

ss
oc

ia
te

d 
w

ith
 U

G
IB

 o
cc

ur
re

nc
e,

 r
ec

ur
re

nc
e,

 a
nd

 m
or

ta
lit

y[8
] . 

Ph
ys

ic
ia

ns
 w

ith
 e

ld
er

ly
 p

at
ie

nt
s 

sh
ou

ld
, 

th
er

ef
or

e,
 id

en
tif

y 
m

ea
su

re
s 

to
 r
ed

uc
e 

th
e 

oc
cu

rr
en

ce
 o

f U
G

IB
 in

 th
is

 p
op

ul
at

io
n.

Se
co

nd
, o

ur
 s

tu
dy

 r
ev

ea
le

d 
th

at
 a

 c
on

si
de

ra
bl

e 
po

rt
io

n 
of

 y
ou

ng
 a

du
lts

 h
as

 c
on

cu
rr

en
t 
m

ul
tip

le
 r

is
k 

fa
ct

or
s 

of
 U

G
IB

. W
he

n 
H

. p
yl

or
i i

nf
ec

tio
n 

w
as

 c
on

si
de

re
d,

 m
or

e 
th

an
 1

0%
 o

f t
he

 g
en

er
al

 p
op

ul
at

io
n 

ag
ed

 3
5-

39
 h

ad
 2

 o
r 

m
or

e 
U
G

IB
 r

is
k 

fa
ct

or
s.

 W
he

n 
w

e 
to

ok
 in

to
 a

cc
ou

nt
 s

ub
je

ct
s’

 p
er

so
na

l h
ab

its
, 
m

or
e 

th
an

 6
0%

 o
f t

ho
se

 a
ge

d 
20

-2
4 

fa
ct

or
s,

 p
hy

si
ci

an
s 

sh
ou

ld
 c

on
si

de
r 
in

di
vi

du
al

iz
ed

 r
is

k 
as

se
ss

m
en

t f
or

 U
G

IB
 o

f a
lre

ad
y 

ha
d 

at
 le

as
t o

ne
 U

G
IB

 r
is

k 
fa

ct
or

. G
iv

en
 th

at
 o

st
eo

ar
th

rit
is

 p
at

ie
nt

s 
ar

e 
lik

el
y 

Ta
bl

e 
3
  
Se

ns
it
iv

it
y 

an
al

ys
is
 f

or
 p

re
va

le
nc

e 
of

 g
as

tr
oi

nt
es

ti
na

l b
le

ed
in

g 
ri
sk

 f
ac

to
rs

 in
 o

ve
ra

ll 
po

pu
la

ti
on

 (
%

)

2
0
-2

4
2
5
-2

9
3
0
-3

4
3
5
-3

9
4
0
-4

4
4
5
-4

9
5
0
-5

4
5
5
-5

9
6
0
-6

4
6
5
-6

9
7
0
-7

4
7
5
-7

9
8
0
-8

4
≥

 8
5
 y

r

C
om

or
bi

d 
co

nd
iti

on
s

   
Pe

pt
ic

 u
lc

er
  3

.8
4%

  4
.8

0%
  4

.9
2%

  5
.4

9%
  7

.6
1%

  8
.4

7%
10

.8
7%

12
.4

5%
14

.2
0%

15
.4

9%
17

.5
0%

16
.0

8%
13

.7
2%

  9
.9

5%
   

D
ia

be
te

s
  0

.3
1%

  0
.4

9%
  0

.9
6%

  1
.7

6%
  3

.2
7%

  5
.6

8%
  8

.7
8%

13
.1

7%
18

.1
8%

22
.0

4%
25

.4
8%

25
.9

6%
23

.5
5%

16
.1

3%
   

C
hr

on
ic

 li
ve

r d
is

ea
se

  2
.1

7%
  2

.9
9%

  3
.7

4%
  4

.4
0%

  4
.7

6%
  5

.9
9%

  7
.5

5%
  8

.6
8%

  9
.0

9%
  9

.0
3%

  8
.0

1%
  6

.9
1%

  5
.6

5%
  3

.9
6%

   
C

hr
on

ic
 re

na
l f

ai
lu

re
  0

.0
3%

  0
.0

6%
  0

.0
9%

  0
.1

4%
  0

.2
3%

  0
.2

8%
  0

.3
9%

  0
.5

9%
  0

.8
8%

  1
.1

3%
  1

.6
6%

  1
.8

4%
  1

.9
6%

  1
.6

6%
   

G
as

tr
oe

so
ph

ag
ea

l r
efl

ux
 

   
di

se
as

e
  6

.0
2%

  8
.3

4%
  8

.8
8%

  9
.9

2%
13

.2
2%

13
.6

3%
17

.1
8%

19
.1

1%
22

.1
1%

22
.8

5%
23

.9
3%

20
.9

4%
17

.2
9%

11
.4

3%

C
on

co
m

ita
nt

 d
ru

gs
1

   
A

sp
ir

in
  0

.0
4%

  0
.0

9%
  0

.1
8%

  0
.5

0%
  1

.2
6%

  2
.8

4%
  5

.9
7%

10
.6

7%
16

.1
7%

20
.6

0%
25

.2
4%

26
.5

9%
26

.3
5%

20
.7

5%
   

C
lo

pi
do

gr
el

  0
.0

1%
  0

.0
1%

  0
.0

4%
  0

.1
0%

  0
.2

8%
  0

.5
9%

  1
.1

7%
  2

.2
5%

  3
.8

3%
  5

.4
7%

  7
.5

8%
  9

.0
3%

10
.0

0%
  7

.7
5%

   
C

ilo
st

az
ol

  0
.0

0%
  0

.0
0%

  0
.0

2%
  0

.0
4%

  0
.1

3%
  0

.2
5%

  0
.5

4%
  0

.9
6%

  1
.4

8%
  2

.1
5%

  2
.8

3%
  3

.3
9%

  3
.2

1%
  2

.4
5%

   
N

SA
ID

s
  2

.3
4%

  3
.3

1%
  4

.5
6%

  6
.2

9%
  7

.3
5%

  9
.9

6%
14

.6
9%

18
.5

2%
23

.0
2%

27
.5

0%
31

.0
7%

31
.6

8%
30

.3
4%

22
.7

6%
   

St
er

oi
d

  0
.8

8%
  1

.0
7%

  1
.2

8%
  1

.6
2%

  1
.8

8%
  2

.2
1%

  2
.9

1%
  3

.5
0%

  4
.4

3%
  5

.5
4%

  6
.5

9%
  6

.7
2%

  6
.0

7%
  4

.5
8%

   
A

nt
ic

oa
gu

la
nt

s2
  0

.0
1%

  0
.0

1%
  0

.0
3%

  0
.0

4%
  0

.0
7%

  0
.1

0%
  0

.1
6%

  0
.2

5%
  0

.3
4%

  0
.5

3%
  0

.7
3%

  0
.9

6%
  0

.7
3%

  0
.5

0%
   

SS
RI

  0
.2

1%
  0

.2
2%

  0
.2

1%
  0

.2
7%

  0
.3

2%
  0

.3
8%

  0
.5

0%
  0

.5
5%

  0
.7

4%
  1

.1
3%

  1
.5

3%
  1

.8
9%

  2
.1

3%
  1

.7
0%

N
o.

 o
f r

is
k 

fa
ct

or
s

(w
ith

ou
t H

. p
yl

or
i 

pr
ev

al
en

ce
 im

pu
ta

tio
n)

   
≥

 1
13

.3
2%

17
.5

5%
19

.6
1%

23
.2

2%
29

.3
8%

34
.4

9%
44

.8
8%

53
.6

8%
62

.8
7%

68
.9

8%
74

.5
7%

74
.6

5%
71

.7
4%

58
.6

1%
   
≥

 2
  2

.2
5%

  3
.2

9%
  4

.4
2%

  5
.9

7%
  8

.5
7%

11
.8

9%
18

.4
2%

24
.9

8%
33

.0
2%

39
.0

9%
45

.2
6%

45
.3

6%
41

.6
9%

29
.6

3%
   
≥

 3
  0

.2
9%

  0
.4

8%
  0

.7
4%

  1
.1

8%
  1

.9
9%

  3
.2

0%
  5

.7
2%

  8
.9

3%
13

.2
3%

17
.2

9%
21

.3
2%

21
.2

5%
18

.7
5%

11
.0

7%
N

o.
 o

f r
is

k 
fa

ct
or

s
(a

fte
r H

. p
yl

or
i p

re
va

le
nc

e 
im

pu
ta

tio
n)

   
≥

 1
36

.2
1%

39
.3

7%
53

.2
4%

55
.6

4%
66

.4
5%

68
.9

7%
78

.6
9%

82
.1

1%
85

.6
8%

88
.1

3%
89

.6
6%

89
.5

2%
88

.5
5%

83
.7

2%
   
≥

 2
  5

.1
2%

  7
.0

8%
10

.8
7%

13
.3

0%
19

.6
6%

23
.8

1%
34

.5
8%

42
.4

8%
51

.4
1%

57
.7

3%
62

.4
0%

62
.5

9%
59

.1
4%

46
.8

4%
   
≥

 3
  0

.7
8%

  1
.2

1%
  2

.3
2%

  3
.2

4%
  5

.4
5%

  7
.7

5%
13

.5
2%

18
.9

0%
25

.5
6%

30
.7

9%
35

.3
5%

35
.0

9%
32

.4
9%

21
.9

5%

1 Su
bj

ec
ts

 w
ho

 w
er

e 
pr

es
cr

ib
ed

 6
0 

d 
or

 m
or

e 
in

 2
01

3;
 2 W

ar
fa

ri
n,

 ri
va

ro
xa

ba
n,

 d
ab

ig
at

ra
n,

 a
nd

 a
pi

xa
ba

n 
w

er
e 

in
cl

ud
ed

. N
SA

ID
s:

 N
on

-s
te

ro
id

al
 a

nt
i-i

nfl
am

m
at

or
y 

dr
ug

s;
 S

SR
I: 

Se
le

ct
iv

e 
se

ro
to

ni
n 

re
up

ta
ke

 in
hi

bi
to

r.

Kim SH et al . Gastrointestinal bleeding risk factor prevalence



10650 December 28, 2016|Volume 22|Issue 48|WJG|www.wjgnet.com

to consume NSAIDs and possess higher prevalence 
of UGIB risk in NSAIDs prescription, regardless 
of patients’ age[30]. Selective COX-2 inhibitors or 
concurrent prescription of proton pump inhibitors or 
misoprostol may be a good option for osteoarthritis 
patients with high risk of UGIB[28,34,35,39,40].

Finally, identifying and controlling modifiable risk 
factors is of great importance. The majority of subjects 
who already consume the above-mentioned drugs are 
those who require them long-term, possibly lifelong. 
In addition, most of the comorbid conditions related 
to UGIB are intractable chronic disease. Therefore, 
these high-risk subjects should control any modifiable 
risk factors of UGIB, such as smoking, heavy drinking, 
and H. pylori infection[27,35]. Also, further prospective 
studies are needed to address the issue of other 
lifestyle modification and UGIB prevention.

This study has several limitations. First, we did not 
include other risk factors apart from the ones studied. 
For instance, drug-drug interaction and drug dosage 
(both of which increase the risk of UGIB) were not 
considered[19,25]. Furthermore, some drugs may cause 
UGIB even with short-term use[36]. Additionally, we 
used imputation of H. pylori infection prevalence from 
a cohort study[38]. This might affect the prevalence 
of individual and concurrent multiple risk factors of 
UGIB. More detailed information about individual-
level risks may give rise to a different prevalence. 
However, the difference in prevalence between the 
main and sensitivity analysis was not high, supporting 
the reliability of the results. Finally, ICD-10 codes 
based definition of osteoarthritis may not meet the 
specific diagnostic criteria. However, claims with such 
osteoarthritis diagnosis are usually made with clinical 
features which are consistent with symptoms and signs 
of osteoarthritis, and are accompanied by prescription of 
NSAIDS, which increases the risk of UGIB. In addition, 
claims data has its own strengths in terms of large 
sample size, representativeness, and generalizability to 
the real world setting.

We investigated the prevalence of various risk factors 
of UGIB in the general population and osteoarthritis 
patients. Physicians should consider individualized 
risk assessment regardless of age when prescribing 
drugs or performing procedures that may increase the 
risk of UGIB, and take necessary measures to reduce 
modifiable risk factors such as H. pylori eradication or 
lifestyle counseling. 
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Abstract
AIM
Infantile-onset inflammatory bowel disease (IO-IBD) 
with the onset of disease before 12 mo of age, is a 
different disease entity from childhood IBD. We aimed 
to describe the clinical features, outcome and role of 
mutation in interleukin-10 (IL-10) and interleukin-10 
receptors (IL-10R) in Asian children with IO-IBD. 

METHODS
All cases of IO-IBD, defined as onset of disease before 
12 mo of age, seen at University Malaya Medical Center, 
Malaysia were reviewed. We performed mutational 
analysis for IL10  and IL10R  genes in patients with 
presenting clinical features of Crohn’s disease (CD).

RESULTS
Six [13%; CD = 3, ulcerative colitis (UC) = 2, IBD-
unclassified (IBD-U) = 1] of the 48 children (CD = 25; 
UC = 23) with IBD have IO-IBD. At final review [median 
(range) duration of follow-up: 6.5 (3.0-20) years], three 
patients were in remission without immunosuppression 
[one each for post-colostomy (IBD-U), after standard 
immunosuppression (CD), and after total colectomy 
(UC)]. Three patients were on immunosuppression: 
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one (UC) was in remission while two (both CD) had 
persistent disease. As compared with later-onset 
disease, IO-IBD were more likely to present with bloody 
diarrhea (100% vs  55%, P  = 0.039) but were similar in 
terms of an associated autoimmune liver disease (0% 
vs  19%, P  = 0.31), requiring biologics therapy (50% 
vs  36%, P  = 0.40), surgery (50% vs  29%, P  = 0.27), 
or achieving remission (50% vs  64%, P  = 0.40). No 
mutations in either IL10 or IL10R in the three patients 
with CD and the only patient with IBD-U were identified.

