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Abstract
Portal hypertension is responsible for the bulk of the
morbidity and mortality in patients with cirrhosis. Drug
therapy to reduce portal pressure involves targeting
two vascular beds. The first approach is to reduce intra
hepatic vascular tone induced by the activity of powerful vasocontrictors such as angiotensin Ⅱ, endothelin-1
and the sympathetic system and mediated via contraction of perisinusoidal myofibroblasts and pervascular
smooth muscle cells. The second approach is to reduce mesenteric and portal blood flow. Non-selective
b-blockers are widely used and have been shown to
prolong patient survival and reduce oesophageal variceal bleeding in advanced cirrhosis. However many patients are unable to tolerate these drugs and they are
ineffective in a significant proportion of patients. Unfortunately there are no other drug therapies that have
proven efficacy in the treatment of portal hypertension and prevention of variceal bleeding. This review
briefly outlines current therapeutic approaches to the

WJGP|www.wjgnet.com

INTRODUCTION
Hepatic fibrosis and its end-stage sequelae of cirrhosis and liver cancer are major causes of morbidity and
mortality throughout the world and their prevalence is
rising, largely due to the increasing impact of chronic
viral hepatitis and non alcoholic steatohepatitis. Much
of the morbidity and mortality that occurs in cirrhosis
is due to the development of portal hypertension. However, despite major advances in our understanding of the
pathogenesis of portal hypertension, current treatment
options are limited.
It is clear that the renin angiotensin system (RAS)
contributes to organ dysfunction and chronic tissue injury in a range of conditions including diabetes, cardiovascular and renal disease, primarily through the vasoactive and profibrotic effects of its key effector peptide,
angiotensin Ⅱ[1]. More recently, the RAS has also been
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about 90% on long-term follow up. The risk of variceal
rupture is 10%-30% per year depending on their size
and appearance and the severity of liver disease, and
the risk of mortality from a single episode is around
15%-20% [18]. Thus prevention or control of variceal
bleeding has been the primary aim of the drug treatments that have been used in an attempt to lower portal
pressure.
In theory portal pressure should fall in response to
drugs that reduce portal inflow or those that lower intra hepatic resistance to portal inflow. The drugs most
widely used in the prevention of variceal bleeding are
non-selective b-blockers (NSBB). They reduce portal
pressure by reducing cardiac output via b-1 receptors
and causing splanchnic vasoconstriction by blocking b-2
receptors, resulting in unopposed a-1 activity. Randomized clinical trials showed NSBB reduce portal pressure
and the risk of bleeding from oesophageal varices[18-26].
However around 15% of cirrhotic patients are intolerant
of NSBB treatment, and up to 60% fail to achieve the
treatment response required to prevent variceal bleeding defined as a fall in hepatic venous pressure gradient
(HVPG) to less than 12 mmHg or a decrease of greater
than 20% from baseline[27]. Although portal pressure is
directly correlated with the presence of varices, lowering
pressure with NSBB does not prevent the development
of varices in patients with cirrhosis[28].
Another approach is to reduce intrahepatic resistance
with drugs that increase the delivery of NO to the intrahepatic circulation (e.g., nitrates), or drugs that block
a-adrenergic activity (e.g., prazosin, clonidine). Although
modest reduction in HVPG can be achieved with these
drugs, their use as monotherapy is not recommended
as they not only act on the intrahepatic circulation but
also exert a vasodilatory effect on the systemic circulation, leading to arterial hypotension[29]. A recent small
placebo-controlled randomized study showed that simvastatin, a drug that originally developed for hypercholesterolemia and shown to act through the posttranslational
modification of endothelial NOS (eNOS), significantly
reduced HVPG in cirrhotic patients without altering the
blood flow. This suggested that simvastatin improved
HVPG by reducing intrahepatic vascular resistance[30].
A number of vasoconstrictor drugs which increase
splanchnic vascular tone have been shown to be effective in controlling acute variceal bleeding. The vasopressin analogue, terlipressin, acts on vascular V1 receptors
in both the mesenteric and systemic arterial beds to mediate vasoconstriction, and as a result, the drug lowers
mesenteric inflow and portal pressure. Terlipressin is
generally well-tolerated, but there remains a small incidence of ischaemic events which respond to cessation
of the drug[31]. This drug reduces the relative risk of
mortality from acute variceal bleeding by approximately
one third[32]. Moreover, terlipressin (plus albumin) is the
only treatment shown to prolong short-term survival in
type 1 hepatorenal syndrome (HRS)[33]. Somatostatin and
its analogues octreotide and vapreotide are splanchnic

implicated in the pathogenesis of both hepatic fibrosis
and portal hypertension[2,3]. This is supported by studies
which have shown that RAS blockers are able to reduce
fibrosis in experimental models of chronic liver injury
and that they can lower portal pressure in both animal
models and in man, primarily by inhibiting angiotensin
[4-6]
Ⅱ mediated intrahepatic vasoconstriction . This review will briefly outline current therapeutic approaches
to the management of portal hypertension, and focus on
the evidence supporting the role of the RAS and the use
of RAS blockers in this condition, and recent advances
in RAS research that could lead to the development of
new treatments.

CURRENT TREATMENT OF PORTAL HYPERTENSION
The initiating mechanism for the development of portal hypertension is thought to be the development of
increased intrahepatic resistance to portal inflow. This is
mostly caused by increased deposition of extracellular
matrix and disruption of the normal hepatic vascular architecture[2]. However, a significant proportion of portal
resistance is attributable to intrahepatic vasoconstriction
which is caused by the contraction of activated perisinusoidal hepatic stellate cells and of vascular smooth
muscle cells in portal venules[7]. It is this variable component of intrahepatic resistance, mediated by powerful
intrahepatic vasoconstrictors such as angiotensin Ⅱ and
endothelin[8-11], which is potentially amenable to pharmacological therapies.
The second and equally important contributor in
the development of portal hypertension is splanchnic
vasodilatation which increases portal blood flow[12]. The
mechanisms responsible for splanchnic vasodilatation in
portal hypertension are incompletely understood, however, there is considerable evidence from both animal
and human studies to suggest that nitric oxide (NO)
generated by endothelial NO synthase (NOS) plays a
central role[13-16]. One of the key consequences of portal hypertension is the development of portosystemic
collaterals, of which the most important clinically are
oesophageal varices. These vessels divert much of the
increased mesenteric inflow away from the liver. However, even when portal blood flow is entirely diverted
through collaterals, portal hypertension persists because
of concomitant increases in portal venous inflow caused
by increasing splanchnic vasodilatation. It should be
noted that although the formation of these collaterals
has been assumed to be the result of dilatation of preexisting vascular channels, recent studies have implicated
a process of neoangiogenesis which has been shown to
contribute to both the formation of portosystemic collaterals and increased splanchnic blood flow[17].
Bleeding from oesophageal varices is responsible
for much of the mortality and morbidity that occurs in
patients with portal hypertension. Varices are present in
about 50% of patients at diagnosis, and this increases to
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beds and has been shown to act mainly via its receptor
Mas[49-54]. However, the existence of a receptor population that is insensitive to blockade with Mas receptor
blocker A779 has also been reported[54,55]. It appears that
angiotensin-(1-7), upon binding to its receptor, activates
diverse pathways of intracellular signalling, leading to
vasodilatation. For example, vasodilatory prostacyclin
and/or NO appear to be involved in the response to angiotensin-(1-7) in the regional vascular beds[50,53,54,56-58]. It
therefore appears that angiotensin-(1-7)-stimulated intracellular signaling leading to vasodilatation is depending
upon the vascular bed under study and under differing
pathophysiological condition.
Most components of the RAS are expressed in the
liver, which is the primary source of angiotensinogen
synthesis. Recent findings from our laboratory and others suggest that this intrahepatic RAS plays an important
role in liver fibrosis since it is markedly upregulated in
liver injury[11,59-61], and blockade of the RAS improves
experimental hepatic fibrosis[5,62-64]. The alternative axis
of the RAS is also expressed in the liver and upregulated
in liver disease leading to the generation of angiotensin-(1-7)[11,61,65]. The major pathway responsible for the
generation of angiotensin-(1-7) in the cirrhotic liver is
degradation of angiotensin Ⅱ by ACE2 (Figure 2)[66]
confirming previous in vitro findings that ACE2 has the
highest substrate preference towards angiotensin Ⅱ[47].
However there is limited data regarding the possible role
of the alternate RAS in liver fibrosis and in modulating
intrahepatic blood flow.

vasoconstrictors which act by inhibiting glucagon secretion and by a local mesenteric vasoconstrictive effect[34].
Although these drugs have a role in the treatment of
acute variceal bleeding in combination with endoscopic
therapy[35], they do not reduce mortality in this setting
compared to endoscopic therapy alone[35,36] and are ineffective in HRS[37].
In summary, NSBBs are widely accepted as the main
pharmacotherapy currently available for prevention of
variceal bleeding. However, a significant proportion of
patient fail to achieve an optimal response or do not tolerate treatment[27] and no other drugs have an established
role in the long-term treatment of portal hypertension.
Thus there remains a major need to develop more safe
and effective treatment options for the treatment of
portal hypertension.

NEW CONCEPTS IN RAS PHYSIOLOGY
In recent years it has been shown that the RAS is a much
more complex enzymatic pathway than previously
thought. It has been long recognized that the RAS plays
a central role in cardiovascular and fluid homeostasis via
the formation of the potent vasoconstrictor angiotensin
[38]
Ⅱ . However it is now clear that in addition to its vasoactive roles the “classical” axis of the RAS, comprising
angiotensin Ⅱ, angiotensin converting enzyme (ACE)
and the angiotensin Ⅱ type 1 receptor (AT1R), plays
a role in the wound healing response to chronic tissue
injury and contributes to inflammation, cell proliferation and fibrogenesis[39-42]. In addition an “alternate” axis
of the RAS has been characterized comprising ACE2, a
structural homologue of ACE, its peptide product angiotensin-(1-7) and the Mas receptor, which has effects
that counterbalance those mediated by the classical axis
(Figure 1).
Early studies showed that angiotensin-(1-7) can be
generated from angiotensin Ⅰ by the actions of endopeptidases such as prolyl oligopeptidase[43] and thimet
oligopeptidase[44] in tissue, and in the circulation by neutral endopeptidase[45]. Whilst the various endopeptidases
have been shown to produce angiotensin-(1-7) depending upon their tissue localization and access to substrates, emerging evidence suggests that ACE2 which has
a distinct enzyme activity[46], plays a key role in angiotensin-(1-7) production in several tissues. ACE2 is able to
generate angiotensin-(1-7) from angiotensin Ⅰ indirectly
through an intermediary peptide angiotensin-(1-9);
however, in comparison, ACE2 has an approximately
400-fold higher substrate preference for angiotensin Ⅱ[47]
which suggests that ACE2 is important not only for production of angiotensin-(1-7) but also in degrading angiotensin Ⅱ. Recently, Westwood and Chappell described
another pathway in which angiotensin-(1-7) is generated
directly from angiotensin-(1-12) or via angiotensin Ⅰ gen
eration[48].
Angiotensin-(1-7), an effector peptide of the alternate axis of the RAS, is a vasodilator in several vascular
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RAS AND INTRAHEPATIC RESISTANCE
As outlined above, in patients with cirrhosis, the development of portal hypertension results from both an
increase in the intrahepatic resistance to portal flow and
an associated vasodilatation of the mesenteric vascular
bed which leads to an increase in mesenteric blood flow.
Splanchnic and systemic vasodilatation leads to secondary activation of vasoconstrictor pathways such as the
sympathetic nervous system and the RAS in an attempt
to maintain systemic vascular filling and blood pressure[67]. However these changes fail to correct the underlying circulatory hemodynamics[68]. There is now increasing evidence that in addition to its well recognized role
in the homeostatic response to vasodilatation in cirrhosis
the RAS may also play a primary role in the pathogenesis
and maintenance of portal hypertension.
Hepatic structural changes such as tissue remodeling and scarring play a central role in increasing hepatic
resistance to portal flow in the cirrhotic liver. However,
when activated, hepatic stellate cells adopt a contractile
myofibroblast phenotype, express the AT1R and have
been shown in vitro to contract in response to angiotensin Ⅱ and other vasoconstrictors such as endothelin-1[10,69]. The vasoconstriction response to angiotensin
Ⅱ is markedly increased in the perfused cirrhotic liver
compared to normal livers, presumably mediated via
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Figure 1 Overview of the renin angiotensin system. The effects of the renin angiotensin system (RAS) are determined by the balance between the angiotensin
Ⅱ (Ang Ⅱ)-mediated “classical” axis, depicted in blue, which is vasoconstrictive and the angiotensin-(1-7) [Ang-(1-7)]-mediated “alternate” axis, depicted in orange,
which is vasodilatory. Both Ang Ⅱ and Ang-(1-7) can stimulate the Ang Ⅱ type 2 (AT2) receptor, depicted in green; the effects of which are often analogous to those
mediated by the Ang-(1-7) receptor Mas. Recent evidence indicates that a new member, Ang-(1-12), which is cleaved from angiotensinogen, also contributes either
indirectly via Ang Ⅰ or directly to the pool of Ang-(1-7). NEP: Neural endopeptidase; ACE: Angiotensin converting enzyme; ACE2: Angiotensin converting enzyme 2;
AT1 receptor: Angiotensin Ⅱ type 1 receptor.

upregulated AT1R and AT1R expressing perivascular myofibroblasts[66]. Furthermore intrahepatic angiotensin Ⅱ
generation is increased in the cirrhotic liver[66]. These
findings provide a rationale for the use of RAS blockers
in the management of portal hypertension.
There is considerable evidence that another important
contributor to elevated vascular tone in the cirrhotic liver
is endothelial dysfunction of the hepatic microcirculation
which diminishes the response to vasodilators[70]. It has
been proposed that the reduced activity of hepatic vascular eNOS with concomitant reduction in NO synthesis
impairs intrahepatic vasodilatation and thus, shifts the balance towards vasoconstriction[71]. This reduction in eNOS
activity is linked to an increase in the expression of caveolin, a protein which is highly expressed in endothelial cells
of the hepatic vasculature with predominant expression
found in venous and sinusoidal endothelial cells in cirrhotic livers[72,73]. Interestingly, the calcium binding protein
calmodulin competitively binds eNOS and reduces caveolin binding, thus increasing eNOS activity[72].
Recent findings from our laboratory demonstrated
that in in-situ perfused cirrhotic rat liver elicited a marked
endothelium-dependent vasodilatory effect of exogenous angiotensin-(1-7) on the vasoconstrictive response
evoked by angiotensin Ⅱ (Figure 3) [55]. This finding
suggests that as in other vascular beds[50,51,53,54], in the cirrhotic liver angiotensin-(1-7) may cause a vasodilatory
response that antagonizes the increase in portal pressure
mediated by angiotensin Ⅱ and other local vasoconstrictors. Although eNOS activity was not measured in this
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Figure 2 Intrahepatic enzymatic pathways of renin angiotensin system peptide production. Schematic representation of the pathways responsible for the
generation of vasodilator peptide angiotensin-(1-7) [Ang-(1-7)] in rat liver. The colour of the arrows represents the relative contribution of each pathway for ex vivo
formation of Ang-(1-7) from the substrates angiotensin Ⅰ (AngⅠ) and angiotensin
Ⅱ (Ang Ⅱ) in cirrhotic rat liver. The most efficient pathway is represented by blue
line, followed by green line. The black line is the least efficient pathway whilst
red represents the efficiency less than green but higher than black. The yellow
colour represents an efficient pathway to generate Ang-(1-7) directly from Ang Ⅰ
by the action of neutral endopeptidase (NEP) but it appears that this pathway is
masked by angiotensin converting enzyme 2 in cirrhotic rat liver. Ang-(1-9): Angiotensin-(1-9); Ang-(1-5): Angiotensin-(1-5); ACE: Angiotensin converting enzyme;
ACE2: Angiotensin converting enzyme 2; NEP: Neutral endopeptidase. Figure
was adapted from our previous publication.
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Figure 3 Angiotensin-(1-7)-induced portal pressure reduction. Portal pressure changes in response to angiotensin Ⅱ (Ang Ⅱ) in cirrhotic rat liver. Portal pressure responses were measured using a vertically positioned graduated fluid-filled column open to atmospheric pressure. Ang Ⅱ bolus (60 pmole) was injected into
the portal vein of in-situ perfused cirrhotic rat liver preparations in the presence of an angiotensin converting enzyme (ACE) inhibitor lisinopril (0.7 μmol/L). A: Percentage increases in pressure in response to Ang Ⅱ bolus in the absence (closed circles) or presence (open circles) of angiotensin-(1-7) [Ang-(1-7), 0.7 μmol/L]. The
highest pressure that was recorded 45 s after the Ang Ⅱ bolus injection was designated as 100% response and all other responses were calculated relative to this
maximal reponse. B: The total area under Ang Ⅱ response curve (AUC) in the absence (filled bar) or presence (open bar) of Ang-(1-7). Portal pressure change at
each time point in panel A and AUC in B represents the mean ± SEM from 21 cirrhotic rat liver preparations. Pre-incubation with Ang-(1-7) significantly reduced the
portal pressure response evoked by Ang Ⅱ bolus injection. aP < 0.05, bP < 0.01 vs those with Ang Ⅱ alone.

relates with systemic vascular resistance[78]. The recent
findings suggest that angiotensin-(1-7) might contribute
to vasodilatation in cirrhosis. Recent work from our laboratory provides support for this hypothesis[79]. We have
shown that ACE2 is upregulated in cirrhotic mesenteric
vessels and although angiotensin-(1-7) has no effect in
the normal mesenteric circulation, it significantly reduces
mesenteric vascular contractility in cirrhotic mesenteric
beds via activation of the Mas receptor and the release
of NO[79].
Studies using isolated vessel preparations from cirrhotic animal models or portal hypertensive rats have
led to the concept that vasodilatation is also linked to
an intrinsic vascular hyporesponsiveness to endogenous
vasoconstrictors such angiotensin Ⅱ, a-adrenergic agonists and endothelin-1[80-82]. This concept is supported by
the findings that peripheral vessels are hyporeactive to
angiotensin Ⅱ, a-adrenergic agonists and endothelin-1
from cirrhotic animals and cirrhotic patients[77,83-90], despite the fact that expression of AT1R and a-adrenergic
receptor subtypes 1a and 1b in the peripheral vessels is
either normal or upregulated in both cirrhotic animals
and patients[79,87,91]. However, previous studies in patients with cirrhosis or in peripheral resistance vessels
obtained from such patients reported variable results in
this regard[84,90,92], probably attributable to the differences
between conditions in different studies. Indeed, small
resistance omental vessels from cirrhotic patients had a
larger vasoconstriction response to a-adrenergic agonists
norepinephrine and methoxamine than similar vessels
from healthy controls[92]. The same vessels vasodilated in
response to substance P but this was inhibited by blocking NO or prostacyclin synthesis, suggesting that intrinsic hyporeactivity that is present in the peripheral circulation in cirrhosis is related to increased levels of NO

study, the eNOS inhibitor nitro-L-arginine methyl ester,
L-NAME, completely abolished eNOS phosphorylation at Ser1177 and the response to angiotensin-(1-7)[55].
Whilst bradykinin via its B2 receptor mediates vasodilatation in response to angiotensin-(1-7) in porcine and
canine coronary arteries[56,58,74], it increases intrahepatic
resistance and portal pressure[75], possibly through acting
on B2 receptors on stellate cells. However, angiotensin(1-7)-induced vasodilatation in the cirrhotic liver was not
affected by bradykinin B2 receptor blockade[55]. Possible
mechanisms for these effects of angiotensin-(1-7) in
the cirrhotic rat liver include increased phosphorylation
of eNOS Ser1177[55] with simultaneous dephosphorylation at Thr495 and/or effects on calmodulin binding[76].
These findings suggest that it may be possible to reduce
intrahepatic resistance and portal pressure by targeting
the alternate axis of the RAS in the liver.