CONCLUSION
The clinical features of IO-IBD in this Asian cohort 
of children who were negative for IL-10  or IL-10R 
mutations were variable. As compared to childhood 
IBD with onset of disease after 12 mo of age, IO-IBD 
achieved remission at a similar rate.

Key words: Infantile-onset inflammatory bowel disease; 
Pediatric

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: We described the clinical features, outcome 
and role of mutation in IL-10  and IL-10R  in Asian 
children with infantile-onset inflammatory bowel disease 
(IO-IBD). We reviewed all cases of IO-IBD, defined 
as onset of disease before 12 mo of age, seen at a 
single center in Malaysia. We conclude that the clinical 
features of IO-IBD in this Asian cohort of children were 
variable. IO-IBD achieved remission at a similar rate, 
were more likely to discontinue immunosuppression 
therapy at final review and not more likely to require 
biologics therapy or surgery.

Lee WS, Ng RT, Chan KW, Lau YL. Variable outcome in 
infantile-onset inflammatory bowel disease in an Asian cohort. 
World J Gastroenterol 2016; 22(48): 10653-10662  Available 
from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i48/10653.htm  DOI: http://dx.doi.org/10.3748/wjg.v22.i48.10653

INTRODUCTION
Most of the patients with inflammatory bowel disease 
(IBD) have the onset of disease during adolescence or 
early adulthood[1,2]. There is a well-documented increase 
in the incidence of IBD with an onset of disease within 
the first two decades of life[3]. In childhood IBD, the 
disease phenotype and subsequent disease course are 
influenced by the age at first diagnosis[4]. In a large 
North American cohort of childhood IBD, those who 
had an onset of disease between 1 to 5 years (very 
early-onset) were more likely to have a mild disease at 
diagnosis but a more aggressive phenotype over time 
as compared to children who had an onset between 6 
to 10 years of age[4].

The development of IBD in infancy is extremely 
rare[1]. Data from epidemiological studies and IBD 
registries, mostly from North America and Europe, 
suggest that less than 1% of children with IBD have an 
onset during the first 12 mo of life[5-9]. Crohn’s disease 
(CD) appeared to be more common than ulcerative 
colitis (UC) in these studies[5-8]. However, a recent large 
cohort study from North America involving close to 
2000 cases of childhood IBD did not identify any cases 
with an onset of disease < 1 year of age[4].

The current concept of the pathogenesis of IBD is 
that it develops in genetically susceptible hosts with 
an altered intestinal response to various external 
stimuli[10,11]. In infantile-onset (IO-) IBD, monogenic 
diseases causing persistent intestinal inflammation, 
such as Wiskott-Aldrich syndrome and hyper-IgM 
syndrome, are well documented[12,13]. Mutations in 
genes encoding the interleukin-10 (IL10) or inter
leukin-10 receptors (IL10R) subunit proteins have 
been discovered in patients with IO enterocolitis, 
usually within the first three months of life[14-18]. These 
infants have severe perianal disease and extra-intestinal 
features such as folliculitis and arthritis[14-17]. In some 
cases, hematopoietic stem cell transplant (HSCT) is 
curative in IBD secondary to IL10/IL10R deficiency[14-17]. 

Nevertheless, it has been shown that the majority 
of patients with severe infantile colitis produce and 
respond to IL10 normally[15], suggesting additional 
pathways to inflammation and the complex nature of 
the pathogenesis of infantile-onset inflammatory bowel 
disease (IO-IBD)[19]. 

IBD is not as common in Asians as in the Cau
casians[20]. We reported the first case of IO-IBD in an 
Asian infant due to mutations in the IL10R by using 
exome sequencing[21]. Subsequently, other authors 
have also reported early-onset IBD due to mutations 
in IL-10R[22]. The aims of the present study were to 
describe the phenotypic characteristics and outcome of 
IO-colitis in a cohort of Asian children and to define the 
role of IL10 and IL10R mutations in these patients.

MATERIALS AND METHODS
The present study was a retrospective review of all 
patients with childhood IBD who were seen at the 
Department of Paediatrics, University Malaya Medical 
Center (UMMC), Kuala Lumpur, Malaysia, from 1996 to 
2014. During the study period, UMMC was the major 
referral center for pediatric IBD for entire Malaysia, 
serving both peninsular Malaysia and East Malaysia. 
The present study was funded by the High Impact 
Research Fund from Ministry of Higher Education, 
Malaysia (UM.C/625/HIR/MOHE/CHAN/13/1) and was 
approved by the institutional ethical committee of 
UMMC (UMMC 975.7). Written informed consent was 
given by the parents of the children for their clinical 
record, as well as the results of the mutational analysis 
to be used in the present study. 
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Patients
The medical records of all children younger than 
18 years of age who have a diagnosis of IBD were 
reviewed. Patients who have the onset of the disease 
in the first 12 mo of age were included. Data on all 
children aged ≤ 18 years of age with a diagnosis of 
IBD who are currently followed up at the department 
were also reviewed. The following patients were 
excluded: (1) patients with incomplete medical data; 
or follow-up or outcome data were incomplete; and 
(2) patients with an alternative diagnosis, such as 
infective, allergic, or iatrogenic (i.e., radiation colitis or 
graft-vs-host diseases) causes of colitis.

Diagnosis
The patients were diagnosed to have CD, UC or 
IBD-unclassified (IBD-U) according to established 
clinical, biochemical, radiologic, endoscopic, and 
histologic criteria[23,24]. In UMMC, all patients suspected 
of having an IBD were investigated according to 
the recommendations by the European Society 
for Pediatric Gastroenterology, Hepatology and 
Nutrition[23]. In addition, congenital or acquired 
immune deficiencies causing infantile colitis such 
as human immunodeficiency virus infection (HIV), 
severe combined immune deficiency (SCID), chronic 
granulomatous disease, hyper-IgM syndrome, and 
Wiskott-Aldrich syndrome were excluded by complete 
blood count, platelet count, peripheral blood film, HIV 
serology, immunoglobulins level (IgG, IgA, IgM and 
IgE), lymphocyte subset, nitroblue tetrazolium test, 
and anti-enterocyte antibody. 

The diagnosis of IBD required endoscopic evaluation, 
including histologic assessment of mucosal pinch 
biopsies. All patients underwent esophagogastro
duodenoscopy (EGDS) and colonoscopy. Multiple mu
cosal biopsies were reviewed by clinical pathologists. 
Stool studies were performed in all patients to exclude 
infectious causes of diarrheal illness. Disease location 
and behavior were classified according to the Paris 
Classification of Pediatric IBD[24]. Features which 
favor the diagnosis of CD are extensive endoscopic 
inflammation of the upper gastrointestinal tract; 
presence of perianal disease; normal looking rectum; 
presence of stenosis, cobblestoning, and linear 
ulceration in the ileum; and macroscopic ileitis in the 
presence of normally looking cecum[24]. Histological 
features favoring CD include microscopically normal 
appearing skip lesions as well as presence of well-
formed granuloma remote from ruptured crypts[24].

Medical therapy
In children with CD, exclusive enteral nutrition (EEN) 
was the initial treatment of choice. In children who were 
unable to comply with EEN, or who did not respond 
to EEN, corticosteroid (CS; 1-2 mg/kg body weight, 
maximum 60 mg) was the initial immunosuppression 
of choice[25]. Azathioprine (Aza) at a maximum dose of 

2.5 mg/kg body weight was used as steroid-sparing 
drug[25,26]. Monitoring of the therapeutic levels for Aza 
or determination of thiopurines methyltransferase 
genotype or phenotype were unavailable in the unit 
throughout the study period. The clinical response to 
Aza was closely observed while its side effects such 
as acute pancreatitis and marrow suppression were 
regularly monitored[26]. Infliximab (IFX) was used in 
children with refractory disease, fistulating CD, or 
in luminal CD despite optimal immunomodulatory 
therapy[25,26]. The IFX was administered in dose of 
5 mg/kg body weight at weeks zero, two and six, 
followed by 8-weekly infusions[25]. This dosing regimen 
was adjusted according to the response of the 
patients, either by shortening the duration between 
two consecutive infusions, or an increase in the dose 
administered (maximum 10 mg/kg). No therapeutic 
level of IFX or antibodies against IFX was available 
within the country or the region during the study 
period. Adalimumab (Ada) was given to patients who 
developed a loss of effect to IFX. Ada was administered 
subcutaneously at week zero and two (160 mg and 80 
mg, or 80 mg and 40 mg, for body weight ≥ 40 kg or 
< 40 kg) and subsequently 40 mg every other week 
irrespective of body weight[27]. 

Data collection
The following data were collected: demographic data, 
clinical features, radiologic and histologic findings, 
medical and surgical therapies if applicable, and 
disease status at final review. Patients with CD were 
considered to have inactive disease if the Pediatric 
Crohn Disease Activity Index score was ≤ 10, while 
patients with UC were considered to be in remission if 
the Pediatric Ulcerative Colitis Index was ≤ 10[28,29].

Comparisons were made between patients with IO-
IBD and patients who have an onset of disease after 
the first year of life (defined as later-onset disease) in 
their presenting features, immunosuppressive therapy 
and the need for surgery, as well as disease status at 
final review.

Mutational analysis
Blood samples were obtained from patients and their 
parents for mutational analysis after obtaining written 
informed consent. The analysis was performed at the 
Research Laboratory of the Department of Paediatrics 
and Adolescent Medicine, the University of Hong Kong. 
The genomic PCR was performed using the HotStar
Taq® Plus PCR system (Qiagen GmbH, Germany). 
Between 10-100 ng of genomic DNA was amplified 
using the sense and antisense primers, flanking the 
coding regions and splice junctions, according to 
the manufacturer’s protocol. DNA sequencing was 
performed on both strands using BigDye Terminator 
v3.1 Cycle Sequencing Kit and 3730xl DNA Analyzer 
(Applied Biosystems CA., United States). Homology 
analysis with the reference genomic sequence was 
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onwards. When referred at our center at four months 
of age, there was no oral ulcer or perianal disease. 
During bowel rest and total parenteral nutrition, there 
was no diarrhea, but diarrhea promptly resumed when 
extensively hydrolyzed formula was introduced. A 
colonoscopy showed pancolitis with inflamed mucosa 
and friability but no ulceration. The rectum, sigmoid 
and descending colon were the most severely affected. 
Histologically, there was dense lymphoplasmacytic and 
eosinophilic infiltration of the colonic mucosa. A course 
of oral CS failed to improve his symptoms. The diarrhea 
gradually improved with amino acid-based formula. 
The stool frequency improved but was persistently 
blood stained.

There was a relapse of bloody diarrhea at sixteen 
month of age when the child was gradually weaned off 
from amino acid formula to a normal diet. Repeated 
courses of CS and a course of oral cyclosporin failed 
to improve his symptoms. A total colectomy was 
performed. Macroscopically, the entire colon was pale 
in appearance with prominent submucosal vascular 
pattern, indicating mucosal atrophy. No ulcers were 
noted. Histologically the mucosa was thin. There were 
areas of patchy inflammation, with evidence of chronic 
inflammation, dense lymphoplasmacytic infiltration 
in the mucosa, sparing the submucosa, muscular 
layer and serosa. There was no crypt branching, or 
irregularity in the shape and sizes of the crypt. There 
was also scant eosinophilic infiltration. The child 
remained symptom free after total colectomy. 

CD
Patient No. 3 developed symptoms of recurrent bloody 
diarrhea at the age of seven months (Table 1). A 
diagnosis of postnatal CMV infection was made at 
another hospital at the age of three months due to 
persistent neonatal cholestasis. The IgM for CMV 
was positive. The jaundice subsided at the age of 
six months. The bloody diarrhea was intermittent in 
nature. At referral to our unit at two years of age, the 
child had failure to thrive, abdominal pain and bloody 
diarrhea, with multiple perianal fistulae and abscesses. 
EGDS showed duodenitis. Colonoscopy showed 
extensive ulceration with pseudopolyps formation. EEN 
was commenced, together with antibiotics, CS and Aza. 
IFX was given in view of severe perianal disease. After 
one year, there was improvement in general condition 
but minimal improvement in the perianal disease. He 
was noted to have three episodes of pneumonia and 
two episodes of herpes zoster infection when he was 
receiving IFX therapy. However, no recurrent infections 
were noted when the therapy was discontinued. In 
addition, investigations into an underlying immuno
deficiency were negative. 

A defunctioning colostomy was performed at six 
years of age. There was persistent perianal disease. 
A course of Ada (six doses) was given with no im
provement. A repeat colonoscopy showed extensive 

performed using the NCBI program BLAST (http://
blast.ncbi.nlm.nih.gov/Blast.cgi). The mutations 
screened for the purpose of the present study are 
shown in Supplementary material.

Statistical analysis
Data were managed with IBM SPSS statistical package 
version 21.0.0 for Windows. Dichotomous measures 
were compared by means Fisher exact test. Statistical 
significance was set at a P value of < 0.05.

RESULTS
During the study period, a total of 48 children with a 
diagnosis of IBD (CD = 25, UC = 23) were followed up 
at the Department of Paediatrics of UMMC. Of these, 
six (13%) had the onset of disease within the first year 
of life (IO-IBD). According to the Paris Classification for 
Pediatric IBD[24], two of the six patients had UC, three 
had CD, and one had IBD-U.

Demography
There were four males and two females. None of the 
patients has any first degree family members who 
also have IBD or other autoimmune conditions. With 
the exception of patient No. 1, none of the patient had 
any significant perinatal history. The age of onset of 
first symptom ranged from first week to 12 mo of life 
(median 5 mo; Table 1).

Phenotypic characteristics 
Phenotypically, the patients can be classified into CD 
(n = 3), UC (n = 2), and IBD-U (n = 1) at initial pre
sentation, but the subsequent disease course was 
diverse. 

Clinical presentation
All the children presented initially with bloody diarrhea 
(Table 1). One patient was diagnosed to have postnatal 
cytomegalovirus (CMV) infection at birth. Oral ulcers 
were noted in one patient with CD while perianal 
disease was present in two of the three patients with 
CD and the infant with IBD-U. 

Associated medical and autoimmune conditions
None of the patients developed other autoimmune 
diseases. One patient (infant No. 3) developed de
velopmental regression at seven years of age with 
course tremors. No etiology can be ascertained 
despite extensive investigations. Investigations 
for immune system did not reveal the presence of 
immunodeficiency.

UC
Patient No. 1 developed watery, non-bloody diarrhea 
on third day of life (Table 1), and was started on 
extensively hydrolyzed and amino acid-based formulae. 
The diarrhea became bloody from three months 
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colonic ulceration. There was persistent and severe 
perianal disease. EEN (amino acid-based formula) 
was recommenced in addition to low dose CS (10 
mg). Repeated courses of oral antibiotics (amoxicillin, 
doxycycline, metronidazole and vancomycin) were 
also given[30]. The condition improved with this regime 
with a reduction of the number of bloody stools. The 
perianal disease became quiescent with no abscess or 

fistula. 

IBD-U
Infant #6 developed chronic bloody diarrhea at four 
months of age. She has been breast-fed exclusively 
since birth. She was given repeated courses of 
antibiotics even though the stool studies were negative 
for any pathogens. Subsequently she had several 

Table 1  Phenotypic characteristics, disease behavior, therapy and outcome in six Asian children with infantile-onset inflammatory 
bowel disease

Patients’ initials No. 1 No. 2 No. 3 No. 4 No. 5 No. 6

Sex Male Male Male Male Female Female
Ethnicity Chinese Chinese Malay Chinese Indian Malay
Consanguinity No No No No No No
Breast feeding (duration) No No No Yes (3 mo) Yes (2 mo) Yes (4 mo)
Age at onset First week 12 mo 7 mo 2 mo 6 mo 4 mo
Disease phenotype EC→UC UC CD CD CD IBD-U
Major symptoms at 
presentation

Bloody diarrhea and 
PR bleeding

Bloody diarrhea, 
anemia

Oral ulcers, bloody 
diarrhea, abdominal 

pain

Bloody diarrhea, 
abdominal pain

Bloody diarrhea, 
growth faltering

Bloody diarrhea

Perianal disease Nil Nil Abscess and fistula Abscess and fistula Nil Abscess and fistula
Other medical or 
autoimmune conditions 

Nil Nil Nil Nil Nil Nil

Recurrent infections Nil Nil Congenital CMV 
infection,

Nil Nil Nil

Disease location1 E4S1 E4 L3L4a L3L4a L3 L2
Disease behavior/
severity1

S1 S1 B2B3p B2B3p B1 B1p

Histopathology Dense 
lymphoplasmacytic 

and eosinophilic 
infiltration of the 
lamina propria 

involving the gastric 
mucosa, duodenum 
and colonic mucosa.

Colonic mucosa 
showed mild 
degenerative 

atypia, cryptitis and 
crypt abscesses. 
Lamina propria 

showed increase in 
neutrophilic and 

lymphoplasmacytic 
infiltration.

Lymphocytic 
infiltration of 

lamina propria. 
No granuloma or 

crypt abscess seen. 
The duodenum 
showed chronic 
inflammation.

Lymphocytic 
infiltration of 

lamina propria. No 
granuloma or crypt 

abscess seen

Mild inflammation 
in the lamina 
propria with 

lymphocytes and 
plasma cells. No 

granuloma or crypt 
abscess

First biopsy: 
transmural 

inflammation 
involving all 

layers of bowel 
wall, including 

the skeletal 
muscle with dense 
lymphoplasmacytic 

infiltration. No 
crypt abscess seen.

Second biopsy: 
colonic mucosa 
inflammed but 
the architecture 
was preserved. 

Significant 
lymphoplasmacytic 

and neutrophilic 
infiltration mainly 

confined to the 
lamina propria

Other associated diseases Nil Nil Developmental 
regression at 6 yr age

Nil Nil Nil

Mutational analysis Not done Not done Not detected Not detected Not detected Not detected
Medical therapy CS, CsA, enteral 

nutrition
CS, Aza CS, Aza, IFX × 24 

doses
EN, CS, Aza, IFX × 

14 doses
Aza, IFX × 3 doses Nil

Surgery Total colectomy at 
18 mo

Nil Ileostomy at 6 yr of 
age

Nil Nil Ileostomy; closure 
at 18 mo of age

Age at last follow up 21 yr 6 yr 9 yr 6 yr 13 yr 3 yr
Final clinical status Alive, deafness due 

to aminoglycosides. 
in remission, off 
therapy for 18 yr

Alive, in remission; 
on Aza

Alive, persistent 
disease, on CS, Aza. 

Developmentally 
delayed.

Alive, persistent 
disease, on CS, Aza 

and IFX. Parents 
refused surgery

Alive, in remission; 
off therapy for 2 yr

Alive, in remission; 
no therapy

1According to Levine et al[24]. Aza: Azathioprine; CD: Crohn’s disease; CMV: Cytomegalovirus; CS: Corticosteroid; CsA: Cyclosporin; EC: Eosinophilic 
colitis; EN: Enteral nutrition; IFX: Infliximab; PR: Per rectal; UC: Ulcerative colitis.
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perianal abscesses and fistulas requiring incision 
and drainage. She was seen at another hospital at 
five months of age, where a limited sigmoidoscopy 
showed extensive, deep linear ulceration up to the 
sigmoid colon. A sigmoidal colostomy was performed. 
Histological examination of the bowel tissue obtained 
during the operation showed transmural inflammation 
involving the muscular layer and the serosa. After the 
colostomy, the child improved with weight gain and a 
complete cessation of diarrhea. No immunosuppression 
treatment was started. 

When seen at our hospital at seven months of 
age, the perianal area was quiescent with a skin 
tag. No abscess was noted. An EGDS was normal. A 
colonoscopy showed multiple flat nodules with relatively 
normal mucosa over the rectum. The remaining 
colon was pale with loss of normal vascular pattern. 
There were no pseudopolyps, mucosal ulcerations 
or friability. Histologically, the colonic mucosa was 
inflamed. The tubular glands were devoid of significant 
architectural distortion. The lamina propria showed 
marked infiltration by lymphoplasmacytic cells with the 
formation of lymphoid follicles and mild neutrophilic 
infiltrates. There were occasional cryptitis, but no crypt 
abscess or granuloma was noted. 

She received nutritional supplement. No immuno
suppressive therapy was started. A repeat EGDS and 
colonoscopy at 14 mo of age were entirely normal 
macroscopically. Histologically the colonic architecture 
was well preserved with minimal lymphoplasmacytic 

infiltration. A closure of the colostomy was performed 
at 15 mo of age. Postoperatively she remained well 
and asymptomatic. The clinical presentation, co
lonoscopic appearance and histologic features were 
classically that of CD, but the subsequent course, i.e., 
sustained remission without immunosuppression made 
a diagnosis of CD unlikely. Hence a diagnosis of IBD-U 
was made.

Medical and surgical therapies
Five of the six patients had immunosuppressive 
therapies consisted of CS, Aza, cyclosporin and IFX. In 
addition, one patient (infant No. 1) who had an initial 
diagnosis of allergic colitis also had elemental diet. All 
the three patients with CD were given IFX (see above). 

Three patients required surgery: one had total 
colectomy, one had colostomy and another had ile
ostomy.

Final disease status
At final review (median duration of follow up: 5.5 years; 
range 2.0-20 years), all patients survived. Of these, 
three patients (50%) were in complete remission, 
two patients with CD had inactive disease with no 
immunosuppression while one patient with UC was in 
remission after total colectomy (Table 1). One patient 
with UC was in remission with Aza. Two patients have 
active disease despite adequate immunosuppressive 
therapies at a recommended dose. 

Comparison with patients with later-onset disease
A comparison was made between the IO-IBD 
described in the present study and other patients with 
later-onset IBD (onset of disease after 12 mo of age) 
who were followed up at the department (Table 2). As 
compared to patients with later-onset disease, children 
with IO-IBD were more likely to have bloody diarrhea 
at presentation (100% vs 55%, P = 0.039) but were 
not more likely to have an associated autoimmune 
liver disease (0% vs 19%, P = 0.31), require the 
use of biologics (50% vs 36%, P = 0.40), or surgery 
(50% vs 29%, P = 0.27), or achieving remission at 
final review (50% vs 64%, P = 0.40). However, there 
was a trend for patients with IO-IBD to discontinue 
immunosuppressive therapy (50% vs 88%, P = 0.053).

Comparison with Caucasian patients
A comparison was made between patients described in 
the present study and those reported in the literature 
(Table 3). Three other studies, all from European 
centers, described IO-IBD[8,9,14]. Generally patients 
with IO-IBD required aggressive immunosuppression. 
Between 19% and 33% of the patients had surgery. 
However, prolonged remission, some without 
immunosuppression, was achieved in 67% to 100% of 
patients. 

Mutational analysis
Mutational analysis for coding regions together with 

Table 2  Comparison of disease characteristics, management 
and final outcome of infantile-onset inflammatory bowel 
disease and children with onset of disease after 12 mo of age

Onset before 
1 year, n  (%)

Onset after 1 
year, n  (%)

P  value

n 6 41
Median age at diagnosis (yr)      0.44        8.34
Duration of follow-up (yr), 
median (range)

6.1 (1.4-19.6) 8.3 (1.0-16.6)

Male 4 22
Female 2 19
Crohn’s disease 3 22
Ulcerative colitis 2 19
IBD-unclassified 1   0
Initial presentation, n (%)
   Bloody diarrhea 6 (100) 23 (55)   0.039
   Perianal disease 3 (50) 8 (19) 0.11
Extraintestinal involvement
   Autoimmune liver disease 0 (0) 8 (19) 0.31
Therapy 
   Biologics-infliximab 3 (50) 15 (36) 0.40
   Surgery 3 (50) 12 (29) 0.27
Disease status at final review
Inactive disease or in clinical 
remission

3 (50) 27 (66) 0.40

Discontinuation of 
immunosuppression
   Yes 3 (50) 5 (12)   0.053
   No 3 (50) 36 (88)

IBD: Inflammatory bowel disease.
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splice junctions of IL10 and IL10R were performed by 
genomic Sanger sequencing of the three patients with 
CD and one infant with IBD-U. No causative mutation 
was identified.

DISCUSSION
Inherited genetic defect leading to immune dys
regulation, the influence of intestinal microbiome 
and environmental factors have all been considered 
playing an important role in the pathogenesis of IBD, 
including IO-IBD[14]. Mutations in IL10 and IL10R have 
been identified in a subset of infants with severe IO-
IBD[13-17,20], often presenting with perianal fistulae, 
respond poorly to medical therapies and needing early 
surgical interventions[16]. HSCT has been shown to be 
curative in IBD secondary to IL10/IL10R deficiency[13-16].

However, clearly not every young child with IO-IBD 
have mutations in IL10 or IL10R[14,15]. Of the 13 infants 
with IO-IBD reported by Begue et al[15], only two (15%) 
were found to have a deficient IL10 signaling[14]. 
Instead the authors found additional compromised 
signaling in IL22 in a patient with absent IL10RB[14]. 

Similarly, Shim et al[22] reported that only seven (50%) 
of the 14 Korean infants with IO-IBD had mutations 
in IL10RA. Thus it is likely that IO-IBD represents a 
heterogeneous group of disorders with the common 
feature of early-onset severe colitis within the first 
weeks to months of life[8,9,14,22]. Mutations in IL10 and 
IL10R may be responsible in a significant proportion of, 
but not all, young children with IO-IBD. Uhlig et al[13] 
have shown that many other monogenic disorders 

and primary immunodeficiencies, including SCID and 
Wiskott-Aldrich syndrome, are recognized causes of IO 
colitis.

In the present study on six Asian children with IO-
IBD, the disease phenotype was diverse. From the 
initial presentation and subsequent disease course, 
three patients [1 UC (patient No. 2) and 2 CD (patient 
No. 4 and 5)] closely resembled classical UC and CD. 
In the remaining three cases, the disease behavior and 
progression significantly differed from classical CD or 
UC. 

The only patient with IBD-U achieved sustained 
remission and resolution of the perianal disease after 
ileostomy was created at four months of age, despite 
no immunosuppression. The initial features were 
indistinguishable with that of classical CD with severe 
perianal abscesses and fistulas, and the presence of 
deep, linear, extensive ulcerations at the rectum and 
sigmoid colon. Severe allergic colitis was unlikely as 
the initial histology showed transmural involvement. 
There was continuing remission even after the closure 
of ileostomy at 16 mo of age. Mutational analysis for 
IL10 and IL10R was negative. 

A review in the literature did not reveal any cases 
of CD with spontaneous remission without immuno
suppression or other medical therapy[31,32]. Thus even 
though the clinical, colonoscopic and histological 
features in this patient closely resembled that of CD, 
the child was classified as having IBD-U. 

Another interesting case that merits special attention 
was the child with initial presentation with pancolitis, 
heavy eosinophilic infiltration of the colonic mucosa, 

Table 3  Clinical characteristics, management and outcome of infantile-onset inflammatory bowel disease in selected series

Ref. Patients in all 
age group), 

n  (%)

Nature of 
patients, n  (%)

Age of patients 
at onset of 

disease

Duration of 
follow-up (yr), 
median (range)

Medical 
therapies

Surgery, 
n  (%)

Disease status: remission 
of survivors at final 

review, n  (%)

Deaths

1 Ruemmele 
et al[8]

10 (2.5) CD = 4 (40) First 12 mo 2.5 (2.5-8) Bowel rest, PN, 
CS, Aza, CsA

3 (30); 10 (100); None
UC = 2 (20) 2 colectomy, 1 

ileostomy
off therapy, 2 (20);

  IC = 4 (40) ongoing therapy, 8 (80)
2 Cannioto 

et al[9]
16 (8.6)    CD = 6 (37.5) First 2 yr 6 (4-22) Aggressive 

multi-drug 
therapy, 
Aza, IFX, 

thalidomide, 
CsA

3 (19); 11 (100); 5 
(mortality 
rate 31%)1

UC = 8 (50) 2 colectomy, 1 
ileostomy

off therapy, 4 (25);

Indeterminate 
          = 2 (12.5)

ongoing therapy, 6 (38),

after BMT, 1 (6)
3 Begue 

et al[15]
13 (-) All had 

pancolitis, 6 had 
small bowel 

involvement2

First 12 mo - - 4 (31) All required immuno-
suppressive therapy. 