RAS AND SPLANCHNIC VASODILATATION
In contrast to intrahepatic hypervascular tone, the systemic and splanchnic circulation in cirrhosis is characterized
by vasodilatation and hyporesponsiveness to vasoconstrictors including angiotensin Ⅱ[8,67,77]. Interestingly, recent
studies have shown that systemic levels of the vasodilatory peptide angiotensin-(1-7) increase as liver fibrosis
progresses, whereas angiotensin Ⅱ levels do not generally rise until cirrhosis is established with concurrent
portal hypertension[65,78]. Furthermore, regional levels of
the hormone are different from systemic levels such that
in cirrhotic patients at transplant, the angiotensin-(1-7)/
angiotensin Ⅱ ratio is elevated in the splanchnic compared to the peripheral circulation, and negatively cor-
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and prostanoids[93-95]. Hyporeactivity to angiotensin Ⅱ
infusion is also improved after inhibiting systemic NO
production using an NO-clamp in cirrhotic patients[85].
This is in keeping with a wealth of literature suggesting
that vasodilatory molecules including angiotensin-(1-7)
are produced in excess in cirrhosis and that the final in
vivo pressor effect is governed by a balance between the
pressor and depressor arms of the circulation[96].
There are also data, from both in vitro and in vivo
studies, suggesting that vascular hyporeactivity to a
range of endogenous pressors is attributed to changes
that are downstream of the G-protein coupled receptors[86-88]. Evidence supporting the existence of vascular
endothelium/NO independent pathways comes from
studies in which endothelium denudation and pharmacological blockade of NOS in isolated vessels from cirrhotic animals and patients failed to improve vascular
hyporeactivity to a range of vasoconstrictors[83,84,86,87,97-99].
One of the important NO-independent pathways is an
impaired signaling by RhoA and Rho kinase, leading to a
decreased phosphorylation of Ca2+-sensitizing proteins
and increased myosin light chain phosphatase activity[87].
Moreover, increased expression of receptor desensitizing proteins, G protein-coupled receptor kinase 2 and
b-arrestin-2, have also been implicated in this hyporeactivity to angiotensin Ⅱ in vessels isolated from cirrhotic
patients and rats[87]. It was also shown that mesenteric
arteries from portal hypertensive rats had a reduced level
of membrane associated RhoA, probably reflecting a
diminished activity of RhoA/Rho kinase pathway which
in turn results in increased activity of myosin light chain
phosphatase and vasodilatation[68,100].

tal pressure in early cirrhotic patients where the activation of RAS may be a predominant pathway responsible
for increased intrahepatic tone, they have less effect in
late stages of cirrhosis. This probably reflects the fact
that the hypotension induced by RAS blockers increases
activation of other vasoconstrictive pathways such as the
sympathetic nervous system that in turn increase intrahepatic vascular tone[2,8,101-103]. Further studies are needed
to clarify whether this class of drugs could be useful in
the prevention of variceal bleeding in patients with compensated cirrhosis as an alternative to or possibly even in
combination with b-blockers.
Alternate RAS-a novel potential target for the treatment
of portal hypertension
Recent animal studies focusing on the alternate RAS
have led to the suggestion that new generation antihypertensives developed to target this axis could serve as
effective therapeutic agents to treat arterial, pulmonary
and portal hypertension[1,65,104,105]. Recent work outlined
in this review demonstrates the presence of all of the
key components of the alternate RAS in the liver and
mesenteric vasculature of both healthy and cirrhotic
animals as well as in the liver of healthy and cirrhotic patients[11,61,66,79]. Furthermore circulating angiotensin-(1-7)
levels are increased[11,65,78] and the system is upregulated
in the liver and mesenteric circulation in cirrhosis suggesting that it plays an important role in the pathophysiology of hepatic fibrosis and portal hypertension (Figure
4). This evidence linking elevated angiotensin-(1-7) levels
to mesenteric and systemic vasodilatation in cirrhosis
suggests that blocking the alternate axis could reduce
mesenteric flow and thus lower portal pressure. In line
with this, Mas receptor blockade would provide an intervention option in portal hypertension[79] as this treatment
regime does not appear to compromise the vasodilatory
response of angiotensin-(1-7) within the hepatic vasculature in experimental cirrhosis[55]. Further studies are
clearly needed examining the effects of Mas blockade
and angiotensin-(1-7) on hepatic and mesenteric haemodynamics in experimental cirrhosis in vivo.

THERAPIES TARGETING THE RAS IN
PORTAL HYPERTENSION
Therapeutic potential of the classical RAS
The evidence from studies in experimental cirrhosis
showing the angiotensin Ⅱ contributes to the variable
component of intrahepatic resistance in portal hypertension have provided a rationale for a number of trials
examining the effects of ACE inhibitors and angiotensin
receptors blockers (ARBs)[3,23,87] on portal pressure. Unfortunately many of these studies are small or non-randomized and there is very little long-term data. However
Tandon et al[23] in a recent meta-analysis of individual
patient data from three and nine studies that used ACE
inhibitors and ARBs, respectively, showed that patients
with Child Pugh A cirrhosis receiving ARBs/ACE inhibitors had a similar reduction in HVPG (17%) compared
to patients with Pugh A cirrhosis that received NSBB
(21%). There was no improvement of HVPG in patients
with Child Pugh B/C cirrhosis receiving ARBs. Furthermore, several studies reported that RAS blockade can
result in significant hypotension and renal impairment in
patients with decompensated (Child Pugh B/C) cirrhosis[23] in whom there is activation of the systemic RAS.
Thus, although ARBs/ACE inhibitors do lower por-
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CONCLUSION
Recent developments in our understanding of the complexities of the RAS and its role in the pathogenesis
of chronic liver disease and portal hypertension have
opened up new therapeutic possibilities. It is clear that
the classical axis of the RAS and its key effector peptide
angiotensin Ⅱ play a central role in hepatic fibrogenesis
and in regulating intrahepatic vascular tone in cirrhosis
and that despite the mixed results achieved in previous
trials, consideration should be given to further prospective studies examining the effects of RAS blockers in
patients with compensated cirrhosis. There is also fascinating new evidence showing that there is increased
regional production of angiotensin-(1-7) in the mesenteric vascular bed in cirrhosis, and that this vasodilatory
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peptide of the alternate axis of the RAS, contributes to
mesenteric vasodilatation and the hyperdynamic circulation in cirrhosis. These novel data suggest that ACE2angiotensin-(1-7)-Mas receptor axis is a potential target
for the management of portal hypertension.
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Abstract
AIM: To assess the activation of platelets and their
phagocytic activity in the course of gastric cancer.

INTRODUCTION
Gastric cancer is the second most common cause of deaths due
to cancer worldwide[1]. Approximately 900 000 new cases
of gastric cancer are diagnosed every year. The risk factors include first of all Helicobacter pylori (H. pylori) infection,
which leads to chronic inflammation of the gastric mucosa
and intestinal metaplasia. Irrespective of histological type,
gastric cancer is characterized by high malignancy and high
incidence of lymph node involvement and distant metastases. Survival prognosis depends on tumor staging and the
presence of metastases. Gastric cancer is usually located in
the pyloric antrum and in the pylorus, but in 25% of cases
in the body and bottom of the stomach. As the clinical
symptoms of gastric cancer are frequently nonspecific, it is
diagnosed only at the advanced stage[2]. Therefore, there is
a continuous search for alternative uses of diagnostic markers that would allow early detection of gastric cancer[3].
The proinflammatory cytokines, interleukin (IL)-6 and

METHODS: Forty-three gastric cancer patients were
recruited to the study. The patients were divided into 3
groups depending on tumor stage. Group E included 6
patients with early gastric cancer; group A 18 patients
with locally advanced cancer; and group M-19 with
metastatic cancer. The investigations were performed
twice, prior to surgery and 12-14 d afterwards.
RESULTS: The platelet count and the level of soluble
platelet selectin (sP-selectin) were found to increase
with the disease progression. The level of sP-selectin
was lowest in early cancer and was observed to increase after surgery in all the study patients. Irrespective of tumor stage, a statistically significant decrease
was noted in the percentage of phagocytizing platelets
and in the phagocytic index in gastric cancer patients
as compared to healthy subjects. Despite increased
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cordance with the Guidelines for Good Clinical Practice.
The study was approved by the Bioethics Committee of
the Medical University of Bialystok (RI-002/154/2009).
Venous blood collected for clot was used as the material
for analysis.

IL-23, which are released during H. pylori infection and
which strongly inhibit secretion of gastric juice, are involved in the pathogenesis and development of tumors.
They facilitate tumor growth by inhibiting apoptosis of
tumor cells and by inducing angiogenesis within the tumor.
Platelets play an active part in cancerous diseases through
secreted proinflammatory factors, chemokines and growth
factors. Tumor cells exhibit prothrombotic effect by inducing platelet aggregation and by platelet activation. Upon
platelet activation, platelet surface P-selectin binds to ligand
CD24 present on tumor cells, causing their adherence to
endothelial cells. P-selectin plays a key role both in inflammatory processes and in the pathogenesis of thrombosis in
[4]
cancer patients .

Assessment of platelet phagocytic activity
About 1 mL of ACD (a mixture of citric acid and glucose) was added to 5 mL of venous blood collected for
heparin at a concentration of 50 IU/mL blood. ACD
prevents platelet aggregation by inhibiting thromboxane
synthesis by platelets and reduces plasma pH, to 6.5,
which decreases the physiological ability of platelets to
agglutinate. Blood platelets were isolated by double centrifugation, taking advantage of the differences in the
specific weight of the respective morphotic elements of
blood. Whole blood was centrifuged at 250 g for 12 min,
plasma was withdrawn to another test-tube and then
centrifugation was repeated at 1500 g for 20 min. Some
plasma (2 mL) was left over the platelet sediment and the
sedimented platelets were suspended in it by gentle stirring with a plastic pipette. This platelet-rich plasma (PRP)
was supplemented with 0.1 mL ACD to prevent platelet
aggregation. In the PRP obtained in this way, erythrocytes and leukocytes did not exceed 1/1000 platelets[9].

Blood platelets also exhibit the ability to phagocytize
viruses, bacteria or immune complexes. They become
activated and change in shape and surface properties:
this is accompanied by the formation
of phagosomes
[5-7]
containing proteolytic enzymes .
The study objective was to find out whether and how
gastric cancer-related inflammation affects platelet activation and whether it changes their phagocytic functions.
IL-6 was used as an inflammatory marker in gastric cancer patients.

MATERIALS AND METHODS

Bacteria used for the phagocytic activity of blood
platelets
Staphylococcus aureus ATCC 6538P strain was used for
the study. The bacteria were cultured on an agar slant
for 20 min, then rinsed off with 10 mL of phosphate
buffer (PBS) and centrifuged at 1500 g for 20 min. The
centrifuged bacterial sediment was rinsed with PBS three
times and centrifuged again. The number of bacteria in
the suspension was determined spectrophotometrically,
by measuring optical density of the suspension. The suspension containing 120 × 106 - 140 × 106 bacteria, used
to examine the phagocytic and bactericidal activity, corresponds to an optical density of T-63 at a wavelength
of 540 nm. The bacteria were grown on the agar medium and counted. The suspension was diluted with PBS
to obtain the platelet/bacterium ratio of 1:1.
Platelet phagocytic activity was determined by measuring the percentage phagocytizing cells and the phagocytic
index; whereas bactericidal activity was determined by
calculating the difference between the number of bacteria phagocytized by platelets and the number of phagocytized bacteria which survived within platelets.

The study involved 43 gastric cancer patients treated at
the Second Department of General and Gastroenterological Surgery, Medical University of Bialystok. The
group consisted of 32 men (M) and 11 women (F), aged
31-76 years (mean age 55.4 years). The patients were divided into 3 groups by cancer (adenocarcinoma) stage[8].
Group Ⅰ (E) included 6 patients (4 M, 2 F) with early
stage, group Ⅱ (A) had 18 patients (13 M, 5 F) with locally advanced stage and group Ⅲ (M) had 19 patients (15
M, 4 F) with cancer metastases. According to the UICC
classification, in group E there were 5 stage Ⅰ patients
(12%) and 1 stage Ⅱ patient (2%), in group A - 7 stage
ⅢA patients (16%) and 11 stage ⅢB patients (26%),
and in group M - 19 stage Ⅳ patients (44%) (Table 1).
All the patients were qualified for surgery. In 34 cases
the surgery involved total gastrectomy and regional
lymphadenectomy, omentectomy and splenectomy. In 8
of these patients, treatment was extended to pancreatic
tail resection. Four patients with less advanced cancer
underwent Billroth Ⅱ gastrectomy with regional lymphadenectomy. Due to the stage of the cancer, in 5 patients
treatment was limited to gastrointestinal anastomosis.
Examinations were carried out twice, before surgery (E1,
A1, M1) and 12-14 d after surgery (E2, A2, M2).
The control group (C) consisted of 40 healthy subjects (aged 20-45 years), including 22 M and 18 F. Statistical analysis of all the parameters, including age and
sex, was performed within the study groups and in the
control group. Results were analyzed using Statistical 8.0
program.
All the patients gave their consent to the study in ac-
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Determination of the percentage of phagocytizing platelets
Bacterial suspension and PRP were incubated at 37 ℃
for 6 min, and then mixed at 75 g. After incubation,
smears were made and then stained with the Pappenheim
method, for 1 h using Giemsa reagent. The stained preparations were evaluated in a light microscope at × 1400
magnification. The percentage of phagocytizing platelets
was described as the percentage of phagocytizing platelets
per 1000 other cells in the preparation.
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only this value was found to differ statistically significantly compared to the control group (P < 0.05). In the
other groups, the increase was not statistically significant
in comparison with the control group. A statistically
significant difference in the level of sP-selectin was observed between the groups A1 and A2 (Table 2).
The level of IL-6 was found to be markedly higher
in the groups prior to surgery (E1, A1 and M1) as compared to the control, the differences being statistically
significant (Table 2).
Statistically significant differences were noted in the
percentage of phagocytizing platelets between groups
E and A, before and after surgery. In the study groups
E1, A1 and M1 the percentage values of phagocytizing
platelets were statistically significantly lower than those
obtained in the control group (P < 0.001) (Table 3).
The phagocytic index was statistically significantly
lower in the groups before surgery (E1, A1 and M1) as
compared to the control (Table 3).

Table 1 Stage of gastric cancer n (%)
Group tested
Tumor stage
(TNM classification)

Depth of tumor invasion

Lymph node metastases

Distant metastases

Ⅰ+ Ⅱ
6 (14)
Ⅲ
18 (42)
Ⅳ
19 (44)
T1
2 (6)
T2
4 (13)
T3
15 (47)
T4
11 (34)
N0
7 (17)
N1
4 (9)
N2
13 (31)
N3
18 (43)
M0
9 (47)
M1
10 (53)

DISCUSSION
Gastric cancer is accompanied by inflammation and at
the same time by impairment of immune mechanisms.
H. pylori is responsible for gastric mucosa inflammation,
resulting in the stimulation of neutrophils and macrophages, and in an increased production of reactive
oxygen species. Chronic inflammation and reduced secretion of hydrochloric acid lead to stomach ulceration
or, by causing intestinal metaplasia of the stomach, turn
into dysplasia, which is considered a precancerous condition[10]. Platelets take an active part in the initiation and
development of the inflammatory process by adhering
to the cells of the vascular walls and by the release of
chemokines, cytokines, proteases and procoagulants[11].
Cancer cells undergo proliferation under the effect of
epidermal growth factor, platelet-derived growth factor (PDGF) and insulin-like growth factor-1 released
from blood platelets. Vascular endothelial growth factor (VEGF) and angiopoietin exert a pro-angiogenic
effect[12-14]. Fibrinogen, fibronectin, vitronectin and vWf
enhance platelet-endothelium adhesion by the formation of connections between GPⅡb-Ⅲa and integrin
αvβ3 or intercellular adhesion molecule-1. Adhesion
molecules belonging to the P-selectin group have a special function during aggregation of platelets and cancer
cells. P-selectin translocated from α-granules onto the
platelet surface during platelet activation facilitates their
interaction with endothelial cells, monocytes, neutrophils
and lymphocytes. Cancerous diseases are usually accompanied by overproduction of platelets. Thrombocytosis,
which can be the cause of increased risk of metastases,
has been observed in the cancer of the stomach, colon,
lungs, kidneys, prostate and reproductive organs[15,16].
IL-6 is a mediator of platelet production and a direct
stimulator of megakaryocytes[15]. Ikeguchi et al[17] showed
the usefulness of IL-6 determination in the diagnosis of
gastric cancer. They found a statistically significant cor-

Determination of the phagocytic index
The phagocytic index was determined using 100 phagocytizing platelets. The index was calculated as the mean
number of phagocytized bacteria per single platelet according to the formula: phagocytic index = number of
phagocytized bacteria/number of phagocytizing platelets. Platelet count (PLT) was determined using a hematological analyzer (ADVIA 2120, Siemens). The level
of soluble platelet selectin (sP-selectin) was determined
by the enzyme-linked immunosorbent assay (ELISA)
method using Quantikine human kit (R and D Systems,
United States). The level of IL-6 was determined by the
ELISA method using Quantikine human kit (R and D
Systems, United States).
The results were subjected to statistical analysis using the program Statistica 8.0. The differences were
considered statistically significant when the value of
the test function was at the level of significance set at
P < 0.05. The Kolgomorov consistency test was used
for features consistent with normal distribution, the
t-Student test for comparisons between the groups and
the Mann-Whitney test for traits inconsistent with this
distribution.