Final disease status not 
described

Not 
described

4 Present 
study, 

Malaysia, 
2016 

6 (13) CD = 4 (67) First 12 mo 5 (1.5-20) Bowel rest, 
steroids, Aza, 

CsA, INF

3 (33); 4 (67); None
UC = 2 (33) 1 colectomy, 2 

ileostomies
off therapy, 3 (50);

ongoing therapy, 1 (17);
not in remission, 2 (33)

The authors included IBD and IBD-mimicking enterocolitis; 1Two deaths were related to infections; one death each for interstitial pneumonia, post-BMT, 
and giant cell hepatitis progressing to liver failure; 2The authors did not classify the patients into either Crohn’s disease (CD), ulcerative colitis (UC) or 
indeterminate colitis (IC). Aza: Azathioprine; BMT: Bone marrow transplantation; CS: Corticosteroid; CsA: Cyclosporin; IBD: Inflammatory bowel disease; 
IFX: Infliximab; PN: Parenteral nutrition.
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and resistance to elemental formula and even immuno
suppression. This closely resembled a case of severe 
allergic colitis. This was followed at later stage with 
lymphoplasmacytic infiltration seen typically in IBD. 
This transformation from allergic colitis to IBD has been 
similarly observed by other authors[8].

Our findings are similar to those described by 
other authors[8,9,14]. Generally, patients with IO-IBD 
need aggressive therapy, often with a combination of 
immunosuppression[8,9,14]. Some needed biologics such 
as IFX[9]. Between 19% to 33% needed surgery, either 
ileostomy or colectomy[8,9]. Nevertheless complete 
remission can be achieved in a significant proportion 
of patients either with ongoing immunosuppression or 
discontinuation of therapy[8,9,14]. 

With the exception that children with IO-IBD were 
more likely to have bloody diarrhea at presentation, 
there were no significant differences between the IO-
IBD and children with the onset of disease after one-
year of age in terms of developing autoimmune liver 
disease, the need for biologics, risk for subsequent 
surgery, achieving remission at final review, or achieving 
remission without on-going immunosuppression.

Unlike the authors from Korea which showed that 
50% of the 14 children with IO-IBD had mutations in 
IL10RA[19], none of the three patients with CD phenotype 
and the case with IBD-U in the present study had any 
identified mutations in IL10 or IL10R. Nevertheless 
continuing efforts is necessary to identify such mutations 
in all patients with IO-IBD. However, it should be pointed 
out that only four of the six patients with IO-IBD had 
mutational analysis for IL10 and IL10R performed. The 
remaining two patients, who both had phenotype similar 
to UC, had no mutational analysis. This was because IO-
IBD secondary to mutations in IL10 and IL10R genes 
usually present with CD phenotype.

The present study was conducted from a region 
where the incidence of IBD is much lower as compared 
to the West[33]. This have contributed to the small 
number of patients with both IO-IBD and later-onset 
disease reported in the present study. 

We did not perform anti-Saccharomyces cerevisae 
antibody (ASCA) for the patients with early onset 
disease. Recently, high ASCA seropositivity rates 
have been found in patients with early-onset IBD[34]. 

The implications of finding a positive ASCA in patient 
with CD include oral involvement and a more severe 
disease[35]. However, the finding of high seropositivity 
rate of ASCA in early onset CD has not been reported 
by other authors[36]. 

There are several weaknesses in the present study. 
Firstly, the number of children with infantile colitis 
described was small. The present study was conducted 
in an area with low incidence of IBD. Over the study 
period of 18 years in the only referral center for pe
diatric IBD in Malaysia, only six cases of IO-IBD were 
noted. Thus it may be difficult to draw many significant 
conclusions from the findings of the present study. 

Secondly, mutational analysis for other known 

causes of infantile colitis were not performed in the six 
cases of IO-IBD described in the present study[10]. Thus 
we were unable to characterize further the genetic 
basis of these six cases of IO-IBD described. 

In addition, there may be selection bias when 
comparing the outcome of IO-IBD with the outcome of 
patients with later-onset disease. It is well known that 
IO-IBD is a heterogenous group of conditions and is 
comprised of several different disease caused different 
genetic mutations but characterized by early onset of 
disease. 

However, it is well known that the incidence of IBD 
in Asian adults is increasing[33]. It is anticipated that 
the incidence of IBD in Asian children would similarly 
be increasing[33]. The present study will add to the body 
of knowledge for this rare disease in Asian children. 
Currently, most of the cases of IO-IBD described in 
the literature were from the Middle East or Caucasian 
population[8,9].

We conclude that IO-IBD consists of a hetero
geneous group of disorders with different pathogenic 
mechanisms but with the common manifestation of 
severe colitis presenting in the first few months of life. 
Aggressive immunosuppression and surgery are often 
necessary. Nevertheless sustained remission, in some 
cases without immunosuppression, can be achieved in 
a significant proportion of patients. Continuing efforts 
to elucidate novel mechanisms responsible for the 
breaking down of intestinal integrity is necessary in 
this group of infants. 
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COMMENTS
Background 
Inflammatory bowel disease (IBD) is not as common in the Asian population 
as in the Caucasians, although recent epidemiology studies suggest that 
the incidence of IBD in the Asian population is increasing. Infantile-onset 
inflammatory bowel disease (IO-IBD) is uncommon and is usually associated 
with a genetic mutation. One of the most common mutations described that is 
associated with IO-IBD is mutations in IL-10 and IL-10 receptor. 

Research frontiers 
It is important to elucidate the role of IL-10 and IL-10 mutations in children with 
IO-IBD as it is usually non-responsive to conventional immunosuppressive 
therapy but may be amendable to stem-cell transplantation. 

Innovations and breakthrough 
As compared to children with IBD with an onset after the first year of life, IO-
IBD achieved remission at a similar rate, were more likely to discontinue 
immunosuppression therapy while not more likely to require biologics therapy 
or surgical intervention.
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Applications 
Although mutations in IL-10 and IL-10R were not found in the present cohort 
of infantile-onset inflammatory bowel disease, it is important to screen for such 
mutations in all cases of IO-IBD as the therapy and prognosis is different.

Terminology 
IO-IBD refers to a subset of early-onset IBD with an onset before twelve months 
of life. 

Peer-review
The manuscript is interesting and adds new knowledge in the field of IO-IBD but 
requires a major statistical revision (or no statistical analysis as the conclusions 
may be false and can not be extrapolated on the bigger group of all IO-IBD 
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Core tip: We sought to determine what health 
related factors were together associated with later 
admission for acute colonic diverticulitis. The factors 
were derived from the North Trondelag Health Study 
(HUNT2) in Norway, the HUNT2 study, performed 
during 1995-1997. The study had 42570 participants 
who used Levanger Hospital as their primary hospital. 
They were observed until 2012. Following HUNT2, 
the participants contributed 611492 person-years of 
follow-up. In all, 358 cases had been admitted with 
acute colonic diverticulitis. In a multivariable analysis, 
increasing age and increasing Body Mass Index were 
associated with increased risk of admission for acute 
colonic diverticulitis in both gender. In females, 
cigarette smoking likewise increased the risk of 
admission. In males, breathlessness, a HUNT variable 
associated with Chronic Obstructive Pulmonary Disease, 
increased the risk of admission. On the other hand, 
physical activity, constipation and type of bread eaten 
showed no association with admission for acute colonic 
diverticulitis.

Jamal Talabani A, Lydersen S, Ness-Jensen E, Endreseth 
BH, Edna TH. Risk factors of admission for acute colonic 
diverticulitis in a population-based cohort study: the North 
Trondelag Health Study, Norway. World J Gastroenterol 2016; 
22(48): 10663-10672  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i48/10663.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i48.10663

Introduction
Diverticular disease of the colon is highly prevalent in 
Western populations and adds to the already rising 
expenditures in healthcare systems[1]. The prevalence 
of diverticular disease is age dependent and increases 
from 5% in the age group 30-39 years to 60% among 
those older than 80 years of age[2].

Acute diverticulitis is the most common complication 
of colonic diverticulosis[3], with increasing incidence and 
admission rates in recent years[4,5]. Acute diverticulitis 
may also recur in 9% to 23% of patients[6].

The heritability of diverticular disease has been 
estimated at 40% in a large Swedish twin study[7], and 
a number of lifestyle related risk factors have been 
attributed to acute colonic diverticulitis. Obesity, reduced 
physical activity, tobacco smoking and reduced dietary 
fiber intake have all been associated with increased risk 
of acute colonic diverticulitis, but few studies have been 
able to assess all these factors together[8-12].

The aim of the present study was to assess risk 
factors of hospital admission for acute colonic diverticu
litis in a prospective population-based cohort study.
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Abstract
AIM
To assess risk factors of hospital admission for acute 
colonic diverticulitis.

METHODS
The study was conducted as part of the second wave 
of the population-based North Trondelag Health Study 
(HUNT2), performed in North Trondelag County, 
Norway, 1995 to 1997. The study consisted of 42570 
participants (65.1% from HUNT2) who were followed 
up from 1998 to 2012. Of these, 22436 (52.7%) were 
females. The cases were defined as those 358 par
ticipants admitted with acute colonic diverticulitis during 
follow-up. The remaining participants were used as 
controls. Univariable and multivariable Cox regression 
analyses was used for each sex separately after multiple 
imputation to calculate HR.

RESULTS
Multivariable Cox regression analyses showed that 
increasing age increased the risk of admission for 
acute colonic diverticulitis: Comparing with ages < 50 
years, females with age 50-70 years had HR = 3.42, 
P  < 0.001 and age > 70 years, HR = 6.19, P  < 0.001. 
In males the corresponding values were HR = 1.85, P  
= 0.004 and 2.56, P  < 0.001. In patients with obesity 
(body mass index ≥ 30) the HR = 2.06, P  < 0.001 
in females and HR = 2.58, P  < 0.001 in males. In 
females, present (HR = 2.11, P  < 0.001) or previous 
(HR = 1.65, P  = 0.007) cigarette smoking increased 
the risk of admission. In males, breathlessness (HR = 
2.57, P  < 0.001) and living in rural areas (HR = 1.74, 
P  = 0.007) increased the risk. Level of education, 
physical activity, constipation and type of bread eaten 
showed no association with admission for acute colonic 
diverticulitis.

CONCLUSION
The risk of hospital admission for acute colonic 
diverticulitis increased with increasing age, in obese 
individuals, in ever cigarette smoking females and in 
males living in rural areas.

Key words: Acute colonic diverticulitis; North Trondelag 
Health Study; Risk factors; Multivariable Cox regression 
analysis; Multiple imputation
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MATERIALS AND METHODS
Study population
During 1995 to 1997, all residents in North Trondelag 
County, Norway, aged 20 years and older, were invited 
to participate in the second wave of the North Trondelag 
Health Study (HUNT2), a survey consisting of written 
questionnaires on health related topics, physical 
examinations and blood sampling[13]. In the present 
study, the population of the ten municipalities who used 
Levanger Hospital as the primary hospital was included, 
representing 73% of the population in North Trondelag 
County. The great majority are ethnic whites.

During 2012 and 2013 we retrospectively searched 
for all patients who had been admitted to Levanger 
Hospital following HUNT2, from 1998 to 2012, with the 
diagnosis acute colonic diverticulitis. The population of 
North Trondelag is served by two hospitals, Levanger 
Hospital is the largest and serving 10 municipalities. 
All treatment is given free of charge for the population. 
The patients were identified in the hospital patient 
administrative system, using the discharge codes for 
colonic diverticular disease in international classification 

of diseases ICD-9 and ICD-10. All the records were 
reviewed to ensure a higher probability of a correct 
diagnosis of acute colonic diverticulitis. All 358 patients 
who had been admitted with acute colonic diverticulitis 
and had participated in HUNT2 were included in the 
present study as cases, and the remaining HUNT2 
participants from the same ten municipalities were used 
as controls. Figure 1 shows a flowchart of participants 
and patient inclusions.

A computed tomography (CT) scan had been 
performed during the hospital stay in 161 patients 
(45%) and later in 52 (14.5%) additional patients 
during outpatient follow-up. Colonoscopy had been 
performed in 139 (38.8%) patients. During the early 
years of the study (mainly between 1998 and 2006), a 
barium enema had been done in 120 (33.5%) patients 
to diagnose diverticula in the colon. One or more of 
these examinations had been performed in 331 patients 
(92.5%).

Risk factors
A full description of the questionnaires and mea
surements in HUNT2 is given at http://www.ntnu.
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Figure 1  Flow diagram for participants and patient inclusions. HUNT2: North Trondelag Health Study; BMI: Body mass index.
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edu/hunt/data/que. From HUNT2 we gathered data 
on sex, age, body mass index (BMI) and self-reported 
data on physical activity, cigarette smoking, duration 
of breathlessness, duration of constipation, main type 
of bread eaten, level of education and type of living 
area. Qualified personnel completed the standardized 
measurements of height and weight. Individuals were 
categorized as normal weight (with BMI < 25.0 kg/m2), 
overweight (BMI 25-29.9) or obese (BMI ≥ 30), based 
on the World Health Organization’s classification[14]. Phys
ical activity was categorized as hard physical activity 
less than or at least one hour per week. Cigarette smo
king was reported as never, previous or present daily 
smoking. Both variables, “To what extent have you had 
problems with breathlessness the last 12 mo” and “To 
what extent have you had problems with constipation 
the last 12 mo”, were answered by the respondents as 
“not at all”, “slightly” or “very much”. Main type of bread 
eaten was categorized as “only fine” [white bread, 
white multigrain or whole meal (medium ground)], “only 
coarse” [multigrain, whole meal (coarsely ground)] or 
crisp bread, or “mixed” (mix of coarse and fine bread). 
Highest educational level was classified into primary 
school level or higher than primary school level. Living 
area was categorized as urban or rural area.

Statistical analysis
The primary study endpoint was the first admission for 
acute colonic diverticulitis at Levanger Hospital following 
participation in HUNT2, until end of study December 31, 
2012. The observation time was measured from date 
of participation in HUNT2 to date of admission for acute 
colonic diverticulitis. All HUNT2 participants belonging 
to Levanger Hospital not admitted, were treated as 
controls. Their observation time was measured from 
date of participation in HUNT2 until end of study, 
December 31, 2012, date of death, or moving out of 
North Trondelag County, whichever occurred first.

Females and males were analysed separately. Six of 
the analysed risk factors had a large number of missing 
values; 54% of females and 46% of males had one or 
more missing values (Table 1).

To reduce bias and avoid loss of sample size, we 
used multiple imputation to handle these missing data. 
We imputed 100 data sets, as recommended by Carpe
nter and Kenward[15].

A Cox proportional hazards model was used for mul­
tivariable analysis of risk factors of admission for acute 
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Table 1  Percentage missing values in different variables
colonic diverticulitis, providing hazard ratios (HRs) with 
95%CIs. Two-sided P-values < 0.05 were considered 
significant.

The analyses were performed using IBM SPSS 
Statistics 22 (SPSS Inc., Chicago, Il, United States) and 
StatXact 9 (Cytel Inc., Cambridge, Ma, United States).

Statistical review of the study was performed by 
one of the authors, professor in medical statistics, Stian 
Lydersen.

Ethical approval
The participants in HUNT2 gave written informed 
consent for medical research, including future linkage 
to patient records at the hospitals. The present study 
is approved by the Regional Committee for Health and 
Research Ethics (2011/1782/REK midt).

RESULTS
In HUNT2, 65372 persons attended (69.5% response 
rate). Of these, 42570 persons had Levanger Hospital 
as their primary hospital and were included in the 
present study. Following HUNT2, the participants contri
buted 611492 person-years of follow-up, and 358 cases 
were admitted with acute colonic diverticulitis (Figure 
1). The remaining HUNT2 participants belonging to 
Levanger Hospital were used as controls, excluding the 
129 persons who had been admitted with acute colonic 
diverticulitis during 1988 and 1997 (preceding HUNT2).

Baseline characteristics
In the included cohort, 22436 (52.7%) were females. 
The mean age at baseline was 50.0 (SD 17.2) and 49.5 
(SD 16.7) years for females and males, respectively. 
During follow-up, 358 participants were admitted to 
Levanger Hospital with acute colonic diverticulitis, 233 
(65.1%) were females, and the mean age at admission 
was 69.3 (SD 13.2) and 63.9 (SD 14.1) years for 
females and males, respectively. Among the patients 
who had been admitted with acute colonic diverticulitis, 
but did not participate in HUNT2 (excluded from the 
present study), 54 (42%) were females, and the mean 
age at admission was 62.6 years (SD 16.0) for females, 
and 52.7 years (SD 16.6) for males.

Mean time from participation in HUNT2 to admission 
for acute colonic diverticulitis was 9.48 (SD 4.5) and 9.16 
(SD 4.4) years for females and males, respectively.

Table 2 shows the sex-specific distribution of baseline 
characteristics of cases and controls. In both sexes, the 
age and BMI were higher and frequency of physi
cal activity was lower among cases than controls. In 
females, more cases smoked cigarettes daily than 
controls. In both sexes, cases were more affected with 
breathlessness and constipation than controls. In both 
sexes, coarse type of bread was eaten more frequently 
in cases than controls. In both sexes, cases had lower 
educational level than controls. Among males, cases 
lived more often in a rural area than controls.

Variable Females Males

Hard physical activity 39 28
Cigarette smoking   7   5
Breathlessness 16 10
Constipation 12   9
Type of bread 13 16
Highest educational level   6   5
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Risk factors for admission for acute colonic diverticulitis
Tables 3 and 4 shows the results of univariable and 
multivariable Cox regression analyses for each sex 
separately after the multiple imputation. In the 
multivariable analysis, increasing age was associated 
with increased risk of admission for acute colonic 
diverticulitis in both sexes (HR = 3.42, 95%CI: 
2.40-4.86, P < 0.001 for ages 50-70 years and HR 
= 6.19, 95%CI: 4.02-9.54, P < 0.001 for ages > 70 
years in females). In males the corresponding values 
were HR = 1.85, 95% CI: 1.22 to 7.80, P = 0.004 
and 2.56, 95%CI: 1.45-4.52, P < 0.001. Obesity was 
associated with increased risk of admission for acute 
colonic diverticulitis in both sexes (HR = 2.06, 95%CI: 
1.46-2.91, P < 0.001 in females and HR = 2.58, 

95%CI: 1.53-4.34, P < 0.001 in males). In females, 
both present and former daily cigarette smoking was 
associated with increased risk of admission for acute 
colonic diverticulitis (HR = 2.11, 95%CI: 1.51-2.94, 
P < 0.001 for daily smokers; HR = 1.65, 95%CI: 
1.15-2.36, P = 0.007 for former smokers). In males, 
an increased risk of admission for acute colonic diver
ticulitis was observed in persons who reported slight 
problem with breathlessness during the last 12 mo (HR 
= 2.57, 95%CI: 1.55-4.28, P < 0.001) and in persons 
living in a rural area (HR = 1.74, 95%CI: 1.17-2.58, P 
= 0.007).

Level of education, hard physical activity, consti
pation and type of bread eaten showed no association 
with the risk of admission for acute colonic diverticulitis.
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Table 2  Baseline characteristics of the study population n  (%)

Characteristic Acute colonic diverticulitis 1998-2012

Females Males

No Yes No Yes

Study population 22203 233 20009 125
Age in years at inclusion

Mean ± SD          49.9 (17.2)        59.8 (13.8)          49.5 (16.7)      54.7 (14.4)
Age groups (yr)

< 50 11892 (99.5)   57 (0.5) 10787 (99.6) 45 (0.4)
50-70   6708 (98.4) 112 (1.6)   6307 (99.1) 58 (0.9)
> 70   3603 (98.3)   64 (1.7)   2915 (99.3) 22 (0.7)

BMI (kg/m2)
< 25   9987 (99.3)   68 (0.7)   6983 (99.6) 26 (0.4)
25-29.9   8206 (98.9)   89 (1.1) 10146 (99.4) 64 (0.6)
≥ 30   4010 (98.1)   76 (1.9)   2880 (98.8) 35 (1.2)

Hard physical activity (h/wk)
< 1   9346 (99.0)   91 (1.0)   8368 (99.3) 58 (0.7)
≥ 1   4286 (99.6)   19 (0.4)   6105 (99.4) 36 (0.6)
Missing   8571 (98.6) 123 (1.4)   5536 (99.4) 31 (0.6)

Smoking cigarettes
Never 10134 (99.2) 81 (0.8)   7337 (99.6) 31 (0.4)
Previous   4137 (98.8) 51 (1.2)   6175 (99.2) 52 (0.8)
Daily   6295 (98.8) 75 (1.2)   5491 (99.4) 33 (0.6)
Missing   1637 (98.4) 26 (1.6)   1006 (99.1)   9 (0.9)

Problems with breathlessness the last 12 mo
Not at all 17030 (99.1) 155 (0.9) 16585 (99.5) 87 (0.5)
Slightly   1434 (98.8)   17 (1.2)   1262 (98.5) 19 (1.5)
Very much     185 (98.4)     3 (1.6)     189 (98.4)   3 (1.6)
Missing   3554 (98.4)   58 (1.6)   1973 (99.2) 16 (0.8)

Problems with constipation the last 12 mo
Not at all 13664 (99.1) 125 (0.9) 15690 (99.4) 90 (0.6)
Slightly   4640 (99.0)   48 (1.0)   2201 (99.4) 14 (0.6)
Very much   1213 (98.3)   21 (1.7)     285 (99.0)   3 (1.0)
Missing   2686 (98.6)   39 (1.4)   1833 (99.0) 18 (1.0)

Type of bread
Only fine   2670 (99.0)   28 (1.0)   3798 (99.5) 20 (0.5)
Mixed   3158 (99.0)   33 (1.0)   4062 (99.4) 23 (0.6)
Only coarse 13440 (98.9) 147 (1.1)   9018 (99.3) 62 (0.7)
Missing   2935 (99.2)   25 (0.8)   3131 (99.4) 20 (0.6)

Highest educational level
Primary school   8146 (98.7) 110 (1.3)   5519 (99.2) 46 (0.8)
Above primary school 12687 (99.3)   95 (0.7) 13536 (99.5) 73 (0.5)
Missing   1370 (97.3)   28 (2.7)     954 (99.4)   6 (0.6)

Living area
Urban 18225 (98.9) 195 (1.1) 16425 (99.4) 91 (0.6)
Rural   3978 (99.1)   38 (0.9)   3584 (99.1) 34 (0.9)

Data given as n (%) unless otherwise stated.
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We also carried out these analyses separately for 
each of the three age groups. Results were substan­
tially the same (data not shown).

In another analysis, we excluded the variable 
breathlessness, and there were only insignificant 
changes in the HRs for all of the remaining variables.

DISCUSSION
Main findings
The main finding of this prospective population-based 
cohort study was that obese individuals had twice 
the risk of admission for acute colonic diverticulitis 
compared to normal weight individuals. This associ
ation was found in both females and males. Moreover, 
previous and present daily cigarette smoking also 
increased the risk of admission for acute colonic 
diverticulitis in females. There was no association 
between hard physical activity, constipation or eating 
bread with fine or coarse grains and risk of admission 
for acute colonic diverticulitis.

Relation to other reports
The present study demonstrated an increased risk of 
admission for acute colonic diverticulitis by increasing 
age in both females and males. This is consistent with 
findings reported by other studies[4,16].

There was an increased risk of admission for acute 
colonic diverticulitis in obese persons (BMI ≥ 30). This 
is in agreement with other population-based studies. 
In two prospective cohort studies of males[17,18], the 
risk of acute colonic diverticulitis was 1.6 and 3.2 times 
higher among overweight individuals (BMI 25-29.9) 
and 1.8 and 4.4 times higher among obese individuals 
(BMI ≥ 30), compared with those of normal weight 
(BMI 18.5-4.9). In a prospective cohort study of 
females, the risk was 1.3 times higher for overweight 
and obese individuals[19]. A weakness with these 
studies was the sex-specific nature of the cohorts.

Previous studies found that physical activity, in 
general, decreased the risk of acute colonic diverti
culitis[12,19]. However, the present study found no 
association between hard physical activity for at least 
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Table 3  Univariable Cox regression analysis of risk factors relating to admission for acute diverticulitis, after multiple imputation for 
missing values 

Characteristic Females Males

HR (95%CI) P value HR (95%CI) P value
Age in years (yr)

< 50 1 (ref) 1 (ref)
50-70 3.55 (2.58-4.89)  < 0.001 2.36 (1.60- 3.48)  < 0.001
> 70 5.88 (4.10-8.44)  < 0.001 3.46 (2.06-5.79)  < 0.001

BMI (kg/m2)
< 25 1 (ref) 1 (ref)
25-29.9 1.59 (1.16-2.18)   0.004 1.62 (1.03-2.56)   0.040
≥ 30 2.86 (2.06-3.97)  < 0.001 3.20 (1.93-5.31)  < 0.001

Hard physical activity (h/wk)
< 1 1 (ref) 1 (ref)
≥ 1 0.46 (0.27- 0.77)   0.003 0.85 (0.56-1.29) 0.45

Smoking cigarettes
Never daily 1 (ref) 1 (ref)
Formerly 1.45 (1.04-2.01)   0.027 2.12 (1.36- 3.13)   0.001
Present daily 1.36 (1.01-1.83)   0.043 1.49 (0.91- 2.44) 0.11

Problems with breathlessness the last 12 mo
Not at all 1 (ref) 1 (ref)
Slightly 1.44 (0.87-2.36) 0.15 3.09 (1.88- 5.08)  < 0.001
Very much 2.32 (0.76- 7.12) 0.14 3.54 (1.13-11.2)   0.031

Problems with constipation the last 12 mo
Not at all 1 (ref) 1 (ref)
Slightly 1.14 (0.82-1.60) 0.44 1.25 (0.72-1.19) 0.43
Very much 2.02 (1.29-3.18)   0.002 2.35 (0.76-7.24) 0.14

Type of bread
Only fine 1 (ref) 1 (ref)
Mixed 0.97 (0.58-1.61) 0.90 1.03 (0.57-1.86) 0.93
Only coarse 1.01 (0.67-1.51) 0.96 1.26 (0.76-1.08) 0.38

Highest educational level
Primary school 1 (ref) 1 (ref)
Higher than primary school 0.49 (0.37-0.64)  < 0.001 0.57 (0.39-0.82)   0.002

Living area
Urban 1 (ref) 1 (ref)
Rural 0.92 (0.65-1.30) 0.63 1.80 (1.21-2.67)   0.004

BMI: Body mass index.

Jamal Talabani A et al . Risk factors for acute colonic diverticulitis



one hour per week and admission for the disease after 
adjustments. Cigarette smoking has been associated 
with increased severity of acute colonic diverticulitis[10]. 
In the present study, daily smoking increased the risk 
of admission for the disease by 2.2-fold in females. 
Previous studies found that smoking increased the 
risk of acute colonic diverticulitis by 25%-60% in 
both sexes[20-22] and increased the risk of complicated 
diverticulitis by 2.7 to 3.6-fold[10,22]. However, drawbacks 
of these studies were small number of cases[10], sex-
specific cohorts[20,21] or lack of adjustments for dietary 
and other lifestyle factors like physical activity[22].

A previous long term study from this area of 
patients admitted with acute colonic diverticulitis, 
revealed an increased long term mortality by chronic 
obstructive pulmonary disease (COPD) of 10% 
(95%CI: 6.0-16) in[23]. In comparison, COPD was the 
cause of death in 4.2% (95%CI: 4.0-4.4) in the total 
population from the same area. This suggested a link 
between COPD and acute colonic diverticulitis, which 
was also found in another study[24]. In the present 
study, we wanted to elucidate the association between 
COPD and diverticulitis in another way. Duration of 
breathlessness was chosen as a proxy variable for 

COPD from HUNT2. The results of the present study 
showed that shortness of breath was associated with 
increased risk of admission for the disease. Few studies 
have previously studied the possible relationship 
between COPD and diverticulitis, although one other 
study, found that complicated diverticulitis was 
associated with pulmonary symptoms and problems in 
23% of the cases[25].

In the present study, constipation was not asso
ciated with increased risk of admission for acute 
colonic diverticulitis. Similar, a recent multicenter study 
found no association between constipation and left-
sided colonic diverticulosis[26], while in another study, 
constipation was considered a symptom of, rather than 
a direct risk factor for, acute colonic diverticulitis[27].