RESULTS
PLT in patients with early gastric cancer (E1 and E2)
and with locally advanced cancer (A1 and A2) before
and after surgery differed statistically significantly (P <
0.05). PLT in these groups increased statistically significantly after surgery (Table 2).
The level of sP-selectin was lowest in group E1 and
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Table 2 Mean values of platelet counts, levels of soluble platelet-selectin and interleukin-6 in cancer patients-early carcinoma-E advanced carcinoma with lymph node involvement-A, metastatic cancer-M and in control group (mean ± SD)
PLT
Study group E1

Study group E2

Study group A1

Study group A2

Study group M1

Study group M2

Control group C

247.33 ± 42.92
E1 vs C
0.8 < P < 0.9
662.83 ± 335.23
E1 vs E2
P < 0.05
E2 vs C
P < 0.05
344.28 ± 266.40
A1 vs C
0.05 < P < 0.1
584.25 ± 237.54
A1 vs A2
P < 0.05
A2 vs C
P < 0.01
335.84 ± 154.08
M1 vs C
P < 0.01
451.55 ± 210.74
M1 vs M2
0.2 < P < 0.3
M2 vs C
P < 0.01
247.78 ± 44.74

sP-selectin

IL-6

67.93 ± 74.49
E1 vs C
P < 0.05
153.37 ± 174.59
E1 vs E2
0.5 < P < 0.6
E2 vs C
0.6 < P < 0.7
193.23 ± 143.70
A1 vs C
0.05 < P < 0.1
278.54 ± 158.64
A1 vs A2
P < 0.001
A2 vs C
0.2 < P < 0.3
173.71 ± 116.79
M1 vs C
0.1 < P < 0.2
178.96 ± 84.56
M1 vs M2
0.1 < P < 0.2
M2 vs C
0.5 < P < 0.6
130.38 ± 48.35

20.68 ± 6.31
E1 vs C
P < 0.01
10.90 ± 8.43
E1 vs E2
0.1 < P < 0.2
E2 vs C
0.05 < P < 0.1
11.51 ± 8.44
A1 vs C
P < 0.001
20.42 ± 12.88
A1 vs A2
0.2 < P < 0.3
A2 vs C
P < 0.05
8.44 ± 5.63
M1 vs C
P < 0.001
15.26 ± 12.73
M1 vs M2
0.1 < P < 0.2
M2 vs C
P < 0.05
2.45 ± 1.44

PLT: Platelet count; sP-selectin: Soluble platelet selectin; IL: Interleukin.

of IL-6 indicated disease progression and higher malignancy, and was thus an unfavorable prognostic factor.
The level of IL-6 was found to correlate with the disease
stage and increased in gastric cancer relapse[18]. Ashizawa
et al[19] described the importance of IL-6 measurement
in gastric cancer patients with local lymph node involvement and distant metastases. Due to its pyrogenic action,
IL-6 is responsible for cachexia, fever, body mass reduction and other devastating symptoms of tumor progression. Determination of IL-6 can be a prognostic factor
of survival in gastric cancer patients[19-21]. In our study,
the level of IL-6 was found to increase in all gastric cancer patients. Its values were the highest in patients with
early cancer (over an 8-fold increase), whereas the lowest
in those with metastases (over a 3-fold increase), as compared to the control group. This seems to confirm that
inflammation can be the primary stage of the neoplastic
process. When the inflammatory process begins to extinguish, neoformation develops intensively. PLT was
found to increase along with disease progression.
Platelets are a rich source of pro- and anti-angiogenic
factors that regulate the process of tumor growth. The
angiogenesis-stimulating factors include tumor necrosis factor-α, PDGF, granulocyte-macrophage colonystimulating factor, IL-6 and metalloproteinases. After
angiogenesis initiation, platelets adhere to vascular endothelium and aggregate. It has been shown that VEGF
released from platelets stimulates the development of
megakaryocytes and platelets, activates endothelial cells
to release vWF, and thus facilitates platelet adhesion to

Table 3 Assessment of phagocytic activity of blood platelets in gastric cancer patients-E, -A, -M and in control group
(mean ± SD)

Study group early
carcinoma E1
Study group early
carcinoma E2

Study group advanced
carcinoma with lymph
node involvement A1
Study group advanced
carcinoma with lymph
node involvement A2

Study group metastatic
cancer M1
Study group metastatic
cancer M2

Control group C

Percentage of phagocytizing platelets

Phagocytic
index

1.08 ± 0.08
E1 vs C
P < 0.001
1.27 ± 0.10
E1 vs E2
P < 0.05
E2 vs C
P < 0.01
1.10 ± 0.11
A1 vs C
P < 0.001
1.23 ± 0.08
A1 vs A2
P < 0.05
A2 vs C
P < 0.001
1.13 ± 0.10
M1 vs C
P < 0.001
1.20 ± 0.12
M1 vs M2
0.2 < P < 0.3
M2 vs C
P < 0.001
2.26 ± 0.57

1.02 ± 0.04
E1 vs C
P < 0.001
1.07 ± 0.05
E1 vs E2
0.05 < P < 0.1
E2 vs C
P < 0.01
1.02 ± 0.11
A1 vs C
P < 0.001
1.03 ± 0.06
A1 vs A2
0.7 < P < 0.8
A2 vs C
P < 0.001
1.0 ± 0.07
M1 vs C
P < 0.001
1.05 ± 0.08
M1 vs M2
0.7 < P < 0.8
M2 vs C
P < 0.001
1.83 ± 0.37

relation between IL-6 and tumor stage. An elevated level
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the vascular wall[22,23].
According to Park et al[24], the statistically significantly lower values of MPC in gastric cancer patients are
caused by degranulation and release of granular contents
following platelet activation. Osada et al[25] found no
statistically significant differences in the platelet count
between gastric cancer patients and control subjects. The
number of CD62P antigens on the platelet surface after TRAP activation in gastric cancer patients increased
from 6 to 12 times as compared to a 3-fold increase in
healthy subjects. The large number of glycoproteins on
the platelet surface observed in gastric cancer after platelet activation in vitro may indicate prothrombotic tendencies. Platelets exhibited far greater activity, with their
number remaining unchanged.
During platelet activation, the membranes of platelet
α-granules combine with the platelet cell membrane,
whereas P-selectin is expressed on the surface as CD62P
receptor. Part of the extracellular domain is rinsed off
to the blood and occurs as sP-selectin, which has a long
half-life and is a good plasma marker to assess platelet
activation. An increase in the level of sP-selectin is accompanied by a decrease in P-selectin expression on the
platelet surface. Soluble P-selectin is a marker of platelet
hyperactivity, endothelial dysfunction and inflammation,
and may serve as a biomarker associated with venous
thrombosis in the course of cancer. At the same time it
plays a major role linking inflammation with thrombosis[26].
Ikeda et al[27] reported a slight, statistically insignificant difference in the level of sP-selectin determined in
gastric cancer patients before and after surgery. However, in our study the level of sP-selectin was statistically
significantly lower only in patients with early cancer
(group E) as compared to the control, and it was accompanied by the lowest platelet count. In this group,
the level of IL-6 was the highest, which suggested acute
inflammation. The decrease in the platelet count may be
due to their consumption at the site of the inflammatory and then neoplastic process. The lowest level of sPselectin seems to confirm earlier activation of platelets
and disintegration of sP-selectin. In the other groups of
patients, an increase in platelet count was accompanied
by a rise in sP-selectin, although the differences were not
statistically significant. The increased level of sP-selectin
reflects intravascular platelet activation.
P-selectin takes part in the process of platelet aggregation and in interactions with cancer cells. Platelets
bind to cancer cells and form aggregates around them,
thus protecting them against the host immune system
and in consequence allowing survival and formation of
metastases. Factors released from tumor cells, e.g., cancer procoagulants, thrombin, adenosine diphosphate,
tissue factor show the capacity of direct platelet activation. Therefore, a correlation can be found between the
level of sP-selectin, platelet count and their activation.
Adhesion molecules, such as integrins and glycoproteins
are involved in the formation of the platelet-tumor cell
aggregates and metastases. The increased expression of
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P-selectin on the platelet surface is strongly related to the
occurrence of metastases and therefore the blockade of
P-selectin can be used to inhibit the formation of cancer
metastases[13].
Blood platelets exhibit the capacity of phagocytizing
and digesting bacteria independently. The process of
phagocytosis lasts only 6 min, i.e., it is 5-times faster than
in granulocytes. It also seems to be more efficient as the
platelet count is 40-times higher and platelets remain in
the circulation after digesting bacteria[6]. Platelet activation involves release of defensins, as well as Platelet
factor 4 and CXC chemokine ligand 4 belonging to the
family of chemokines, which show bactericidal properties. These actions are aided by H2O2 and reactive oxygen
species that have a toxic effect on bacteria[28]. However,
White[29] questions the ability of platelets to phagocytize
bacteria, claiming that platelets can absorb but not kill
them, which is due to the fact that platelet lysosomes do
not contain myeloperoxidase. He believes that the mechanism of bacterial absorption is in their sequestration by
the open canalicular system, through which P-selectins
are transported to the platelet surface.
We noted a statistically significant decrease in the
percentage of phagocytizing platelets and the phagocytic
index in gastric cancer patients irrespective of staging, as
compared to healthy subjects. Despite increased platelet
count and thrombocytopoiesis stimulation, the phagocytic functions of blood platelets are markedly impaired.
It seems that cancer development reduces the effectiveness of the ongoing metabolic processes. The decreasing
phagocytic activity of platelets can promote both inflammatory processes and neoplastic metastases.
A decreased phagocytic activity of blood platelets
indicates directly that the mechanisms of nonspecific
immunity are impaired. On the other hand, an increased
level of sP-selectin suggests platelet stimulation and their
continuous activation in the course of gastric cancer. A
growing tumor promotes platelet stimulation and activation. The lowest platelet count and the lowest level of
sP-selectin were observed in early cancer, which seems
to confirm the involvement of platelets in the formation
of inflammatory foci and their intravascular activation.
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RESULTS: Thirteen patients were included in the
study, 7 (53.5%) of them were treated with gancyclovir and 6 (46.5%) were not. Patients treated with antivirals presented with a more severe disease and 57%
of them were treated with cyclosporine or infliximab
before initiation of gancyclovir, while none of the patients without antivirals required rescue therapy. One
patient died and another patient underwent urgent colectomy during hospitalization, both of them from the
gancyclovir-treatment group. For the entire follow-up
time (13 ± 13 mo), a total of 3 colectomies and one
death occurred, all among the antiviral-treated patients
(for colectomy: 3/7 vs 0/6 patients, P = 0.19; for combined adverse outcome: 4/7 vs 0/6 patients, P = 0.07).
In 9/13 patients, immunohistochemistry for CMV was
performed on biopsies obtained during a subsequent
colonoscopy and was positive in one patient only.
CONCLUSION: Gancyclovir-treated patients had a
more severe disease and outcome, probably unrelated
to antiviral therapy. Immunohistochemistry-CMV-positive patients with mild disease may recover without
antiviral therapy.

Abstract
AIM: To compare the clinical outcome of cytomegalovirus (CMV)-positive ulcerative colitis (UC) patients
with and without antiviral therapy.

© 2013 Baishideng. All rights reserved.

Key words: Ulcerative colitis; Cytomegalovirus; Gancyclovir; Cyclosporine; Immunohistochemistry

METHODS: This was a retrospective case-controlled
study. The database of UC patients in our institution
was scanned for documented presence of CMV on colonic biopsies. Demographics, clinical data, endoscopy
findings and pathology reports were extracted from the
patients’ charts and electronic records. When available,
the data from colonoscopies preceding and following
the diagnosis of colonic CMV infection were also ex-
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Histological examination
All samples were examined by an experienced gastrointestinal pathologist for evidence of a cytopathic damage
(inclusion bodies) on HE stains.

INTRODUCTION
Cytomegalovirus (CMV) infection is very common in the
healthy adult population, with reported rates of CMVIgG positivity of up to 100%, depending on the age and
geographical location[1]. In immuno-compromised patients (post-solid organ transplantation, chemotherapytreated, human immunodeficiency virus, recipients of
immunosuppressive drugs, for instance), CMV infection
or reactivation may lead to a systemic disease or endorgan involvement manifesting as severe pneumonitis,
hepatitis or colitis[2].
In patients with acute severe ulcerative colitis, CMV
has been reported to be present in the colonic tissue of
21%-34% of patients and of 33%-36% of steroid refractory cases, respectively[3].
The clinical significance of detecting CMV in UC
patients remains debatable[4,5]. It has been suggested that
CMV infection may be a marker of a more severe disease that is more likely to be refractory to corticosteroid
and immunosuppressive therapy[6,7]. Conversely, some
authors suggest that CMV may only be an "innocent
bystander", reflecting a remote infection of the involved
mucosa and lacking a significant impact on patient outcome[8,9].
Several laboratory techniques are employed for the detection of CMV colitis, including hematoxylin and eosin
(HE) staining for evidence of a cytopathic damage in epithelial cells, immunohistochemistry (IHC) and polymerase
chain reaction (PCR). As most of the patients who are
tested for CMV in the colonic mucosa are afflicted with
a severe and treatment-resistant disease, the vast majority
of them are treated with antiviral medications (gancyclovir, foscarnet) upon the diagnosis of CMV. However, the
clinical benefit of this strategy is still not clear due to a
paucity of reports of the outcome of CMV-positive patients who were not treated with antivirals.
In this manuscript, we describe the clinical course
and outcome of 6 patients with ulcerative colitis who
tested positive for CMV in the colonic mucosa but did
not receive antiviral therapy, in comparison to 7 patients
who were treated with anti-viral medications.

CMV immunostaining: IHC staining for CMV was
performed on all samples. Briefly, formalin fixed tissues
from patients were dehydrated, embedded in paraffin and
sectioned at 4 µm. A positive control was added on the
right side of the slides. The CMV immunostaining was
calibrated on a Benchmark XT staining module (Ventana
Medical Systems). The slides were warmed to 60 ℃ for 1
h and after that processed to a fully automated protocol.
Briefly, after sections were dewaxed and rehydrated, a Protease 2 (Ventana Medical Systems) pretreatment during 8
min for antigen retrieval was selected. The CMV antibody
(Clones CCH2 + DDG9, M0854, Dako) was diluted 1:25
and incubated for 24 min at 37 ℃. Detection was performed with iView DAB Detection kit (Ventana Medical
Systems). Counterstaining was performed for 4 min in
hematoxylin (Ventana Medical Systems). After the automated staining was completed, the slides were dehydrated
in 70% ethanol, 95% ethanol and 100% ethanol for 1 min
in each ethanol concentration. Before cover-slipping, the
sections were cleared in xylene for 1 min and mounted
with Entellan.
Statistical analysis
The demographic and clinical parameters of CMV-positive patients treated with gancyclovir were compared to
those of patients who did not receive antiviral therapy.
Continuous variables were analyzed by student t-test
for continuous variables and Fisher exact test for categorical variables. P < 0.05 was considered significant.
The analysis was performed with Medcalc statistical software version 11 (Mariakerke, Belgium).

RESULTS
Patient characteristics
Thirteen patients were included in the study, 7 of whom
received antivirals. The clinical and demographic characteristics of the patients are shown in Table 1. Patients in
the antiviral-treated group had a longer duration of disease (14.2 ± 9.3 years vs 3.5 ± 1.8 years, P = 0.008). Ten
patients required hospitalization for severe exacerbation
of ulcerative colitis, whereas three were treated as outpatients.
Nine out of the 10 (90%) hospitalized patients were
treated with systemic corticosteroids on admission. Four
patients received second-line treatment (3 patients-cyclosporine, 1 patient-infliximab).

MATERIALS AND METHODS
Patient selection
This was a retrospective case-cohort study. The study
cohort included all patients who were in Sheba Medical
Center between 2007 and 2011 for an exacerbation of
ulcerative colitis and who tested positive for CMV by
IHC in colonic biopsies. Patients with Crohn’s disease or
indeterminate colitis were excluded from the study.
Data collection
Clinical, endoscopic and laboratory data were retrieved
from the patients' charts and electronic records. When
available, endoscopic and pathological data from previous (before the index episode) and subsequent colonoscopies were also extracted.
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Diagnosis of CMV
Immunochemistry for CMV was positive in all patients
(Figure 1A). Cytopathic changes consistent with CMV
infection in the form of inclusion bodies (Figure 1B)
were detectable in only 2/13 (15%) of the patients (both

19

February 15, 2013|Volume 4|Issue 1|

Kopylov U et al . CMV-positive ulcerative colitis and antivirals

A

DISCUSSION

B

In this case series, we have compared the outcome of
CMV-positive UC patients who were treated with antivirals with the outcome of patients who received conventional anti-inflammatory therapy. In general, the latter
group presented with a milder disease, as reflected by the
fact that only half of them (3/6) were hospitalized and
none required salvage cyclosporine or infliximab treatment. The long-term outcome of these patients during
extended follow-up was also favorable.
Although evidence of CMV infection in the inflamed
colonic mucosa of inflammatory bowel disease (IBD)
patients is quite common, reportedly higher in steroidresistant patients[10,11], the actual clinical significance of
this finding remains unclear. Cytomegalovirus is trophic
for inflamed and replicating tissue and commonly affects
patients on systemic immunosuppression[3,4]. Evidence
of viral shedding and replication is often found in IBD
patients, almost exclusively in the inflamed mucosa[1].
However, it remains unsettled whether the presence of
virus in the tissue is a trigger or a byproduct of the inflammation. Moreover, studies of the outcome of CMV
colitis in IBD rarely include a detailed description of the
non-treated cohort, thereby hampering our knowledge
on the true impact of this viral infection. In addition,
the definitions of CMV infection vary significantly and
depend on the diagnostic technique employed.
Earlier reports have included steroid-resistant patients with evidence of CMV-induced cytopathic damage on HE staining (“inclusion bodies”)[10,12,13]. These
patients had a severe disease and high rates of colectomy
(up to 67%)[12]. A detection of inclusion bodies on HE
staining is clinically relevant[3] and implies an ongoing
destruction of colonocytes by the virus. Unfortunately,
this technique has low sensitivity (10%-87%)[1], primarily due to a sampling error, and potentially misses a
significant number of patients. Immunohistochemistry
with a monoclonal antibody targeting early CMV antigen may improve the diagnostic sensitivity to the range
of 78%-93%[1,6]. Current European Crohn's and Colitis
Organization guidelines recommend the combination of
HE staining and IHC for detection of CMV infection in
patients with UC flare-up[14]. In addition to these techniques, CMV DNA can be detected in various substrates,
such as serum or full blood, by PCR. Although very
sensitive, this method is subject to a significant heterogeneity stemming from employment of non-standardized
commercial kits and lack of a standardized cutoff value
for active infection. Moreover, there is a poor correlation
between viral replication in the blood and the presence
or pathogenic viral activity in the gut in IBD patients[1].
The same is true for detection of viral antigens in the
blood (such as pp65) which is also poorly associated
with viral-mediated gut injury.
In addition to its detection in the blood, CMV DNA
can be also demonstrated in the colonic tissue by PCR.
This highly sensitive technique often leads to the detection of the virus in the absence of histological evidence

Figure 1 Cytomegalovirus demonstrated on a colonic biopsy in a patient
with ulcerative colitis (arrows). A: Hematoxylin eosin staining; B: Immunohistochemistry.

patients received antivirals).
Additional tests for detection of CMV infection were
performed in only a few of the patients. CMV IgM was
assessed in 2 patients, one of them was seropositive.
Five patients were tested for CMV DNA in the peripheral blood by quantitative PCR, of whom only one was
found to be positive (1900 copies/mL). This patient had
a severe and resistant disease and underwent total colectomy during the hospitalization after failure of intravenous corticosteroid, cyclosporine and antiviral therapy.
Antiviral treatment
Seven patients received antivirals. One patient received
oral valgancyclovir as an outpatient for 1 mo. Six patients were treated with intravenous gancyclovir for 10.3
± 7.8 d. One of the patients died and another underwent colectomy. Three out of 4 remaining patients were
discharged with oral valgancyclovir. Cyclosporine was
discontinued in 2/3 patients upon detection of CMV in
the colonic mucosa.
Patients' outcomes
In the antiviral-treated group, one patient died from
uncontrolled gastroduodenal bleeding and one patient
underwent colectomy during the initial hospitalization
for severe treatment-resistant colitis. Two additional patients (both received gancyclovir) underwent colectomy
during the course of follow-up (13 ± 13 mo) (3/7 vs 0/6
patients, P = 0.19). Thus, 4/7 patients in the anti-viral
treated group experienced an adverse outcome (colectomy/death) compared to 0/6 adverse outcomes in those
who did not receive antivirals (P = 0.07).
Evolution of CMV status
In 2 patients, negative CMV status (both IHC and HE)
was documented on a colonoscopy preceding the index
examination. CMV status was assessed by a subsequent
colonoscopy in 9 patients (after 4.7 ± 5.5 mo). Immunostaining for CMV was positive in only one of these
patients.
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of CMV-positive patients to gancyclovir therapy is
72%[1,5,11,15]. The outcome of patients who did not receive
gancyclovir has not been extensively reported. Kim et
al[20] described the outcome of 31 CMV-positive patients
with ulcerative colitis. Only steroid-resistant patients
were treated with gancyclovir and 11/14 responded to
the treatment. All the steroid responsive CMV-positive
patients had a favorable outcome regardless of anti-viral
treatment. In the study by Roblin et al[16], 37.5% (6/16)
of patients with CMV DNA load > 250 copies/mg still
responded to successive lines of immunosuppressive
therapy. This could indicate that CMV presence in the
tissue may not in itself preclude a possible response to
intensified immunosuppression without antivirals.
In this context, our study provides several important
observations. Primarily, the outcome of patients who
were not treated with antivirals was favorable (no deaths
or colectomies). However, the patients in the antiviraltreated group seem to have presented with a more severe
disease, as reflected by their greater need for rescue cyclosporine/infliximab therapy and by their greater need
of hospitalization. Antiviral therapy was usually withheld
if clinical improvement was noted by the time CMV results were received from the laboratory. Therefore, there
was probably a bias towards administration of antiviral
therapy to the patients with a more severe disease who
failed to improve on standard therapy during their hospitalization. It appears that the decision to start antiviral
therapy was guided by the severity of the disease rather
than merely the histological findings. The underlying severity of the disease is probably responsible for the inferior clinical outcome of the patients who received antiviral therapy, indicating once more that the sheer presence
of CMV in tissue probably does not in itself dictate the
clinical outcome.
Interestingly, 9/13 patients were tested for the presence of CMV by IHC on a subsequent colonoscopy and
only one patient (who was not treated with antivirals)
was positive. This is consistent with the findings reported by Matsuoka et al[9], who demonstrated frequent cycles
of reactivation (defined by positive CMV-antigenemia
or plasma PCR) and spontaneous clearance of CMV in
immunosuppressed patients[21-23]. Therefore, in at least a
subgroup of patients with exacerbation of UC, the presence of CMV may be an epiphenomenon of the inflammatory process rather than a causative agent.
Our study has several important limitations, primarily
stemming from its retrospective design and small sample
size. Long-term follow-up was available for only a minority of the patients. The treatment and control groups
were significantly different regarding severity of the disease. Indeed, the decision to withhold antiviral therapy
was generally adopted for patients who improved clinically by the time the histological results were available,
thereby underlining once more the dissimilarity between
the two groups. Finally, we did not routinely perform
assays for CMV IgM, CMV DNA or pp65 in the serum.
None of these methods reliably reflect the presence of

Table 1 Clinical and demographic characteristics of the included patients (mean ± SD)
Patient characteristics
Age (yr)
Gender (male/female)
Extent of disease
Pancolitis
Left- sided
Age on diagnosis of UC, yr
Duration of disease, yr
Hospitalized patients
Prehospitalization treatment
SC
Thiopurines
Infliximab
5-asa
SC + thiopurines
Treatment during hospitalization
SC
Infliximab
Cyclosporine
Timing of colonoscopy (d)
Positive cytopathic changes on HE
Hospitalization outcome
Death
Colectomy
Outcome by the of the follow-up
Colectomy
Death

Treated
(n = 7)

Untreated P vaule
(n = 6)

50.0 ± 14.6 45.0 ± 13.6 0.540
4/3
3/3
0.400
6
5
1
1
35.7 ± 13.3 41.5 ± 13.3
14.2 ± 9.3
3.5 ± 1.8
6
4

0.540
0.540
0.530
0.008
0.560

4
3
11
5
2

2
2
0
4
1

0.560
1.000
1.000
1.000
1.000

6
1
3
3.8 ± 2.4
2

3
0
0
2.7 ± 3.4
0

0.400
1.000
0.200
0.600
0.460

1
1

0
0

1.000
1.000

3
1

0
0

0.190
1.000

1

Combined with systemic corticosteroids and thiopurine. Treated: Patients
who received antiviral therapy; Untreated: Patients who did not receive
antiviral therapy; Timing of colonoscopy: Number of days from hospital
admission; SC: Systemic corticosteroids; HE: Hematoxylin eosin; IHC: Immunohistochemistry; UC: Ulcerative colitis.

of tissue damage, thereby possibly representing a remote
infection or a low-key viral replication of unclear significance[1].
Recently, several reports utilizing quantitative real-time
PCR for detection of CMV infection in patients with UC
have been published. Yoshino et al[15] tested the colonic
biopsies of thirty patients with severe immunosuppressive-resistant ulcerative colitis. CMV DNA (defined as >
10 copies/µg by quantitative real-time PCR) was demonstrated in 56.7% of the patients and was limited to the
inflamed mucosa. Seventy percent of these patients were
treated with gancyclovir and 83.3% of them achieved remission. In contrast, 93.3% of the CMV-DNA negative
patients achieved remission with immunosuppressive
therapy. In the study by Roblin et al[16], CMV DNA load
above 250 copies/mg in tissue was predictive of resistance to three successive anti-inflammatory regimens.
The impact of detectable CMV on the clinical course
of a UC flare-up is still debated. Some authors suggest that
CMV reactivation is associated with a worse clinical outcome and with a treatment-refractory disease[6,7,11,17,18], but
other studies have not supported this association[8,15,19].
The impact of antiviral therapy on the outcome of CMVpositive patients with UC is also debatable[4,5]. Based on
several series, the cumulative rate of short-term response
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the virus in the colonic tissue, although they are useful in
diagnosis of disseminated CMV infection.
Despite these limitations, our findings imply that patients with clear histological evidence of CMV presence
in the colonic tissue may not universally require antiviral
therapy and may respond to conventional anti-inflammatory therapy. The presence of CMV does not necessarily
bear a significant impact on the course of the flare-up in
all patients. In particular, less severe patients may probably be treated safely with conventional anti-inflammatory therapy alone, as long as they are responsive. Clearly,
larger prospective placebo-controlled trials are called for
in order to resolve the etiological role of CMV in severe
UC and to elucidate the benefit of anti-viral treatment
for these cases. Such studies, preferably utilizing a quantitative rather than qualitative CMV-detection technique,
may help to establish a threshold differentiating active
infection from low key reactivation and may therefore
prove useful in guiding the management of suspected
CMV involvement in UC patients.

3

4

5

6

7
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Background

Cytomegalovirus (CMV) is often present in the mucosa of patients with ulcerative colitis. However, the clinical impact of this finding on the course of the disease and the impact of antiviral therapy on the clinical outcome are still subject
to significant debate.
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Research frontiers

In the retrospective cohort, the patients who were treated with antivirals were
hospitalized with a more severe disease and had more adverse outcomes compared to the patients who did not receive antivirals. This higher rate of adverse
outcome probably stems from the severity of the disease rather than the treatment itself.
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These findings suggest that CMV-positive ulcerative colitis (UC) patients with
relatively mild disease may not require specific antiviral treatment as long as
they respond to the conventional anti-inflammatory treatment.
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CMV belongs to the family of herpesviridae. It is a very frequent pathogen
in healthy subjects as well as immunocompromised patients. CMV can be
frequently demonstrated in the mucosa of patients with ulcerative colitis by a
conventional staining with hematoxylin and eosin or by immunostaining (immunohistochemistry) with specific antibodies that are able to identify the traces of
the viral genome in the tissue.
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The results are well presented and discussed in a very balanced and comprehensive way. Despite the small number of patients included in this study, the
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tive carriers (P = 0.048 and P = 0.008, respectively).
In HBeAg-negative chronic active hepatitis B patients,
a significant negative correlation of IFN-γ levels with
serum hepatitis B viral load was noted (P = 0.021). In
conclusion, patients with HBeAg-negative chronic active hepatitis B and HBsAg inactive carriers display a
different cytokine profile. Decreased Th1 response observed in patients with chronic active hepatitis B could
be implicated in the persistence of virus replication and
ongoing progression of liver disease.
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Abstract
An insufficient cellular immune response seems to be critical for the immunopathogenesis of chronic hepatitis B
virus infection. We have previously demonstrated no
differences of T-lymphocyte subsets in blood between
inactive hepatitis B s antigen (HBsAg) carriers and
patients with HBeAg-negative chronic active hepatitis
B. This study investigated the peripheral blood cytokine profile in patients with HBeAg-negative chronic
active hepatitis B infection (Group A, n = 21) and
inactive HBsAg carriers (Group B, n = 13). Serum cytokines [interferon (IFN)-γ, tumor necrosis factor-α,
interleukin (IL)-1b, IL-4, IL-12, IL-10, IL-2, IL-5, IL-8]
were analyzed by using flow cytometry. Patients with
chronic active disease presented with significantly
decreased levels of IFN-γ and IL-10 compared to inac-
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TO THE EDITOR
Chronic hepatitis B (CHB) is a highly heterogeneous disease regarding the levels of virus replication, liver disease
activity and humoral responses. Hepatitis B virus (HBV)
is not directly cytopathic for the infected cells and the
host immune response, mainly the T-cell-mediated, plays
a pivotal role in the immunopathogenesis of hepatitis
B[1,2]. To date, there are only limited studies examining
the immune responses in hepatitis B e antigen (HBeAg)negative CHB, which is the main type of CHB in Greece
and other Mediterranean countries. In a recent study,

24

February 15, 2013|Volume 4|Issue 1|

Dimitropoulou D et al . Cytokines in chronic HBV infection
Table 1 Characteristics of hepatitis B e antigen--negative chronic active hepatitis B
patients and asymptomatic hepatitis B virus carriers
Parameters
Males (%)
Age (yr)
HBV DNA (c/mL)
ALT (IU/L)
AST (IU/L)
Histopathology
HAI score
Category A
Category B
Category C
Category D
Total score
Stage

Group A
(n = 21)

Group B
(n = 13)

12/21 (57)
44 (19-60)
1.25×106 (0.04×106-3×106)
90 (73-108)
85 (69-102)

7/13 (54)
39.5 (32-47)
< 1000
32 (22-39)
28 (17-39)
N/A

P value
NS
NS
N/A
< 0.001
< 0.001

2 (1-4)
0 (0-1)
2 (0-3)
3 (1-4)
7 (4-13)
2

Data expressed as median (min-max), upper limit of normal for both aminotransferases: 40 IU/L.
Group A: Hepatitis B e antigen--negative chronic active hepatitis B patients; Group B: Asymptomatic
hepatitis B virus carriers. NS: Non-significant; NA: Not applicable; HBV: Hepatitis B virus; ALT: Alanine amiotransferase; AST: Aspartate aminotransferase; HAI: Hepatitis activity index.

investigating T-lymphocyte subsets in peripheral blood
and liver tissue of patients with HBeAg-negative CHB,
we demonstrated evidence of an insufficient cellular immune response that might be critical for the ineffective
virus clearance and liver damage in CHB[3]. However,
no differences in T-lymphocyte subsets in blood were
detected between inactive HBsAg carriers and patients
with HBeAg-negative chronic active hepatitis B. Therefore, the question of how most HBsAg patients are
able to maintain a low replication level and mild liver
inflammation (inactive carriers), while a number of them
develop chronic active hepatitis with an enhanced HBV
replication level and severe liver damage, remains unanswered. The present study was focused on this specific
question, investigating the produced cytokine profiles in
patients with HBeAg (-) chronic active HBV infection
and chronic inactive HBsAg carriers.
The study enrolled twenty-one patients with positive serum HBsAg for at least 6 mo, positive serum
HBV DNA with high viral load (> 20 000 copies/mL),
measured at least twice in a period of 12 mo, and aminotransferase levels higher than twice the upper normal
limits, who were not currently treated nor had ever been
treated with any antiviral agent (HBeAg-negative chronic
hepatitis B - Group A) and thirteen patients with positive serum HBsAg for at least 6 mo, undetectable HBV
DNA and normal serum aminotransferase levels (inactive carriers - Group B). All HBV infected patients
were HBeAg negative, anti-Hbe positive and anti-HDV
negative. Exclusion criteria were the presence of decompensated cirrhosis, HBV/HBV co-infection, alcohol
abuse, human immunodeficiency virus or human T-cell
lymphoma virus infection, any immunosuppressive
treatment and other liver diseases, such as drug hepatotoxicity, α-1 antitrypsin deficiency, Wilson’s disease, hemochromatosis, autoimmune hepatitis and liver cancer.
Liver biopsies were obtained only from the patients with
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positive serum HBV DNA and elevated liver enzymes
and were indicative of chronic active hepatitis B infection. In each biopsy, several histological features were assessed and finally, the hepatitis activity index was applied
and the architectural grade recorded[4].
Blood tests were obtained before the initiation of
any kind of treatment and analyzed for serum aminotransferases with an automatic Olympus AU 640 system
(Olympus, Rungis, France), whilst serum HBV DNA
load was assessed with the real time fluorescent quantitative polymerase chain reaction method (real time PCR),
with a lower limit of detection of about 1000 viral
genome copies/mL. Serum cytokine levels [interferon
(IFN)-γ, tumor necrosis factor-α, interleukin (IL)-1b,
IL-4, IL-12, IL-10, IL-2, IL-5, IL-8] were evaluated by
using a commercially available Flow Cytomix Human
Basic Kit Assay (Bender MedSystems, Vienna, Austria),
following the manufacturer’s instructions. Quantitation
measurements were performed by flow cytometer instrument FC 500 and accompanying CXP Software (Beckman Coulter, Calif, United States). Flow Cytomix Pro
2.3 Software was used to perform calculations (Bender
MedSystems). Standard curves for each cytokine were
generated with manufacturer-supplied reference analyte
(pg/mL concentrations). Statistical analyses were performed using the Mann-Whitney U test since data was
not normally distributed (Shapiro-Wilk Test). Correlation between paired variables in patients with HBeAg (-)
chronic active hepatitis B was estimated by a non-parametric Spearman correlation test. In all cases, a P-value
of less than 0.05 was considered as significant.
Patients’ characteristics, serum aminotransferases and
HBV DNA levels are shown in Table 1. Inactive HBV carriers (Group B) had significantly increased production of
IFN-γ and IL-10 cytokines compared with HBeAg-negative
chronic active hepatitis B patients (Group A) (P = 0.048
and P = 0.008, respectively, Table 2). In HBeAg-negative
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Table 2 Cytokine levels in hepatitis B e antigen-negative chronic active hepatitis B patients and asymptomatic hepatitis B virus carriers
Cytokines
(pg/mL)

Group A
(n = 21)

IFN-γ
TNF-α
IL-1b
IL-4
IL-12
IL-10
IL-8
IL-5
IL-2

Group B
(n = 13)

0.3 (0-17.5)
101.3 (0-462.2)
98.5 (0-25196)
285.4 (0-10885)
154.6 (0-39042)
0 (0-41.4)
314.8 (51.1-32592)
78.4 (0-515.5)
158.9 (28.2-126842)

P value

18.3 (0-5137)
202.6 (0-1044)
61.0 (0-11149)
4.9 (0-4313)
172.6 (0-10618)
18.6 (0-14393)
383.0 (67.8-14075)
198.0 (0-853.7)
146.4 (29.5-163730)

0.048
NS
NS
NS
NS
0.008
NS
NS
NS

Data expressed as median (min-max). Group A: Hepatitis B e antigen-negative chronic active hepatitis
B patients; Group B: Asymptomatic HBV carriers. NS: Non-significant; IFN-γ: Interferon-γ; TNF-α: Tumor necrosis factor-α; IL: Interleukin.