High dietary fiber intake is traditionally thought to be 
associated with decreased risk of diverticular disease[28,29], 
although high quality evidence is lacking[30,31]. In the 
present study, type of bread, whether fine or coarse, 
had no effect on the risk of admission for acute colonic 
diverticulitis. This is consistent with other studies, which 
found no association between cereals and acute colonic 
diverticulitis[21,32,33].

In the present study, males living in rural areas 

10669 December 28, 2016|Volume 22|Issue 48|WJG|www.wjgnet.com

Table 4  Multivariable Cox regression analysis of risk factors relating to admission for acute diverticulitis, after multiple imputation 
for missing values 

Characteristic Females Males

HR (95%CI) P value HR (95%CI) P value
Age in years (yr)

< 50 1 (ref) 1 (ref)
50-70 3.42 (2.40-4.86)  < 0.001 1.85 (1.22-7.80)   0.004
> 70 6.19 (4.02-9.54)  < 0.001 2.56 (1.45-4.52)   0.001

BMI (kg/m2)
< 25 1 (ref) 1 (ref)
25-29.9 1.25 (0.90-1.73) 0.18 1.46 (0.92-2.32) 0.11
≥ 30 2.06 (1.46-2.91)  < 0.001 2.58 (1.53-4.34)  < 0.001

Hard physical activity (h/wk)
< 1 1 (ref) 1 (ref)
≥ 1 0.67 (0.39-1.15) 0.15 1.03 (0.67-1.57) 0.90

Smoking cigarettes
Never daily 1 (ref) 1 (ref)
Formerly 1.65 (1.15-2.36)   0.007 1.45 (0.91-2.31) 0.12
Present daily 2.11 (1.51-2.94)  < 0.001 1.38 (0.84-2.29) 0.21

Problems with breathlessness the last 12 mo
Not at all 1 (ref) 1 (ref)
Slightly 1.12 (0.68-1.86) 0.66 2.57 (1.55-4.28)  < 0.001
Very much 1.43 (0.45-4.59) 0.55 2.48 (0.74-8.39) 0.14

Problems with constipation the last 12 mo
Not at all 1 (ref) 1 (ref)
Slightly 1.05 (0.75-1.48) 0.77 0.94 (0.53-1.66) 0.82
Very much 1.54 (0.95-2.49)   0.078 1.41 (0.43-4.68) 0.57

Type of bread
Only fine 1 (ref) 1 (ref)
Mixed 1.08 (0.65-1.79) 0.77 1.06 (0.58-1.93) 0.85
Only coarse 0.93 (0.62-1.41) 0.74 1.24 (0.74-2.07) 0.41

Highest educational level
Primary school 1 (ref) 1 (ref)
Higher than primary school 1.13 (0.82-1.54) 0.46 0.90 (0.61-1.33) 0.60

Living area
Urban 1 (ref) 1 (ref)
Rural 0.92 (0.65-1.30) 0.63 1.80 (1.21-2.67)   0.004
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had 80% increased risk of admission for acute colonic 
diverticulitis. In two previous studies, the risk of acute 
colonic diverticulitis was slightly elevated in both sexes 
living in rural areas[16,34].

Biological mechanisms
Aging showed increased risk of admission for acute 
colonic diverticulitis. Colonic diverticulosis can be 
considered a degenerative disease in which increasing 
age leads to weakness of supporting connective tissue 
and subsequent increase in intraluminal pressure and 
later increased risk of colonic diverticulitis. However, 
the exact mechanism of increased risk of diverticulitis 
in humans with aging is still unclear[35].

Obesity is shown to be a risk factor for diverticular 
disease and its complications[8,11,19,35]. One likely mecha
nism for development of acute colonic diverticulitis is 
that increased fat deposition in the mesentery act pro-
inflammatory with activation of macrophages within 
the adipose tissue and subsequent increase in TNF-α. 
Translocation of luminal bacteria from the intestine 
to the systemic circulation due to impaired barrier 
function may also play a role in this pathogenesis[35].

Cigarette smoking causes changes in the colonic 
wall structure in patients with diverticular disease that 
are similar to changes found in blood vessels caused 
by smoking in other organs. In addition, smoking 
is thought to affect colonic motility and intraluminal 
pressure[36].

There is a possible coexistence between COPD and 
acute colonic diverticulitis. While smoking is a known 
risk factor for both diseases, it is unclear whether COPD 
is a risk factor or comorbidity in this context. Both 
inflammatory bowel disease and COPD share many 
similarities in inflammatory pathogenesis[37], but the 
mechanism behind the association between breath
lessness and risk of acute colonic diverticulitis is poorly 
understood.

Strengths and weaknesses
This study has a population-based design with a large 
sample size and high participation rate. This diminishes 
selection bias, strengthens the study power, reduces 
the risk of chance findings and facilitates subgroup 
analyses. The objective and uniform measurement of 
height and weight by qualified personnel minimized 
the risk of differential misclassification of BMI[38]. 
The prospective nature and use of standardized 
questionnaires on risk factors limits the potential for 
recall bias.

The population of North Trondelag County is stable, 
ethnic white, homogenous and representative of the 
Norwegian population, with the exceptions of a slightly 
lower average income and absence of a large city[39].

The wide range of exposure data collected in HUNT2 
made it possible to adjust for a number of potential 
confounding factors, like symptoms of constipation 
and breathlessness, educational level and living area, 
which is seldom done in analyses of acute colonic 

diverticulitis. We used multiple imputation to account 
for missing data with the resulting more accurate HRs 
and more precise CIs and significance tests.

Many patients with acute colonic diverticulitis 
have vague symptoms, does not seek the doctor, and 
recover without antibiotics. Only part of all patients 
with this disease will be admitted to hospital. We are 
not aware of any change in admission policy for acute 
colonic diverticulitis during the study period. In addition 
to using the ICD-codes set by the doctor in charge 
at discharge, every hospital record was reviewed to 
ensure a higher probability of a correct diagnosis and 
prevent misclassifications[4]. Still, the diagnosis of 
acute colonic diverticulitis may have been incorrect in 
a minority of patients with known diverticulosis, who 
presented with pain in the lower abdomen, fever and 
an elevated CRP, without a CT scan.

CT scan is considered to be gold standard for the 
diagnosis of acute colonic diverticulitis. During the 
earlier years of this study, CT scan was used more 
infrequently. Even with the nowadays widespread 
availability of CT scans in many countries, we think 
it would be unadvisable due to radiation hazard, to 
perform CT scans in every patient with suspected 
uncomplicated, acute colonic diverticulitis.

Another limitation of the study is the 30% of 
non-participants in HUNT2. Non-participants, who 
were later admitted with acute colonic diverticulitis, 
were younger than participants in HUNT2: 7 and 9 
years younger for females and males, respectively. 
Therefore, the study results may not be directly 
generalizable to a younger population. Some subjective 
variables that we used in the analysis, like symptom of 
breathlessness and type of bread eaten, could have led 
to information bias due to their questionnaires’ nature. 
Another limitation is possible biased estimates due to 
residual confounding, as there are always unknown 
confounders that are unaccounted for in such studies.

The results of the present study apply to patients 
with colonic diverticulitis that was severe enough to 
require admission to hospital. The conclusions cannot 
be transformed without reservations to patients with 
diverticulitis not admitted to hospital.

In conclusion, this large prospective population-
based cohort study showed that increasing age was 
associated with increased risk of admission for acute 
colonic diverticulitis in both sexes. Obese individuals 
had twice the risk of admission for acute colonic 
diverticulitis compared to those with normal weight. 
Previous or present cigarette smoking increased the 
risk of admission for acute colonic diverticulitis in 
females. There was no association between constipation 
or eating bread with fine or coarse grains and admission 
for acute colonic diverticulitis.
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with chronic obstructive pulmonary disease, increased the risk of admission. On 
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Abstract
AIM
To analyze the effects of premedication with Pronase 
for endoscopic ultrasound (EUS) examination of the 
stomach.

METHODS
This was a prospective, randomized and controlled 
clinical study. All patients were randomly assigned 
to either the Pronase group or placebo group. The 
pretreatment solution was a mixed solution of 20000 
U of Pronase and 60 ml sodium bicarbonate solution 
in the Pronase group, while an equal amount of 
sodium bicarbonate solution was administered to the 
placebo group. All operators, image evaluators and 
experimental recorders in EUS did not participate in the 
preparation and allocation of pretreatment solution. 
Two blinded investigators assessed the obscurity scores 
for the EUS images according to the size of artifacts 
(including ultrasound images of the gastric cavity and 
the gastric wall). Differences in imaging quality, the 
duration of examination and the usage of physiological 
saline during the examination process between the 
Pronase group and the control group were compared.
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RESULTS
No differences existed in patient demographics between 
the two groups. For the gastric cavity, the Pronase 
group had significantly lower mean obscurity scores 
than the placebo group (1.0476 ± 0.77 vs  1.6129 ± 
0.96, respectively, p  = 0.000). The mean obscurity 
scores for the gastric mucosal surface were significantly 
lower in the Pronase group than the placebo group 
(1.2063 ± 0.90 vs  1.7581 ± 0.84, respectively, p  = 
0.001). The average EUS procedure duration for the 
Pronase group was 11.60 ± 3.32 min, which was 
significantly shorter than that of the placebo group 
(13.13 ± 3.81 min, p  = 0.007). Less saline was used 
in the Pronase group than the placebo group, and the 
difference was significant (417.94 ± 121.38 ml vs  
467.42 ± 104.52 ml, respectively, p  = 0.016).

CONCLUSION
The group that had Pronase premedication prior to the 
EUS examination had clearer images than the placebo 
group. With Pronase premedication, the examination 
time was shorter, and the amount of saline used during 
the EUS examination was less.

Key words: Artifacts; Randomized controlled trial; 
Endosonography; Pronase; Stomach

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Previous studies have confirmed that Pronase 
can improve the quality of endoscopic ultrasound 
(EUS) images. Based on previous findings, this study 
hypothesized that Pronase could further shorten the 
duration of examination and reduce the usage of 
physiological saline during EUS examination through 
improving the quality of EUS images. Moreover, this 
study verified this hypothesis. This study found that for 
EUS examination, preoperative application of Pronase 
could provide clearer ultrasound images, shorten 
the duration of EUS examination, and reduce the 
intraoperative usage of physiological saline.

Wang GX, Liu X, Wang S, Ge N, Guo JT, Sun SY. Effects of 
premedication with Pronase for endoscopic ultrasound of the 
stomach: A randomized controlled trial. World J Gastroenterol 
2016; 22(48): 10673-10679  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i48/10673.htm  DOI: http://
dx.doi.org/10.3748/wjg.v22.i48.10673

INTRODUCTION
Endoscopic ultrasound (EUS) is an important tool 
to diagnosis benign and malignant diseases of the 
gastrointestinal tract and pancreaticobiliary system[1-4]. 
Previous studies demonstrated its superiority in 
evaluating the staging of early gastric carcinoma 
and gastric submucosal tumors, as compared with 

standard diagnostic modalities such as computed 
tomography, conventional ultrasonography, and 
magnetic resonance imaging[5-14]. Gastric mucus is 
one of the most frequent sources of artifacts during 
an EUS[15,16]. The vague image will influence the EUS 
procedure and increase the inspection time. Low-
quality EUS images could lead to the misdiagnosis 
of small lesions and misinterpretation of the invasion 
depth in early gastric cancer[17,18]. To flush the mucosa 
and eliminate artifacts, more saline would need to be 
injected into the stomach, which is associated with a 
more uncomfortable examination and an increased 
risk of aspiration.

Pronase, separated and extracted from the culture 
filtrate of Streptomyces griseus[19-21], is a kind of 
proteolytic enzyme that can disrupt the mucous gel layer 
on the surface of the stomach[22], and it has been used 
to prepare digestive and anti-inflammatory enzymes. 
Fujii et al[23] first found that during chromoendoscopy 
and conventional endoscopy procedures, premedication 
with Pronase could improve endoscopic visualization. 
Over the last 10 years, it has become common practice 
to provide patients a pretreatment solution containing 
dimethylpolysiloxane and Pronase before endoscopy. 
Sakai et al[15] found that pretreatment with Pronase 
could reduce artifacts during an EUS examination. Han 
et al[24] also found that premedication with a mixture 
containing bicarbonate and Pronase seemed to reduce 
hyperechoic artifacts secondary to the gastric wall and 
lumen.

Herein, we presumed that decreasing the number 
of artifacts would shorten the EUS examination, 
leading to a decrease in the amount of saline solution 
irrigated during the procedure. To further address this 
hypothesis, we conducted this study to analyze the 
effects of Pronase on EUS imaging and EUS duration 
time, as well as the saline volume irrigated during 
EUS.

MATERIALS AND METHODS
Patients
This prospective, randomized and controlled single-
center study was conducted at the Endoscopic Center 
of Shengjing Hospital of China Medical University. The 
eligibility and exclusion criteria are listed in Table 1. 
At least 102 patients were needed to acquire 90% 
statistical power based on a previous study performed 
by Han et al[24] in 2011. All patients provided written 
informed consent before the procedure. The Institutional 
Review Board of China Medical University approved 
this study based on the Helsinki Declaration. The trial 
was registered in the Chinese Clinical Trial Registry 
(ChiCTR-DPD-15006240). 

Randomization and endoscopic procedures
The local clinical trials unit performed computerized 
individual randomization. Included patients were 
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randomly assigned to either the Pronase or placebo 
group with a computer-generated random allocation 
sequence. In the placebo group, the premedication 
solution contained a 1 g sodium bicarbonate solution; 
in the Pronase group, the premedication solution 
contained a 1 g sodium bicarbonate solution and 
20000 U of Pronase. All the solutions were placed in a 
paper cup of the same color. In both groups, 60 ml of 
the premedication solution was administrated about 
10-30 min before the EUS examination, as a previous 
report recommended[25]. The study investigators were 
not involved in the preparation of the premedication 
solution. All patients underwent EUS examinations 
using both radial and linear-array systems. All proce
dures were carried out by one endosonography.