IFN-γ. In support of this theory, we demonstrated a
negative correlation between IFN-γ and the levels of viremia in chronic active hepatitis B patients; however, the
other side of the coin might be that the continuing presence of viral load in serum could induce an impairment
of IFN-γ[6-8]. Normal aminotransferases levels in HBsAg
inactive carriers might indicate that IFN-γ promotes
viral clearance through non-cytolytic mechanism(s)[9-11].
Alternatively, it could be explained by a counterbalancing effect of the observed increased production of
IL-10 (Th2 type cytokine) on the excessive Th1 action,
although IL-10 exerts a regulatory effect on Th2 type
response as well[9-11].
In conclusion, this study demonstrates that T-cell immunity is functionally impaired in chronic active hepatitis
B patients. In addition, an inverse correlation was shown
between the increase of one of the major determinants
of Th1 response (IFN-γ cytokine) and the decline of
HBV load in blood samples of patients with chronic active hepatitis B. These findings suggest that impaired immunity could be associated with the persistence of HBV
load and the elevation of serum aminotransferases in
patients with active disease. On this basis, we are tempted
to speculate that not only drugs with antiviral potency
but also immunomodulating agents that can restore T cell
function might be effective for a successful treatment of
chronic HBV infection.
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Figure 1 Correlation between serum-interferon-γ levels and viral load in
patients with hepatitis B e antigen (-) chronic active hepatitis B. IFN-γ:
Interferon-γ; HBV: Hepatitis B virus.

chronic active hepatitis B patients, a significant negative
correlation between serum HBV viral load and IFN-γ production was noted (Figure 1), whilst no correlation existed
between IFN-γ and alanine amiotransferase levels.
This study demonstrates that patients with HBeAg
negative chronic hepatitis B display a different cytokine
profile depending on the degree of viremia and liver
inflammation. A potential limitation of the present
study is the relatively small number of patients included.
According to our results, HBsAg inactive carriers displayed a strong production of IFN-γ (Th1 type immune
response) and IL-10 (Th2 type immune response) in
peripheral blood compared to patients with HBeAg-negative chronic active hepatitis B. Both Th1 and Th2 T-cells
mediate humoral and cellular immunity able to neutralize
HBV by antibodies and inhibit HBV replication through
cytokines[5]. Therefore, we can speculate that HBsAg
inactive carriers suppress HBV replication through their
capability to produce the Th1 type antiviral cytokine
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AIM: To investigate functional duodenal abnormalities
in functional dyspepsia (FD) and the role of serotonin
5-hydroxytryptamine (5-HT) in mucosal ion transport
and signalling.
METHODS: Duodenal mucosal biopsies were obtained
from 15 patients with FD and 18 healthy controls. Immunohistochemistry was used to study the number of
5-HT-containing cells and real-time polymerase chain
reaction for expression of 5-HT receptors 1A, 1B, 2A,
2B, 3A, 3B, 3C, 3D, 3E, 4 and 7, as well as expression
of the serotonin re-uptake transporter (SERT) gene SLC6A4 and tryptophan hydroxylase 1 (TPH1). Biopsies
were mounted in Ussing chambers for evaluation of
basal and 5-HT-stimulated short-circuit current (SCC).
RESULTS: Conductance was lower in FD [42.4 ± 4.7
2
2
mS/cm (n = 15) vs 62.5 ± 4.5 mS/cm (n = 18), P = 0.005].
5-HT induced a dose dependent rise in SCC in both FD
(n = 8) and controls (n = 9), the rise was lower in FD
(P < 0.001). Mean number of 5-HT stained cells per
high power field was the same [34.4 ± 8.4 in FD (n =
15) and 30.4 ± 3.7 in controls (n = 18), P = 0.647].
The following genes were highly expressed: 5-HT receptor HTR 3E, HTR4 , HTR7 , SERT gene (SLC6A4 ) and
TPH1 . Differences in expression levels were observed
for HTR3E (higher expression in FD, P = 0.008), HTR7
(lower expression in FD, P = 0.027), SLC6A4 (higher
expression in FD, P = 0.033) and TPH1 (lower expression in FD, P = 0.031).
CONCLUSION: Duodenal ion transport in response to
exogenous 5-HT is abnormal in FD patients and associated with high expression of the HTR3E receptor and
the serotonin transporter.
© 2013 Baishideng. All rights reserved.
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secretory reflex arches involving 5-HT play a pathogenic
role in FD. Measurement of ion transport in human
epithelia in vivo requires invasive methods; however a
modified Ussing chamber for human endoscopic biopsies has been developed in our laboratory[17].
In the present study, 5-HT induced ion transport is
measured in FD patients and healthy controls. Furthermore, duodenal mucosal biopsies are evaluated for expression of 5-HT receptors real-time polymerase chain
reaction (RT-PCR) and the density of 5-HT-containing
cells (immunohistochemistry).

Key words: Dyspepsia; Ion transport; Gene expression;
Duodenum; Epithelium; Serotonin
Core tip: The majority of patients with chronic symptoms from the gastro-duodenal region do not present
signs of organic disease during routine examination,
which commonly leads to the diagnosis of functional
dyspepsia (FD). Our study strongly indicates the involvement of 5-hydroxytryptamine related duodenal
mucosal mechanisms in FD pathogenesis. Future studies should further investigate alterations in up- and
downstream effects related to HTR3E and HTR7 receptors.

MATERIALS AND METHODS
Study population and protocol
The study was conducted in accordance with the Helsinki V declaration and approved by the Scientific Ethical Committee of Copenhagen. All participants received
both written and oral information prior to the study and
provided written informed consent.
Consecutive patients with dyspeptic symptoms
referred for gastroscopy at Bispebjerg Hospital (Copenhagen, Denmark) who fulfilled the ROME Ⅲ criteria[18] were invited to participate in the study. Healthy
controls between 18-70 years were recruited. Two
questionnaires, the gastrointestinal symptom rating
scale and a non-validated Danish translation of a dyspepsia questionnaire developed by Tack et al[19,20], were
used in order to confirm the diagnosis of FD, exclude
gastroesophageal reflux disease as well as abdominal
symptoms in the healthy controls. The gastrointestinal
symptom rating scale is a validated instrument comprising 15 items for the assessment of gastrointestinal
symptoms in irritable bowel syndrome (IBS) and peptic
ulcer disease[21].
Seventeen patients with FD and 20 healthy controls were included in the study. Median age was 39
years (range 24-54 years) in the FD group (7 men, 10
women) and 24 years (range 21-50 years) in the healthy
group (5 men, 16 women). With the exception of two
subjects who used oral contraception, healthy controls
were medication free. Four of the FD patients reported
use of proton pump inhibitors on a non-regular basis.
None had used proton pump inhibitor treatment one
week prior to endoscopy, nor acetylsalicylic acid or nonsteroid anti-inflammatory drugs. Over-consumption of
alcohol was not present in any subject. One of the FD
patients and three of the healthy subjects reported being smokers.
During gastroscopy, biopsies were obtained from the
duodenum at the border between the duodenal bulb and
the descending duodenum using standard biopsy forceps
(Radial Jaw 4, outside diameter 2.4 mm, Boston Scientific, Denmark). In two FD patients and one healthy
control a major part of the biopsies could not be obtained because the procedure was too distressing, while
esophageal pathology was found in another healthy control. This meant that only 15 FD patients and 18 healthy
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INTRODUCTION
The majority of patients with chronic symptoms from
the gastro-duodenal region do not present signs of
organic disease during routine examination, which commonly leads to the diagnosis of functional dyspepsia
(FD). FD is known for its high prevalence, association
with decreased quality of life[1] and difficult management, which pose a considerable economic burden[2-4].
Highly debated pathogenetic mechanisms include alterations in stomach function, e.g., hypersensitivity and emptying problems. Little is known about duodenal epithelial
function in patients with FD and a broader understanding of the mucosal defence barrier, and insight in associated signalling systems is needed[5,6].
It is widely recognized that therapies that modulate
serotonin 5-hydroxytryptamine (5-HT) activity are partly
effective in patients with functional intestinal disorders.
There are indications of increased transcription of tryptophan hydroxylase 1 (TPH1) and lowered serotonin reuptake transporter (SERT) expression throughout the
gut in isolated FD[7]. In addition, SERT polymorphisms
appear to play a pathogenetic role in patients with postprandial distress syndrome[8].
5-HT in humans is mainly found in the duodenum,
with the highest concentration in the lamina mucosa[9,10],
and recent studies have revealed high expression levels
of SERT, the 5-HT receptor HTR3 and HTR4 in the
duodenum compared to other gut regions[11]. 5-HT is released by duodenal mucosal cells in response to luminal
acidification[12] and together with other transmitters is
involved in pathways mediating the response to luminal
acid[13-15]. Furthermore, 5-HT has been shown to be a
potent stimulator of electrogenic secretion in human
duodenal mucosal biopsies[16].
We hypothesized that disturbances in the duodenal
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Histopathology and immunohistochemistry
In addition to one un-mounted biopsy from each subject, all the mounted biopsies were gently collected upon
conclusion of the Ussing chamber experiments and fixated in 4% buffered paraformaldehyde for a minimum
of 24 h. They were then dehydrated, embedded in paraffin and cut into 10 μm sections, which were stained
with hematoxylin/periodic acid Schiff for histological
staining and examination. Protocols were blinded to
the examiner. Assessment included possible pathology
and the extent of epithelial damage, which was graded
by a severity score ranging from 0 to 3; with 0 indicating no mucosal damage and 3 severe mucosal damages
as previously described [16]. A Leitz Ortoplan microscope (Wetzlar, Germany) fitted with a cooled camera
(Evolution MP, Media Cybernetics, Wokingham, Berkshire, United Kingdom) was used for examination and
photography. For IHC analysis of anti-5-HT staining
cells, sections of approximately 5 microns were deparaffinized and incubated for 5 min in 2% bovine serum
albumin followed by 18 h at 4 ℃ with the primary
antibody, monoclonal mouse anti-serotonin (M0758,
DakoPatts) diluted 1:200. The immunoreactions were
visualized by means of biotinylated rabbit anti-mouse
immunoglobulins (E354, Dako) diluted 1:200, as the
second layer, followed by streptavidin-peroxidase complex, VECTASTAIN PK-4000, diluted 1:100, for 30
min as the third layer. The sections were finally stained
by means of 3,3’-diaminobenzidine for 30 min and
counterstained with hematoxylin.
To determine the number, 5-HT-immunoreactive
cells were counted in an objective manner from representative photomicrographs of the immunostained
biopsies by means of Image-Pro Plus 6.0. Both the
number of stained cells and the stained area per high
power field were assessed. A field magnified 10 times
was suitable to cover the biopsy area with only minor
tissue deficiency, which correlates with a tissue area of
1.03 mm × 0.79 mm.
Gastric biopsies were immediately fixed in 4% buffered paraformaldehyde and after sectioning and staining
with Giemsa (Merck, Darmstadt, Germany) examined
for HP presence in the light microscope. Participants
were considered HP positive if bacteria were found in
either the antrum or the corpus fundus biopsies. These
protocols were also blinded to the examiner.

controls were included, each with 8-10 biopsies available
(out of 10 planned). Three of the biopsies were snapfrozen on dry ice for gene expression studies, one was
stored in 4% buffered paraformaldehyde solution for
subsequent immunohistochemical evaluation and up to
four biopsies were placed in ice-cold Ringer solution
for immediate mounting in Ussing chambers. Finally,
one biopsy from the gastric antrum and one from the
gastric corpus were stored in 4% buffered paraformaldehyde solution for subsequent histological analysis for
Helicobacter Pylori detection.
Mounting of biopsies and electrical measurements
Duodenal biopsies were transported to the laboratory
in ice-cold bicarbonate-Ringer solution and 2-4 successfully mounted within 30 min in modified Ussing
air suction chambers. Use of 10 times magnification
through a stereomicroscope (Nikon, Tokyo) ensured
correct mucosa-serosa orientation and appropriate fixation. Biopsies were fixed by constant air suction[17]. The
exposed tissue area varied from 3.4 to 5 mm2, depending
on the used insert, which was chosen to match the tissue size. The height of the (air) suction sleeve was 50 μm.
Both sides of the tissue were bathed in bicarbonateRinger solution containing (in mmol/L) 140 Na+, 4 K+,
121 Cl-, 1 Ca2+, 0.5 Mg2+, 0.5 SO42- and 25 HCO3-. In addition,
11 mmol/L D-glucose was applied to the serosal side and
11 mmol/L D-sorbitol to the mucosal side. Temperature
was maintained at 37 ℃ with the help of water jackets
and oxygenation was ensured by constant input of gaslift-circulating 95% O2 + 5% CO2. Short-circuit current
(SCC) and slope conductance were continuously recorded by an automated voltage-clamp device (MFI 1-425)
and measured as μA/cm2 and mS/cm2 respectively. Solution-resistance correction was performed immediately
before mounting. Baseline values were recorded after
an equilibration period of 15-30 min when stable values were reached. Further experiments were performed
with different stimulating agents, but here we present
results from the application of 5-HT, which was performed in nine FD patients and ten healthy controls as
follows:
5-HT was applied in a dose-increasing manner ranging from 3 to 243 μmol/L (final concentration in the
bathing solution) with 5-min intervals between applications. 5-HT was added to the serosal side as previously
described[16]. For evaluation of tissue viability, transport capacity and correct tissue orientation, 4 mmol/L
glucose and 0.1 mmol/L phloridzin, both purchased
from Sigma, Denmark, were sequentially added to the
mucosal side. A glucose response of > 5 μA/cm2 or
response to phloridzin < 5 μ A/cm 2 was considered
equivalent to full tissue viability. Some of the biopsies
did not fulfil these criteria and were excluded from further analysis, resulting in a final number of eight FD
patients and nine controls from whom 5-HT-stimulated
values were obtained.
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mRNA expression analysis
Samples for PCR were stored at -80 ℃ until tissue collection was completed for one-series analysis. Total RNA
was extracted from biopsies with commercially available
kits (Qiagen, Hilden, Germany) and cDNA synthesized
from 0.5-1.0 μg of RNA with SuperScript™ Ⅲ reverse
transcriptase (Invitrogen, Carlsbad, CA, United States) in
accordance with the manufacturer’s instructions. In total,
mRNA expression analysis was carried out on 10 FD
patients and 16 controls.
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P < 0.01

For each gene examined, mRNA expression levels
were measured by quantitative RT-PCR in ABI Prism
7500 Sequence Detection Systems (Applied Biosystems)
with specific TaqMan Gene Expression Assays (Applied Biosystems), in accordance with the manufacturer’
s instructions. Gene expression of HTR1A (Assay ID
Hs00265014), 1B (Hs00265286), 2A (Hs01033524), 2B
(Hs00168362), 3A (Hs00168375), 3B (Hs00175775), 3C
(Hs00365674), 3D (Hs00699391), 3E (Hs00704511),
4 (Hs00410577) and 7 (Hs00989028), the SERT gene
(SLC6A4, Hs00984355) and TPH1 (Hs00188220) were
studied. RT-PCR reactions were performed in triplicate
on each sample and, after normalization to internal endogenous controls (glyceraldehyde 3-phosphate dehydrogenase, Hs99999905), mRNA expression levels for each
gene and in each sample were determined by the comparative CT method of relative quantification. Samples
were only included in the analysis when gene expression was detected before cycle 35 in the PCR reaction
(cycle threshold < 35) for a given gene, which resulted
in slightly different N-values for each gene. Results were
expressed in arbitrary units relative to a randomly chosen
reference sample.
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Figure 1 Basal slope conductance of duodenal mucosa as measured in
a modified air-suction Ussing chamber. Conductance, in millisiemens per
square cm (mS/cm2), is significantly higher in healthy controls (n = 18) compared to patients with functional dyspepsia (FD) (n = 15), P = 0.005 vs FD.
mean ± SE.
12

Patients

Healthy subjects

Statistical analysis
The effect of the drugs applied in the Ussing chambers was defined as SCC before versus after application. Mean results from the 2-4 biopsies from each
subject were used for further analysis and are presented as mean ± SE. The unpaired t-test was used to
compare the effects of glucose and the difference in
basal SCC and slope conductance. The relationship
between the concentration of 5-HT and induced SCC
was investigated using a linear model, with treatment
and log-transformed concentration as fixed effects.
The number of 5-HT immune-reactive cells was compared between subject groups using the unpaired t-test.
The Mann-Whitney U-test was employed to identify
statistically significant differences between patients
and controls in the RT-PCR gene expression analysis
(mRNA). Commercially available software (PRISMA
version 5.0 and SAS version 8.2) was used for all statistical analyses and two-tailed P < 0.05 was considered
significant.
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Figure 2 Dose-response of 5-hydroxytryptamine-induced short circuit
current. Addition of 5-hydroxytryptamine (5-HT) in cumulative concentrations
by steps of a factor three from 3 to 243 μmol/L on the serosal side of duodenal
biopsies mounted in an Ussing chamber resulted in an increased short circuit
(μA/cm2), in both functional dyspepsia patients (n = 8) and healthy controls (n
= 9), with significantly lower values in the dyspeptic group (P < 0.001 for the
overall difference) (mean ± SE). SCC: Short circuit current.

± 2.5 μA/cm2 for controls (P = 0.906). 5-HT induced
a dose dependent SCC rise in both healthy controls and
FD patients (Figure 2). The 5-HT-induced rise in SCC
was significantly lower in the latter (P < 0.001).

RESULTS
Electrophysiological measurements
Mean basal SCC was 19.8 ± 3.0 μA/cm2 for FD patients
(n = 15) and 21.4 ± 3.7 μA/cm 2 for controls (n = 18) with
no significant difference between groups (P = 0.749).
As shown in Figure 1, comparison of basal conductance
revealed significantly lower values for FD patients compared to healthy controls (42.4 ± 4.7 mS/cm2 and 62.4
± 4.5 mS/cm2 respectively, P = 0.005). Glucose control
values after 5-HT stimulation yielded a mean magnitude of 12.5 ± 2.0 μA/cm2 for the FD group and 12.1
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Histology
Histology revealed some variation with regard to biopsy depth; however, the surface epithelium and entire
lamina propria were intact in all samples before and after
mounting. Several biopsies also included the lamina muscularis mucosa and in some cases the submucosal layer
contained part of Brunner’s glands. Epithelial damage
before mounting ranged from 0-3 in both groups with
a mean score of 0.7 in dyspeptic and 1.1 in healthy subjects (P = 0.179). 5-HT stained cells were found in the
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Figure 3 Paraformaldehyde-fixed duodenal tissue from a patient with
functional dyspepsia. The tissue was stained immunohistochemically using a
polyclonal antibody against 5-hydroxytryptamine (5-HT). There are many 5-HT
immunoreactive cells in the surface epithelium, both in the crypts and the villi.
The biopsy has an intact surface epithelium without signs of mechanical damage (magnification ×220).

P < 0.05

Fold change
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epithelium and Brunner’s glands, but only the number
of cells in the epithelium was included in the evaluation since not all biopsies contained sub-mucosal tissue
(Figure 3). In un-mounted biopsies, the mean number
of cells per high power field was 34.4 ± 8.4 in the FD
group and 30.4 ± 3.70 in controls (P = 0.647).
Helicobacter staining was positive in one FD patient
and none of the healthy subjects.

0

Fold change
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Expression levels
Expression levels were undetectable for three genes,
HTR1A, HTR3B and HTR3D, while there was only
very low expression of HTR1B, HTR2A, HTR2B,
HTR3A and HTR3C. The following genes were
strongly expressed: HTR3E, HTR4, HTR7, SERT gene
(SLC6A4) and TPH1. Genes that exhibited statistically
significant differences in expression level between FD
patients (n = 8-10) and healthy subjects (n = 13-16)
include HTR3E (higher expression in dyspepsia, P
= 0.008), HTR7 (lower expression in dyspepsia, P =
0.027), SLC6A4 (higher expression in dyspepsia, P =
0.033) and TPH1 (lower expression in dyspepsia, P =
0.031) (Figure 4).
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Figure 4 Gene expression (mRNA) levels differed significantly in duodenal mucosa from functional dyspepsia patients compared to healthy
controls. A: HTR3E; B: HTR7; C: SLC4A6; D: TPH1. Empty bars represent
patients (n = 10 for HTR3E, SLC4A6 and TPH1, and n = 8 for HTR7) and filled
bars represent controls (n = 16 for SLC4A6 and TPH1, n = 15 for HTR3E and n
= 13 for HTR7). All levels were measured by quantitative real-time polymerase
chain reaction and expressed as mean fold change ± SE relative to the values
obtained for a control sample arbitrarily chosen as a reference. P < 0.05, P < 0.01
vs control group.

DISCUSSION
5-HT increased the short circuit current in both
healthy controls and FD patients in a dose-dependent
manner, although the values were lower in FD patients (Figure 2). Slope conductance was significantly
lower in FD patients.
Increased SCC is a direct result of secretion of
negative ions to the duodenal lumen or flow of positive ions in the opposite direction and in the duodenum,
bicarbonate secretion and hydrogen ion absorption are
considered to be the most relevant fluxes. Disturbances
in the response to duodenal acid have previously been
described as related to dyspeptic symptoms[22,23]. Lower
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SCC values in our FD group might result from dysfunction in bicarbonate transport and subsequent impaired
secretion.
Generally, the SCC values obtained in this study were
distinctly lower than previously described by Engelmann et al[16], which could be explained by the fact that
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tigations failed to detect significant associations [34-37].
Gene expression levels have previously been described
in dyspeptic female patients[7], where decreased SERT
expression was found in the patient group. Our results
suggest the opposite, although the small sample size
reduces reliability. As this issue remains unclear, further
studies to detect a significant relation between alterations in SERT expression and FD are necessary. Both
HTR3E and HTR4 have been reported to be prevalent
in duodenal mucosa[11], which is supported by our study.
Furthermore, we found elevated expression of the
HTR3E sub-type in patients with FD. HTR3E polymorphism possibly related to increased HTR3E production
has been described in IBS[38] and our results might thus
account for involvement of this receptor in FD pathology. In IBS, HTR3 antagonists are already in clinical use,
and the cation-selective ligand-gated ion channels have
been found to be involved in motility and bicarbonate
secretion. Interestingly, expressions of other HTR3 subtypes, i.e., A and B, were low in our samples. A strong
genetic correlation between HTR3C and HTR3E in human duodenal tissue has recently been proposed[35] and
patch clamp studies have revealed that HTR3C, HTR3D
and HTR3E are non-functional when expressed alone[39].
HTR3A gene polymorphism has recently been associated with severe dyspeptic symptoms[40]. As HTR3A
expression was generally low in our biopsies, differences
between FD patients and controls might not have become apparent.
HTR7 is one of the 5-HT receptors about which
very little is known, mainly due to the lack of specific
ligands. A role in upper intestinal smooth muscle relaxation[41,42], activation of afferent neurons[43] as well as
high expression in the stomach and ileum[44] has been
revealed previously, and we found high expression in
duodenal samples. Our results also indicate significant
differences in expression level between patients with FD
and controls. HTR7 has been proposed as a novel target
for treatment of FD and related disorders[45] and further
elucidation of its pathophysiological role would definitely be valuable.
TPH1 gene abnormalities have recently been suggested in IBS [46] and lower mRNA expression levels
have been observed in such patients[30]. We found lower
expression values in our FD group, indicating that decreased 5-HT availability might be part of the disease
pathology. In contrast, Foxx-Orenstein et al[7] presented
results demonstrating higher expression in duodenal
mucosa of female patients with FD. A recent study
of TPH1 expression in gastric mucosal biopsies from
children with FD found no difference between these patients and controls[47].
As we did not observe any significant differences in
the content of 5-HT-positive cells between FD patients
and controls, further studies including a larger number of subjects may be needed to conclusively address
this issue. 5-HT content in duodenal mucosa has been
studied immunohistochemically in patients with post-

the studies were performed in different settings and electrophysiological measurements are easily affected by environmental factors. One should also bear in mind that
the study by Engelmann et al[16] included patients with
different dyspeptic conditions, which were not characterized by ROME Ⅲ, and had no control group. In order to validate our results from the electrophysiological
measurements, raw data were re-analysed by a second
investigator blinded to the protocol and the analysis confirmed the results.
Reims et al[24] reported the applicability of Ussing
chamber-measured epithelial electrical resistance for
quantifying permeability changes in duodenal biopsies.
In our case, biopsies from patients with FD had significantly lower conductance (thus higher resistance)
compared to healthy controls, which may indicate decreased permeability. This result is rather surprising,
because duodenal mucosal disease is generally associated
with mucosal damage and impaired barrier function,
thus one would expect higher permeability in patients
with FD compared to healthy controls. Furthermore,
increased epithelial permeability has been demonstrated
in IBS sub-groups[25-27]. Routine histology did not reveal
morphological alterations in our biopsies and there was
no evidence of increased edge leakage in the healthy
controls. One could argue that the resistance measured
in our experiments reflects disturbance in electrolyte
transport rather than nutrient or large molecule passage.
Thus, it would be more reasonable to assume lower
conductance of bicarbonate or chloride ions because
of channel dysfunction or, for example, lowered tight
junction capacity. With the present measurements of
SCC and slope conductance we are unable to discriminate between an altered ionic passage through the cell
compartment and/or the paracellular pathway. Alteration in potassium channels both apically and basolaterally in epithelial cells may account for the observed
changes in conductance as well as in other channels
involved in the bicarbonate secretory process. A molecular reconfiguration in the paracellular pathway as an
explanation for the observed difference in conductance
is also a possibility.
Expression of HTR3E was considerably increased in
FD patients, as was that of SLC6A4. However, HTR7
and TPH1 were significantly less expressed in patients
with FD (Figure 4).
SLC6A4 is the approved gene symbol for SERT. The
transporter gene was highly expressed in the duodenal
samples and there was a significant difference between
experimental groups with higher expression in patients
with FD. A relationship between SERT gene alterations
and FD has been suggested in a number of reviews[8,28].
There are also several studies that have pointed out significant associations between SERT polymorphism and
IBS[29-33]. To our knowledge, the only result that confirms
the relevance of SERT polymorphisms in relation to
dyspeptic symptoms comes from studies of postprandial distress syndrome[8], while at least two other inves-
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infectious FD and found to be significantly reduced in
patients 6 mo or more after the infection, but not in recovered controls[48].
The low number of subjects in the patient and control groups and differences in terms of age and smoking
status (which can affect the mucous layer and bicarbonate secretion) are a limitation of this study.
In conclusion, our study strongly indicates the involvement of 5-HT related duodenal mucosal mechanisms in FD pathogenesis. Future studies should further
investigate alterations in up- and downstream effects
related to HTR3E and HTR7 receptors.
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Impact of body mass index for patients undergoing
pancreaticoduodenectomy
Marco Del Chiaro, Elena Rangelova, Christoph Ansorge, John Blomberg, Ralf Segersvärd
RESULTS: A total of 367 PDs were included (O = 141/
C = 226). No differences were found between O and
C regarding demographics, peri-operative data, costs,
morbidity or mortality. O was associated with higher
intra-operative blood loss (1392 ± 115 mL vs 1121 ±
83 mL; P = 0.01), rate of PF (20% vs 9.5%; P = 0.006)
and marginally longer LOS (18 ± 0.9 d vs 15 ± 1.1 d;
P = 0.05). An increasing risk for PF was observed with
increasing BMI. The 1, 3 and 5 years survival rate was
similar in O and C in PDAC (68.7%, 26.4% and 8.8%
vs 66.1%, 30.9% and 17.9% respectively; P = 0.9).
When the survival was analyzed using 4 different categories of BMI (underweight, normal, overweight and
obese), a trend was seen toward a difference in survival, with a worse prognosis for the underweight and
obese patients compared to normal weight and overweight patients.
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CONCLUSION: Overweight increases the risk for
intra-operative bleeding and PF, but do not otherwise
alter short or long term outcome after PD for pancreatic cancer.

Abstract

© 2013 Baishideng. All rights reserved.

AIM: To evaluate the impact of body mass index (BMI)
on short and long term results after pancreaticoduodenectomies (PD).

Key words: Pancreas surgery; Pancreatectomy; Body
mass index; Pancreatico- duodenectomy; Oncology;
Pancreas cancer

METHODS: A consecutive series of PDs performed at
the Karolinska University Hospital from 2004 till 2010
were retrieved from our prospective database. The patients were divided by BMI into overweight/obese (O;
2
2
BMI ≥ 25 kg/m ) and controls (C; BMI < 25 kg/m ).
Demographics, peri-operative data, morbidity, mortality, pancreatic fistula (PF) rate, length of stay (LOS),
hospital costs, histology, and survival were analyzed.
An additional sub analysis of survival was performed in
patients with a diagnosis of pancreatic ductal adenocarcinoma (PDAC) and divided in underweight, normalweight, overweight and obese.

WJGP|www.wjgnet.com

Core tip: In the last decades, the number of overweight individuals has increased dramatically in Western countries. No data are available in the literature
that show clearly whether this comorbidity has an
impact on short-term or long-term outcomes in these
patients or on procedure-related costs. Some studies have shown that pancreatectomies in overweight
patients are associated with an increased risk of postoperative complications. The data are even more confusing regarding long-term and oncologic outcomes.
In our study, based on a large series of consecutive
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pancreaticoduodenectomy for PDAC. Due to the worldwide increase in numbers of overweight patients who are
candidates for pancreaticoduodenectomy and the lack of
data concerning short-term and long-term outcomes for
that procedure in these patients, we decided to analyze our
own results and investigate the correlation between BMI
and survival, post-operative complications, and the cost
of pancreaticoduodenectomy in overweight patients.

pancreaticoduodenectomies (PD) performed in a high
volume center for pancreatic surgery, we showed that
body mass index (BMI) is a risk factor for intra-operative bleeding and post-operative pancreatic fistula, but
does not increase the overall morbidity and have no
impact on survival of patients with pancreatic ductal
adenocarcinoma. Based on these results, BMI should
not be considered, per-se, an exclusion criteria for
candidates for PD.

MATERIALS AND METHODS

Del Chiaro M, Rangelova E, Ansorge C, Blomberg J,
Segersvärd R. Impact of body mass index for patients
undergoing pancreaticoduodenectomy. World J Gastrointest
Pathophysiol 2013; 4(2): 37-42 Available from: URL: http://
www.wjgnet.com/2150-5330/full/v4/i2/37.htm DOI: http://
dx.doi.org/10.4291/wjgp.v4.i2.37

Patients who had undergone pancreatoduodenectomy
at Karolinska University Hospital 2004–2010 were retrieved from the hospital database containing prospectively collected pre-, intra- and post-operative data.
The cohort was divided by BMI into overweight/obese
(BMI ≥ 25 kg/m2) and controls (BMI < 25 kg/m2). Demographics, peri-operative data, morbidity, in-hospital
mortality, PF rate, length of stay (LOS), histology, and
survival were analyzed. Financial files for the patients
in the study were obtained from the Economic Department at the Karolinska University Hospital and analyzed.
The cost analysis included all the in-hospital diagnostic
and therapeutic procedures, such as X rays, blood samples, other tests (e.g., electrocardiogram and spirometry),
operations, and drugs, as well as pre- and post-operative
stays, and intensive care unit (ICU) or sub-ICU stays. All
patients underwent a conventional Whipple resection
with vascular resections of large retropancreatic vessels
whenever necessary and with radical lymphadenectomy,
as described in the Castelfranco Veneto Classification[19].
In all patients, the reconstruction was done by an end-toside, duct to mucosa, pancreaticojejunostomy, an end-toside conventional hepatico-jejunostomy and an antecolic
gastro-entero anastomosis. The study was approved by
the local ethics committee. GraphPad Prism software (R)
was used to compare costs, pathological results, intraoperative and post-operative outcomes, and long-term
survival between the two groups. The Student’s t test
was used for comparison of the means of continuous
variables. Fisher’s exact test was used to compare categorical variables. Long-term survival was analyzed using
a non-parametric method (Kaplan Meier). Differences in
survival were estimated using the Log-rank test.

INTRODUCTION
In the last decades, the number of overweight individuals has increased dramatically in Western countries. It is
estimated that today there are about 1.6 billion individuals in the world who are overweight and 400 million
who are obese[1]. At the same time, obesity is a wellrecognized risk factor for several chronic degenerative
diseases such as cardiovascular diseases[2,3], diabetes[4]
and a number of types of cancer[5], including pancreatic
cancer[6]. In fact, obese individuals have a twofold to
threefold increase in the risk of death from all causes
compared to the general population[7]. It is estimated that
treatment of obesity-related diseases consumes about
10% of healthcare expenditures in the United States[8].
These data clearly suggest that the number of overweight or obese patients who are candidates for pancreaticoduodenectomy will increase in the future, but
no data are available in the literature that show clearly
whether this comorbidity has an impact on short-term
or long-term outcomes in these patients or on procedure-related costs.
Some studies have shown that pancreatectomies in
overweight patients are associated with an increased risk
of post-operative complications [9] including a longer
hospital stay[9-11], greater blood loss[12], more wound infections[13-15], and an increased rate of pancreatic fistula
(PF)[12]. However, some other studies have not shown
an overall increase of post-operative morbidity in overweight patients[16,17]. Analysis is even more difficult for
long-term and oncologic outcomes. In these areas, few
data are available, and the results are not consistent. In a
recent paper, Fleming showed shorter long-term survival
and an increase in the number of positive node specimens in patients with a body mass index (BMI) > 35 kg/m2
who underwent pancreaticoduodenectomy for pancreatic ductal adenocarcinoma (PDAC)[18]. In contrast, a
large single-institution study by Tsai et al[12] found a longer survival time in overweight patients who underwent

WJGP|www.wjgnet.com

Statistical analysis
Statistical methods should be described when they are
used to verify the results. Choose suitable techniques for
the statistical treatments; for example, t-test (group or
paired comparisons), χ 2 test, Ridit, probit, logit, regression (linear, curvilinear, or stepwise), correlation, analysis
of variance (ANOVA), analysis of covariance, etc.