Measurements
As previously reported[15,24], for EUS imaging, the 
gastric cavity obscurity grade is scored from 0 to 3 
(Figure 1), according to the number of high-echo 
spots, as shown in Table 2. EUS imaging of the gastric 
wall surface was similarly scored (Figure 2), as shown 
in Table 3. All EUS images were assigned to two 
experienced endoscopists, who scored the images and 
were blind to the procedure at the time of scoring. 
We recorded the duration of the EUS procedure for all 
patients. EUS duration was measured from the time 
the endoscope was inserted into the mouth to the time 
the endoscope was withdrawn from the mouth. One 
investigator recorded the volume of saline solution 
irrigated during the EUS procedure to determine 

whether premedication with Pronase decreased the 
amount of saline used.

Statistical analysis
The demographic characteristics were assessed using 
a Pearson χ2 test or one-way analysis of variance. The 
obscurity scores for the two groups were assessed using 
a rank sum test with Mann-Whitney U comparisons 
and the Student’s t-test. The mean obscurity scores 
for the gastric cavity and gastric mucosal surface, the 
EUS procedure duration and the volume of saline were 
expressed as mean ± SD and compared using the 
Student’s t-test. A p value of < 0.05 was considered 
significant.

RESULTS
From May 2015 to July 2015, 125 patients were en
rolled in the study and allocated equally to either the 
Pronase group (63 patients) or placebo group (62 
patients). There were no differences in age (p = 0.319), 
sex (p = 0.611), location (p = 0.532), or EUS methods 
(p = 0.391) between groups, as shown in Table 4.

The obscurity scores for the gastric cavity and gastric 
mucosal surface were compared between the two 
groups (Table 5). The Pronase group had significantly 
lower obscurity scores for the gastric cavity and gastric 
mucosal surface than the placebo group (p < 0.05).

Table 6 compares the mean obscurity scores for 
the gastric cavity and gastric mucosal surface, and 
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Table 1  Eligibility and exclusion criteria for this study

Eligibility criteria
   1 Patients who required an EUS examination because of gastric diseases
   2 Patients aged 18-70 yr
Exclusion criteria
   1 Patients with contraindications to endoscopy
   2 Patients allergic to the pharmaceutical ingredients
   3 Patients with gastric bleeding or suspected gastric bleeding
   4 Patients with blood coagulation dysfunction
   5 Patients with severe psychological diseases such as depression, anxiety, hypochondria and hysteria
   6 Patients with severe cardiac dysfunction (NYHA cardiac function classification ≥ class Ⅲ)
   7 Patients with abnormal hepatic function (serum ALT and AST levels of ≥ 4 times the upper normal limit)
   8 Patients with renal dysfunction (serum Cr level of ≥ 2 times the upper normal limit)
   9 Patients with moderate to severe ventilatory dysfunction
   10 Diabetic patients with unsatisfactory glycemic control
   11 Hypertensive patients with unsatisfactory blood pressure control 
   12 Pregnant women or women who are breastfeeding

ALT: Alanine aminotransferase; AST: Aspartate transaminase; Cr: Creatinine; EUS: Endoscopic ultrasonography; NYHA: New York Heart Association.

Table 2  Scoring of the gastric cavity obscurity grade

Score Number of high-echo spots

0 No or few 
1 Low 
2 Moderate 
3 High 

Table 3  Scoring of the gastric wall surface in endoscopic 
ultrasonography imaging

Score Artifacts 

0 Notable, affecting the diagnosis
1 Moderate 
2 Negligible 
3 None, clear wall interface
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group was 11.60 ± 3.32 min, which was significantly 
shorter than the placebo group (13.13 ± 3.81 min, p 
= 0.007). The mean saline volumes were 417.94 ± 
121.38 ml and 467.42 ± 104.52 ml in the Pronase 
group and placebo group, respectively. The amount of 
saline used for the Pronase group was less than that of 
the placebo group, and the difference was significant (p 
= 0.016).

DISCUSSION
EUS is now increasingly available and plays a significant 
role in the diagnosis and intervention of gastrointes
tinal and pancreaticobiliary diseases[1,26-29]. Artifacts 
secondary to gastric mucus can potentially interfere 
with visibility during EUS scanning of the stomach. 
Bubbles and foams may lead to blurred layers and 
borders and the possible diagnosis of a lesion that does 
not exist[16,30-32]. Before EUS, premedication played a 
major role in ensuring satisfactory visualization of the 
gastric cavity and wall[22,23,33].

Pronase, which can eliminate gastric mucus as a 
mucolytic enzyme, can further improve diagnosis of 
gastric diseases using radiographic imaging techni
ques[34]. A randomized study conducted by Fujii et al[23] 
demonstrated that premedication with Pronase not 
only substantially enhanced visibility before and after 
methylene blue spraying, but also reduced the duration 
of chromoendoscopy examination. In 2002, Kuo et al[22] 
also found that premedication with Pronase provided 

EUS procedure means, as well as the mean volume 
of saline irrigated during the EUS procedure. As for 
the gastric cavity, the mean obscurity scores in the 
Pronase and placebo groups were 1.0476 ± 0.77 
and 1.6129 ± 0.96, respectively. Additionally, for the 
gastric cavity, the Pronase group had significantly 
lower mean obscurity scores than the placebo group (p 
= 0.000). As for the gastric mucosal surface, the mean 
obscurity scores in the Pronase and placebo groups 
were 1.2063 ± 0.90 and 1.7581 ± 0.84, respectively. 
Further, for the gastric cavity, the Pronase group had 
significantly higher mean obscurity scores than the 
placebo group (P = 0.001).

The average EUS procedure time for the Pronase 

A B

C D

Figure 1  Scoring of the gastric cavity obscurity grade depending on the numbers of high-echo spots. A: Score 0, few or no high-echo spots in the gastric 
cavity; B: Score 1, low number of high-echo spots; C: Score 2, moderate number of high-echo spots; and D: Score 3, high number of high-echo spots.

Table 4  Demographic characteristics of enrolled patients

Pronase group Placebo group Value P  value

Number of patients 63 62
Age, mean ± SD 55.78 ± 12.37 53.47 ± 13.41   t = 1.001 0.319
Sex
   Male 22 19 χ 2 = 0.259 0.611
   Female 41 43
Location
   Fundus 14   9 χ 2 = 1.264 0.532
   Corpus 26 29
   Antrum 23 24
Methods
   Radial EUS 48 43 χ 2 = 0.737 0.391
   Linear-array EUS 15 19

EUS: Endoscopic ultrasonography
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the clearest endoscopic visibility. In 2003, Sakai et al[15] 
reported the first Pronase trial and suggested that 
premedication with Pronase reduced artifacts during 
endoscopic ultrasonography. In 2011, Han et al[24] 
found that premedication with bicarbonate mixed with 
Pronase decreased the number of hyperechoic artifacts 
secondary to the stomach wall and lumen during EUS.

As for the gastric mucosal surface and gastric cavity, 
we found that the Pronase group had significantly lower 
obscurity scores than the placebo group. The average 
time for the EUS examination was significantly shorter 
for the Pronase group than the placebo group. The 
amount of saline irrigated was significantly less for the 
Pronase group than the placebo group. The Pronase 

A B

C D

Figure 2  Scoring of the gastric wall surface depending on the amount of adherent mucus. A: Score 0, no artifacts, clear wall interface; B: Score 1, minimal 
artifacts, negligible; C: Score 2, moderate artifacts; and D: Score 3, significant artifacts affecting diagnostic judgment.

Table 5  Endoscopic ultrasonography obscurity scores for the gastric cavity and mucosal surface

Pronase group Placebo group Value P  value

Gastric cavity obscurity scores during EUS
   3 14   8 Z = -3.428 0.001
   2 35 21
   1 11 20
   0   3 13
Gastric mucosal surface obscurity scores during EUS
   3 11   7 Z = -3.861 0.000
   2 37 10
   1   6 36
   0   9   9

EUS: Endoscopic ultrasonography.

Table 6  Mean endoscopic ultrasonography obscurity scores for the gastric cavity and mucosal surface

Pronase group Placebo group Value P  value

Mean gastric cavity obscurity scores 1.0476 ± 0.77 1.6129 ± 0.96 t = -3.617 0.000
Mean gastric mucosal surface obscurity scores 1.2063 ± 0.90 1.7581 ± 0.84 t = -3.534 0.001
Duration of EUS, mean ± SD   11.60 ± 3.32   13.13 ± 3.81 t = -2.387 0.018
Volume of saline, mean ± SD     417.94 ± 121.38     467.42 ± 104.52 t = -2.441 0.016
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premedication solution provided clearer images of the 
patients according to the endosonographer, which may 
facilitate EUS examination and shorten the procedure 
duration. Meanwhile, a clearer image may lead to less 
saline usage during the EUS examination.

Woo et al[25] found that the administration of Pronase, 
sodium bicarbonate, and dimethylpolysiloxane 30 min 
before gastroduodenoscopy helped improve endoscopic 
visualization remarkably, and the best visibility was 
achieved with the Pronase administration 10 min to 30 
min before the gastrointestinal endoscopic procedure. 
In this study, we recommended that patients take the 
premedication solution 10 min to 30 min before the 
EUS procedure.

In conclusion, for EUS, the group that was admini
stered Pronase premedication had clearer images 
than the placebo group. With Pronase premedication, 
the examination time was shorter, and the amount of 
saline used during the EUS procedure was less.

COMMENTS
Background
Previous studies have confirmed that Pronase can improve the quality of 
endoscopic ultrasonography (EUS) images. Based on previous findings, 
this study hypothesized that Pronase could further shorten the duration 
of examination and reduce the usage of physiological saline during EUS 
examination through improving the quality of EUS images.

Research frontiers
A few human studies have suggested that premedication with Pronase could 
improve endoscopic visualization. This study found that for EUS examination, 
preoperative application of Pronase could provide clearer ultrasound images, 
shorten the duration of EUS examination, and reduce the intraoperative usage 
of physiological saline.

Innovations and breakthrough
This study aimed to analyze and evaluate the effect of pretreatment with 
Pronase on imaging quality, the duration of examination and the usage of 
physiological saline during the examination process in gastric endoscopic 
ultrasound.

Applications
With Pronase premedication, the EUS examination time was shorter and the 
amount of saline used during the EUS procedure was less.

Peer-review
This is an interesting study on the use of Pronase premedication during EUS 
examination. the authors analyzed the effects of premedication with Pronase 
for EUS examination of the stomach. Two blinded investigators assessed the 
obscurity scores for the EUS images.
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Abstract
Precision medicine is defined by the administration 
of drugs based on the tumor’s particular genetic 
characteristics. It is developing quickly in the field of 
cancer therapy. For example, KRAS , NRAS  and BRAF 
genetic testing demonstrates its efficiency for precision 
medicine in colorectal cancer (CRC). Besides for these 
well-known mutations, the purpose of performing larger 
genetic testing in this pathology is unknown. Recent 
reports have shown that using the poly ADP ribose 
polymerase (PARP) inhibitor olaparib in patients with 
homologous repair enzyme deficiency gave positive 
clinical results in breast, ovarian and prostate cancers. 
We have reported here the cases of 2 patients with 
multi-treated metastatic CRC who underwent somatic 
and constitutional exome analyses. The analyses 
revealed a loss of function mutation in a homologous 
repair enzyme resulting in the loss of heterozygosity for 
both patients (Check2 for the first patient and RAD51C 
for the second one). Both patients were treated with 
off-label usage of olaparib. While the first patient 
showed clinical benefit, reduction of carcinoembryonic 
antigen tumor marker and radiologic response, the 
second patient quickly presented a progression of 
the tumor. Additional genetic analyses revealed a 
frameshift truncating mutation of the TP53BP1 gene in 
the patient who progressed. Interestingly, deficiency in 
TP53BP1 was previously described to confer resistance 
to olaparib in mice breast cancer models. Our findings 
suggest that exome analysis may be a helpful tool to 
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highlight targetable mutations in CRC and that olaparib 
may be efficient in patients with a homologous repair 
deficiency.

Key words: Colorectal cancer; Exome analysis; Genetic 
aberrations; Homologous repair deficiency; Precision 
medicine
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Core tip: The role of genetic profiling in metastatic 
colorectal cancer for precision medicine is currently 
under investigation. This case report underlines for 
the first time, that olaparib may have some clinical 
efficiency in patients with homologous repair deficiency 
in colorectal tumor.

Ghiringhelli F, Richard C, Chevrier S, Végran F, Boidot 
R. Efficiency of olaparib in colorectal cancer patients with 
an alteration of the homologous repair protein. World J 
Gastroenterol 2016; 22(48): 10680-10686  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v22/i48/10680.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v22.i48.10680

INTRODUCTION
Colorectal cancer (CRC) is the third most common 
cancer worldwide with about 1 million new cases and 
over 500000 deaths every year[1]. Approximately 
30% of patients with CRC develop an overt metastatic 
disease. Meanwhile, 40% to 50% of newly diagnosed 
patients already present a metastatic disease. For 
patients with non-operable metastatic CRC (mCRC), 
there are no curative options, but the use of palliative 
systemic chemotherapy dramatically enhances response 
rates, progression-free survival (PFS) and overall survival 
(OS)[2-4]. Currently, few drugs have demonstrated 
effectiveness in the treatment of metastatic colorectal 
disease and patients are treated based on the use 
of three cytotoxic chemotherapies: fluoropyrimidine, 
oxaliplatin and irinotecan, associated with targeted 
therapies [anti-EGFR (panitumumab and cetuximab) 
or anti-VEGF (bevacizumab) monoclonal antibodies].

In consequence, at the end of their treatment 
sequence, many patients still have a good performance 
status and would still be able to undergo treatment; 
unfortunately, we do not have any approved and 
efficient therapies to offer. Cancer cells are characterized 
by multiple genomic alterations. This finding has led to 
the development of molecularly targeted agents that 
inhibit mutated proteins. Such drugs are theoretically 
more specific for cancer cells bearing specific 
mutations. While such targeted agents have followed 
clinical development based on tumor location, most 
genetic molecular alterations exist across tumor types 
and histologies. This observation raises the possibility 

of shifting towards the administration of drugs based 
on molecular pattern rather than on histological status. 
Improvements in genetic sequencing have made possi
ble the identification of multiple genomic molecular 
alterations in a timeframe compatible with clinical 
practice. Many retrospective and prospective trials have 
shown the usage and efficiency of off-label molecularly 
targeting agents. We report here the usage of exome 
testing in 2 patients with metastatic CRC and show for 
the first time that homologous repair deficiency could 
be targeted by poly ADP ribose polymerase (PARP) 
inhibitor in this pathology.

Sample preparation
Formalin-fixed paraffin-embedded (FFPE) tumors 
were characterized by a pathologist to determine the 
tumor cell content and sent to the molecular biology 
platform for DNA extraction. Tumor cell content was 
85% for Case 1 and 60% for Case 2. Seven 15-μm 
slices were extracted using the Maxwell 16 FFPE Plus 
LEV DNA purification kit (Promega) according to the 
manufacturer’s protocol. Corresponding normal DNA 
was extracted from 500 μl ethylenediaminetetraacetic 
acid blood samples with the Maxwell 16 Blood DNA 
Purification System (Promega) according to the manu
facturer’s instructions. DNA quality was assessed by 
spectrophotometry with absorbance at 230, 260 and 
280 nm. DNA was quantified using a fluorimetric assay 
with a Qubit device.

Two-hundred nanogram of genomic DNA from nor
mal and cancer cells were fragmented with a Covaris 
device to obtain fragments around 180-200 bp. Then, 
libraries were constructed and captured by using 
SureSelect Human All Exon v5 kit (Agilent), following 
the manufacturer’s protocol. Paired-end (2 × 151 
bases) sequencing was performed on a NextSeq500 
device (Illumina). Obtained sequences were aligned 
and annotated with the human Hg19 genome based on 
the SureSelect Human All Exon v5 manifest by using 
Burrows-Wheeler Aligne (BWA) and Genome Analysis 
toolkit (GATK) algorithms. Only sequences with a read 
depth of 10 × and a mutation allele frequency superior 
to 5% were conserved for the analysis. The analysis 
is fostered on 137 clinically relevant genes related to 
biological pathways linked to cancer predisposition or 
available targeted therapies (supplementary Table 1). 
Copy number variations were studied by using Control-
FREEC software as described[5,6].

CASE REPORT
Patient 1
A 58-year-old Caucasian male initially presented with 
abdominal pain. A CT scan, carried out in June 2011, 
revealed a metastatic sigmoid cancer with the following 
metastatic locations: mediastinal and lomboartic lymph 
nodes, lungs. A lymph node biopsy was performed 
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and the diagnosis of wild-type KRAS, NRAS and BRAF, 
moderately differentiated Lieberkühn adenocarcinoma 
was made. From 2011 to 2015, the patient received 
different chemotherapeutic regimens. In July 2015, the 
patient’s lung metastases progressed and he started 
to show symptoms such as breathlessness and a 
permanent dry cough. As no approved chemotherapy 
or targeted therapy could be proposed, we performed 
somatic and constitutional exome analyses. We 
observed 479 somatic mutations. For clinical use, we 
analyzed a short list of 137 genes. It was interesting 
to see that among the 8 altered genes (Table 1), we 
observed a SMAD4 stop mutation, which is frequently 
found in CRC. An activating mutation of AKT1 was 
observed (Q79K). It could be targetable by protein 
kinase B (AKT)/mTor inhibitors. Surprisingly, we 
observed a constitutive Chek2 mutation (R117G), a 
gene involved in the homologous repair process. This 
mutation is cited in the public database for conferring a 
predisposition to cancer. Moreover, the analysis of copy 
number variation showed a loss of heterozygosity in 
chromosome 22 (from 29091114 to 29130709) (Figure 
1A). This analysis suggested a complete deletion of 
Check2 function in tumor cells. After discussion of the 
case at the molecular tumor board, the patient was 
proposed to receive off-label PARP inhibitor olaparib 
which previously showed efficiency in patients with 
Chek2 mutation in metastatic prostate cancer[7]. One 
mo after beginning the therapy by PARP inhibitor, the 
patient declared reduction of cough and disappearance 
of breathlessness. After 3 mo we observed a reduction 
in carcinoembryonic antigen serum level (57 ng/ml to 
25 ng/ml) and a tumor size reduction upon CT scan 
(Figure 2). No hematological toxicity was mentioned. 
Patient weight increased from 62 kg to 68 kg. However, 
despite this response, the patient died suddenly at 
home 4 mo after introduction of the therapy.

Patient 2
A 49-year-old woman presented with rectal bleeding 
and diarrhea in March 2015. She underwent a colono
scopy with biopsies that revealed a KRAS mutated, well 
differentiated Lieberkühn rectal adenocarcinoma. The 
patient did not present any family history of CRC. The 
genetic testing did not show microsatellite instability. 
CT scan showed multiple, bilobar liver metastases. The 

patient was treated with FOLFIRINOX combination plus 
bevacizumab for 12 cycles. The CT scan showed major 
response in the liver and the rectum but no curative 
option could be proposed for the liver disease. Despite 
efficacy, the therapy had major toxicity with grade 3 
peripheral neuropathy which precluded further usage 
of oxaliplatin. A therapeutic pause was proposed. 
The patient refused and asked for additional therapy. 
We performed somatic and constitutional exome 
analyses. We observed 905 somatic mutations. For 
clinical use, we analyzed a short list of 137 genes and 
interestingly, among the 13 altered genes (Table 2), 
we observed a potentially pathogenic APC mutation, 
which could predispose to CRC. Moreover, a KRAS 
activating mutation (G12D), commonly found in CRC, 
was observed. What was even more interesting is that 
we observed a somatic mutation of the homologous 
repair in RAD51C (T287A) previously reported to be 
associated with a loss of function[8]. Analysis of copy 
number variable showed a loss of heterozygosity in 
chromosome 17 from 56770004 to 56801461 (Figure 
1B). This analysis suggested a complete deletion of 
RAD51C function in tumor cells. After discussion of the 
case at the molecular tumor board, the patient was 
proposed to receive off-label PARP inhibitor olaparib 
which previously showed efficacy in patients with 
RAD51 mutation in metastatic prostate cancer[7]. The 
patient received 3 mo of olaparib therapy without 
toxicity. Despite the absence of toxicity, the magnetic 
resonance imaging (Figure 2) showed tumor pro
gression. Olaparib was stopped and the patient was 
included in a phase Ⅰ clinical trial. 

As loss of TP53BP1 was previously described to be 
involved in PARP inhibitor resistance in homologous 
repair deficient breast cancer models in mice[9], we 
searched for the mutation of this gene in both patients. 
While patient 1 had a wild-type TP53PB1 gene, patient 
2 had a frameshift truncating insertion in TP53BP1 
(AG insertion at chromosomal position 17:43766919) 
(Figure 1C), thus suggesting a loss of function of the 
protein.

DISCUSSION
The use of exome sequencing in cancer has largely 
taken place in the setting of research studies, such 
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Table 1  Alterations observed for Case 1 in the short list of clinically relevant genes

Gene Nucleotide variation Protein variation Origin Impact

AKT1 c.235C>A Gln79Lys Somatic Activating
CCNE1 c.1022C>T Thr341Met Somatic Unknown
CHEK2 c.478A>G Arg117Gly Constitutive Likely pathogenic
CUL2 c.70C>T Pro24Ser Somatic Unknown
ERCC6 c.4179G>A Met1393Ile Somatic Unknown
PMS2 c.1531A>G Thr511Ala Constitutive Benign
SMAD4 c.1091T>A Leu364X Somatic Loss of function
SUFU c.1211T>C Met404Thr Constitutive Unknown
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as The Cancer Genome Atlas. However, integration of 
exome sequencing into precision cancer care remains 
a challenging issue because samples issued from 
formalin-fixed tissues (i.e., FFPE) are difficult to analyze 
(due to small size and poor quality). Furthermore, bioin
formatics approaches require detection of the wide-
spectrum of mutations with the capacity to identify 
actionable mutations at an acceptable sensitivity and it 
remains an issue. This case report is the first to suggest 
efficacy of olaparib in CRC with homologous repair 
deficiency and to demonstrate that exome sequencing 
could be used to help drug repositioning. Accordingly, 
single-agent olaparib as well as combinations with 
irinotecan were previously tested in unselected CRC 
that is resistant to standard therapy without any clinical 
efficacy[10,11]. Such data raises the hypothesis that 
olaparib activity also requires molecular testing of 
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homologous repair deficiency for CRC as requested for 
ovarian cancer. 

Homologous repair is an enzymatic complex aimed 
at repairing DNA double-strand breaks. CHEK2 and 
RAD51 play a central role in the repair of DNA double-
strand breaks performed by homologous repair[12]. After 
the detection of DNA double-strand breaks by ATM and 
CHEK2, BRCA1 is phosphorylated by these proteins. 
Rad52 binds recombinase polymerase amplification 
and displaces it to allow Rad51 binding. BRCA2 binds to 
Rad51 until BRCA2 becomes phosphorylated, releasing 
Rad51 and allowing it to localize to the double strand 
break with Rad52. Homologous repair-mediated repair 
goes on; Rad51 then forms a nucleoprotein filament 
that invades a homologous sequence and activates 
strand exchange to generate a crossover between the 
juxtaposed DNA[13]. Several studies have shown that 
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Figure 1  Genetic data of targeted alterations. A: Patient 1 presented a T>C variation in the CHEK2 gene inducing a constitutive deleterious R117G mutation (left 
panel). At the chromosomal level, it appeared that chromosome 22 harbored a loss of heterozygosity inducing (right panel) a complete inactivation of CHEK2; B: 
Patient 2 presented a A>G variation in the RAD51C gene inducing a somatic loss of function T287A mutation (left panel). At the chromosomal level, it appeared that 
chromosome 17 harbored an important loss of heterozygosity at the RAD51C locus inducing a complete inactivation of RAD51C; C: Patient 2 also harbored an AG 
insertion resulting in a frameshift truncating mutation in the TP53BP1 gene.
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the level of RAD51 protein expression is elevated in 
immortalized cells as well as in a wide variety of human 
cancer cell lines[14,15]. It is generally suggested that 
RAD51 overexpression results in an increased cellular 
resistance to radiation and some chemotherapeutic 
drugs, such as topoisomerase inhibitors or crosslinking 
agents[15-17]. In CRC, high expression of RAD51 is 
associated with poor prognosis[18]. Several in vitro 
studies have shown that an increase in RAD51 
expression stimulates homologous repair, resulting 
in greater cellular resistance to treatment with 
crosslinking agents, etoposide or irradiation[15-17]. High 
numbers of RAD51 foci in tumor biopsies were also 
positively associated with greater chemoresistance in 

breast cancer patients[19]. Chek2 is also involved in the 
colorectal oncogenesis and protein truncating mutations 
in CHEK2 have been reported to confer higher risks of 
cancer of the breast and the prostate but also CRC[20].

Biallelic invalidation of homologous repair enzymes 
are still described to be a predictive marker of response 
to PARP inhibitor like olaparib in different diseases 
such as breast, ovarian and prostate cancer[7,21-23]. 
Our report is the first one that researched biallelic 
deficiency of homologous repair enzyme in metastatic 
CRC patients and underlines that such events could 
also occur in this pathology and could be targeted.

Resistance to PARP inhibitors is a key question and 
determining a predictive biomarker is important for 
the future design of clinical trials. Three mechanisms 
of resistance have been described: restoration of BRCA 
function by additional mutations[24-26], increased Mdr1 
gene expression[27] or loss of TP53BP1[9]. Interestingly, 
TP53BP1 loss also induces resistance to the topoiso
merase I inhibitor while tumor cells remain sensitive 
to DNA crosslinking agents like platinum, may thus 
explain the good response to FOLFIRINOX.

To conclude, we believe that this case report supports 
that large genetic characterization of metastatic CRC 
patients could be useful to find molecular hits that could 
be targeted by off-label targeted therapy. PARP inhibitors 
could be particularly useful is this context. Nevertheless, 
biallelic deficiency of homologous repair enzyme is a 
prerequisite to benefit from a PARP inhibitor therapy, but 
is not always associated to a PARP inhibitor response. 
Additional resistance pathways like TP53BP1 loss must 
be determined before prescribing PARP inhibitors.
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Case characteristics
Two case of multitreated metastatic colorectal cancer patients that benefit from 
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Figure 2  Computed tomography scan of patient 1 before and after 3 
mo of olaparib (upper panel), and magnetic resonance imaging of liver 
metastasis of patient 2 before and after 3 mo of olaparib (lower panel).

Table 2  Alterations observed for Case 2 in the short list of clinically relevant genes

Gene Nucleotide variation Protein variation Origin Impact

APC c.3949G>C Glu1317Gln Constitutive Potentially Pathogenic
BRCA1 c.5180G>C Gly1727Ala Somatic Unknown
BRCA1 c.3119G>A Ser1040Asn Constitutive SNP
BRCA1 c.2521C>T Arg841Trp Somatic Neutral
FGFR4 c.1676G>A Arg559Gln Somatic Unknown
GLI2 c.1418G>A Arg473His Constitutive Unknown
JAK2 c.195A>C Glu65Asp Constitutive Unknown
JAK3 c.2164G>A Val722Ile Constitutive Activating
KDR c.2159G>A Arg720Gln Somatic Unknown
KRAS c.35G>A Gly12Asp Somatic Activating
MET c.2572G>A Val858Met Constitutive Unknown
RAD51C c.859A>G Thr287Ala Somatic Loss of function
SLC28A1 c.568G>T Ala190Ser Constitutive SNP
SLC28A1 c.1152delG Val385Ser fsX16 Constitutive Loss of function
THRA c.454C>T Arg152X Somatic Loss of function
UIMC1 c.43C>T Arg15Trp Constitutive Unknown

SNP: Single nucleotide polymorphism.
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genetic testing.

Clinical diagnosis
metastatic colorectal cancer.

Laboratory diagnosis
Whole exome sequencing revealed inactivating mutation in the homologous 
repair gene with genetic deficiency in RAD51C or Check2.

Treatment
Patients were treated with the poly ADP ribose polymerase inhibitor olaparib.

Experiences and lessons
One out the 2 patients gained clinical benefit from olaparib usage, thus 
suggesting that genetic testing could also be used in colorectal cancer to 
predict response to olaparib.

Peer-review
This case report highlighting the importance of the exome sequencing analysis 
before administering targeted therapy.
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