RESULTS
Three hundred sixty-seven consecutive patients were
identified of which 141 (38.4%) were overweight/obese.
As shown in Table 1, the overweight/obese group
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Table 1 Pre-operative characteristics of patients
Patient
characteristics
BMI (kg/m2)
Male/Female
Mean age (yr)
ASA risk
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Vascular resection

Overweight
(n = 141)
28.6
75/66
63.7
10.40%
58.30%
29.60%
1.70%
15.60%

Controls
(n = 226)
22.1
127/99
65

Table 2 Histological diagnosis of resected specimens and
main surgical specific post-operative complications
P value
< 0.0001
0.5
0.3

5.10%
53.40%
36.40%
5.10%
22.10%

Histology
Ductal adenocarcinoma
of the pancreas
Periampullary cancers
Cholangiocarcinoma
Cystic tumors
Neuroendocrine tumors
Chronic pancreatitis
Other tumor types
Surgical complications
Pancreatic fistula
Delayed gastric empting
Bile leakage
Abdominal bleeding
Gastro-intestinal bleeding
Wound infection

0.06
0.40
0.20
0.30
0.10

ASA: American Society of Anesthesiology; BMI: Body mass index.

had significantly higher mean BMI than the controls
(28.6 kg/m2 vs 22.1 kg/m2; P < 0.0001). No significant
differences were found in sex distribution, mean age,
pre-operative risk assessment according to the American
Society of Anesthesiology classification system, or the
number of procedures associated with resection of peripancreatic vessels.

Controls
(n = 226)

P value

42.5%

49.5%

0.2

20.6%
4.9%
12.8%
5.7%
3.6%
9.9%

17.4%
3.9%
10.6%
5.8%
9.7%
3.1%

0.5
0.8
0.6
1.0
0.03
0.009

20.0%
14.2%
2.8%
4.2%
2.1%
4.9%

9.5%
11.5%
1.7%
4.4%
2.6%
2.6%

0.006
0.5
0.5
1.0
1.0
0.3

the underweight patients (BMI < 18.5 kg/m2), 10% of normal weight patients (BMI ≥ 18.5 kg/m2 and ≤ 24.9 kg/
m2), in 16% of overweight patients (BMI ≥ 25 kg/m2 and
2
2
≤ 29.9 kg/m ), and 32% of obese (BMI ≥ 30 kg/m ).

Operative and pathology details
The overweight/obese group had higher intra-operative
blood loss (1392 ± 115 mL vs 1121 ± 83 mL; P = 0.01)
and a marginally longer LOS (18.0 ± 0.9 d vs 15.0 ± 1.1 d;
P = 0.05) compared to the control group. No differences
were found between the groups in operation time (446
± 8 min vs 431 ± 7 min; P = 0.2). Both groups showed a
similar panorama of final histological diagnoses even if
more patients were treated for chronic pancreatitis in the
controls group and for other tumor types in the overweight group (Table 2); about half of the patients were
treated for PDAC.

Cost analysis
The mean overall cost for the overweight group was
30700 ± 1938 euros and 33140 ± 2692 euros in the control group, which was not statistically different (P = 0.4)
(Figure 1).
Survival analysis
Overall, 60 patients (42.5%) in the overweight group and
112 patients (49.5%) in the control group were resected
because of PDAC. One-year, 3-year, and 5-year actuarial
survival rates (Figure 2A) were not different between
the overweight group and the control group respectively
(68.7%, 26.4%, and 8.8% vs 66.1%, 30.9%, and 17.9%;
P = 0.9). When the survival of PDAC patients was analyzed using 4 different categories of BMI (underweight,
normal, overweight and obese), a trend was seen toward
a difference in survival, with a worse prognosis at 1,
3 and 5 years for the underweight and obese patients
(57.1%, 0%, 0% and 77.8%, 51.8%, 0%, respectively),
compared to normal weight and overweight patients
(67%, 32%, 18.4% and 66.5%, 20.6%, 10.3%, respectively) (Figure 2B). However, the survival comparison of
the four groups was not significantly different (P = 0.8).

Peri-operative mortality and morbidity
Overall, 13 of the 367 patients died post-operatively
(3.5% in-hospital mortality). No difference in mortality rate was found between the two groups: 5 patients
died in the overweight group (3.4%) and 8 in the control
group (3.5%). No differences in overall morbidity (47%
vs 54%; P = 0.2) or severe post-operative complications
(grade ≥ 3b according to the Clavien classification)[20]
(15.6% vs 17.2%; P = 0.7) were found between the overweight and control groups. In contrast the overweight
patients developed more post-operative medical specific
complications (24.1% vs 15%; P = 0.03). When specific
surgical complications were compared, only PF occurred
more frequently in the overweight group compared to
the control group (20% vs 9.5%; P = 0.006). Otherwise,
no significant differences were found in the incidence
of delayed gastric emptying, bile leakage, wound infection, or intra-abdominal or gastro-intestinal bleeding (Table 2). When the patients were divided into 4
different sub-groups according to BMI, the risk for developing post-operative PF was directly correlated with
increasing BMI. Pancreatic fistula developed in none of
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Overweight
(n = 141)

DISCUSSION
General considerations
Overweight and obesity is becoming one of the most
important health problems in Western countries. It is
estimated that over $140 million are spent each year on
obesity-related diseases in the United States[17,21,22]. Few
data are available concerning the impact of overweight
on post-operative outcomes after pancreaticoduodenec-
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Figure 1 Comparison of in-hospital costs in the overweight and control
groups.

tomy and on the costs associated with the procedure.
In addition, the limitations of the published studies
make it difficult to analyze the data that are available.
The available data were either collected retrospectively,
or different criteria were used for dividing patients into
sub-groups in the different investigations, or the study
populations were not comparable.

B
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Obese

100

%

75

Impact of BMI in the short-term outcome of pancreatico
duodenectomies
Some data suggest that pancreaticoduodenectomies (PD)
is a more complicated operation in overweight patients.
Our study is consistent with others[10,12] that have found
comparable operative times in the control and overweight patients but higher intra-operative bleeding in
the overweight group. Some studies have reported that
overall morbidity after PD was not higher in overweight
patients[10]. Similarly, we did not find any differences in
overall rates of post-operative complications or in the
severity of complications, even though overweight patients seem to be more prone to develop post-operative
medical complications. We found an increased risk of PF
in the overweight group, which is consistent with many
other papers[11,12,23], and found that the risk increased
progressively in higher BMI categories. This result may
be due to different pancreatic textures in the different
BMI groups with an increasing percentage of fat infiltration in overweight patients that affected the quality of
the pancreatico-jejunostomy anastomosis[11,24]. In our
series, we did not find an increased risk of other BMIrelated post-operative complications, such as wound infections, although such an increase has been reported in
some other studies[9,15]. Previous papers have not looked
at mortality rates, costs, or the LOS in overweight patients after PD. We did not find any differences in those
areas, which is not surprising since there were no differences in the overall complication rate.
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Figure 2 Actuarial survival curves. A: In overweight and control patients who
underwent pancreaticoduodenectomy for pancreatic ductal adenocarcinoma
(PDAC); B: For underweight, normal-weight, overweight, and obese patients
who underwent pancreaticoduodenectomy for PDAC. BMI: Body mass index.

survival after PD in patients with a BMI >35 kg/m2. In
contrast, a more recent study by Tsai et al[12] found that
a higher BMI can be considered a positive long-term
prognostic factor for patients undergoing PD for PDAC.
In our analysis of patients treated for PDAC, we did
not find any difference in survival between the overweight and control subgroups. In our sub-analysis using
4 different BMI categories, the underweight and obese
patients had a worse prognosis than the normal weight
individuals, although there were no differences between
the normal weight and overweight patients. It is possible
that the division of patients in two categories did not
show a difference because the survival time of controls
was negatively affected by the group of underweight patients and the overweight patients had a negative impact
on the survival analysis of obese patients. Unfortunately,
in our series, the extreme groups of BMI (underweight
and obese) were too small to give a definitive answer to

Impact of BMI in the long-term outcome of PD
Our study didn’t show any statistically significant differences in survival in overweight patients compared to the
control group. However, Fleming et al[18] reported decreased
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this question. It would be interesting to study the impact
of BMI on the long-term outcome of PD in a larger
number of PDAC patients.
In conclusion, our data shows that PD can be done
safely in overweight patients, even though with somewhat higher intra-operative blood loss, postoperative
medical complications and PF rate. We also demonstrate
that overweight/obesity do not impact survival rates
negatively after PD for pancreatic cancer. However, the
limited number of patients in the extreme groups of
BMI limited the possibility to do a proper sub analysis
useful to show the impact of underweight and obese
patients in the short and long term outcome[25]. A sub
analysis of fat distribution can also offer another area of
research to predict the short and long term outcome of
these patients[26].
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Primary clarithromycin resistance to Helicobacter pylori : Is
this the main reason for triple therapy failure?
Floriana Giorgio, Mariabeatrice Principi, Vincenzo De Francesco, Angelo Zullo, Giuseppe Losurdo,
Alfredo Di Leo, Enzo Ierardi
population we found a 25% prevalence of resistance
in a sample of H. pylori positive children observed
between 2002 and 2007, mirroring data obtained in
southern European countries. Clarithromycin resistance
assessment is currently based on phenotypic detection
performed after culture the agar dilution method or
E-test, and genotypic methods based on polymerase
chain reaction (PCR). In a recent comparative study we
found a 71.2% agreement between the two methods.
Culture-free techniques are highly accurate in finding
even minimal traces of genotypically resistant strains.
Moreover, PCR-based tools are accurate in detecting a
heteroresistant status, defined as the co-existence of
some strains that are susceptible and some resistant to
the same antibiotic in an individual patient. Three point
mutations, namely A2143G , A2142G and A2142C , are
responsible for 90% of cases of primary clarithromycin
resistance in H. pylori strains isolated in Western countries, although we previously demonstrated that the
presence of the A2143G mutation, but not A2142G or
A2142C , significantly lowered the H. pylori eradication
rate. Treatment failure has considerable cost/benefit
implications because of “waste” of National Health System and patient resources, in terms of drugs, further
diagnostic tests and medical examination expenses.
Therefore, in future it would be very useful to be able
to test for clarithromycin resistance before starting conventional triple therapy. Hopefully, fast, effective noninvasive tests may soon be devised to determine this
condition.
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Abstract
Conventional triple therapies for Helicobacter pylori (H.
pylori ) eradication have recently shown a disappointing

reduction in effectiveness in many countries. The main
reason for failure was found to be bacterial resistance
to one of the most commonly used antibiotics, clarithromycin. An additional problem for conventional triple
therapy is the high rate of resistance to metronidazole
found in Europe, America and Asia. In Italy, in the last
15 years a 2-fold increase in resistance has occurred.
A recent study of the whole of Italy included about
20 patients from each region at the first endoscopic
diagnosis of H. pylori infection. The most surprising
result was the patchy distribution of resistance, which
was almost absent in two regions (one northern and
one southern), although the highest prevalence was
found in some regions of the South. In the paediatric
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Core tip: Clarithromycin resistance is the main reason
for the failure of conventional therapies for Helicobacter pylori . We evaluate the scope of the problem,
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and Central (20%) areas[7,8]. However, in the same period
a study by our group found a median value of 28.7% in
two areas in Southern and Central Italy[9]. In 2007, in a
retrospective study performed over a 15-year period in
the same geographical area, we found a 10.2% prevalence
of primary clarithromycin resistance in 147 patients in
the 1990 period, whereas by 2004-2005 the resistance
found in 178 patients had increased significantly, to
21.3% or 2-fold higher[10]. The phenomenon was found
to be more evident in females. A possible explanation for
this finding may be a wider use of the antibiotic in the
course of infections with a greater prevalence in the female sex, such as urinary tract infections[11,12].
A more recent study (2011) was focused on the whole
of Italy, including about 20 patients from each region
at the first endoscopic diagnosis of H. pylori infection.
The most surprising result was the patchy distribution of
resistance, which was almost absent in two regions (one
Northern and one Southern) although the highest prevalence was found in some regions of the South (20%-25%).
Due to this distribution variability, the overall resistance
rate was lower than expected (about 10%). Resistances
were higher in patients with non-ulcer dyspepsia than
in those with peptic ulcer, in agreement with findings in
previous investigations[13].
In the paediatric population we found a 25% prevalence of resistance in a sample of 168 H. pylori positive
children observed between 2002 and 2007, mirroring
other data from European countries, where high values
reflect the environmental conditions of southern areas[14].

as reported in literature and especially on the basis
of personal data in adult and paediatric populations.
Another issue is the detection of resistance using phenotypic and genotypic methods; comparison is made of
the limits and advantages of these approaches. Cost/
benefit analysis of unsuccessful eradication therapy is
performed. Based on these considerations, the best
solution in future seems likely to be the detection of resistant strains before starting treatment.
Giorgio F, Principi M, De Francesco V, Zullo A, Losurdo G, Di
Leo A, Ierardi E. Primary clarithromycin resistance to Helicobacter pylori: Is this the main reason for triple therapy failure?
World J Gastrointest Pathophysiol 2013; 4(3): 43-46 Available
from: URL: http://www.wjgnet.com/2150-5330/full/v4/i3/43.htm
DOI: http://dx.doi.org/10.4291/wjgp.v4.i3.43

BACKGROUND
Helicobacter pylori (H. pylori) eradication may have clinical
implications with a very high impact: healing of peptic
ulcer disease, resolution of low-grade lymphoma in about
80% of cases and the prevention of gastric adenocarcinoma[1,2]. However, some problems have arisen in clinical
practice in recent years, namely the decreased eradication
rate of conventional therapies and the onset and diffusion of antibiotic resistances worldwide[3]. Triple therapy,
comprising treatment with two antibiotics, amoxicillin
and clarithromycin, and a proton pump inhibitor for a
week, was recommended as the treatment of choice at
several consensus conferences. However, this treatment
has recently shown a disappointing reduction in effectiveness in many countries and the main reason for failure
has been found to be bacterial resistance to one of the
most commonly used antibiotics, clarithromycin[4].

METHODS FOR CLARITHROMYCIN
RESISTANCE DETECTION
Clarithromycin resistance assessment is currently based
on phenotypic detection performed after culture and
the agar dilution method or E-test. However, in the past
decade, different polymerase chain reaction (PCR) based
approaches have been developed as alternative tools[15].
These techniques allow assessment of mutations in the
peptidyltransferase region encoded in domain V of the
H. pylori 23S ribosomal RNA region that confers clarithromycin resistance[16,17]. Undeniably, both culture and
PCR-based methods have both advantages and limitations[18]. Bacterial culture allows an overall evaluation
of H. pylori clarithromycin resistance, regardless of the
intrinsic mechanism involved (point mutations, RNA
methylations, efflux pumps, etc.). Nevertheless, H. pylori
is a troublesome bacterium and culture may be difficult
even in expert hands. Indeed, sensitivity values of culture
as low as 55%-73% have been reported in some trials[19].
By contrast, PCR-based culture-free techniques are highly
accurate in finding even minimal traces of genotypically
resistant strains. Moreover, PCR-based tools are accurate
in detecting a heteroresistant status, defined as the coexistence of some strains that are susceptible and some
resistant to the same antibiotic in an individual patient.
These techniques may be used even on paraffin-embed-

PREVALENCE OF RESISTANCE TO
CLARITHROMYCIN
An assessment of primary clarithromycin resistance made
about 10 years ago demonstrated differences between
children and adults in Europe. In adults, a marked difference has been observed between Northern countries,
where the overall prevalence was about 5%, and Southern countries, where the resistance rate was to up to 20%.
This difference was not observed in children. Indeed,
in all European countries a virtually equal, high prevalence has been reported, ranging from 12.5% to 23.5%.
An additional problem for conventional triple therapy
is the high rate of resistance to metronidazole[5,6] found
in Europe (from 23.5% in Spain to 40.3% in the United
Kingdom), America (from 21.6% in the United States to
76.3% in Mexico) and Asia (from 9%-12% in Japan to
41.9% in Korea).
In Italy, data obtained 10 years ago showed a strong
difference between the resistance rates in Northern (2%)
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sequential therapy is used, the cost of treatment is about
40 € but the therapeutic gain is unsatisfactory.
In addition to the net cost of drugs, the cost of support treatment used in cases of side effects (probiotics,
prokinetics, anti-acids), accounts for a further 5-25 € on
average. In cases of therapeutic failure the patient will
undergo a new medical examination (average cost: 36 €)
and new surveys for H. pylori status by non-invasive (urea
breath test: 70 €, stool antigen: 30-40 €) and invasive
methods (esophagogastroduodenoscopy: 220 + 36 € of
individual contribution; biopsy: 40 €; histological examination: 95 + 36 € of individual contribution)[29].
In this scenario it is clear that inappropriate use of an
anti H. pylori regimen incurs heavy costs not only in terms
of the initial, ineffective treatment but also of the later
additional visits and investigations.
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Figure 1 Secondary structure model of the peptidyltransferase region
in domain V of the Helicobacter pylori 23S rRNA. The site of the A2142C,
A2142G and A2143G mutations is underlined.

ded tissue[20]. Nevertheless, these approaches are unable
to detect clarithromycin resistance when it is based on
uncommon genetic mechanisms (deletions, RNA methylations, etc.). Although several mutations have been
detected, it has been found that three point mutations,
namely A2143G, A2142G and A2142C (Figure 1), are
responsible for 90% of cases of primary clarithromycin
resistance in H. pylori strains isolated in Western countries[21,22]. Some studies showed that these point mutations
are associated with different MIC values for clarithromycin resistance assessed by culture in vitro[23], suggesting
that they might have a different impact on the therapeutic
outcome. Indeed, we previously found that the presence
of the A2143G mutation, but not A2142G or A2142C,
significantly lowered the H. pylori eradication rate[24,25].
In a recent comparative study we found that the prevalence of clarithromycin phenotypic resistance was significantly lower than that of genotypic resistance (18.4%
vs 37.6%, P < 0.001). An agreement between the two
methods was present in 71.2% of cases. A significant difference in the eradication rate was seen between clarithromycin-susceptible and resistant strains, when assessed
with either the E test (92.4% vs 55.5%, P < 0.001) or a
PCR-based method (94.5% vs 70.9%, P < 0.001). Notably, the eradication rate showed the lowest value (30.7%)
when the phenotypic bacterial resistance was genetically
linked to the A2143G point mutation. The conclusion of
this study was that there is a disagreement between the
two methods; clarithromycin resistance markedly reduces
H. pylori eradication only when it is linked to a specific
point mutation[26].
On these grounds, it has been suggested that MIC values
for clarithromycin resistance should be dropped to 0.5 in
order to improve the efficacy of phenotypic detection[27].

FUTURE PERSPECTIVES
In future it will be more effective to test for clarithromycin resistance before starting conventional triple therapy.
The limit of this approach is the high cost of molecular
analysis, as well as the difficulty of performing phenotypic
investigations, even for experts. Other issues hindering a
wider spread of these assessments in clinical practice are
the long time between testing and obtaining the results
on which to plan therapy, and the need to perform an
invasive examination (esophagogastro-duodenoscopy).
In conclusion, it would be very useful to be able to test
for clarithromycin resistance before starting conventional
triple therapy. Hopefully, fast, effective non-invasive tests
may soon be devised to determine this condition.
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Core tip: Certain probiotics can inhibit signal transduction pathways (i.e. , transcription factors like cAMP
response element-binding, activator protein 1, and
nuclear factor kappa B), as well as attenuate the activation of ceratin certain kinases (e.g. , p38 mitogen
activated protein kinases). Inhibition of these Intracellular signaling pathways by probiotics results in effects
on intestinal fluid secretion, neutrophil influx into the
colon, inflammation and colonocyte apoptosis that may
positively impact Clostridium difficile- associated disease (CDAD). Understanding the mechanistic basis of
CDAD, and how probiotics interfere at certain steps in
the pathogenic process, may allow the development of
novel probiotics that could have a future pharmacological impact on CDAD.

Abstract
The purpose of this review paper is to update the current and potential future role of probiotics for Clostridium difficile- associated disease (CDAD). Included in
this review, is an update on the testing of newer probiotics (e.g. , Bacillus coagulans GBI-30, 6086) in animal
models of CDAD. There is a focus on the modulation of
signal transduction pathways (i.e. , transcription factors
like cAMP response element-binding, activator protein
1, and nuclear factor kappa B), as well as the inhibition
of certain kinases (e.g. , p38 mitogen activated protein
kinases) by probiotics. Inhibition of signal transduction
by probiotics, such as Saccharomyces boulardii , result
in multiple effects on intestinal fluid secretion, neutrophil influx into the colon, inflammation, and colonocyte
apoptosis that may positively impact CDAD. Recent
clinical approaches with probiotics, for the prevention
of primary and recurrent CDAD, are also summarized in
this review paper. Future directions for the treatment of
CDAD by probiotics are also mentioned in this review.
In particular, the use of multi-strain probiotic formula®
®
tions such as Ecologic AAD and VSL #3 may represent a rationale pharmacological approach, particularly
as adjunctive therapies for CDAD. Understanding the
mechanistic basis of CDAD, and how probiotics interfere
at ceratin steps in the pathogenic process, may also
present the opportunity to design other multi-strain
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INTRODUCTION
Clostridium difficile (C. difficile) infection can cause nosocomial-related diarrhea and other distinct disease characteristics, which can affect the structural integrity of the
intestine[1,2]. The spectrum of C. difficile-associated disease
(CDAD) ranges from mild antibiotic associated diarrhea to severe pseudomembranous colitis that can lead
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In an excellent review paper, Hell et al[19] cited potential
mechanisms by which probiotics could prevent or reverse
CDAD. These mechanisms included: (1) competitive exclusion; (2) bacterial metabolic activity; (3) preservation
of gut-barrier function; (4) influence on water and ion
channels; (5) influence on the innate nervous system; (6)
modulation of signal transduction; (7) stimulation of the
innate immune system; and (8) induction of adaptive immunity[19]. Specific details on these mechanisms are provided elsewhere in the relevant literature[18,19].
In this review, I will focus on the modulation of signal transduction pathways (i.e., immunomodulation) by
probiotics, as related to CDAD[19,21,22]. As shown in Figure
1, endogenous colonic epithelial cells (colonocytes) seem
to play an integral role in CDAD[23-25]. However, cells of
the innante immune system (macrophages, neutrophils)
also play a role in the etiology of CDAD[26,27]. In these
cellular populations within the intestine, C. difficile associated toxins (particularly toxin A) result in the activation
of three transcription factors (Figure 1). Nuclear factorkappa B (NF-κB) is involved in chemokine production,
and also plays a role in colonocyte apoptosis[23,28]. Activator protein-1 (AP-1) also plays a role in interleukin (IL)-8
production, in response to stimulation of colonocytes
with toxin A[24]. Cyclic-AMP response binding protein
(CREB) is critical for the production of Prostaglandin
E2[23]. This prostaglandin plays an important role in the
fluid secretion/diarrhea associated with CDAD (Figure 1).
As shown in the figure, there is also cross talk between
the various pathways. For example, prostaglandin E2 can
stimulate Fas ligand expression and apoptosis in colonic
epithelial cells[28,29].
Specific points of intervention, resulting in immunomodulation by certain probiotics, are shown in Figure
1[21,30-39]. The non-pathogenic yeast probiotic, Saccharomyces
boulardii has the most well described immunomodulatory actions[21]. Saccharomyces boulardii can inhibit toxin-A
receptor binding to target cells, by release of a protease
that digests both the exotoxin and its receptor binding
sites[21,31,32]. Indirectly, this prevents the downstream activation of relevant MAP kinases, as well as transcription
factor activation by toxin A (Figure 1). The same group
of investigators showed that Saccharomyces boulardii supernatants could inhibit (in vitro or in vivo) toxin A-induced
MAP kinase (ERK 1/2) activation, IL-8 production, fluid
secretion, and intestinal inflammation[21,30]. Saccharomyces
boulardii also reportedly inhibits activation of the key
transcription factor NF-κB[21].
Bacillus coagulans GBI-30, 6086 (Bc) is a novel probi-
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Loose stool/diarrhea

NF-kB

Neutrophil influx
Inflammation

Sb

MECHANISMS OF ACTION FOR
PROBIOTICS

Prostaglandins

Apoptosis
Colonocytes

MAP kinases

testing of some probiotics in animal models of CDAD,
as well as how certain probiotics can modulate signal
transduction pathways.

Bc, Lr
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Figure 1 Immunomodulation by probiotics for Clostridium difficile-associated disease. Clostridium difficile (C. difficile) associated toxins (red font)
engage colonic epithelial cells (colonocytes) leading to nuclear factor-kappa B
(NF-κB) activation, interleukin (IL)-8 production, neutrophil influx and inflammation. These toxins also bind to receptors on colonocytes and leukocytes leading
to p38 mitogen activated protein kinases (p38 MAPK) and cyclic-AMP response
binding protein (CREB) activation. CREB, through cyclooxygenase 2 (COX2),
is critical for the production of prostaglandin E2. In turn, this prostaglandin plays
an important role in the fluid secretion/diarrhea associated with CDAD. C. difficile associated toxins also lead to the activation of other MAP kinases (ERK
1/2) and activator protein-1 (AP-1), which also plays a role in IL-8 production.
There is also cross talk (dotted line) between the various pathways. For example, prostaglandin E2 can stimulate Fas ligand expression and apoptosis in
colonic epithelial cells. The green arrows in this figure represent specific points
of intervention by certain probiotics, resulting in immunomodulation by these
agents. The abbreviations indicate the specific probiotics, which can modulate
these signal transduction pathways. These probiotics (green font) include: Saccharomyces boulardii (Sb); Bacillus coagulans GBI-30, 6086 (Bc); Lactobacillus
acidophilus (La); Lactobacillus rhamnosus (Lr); and Saccharomyces cerevisiae,
strain 905 (Sc).

to mortality[1,2]. CDAD is caused by the actions of two
exotoxins (toxin A and toxin B), which are produced by
various pathogenic strains of C. difficile[2,3].
CDAD is often treated successfully with standard antibiotics such as vancomycin and metronidazole[4-6]. However, recurrence occurs in many patients[4-6]. Some clinical
studies have focused on combined treatment with vancomycin and probiotics such as Saccharomyces boulardii for the
treatment of recurrence[7-10]. Therefore, initial treatment
regimens with probiotics, or their use for prevention of
recurrent disease, may be attractive as part of the overall
therapeutic strategy for CDAD[11-13].
Probiotics are live microorganisms that when ingested
can confer health benefits[14]. Typically, probiotics include
various strains of Lactobacillus and/or Bifidobacteria species. They exist as either single entities, or as combination products (e.g., VSL#3)[15,16]. Other known probiotics
include certain non-pathogenic Escherichia coli strains like
Nissle 1917 and M-17[14,17].
Overall, the pertinent mechanisms explaining the
potential role of probiotics as anti-colitis therapies have
been reviewed in detail elsewhere[15,18-20]. The purpose
of this review paper is to provide an update on the current and potential future role of probiotics for CDAD.
Included in this review will be an update on the recent
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otic, which can attenuate chemokine release both in vitro
and in vivo[34,35]. Correspondingly, this probiotic reduced
neutrophil influx and colonic inflammation associated
with CDAD in mice [34,35]. Of note, Bacillus coagulans
GBI-30 reduced the expression (by immunohistochemistry) of COX-2 in the colons of mice with CDAD (Figure
1)[34,35].
Lactobacillus acidophilus (L. acidophilus) substantially
improved cyclosporine-induced C. difficile infection in
mice[36,39]. Various parameters of infectious colitis were
attenuate by probiotioc treatment, including myeloperoxidase and histopathology, as well as titers of toxins A and
B derived from the cecal contents of mice (Figure 1)[36,39].
Another lactobacillus species, Lactobacillus rhamnosus (L.
rhamnosus) improved C. difficile-induced inflammation and
damage to the ileum of hamsters, with less evidence of
diarrhea[37].
Martins et al[38] developed a screening paradigm for
yeast probiotic strains, based upon protection against
enteric pathogens including C. difficile. These investigators found that Saccharomyces cerevisiae, strain 905 protected
the cecum of gnotobiotic mice from C. difficile-induced
pathological changes in the cecum (Figure 1)[38].

Table 1 Effects of probiotics in animal models of Clostridium

difficile -induced colitis
Probiotic

Saccharomyces boulardii
Saccharomyces boulardii
Saccharomyces cerevisiae 905
Lactobacillus rhamnosus
Lactobacillus acidophilus
Bacillus coagulans GBI-30, 6086

Efficacy

Reference

Yes
Yes
Yes
Yes
Yes
Yes

[40,41]
[42]
[38]
[37]
[36,39]
[34,35]

and also the prevention of recurrent CDAD. Their somewhat arbitrary rating system suggested some positive
clinical studies, but also the presence of some negative
studies (B rating), or inadequate clinical experience (C rating). In their evaluations, the investigators focused mainly
on studies involving Saccharomyces boulardii and Lactobacillus
GG[43]. In another review, Hickson[44] suggested that the
evidence supporting the use of probiotics for CDAD is
overall equivocal. Musgrave et al[45] reported that probiotics could be considered for the prevention of C. difficile
infection, or as an adjunctive therapy in otherwise healthy
(non-immunocompromised) patients. Davidson et al[46]
suggested the possible co-administration of probiotics
for prevention of CDAD in patients at increased risk
for developing disease. However, they did not recommend adjunctive probiotics for the routine treatment of
CDAD[46]. The most recent Cochrane review (from 2008)
on probiotics for CDAD in adults concluded that insufficient evidence existed to recommended probiotics as an
adjunct to antibiotic therapy for C. difficile colitis[47]. Moreover, reportedly there was no evidence to support the use
of probiotics alone for C. difficile colitis[47].

PROBIOTICS AND PRECLINICAL MODELS
OF CDAD
Table 1 shows a list of some probiotics that were tested
in pre-clinical models of C. difficile-induced colitis. Early
studies, which were conducted approximately 30 years
ago, showed that Saccharomyces boulardii could prevent
Clindamycin (and by association C. difficile)-induced mortality in hamsters, with improvement in the histological
appearance of the intestine in these animals[40,41]. In the
same time period, Corthier et al[42] found that Saccharomyces
boulardii could limit mortality in gnotobiotic mice that
were infected with C. difficile. Of note, this probiotic also
modulated fecal cytotoxin production (Figure 1)[42].
More recent studies, showed that Saccharomyces cerevisiae strain 905 and two lactobacillus strains (L. rhamnosus
and acidophilus) were effective against CDAD in rodents
(Figure 1 and Table 1)[36-39]. My laboratory found that
the novel probiotic strain Bacillus coagulans GBI-30, 6086
could improve both the initial phase of colitis in mice
following C. difficile infection, as well the recurrence of
CDAD following vancomycin withdrawal[34,35]. This probiotic most profoundly affected the stool consistency in
these mice (Figure 1)[34,35].

FUTURE USE OF PROBIOTICS FOR CDAD
In a review article published in 2009, Imhoff et al[13] asked
this question: Is there a future for probiotics in preventing clostridium difficile-associated disease and treatment of
recurrent episodes? This statement remains a pertinent
question in 2013. Recently, there has been a renewed
interest in fecal microbiota transplantation therapy for
recurrent CDAD, and new studies suggest efficacy for
this indication[48-52]. Therefore, what about the future use
of probiotics in CDAD beyond 2013? Because CDAD
is a condition associated with disrupted endogenous gut
flora, it is logical to employ treatment strategies that can
reconstitute/restore the physiological intestinal flora.
In a broad sense, both probiotics and fecal microbiota
transplantation therapy attempt to accomplish this restoration of physiological bacterial species, but by different
administration methods[13,53,54]. Certainly, fecal transplantation has yielded some interesting efficacy results[48-54].
However, it typically requires an invasive procedure (e.g.,
colonoscopy), as well as an overall technique that is still
aesthetically displeasing to some patients[48-54]. In contrast,
probiotics can be easily ingested, but are often not optimally formulated to survive transit through the GI tract

CLINICAL USE OF PROBIOTICS FOR
CDAD
Since 2011, several comprehensive reviews have been
published regarding the use of probiotics for CDAD.
Specific details from these reviews can be found in the
relevant literature[19,43-46]. Floch et al[43] gave probiotics a B/
C recommendation for both the prevention of CDAD,
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for colonization in the colon[13,19]. Moreover, probiotics
have demonstrated questionable efficacy for CDAD[43-47].
A recent publication further compares the pros and cons
of probiotics versus fecal transplantation for intestinal
diseases[55].
With respect to the future of probiotics for CDAD,
Hell et al[19] have provided some good insights, as well
as interesting initial clinical data. They postulated that a
multi-strain probiotic, resembling a healthy human microbiotia, would be most effective for treating CDAD[19].
Therefore, these investigators developed a probiotic mixture (Ecologic® AAD) comprised of several Bifodabacterium and Lactobacillus strains, as well as Enterococcus faecum[19].
In a small series of 10 patients (five with recurrent disease) excellent results were obtained in all evaluable patients with C. difficile infection, following combined treatment with the multi-strain probiotic plus vancomycin[19].
This type of therapeutic paradigm seems to represent a
logical future scientific approach for probiotic treatment
in CDAD. Another probiotic preparation that could be
tested for CDAD is VSL#3. This probiotic mixture contains 4 Lactobacillus strains, three strains of bifidobacteria
and Streptococcus salivarus[56,57]. VSL#3 has been tested previously in both IBD and pouchitis patient populations,
with some evidence of efficacy[56,57]. Moreover, the pertinent mechanism(s) of action for VSL#3 suggest that it
would represent a rational pharmacological approach for
CDAD[14,58]. Finally, it may be possible to utilize known
mechanism of action diagrams, like in Figure 1, to create
novel probiotic mixtures that could potentially be effective for CDAD.
While perhaps focusing on multi-strain probiotics,
newer single strain probiotics of potential interest for
CDAD could include Bifidobacterium animalis AHCT[59-61].
This probiotic can inhibit NF-κB activation, reduce C.
difficile levels in the canine colon, and resolve idiopathic
diarrhea in dogs. The pharmacological profile of Bifidobacterium animalis AHCT suggests that it could be an
interesting candidate for further testing related to CDAD.
Another single strain probiotic of interest is Clostridium
butyricium MIYARI 588, which is being used for the prevention of CDAD in Japan[62].
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BRIEF ARTICLE

Altered molecular pattern of mucosal healing in Crohn’s
disease fibrotic stenosis
Enzo Ierardi, Floriana Giorgio, Domenico Piscitelli, Mariabeatrice Principi, Santina Cantatore,
Maria Grazia Fiore, Roberta Rossi, Michele Barone, Alfredo Di Leo, Carmine Panella
RESULTS: TNF-α did not show any significant difference between CD and control specimens (1.54 ± 1.19;
P > 0.05). Very high levels of bFGF were observed in
CD (11.76 ± 4.65; P < 0.001) unlike syndecan 1 which
showed a moderate increase (5.53 ± 2.18; P < 0.005).
analysis of variance (ANOVA) plus Student-NeumannKeuls showed: bFGF > syndecan 1 > TNF-α = control.
Immunoreactivity for bFGF was observed in epithelial,
stromal, endothelial cells and even in the muscular layer,
whilst in normal tissue it was almost unexpressed. Syndecan 1 and TNF-α staining was confined to mucosal
epithelial and stromal cells, while in controls syndecan 1
was found in its normal site, i.e. , basolateral area of the
crypts and TNF-α very poorly expressed.
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CONCLUSION: Fibrotic stenosis of CD may be the final
result of an irreversible transformation of different cells
into fibrogenic phenotype no longer inhibited by posttranscriptional regulation.
© 2013 Baishideng. All rights reserved.

Abstract

Key words: Crohn’s disease; Fibrotic stenosis; Tumor
necrosis factor-α; Syndecan 1; Basic fibroblast growth
factor

AIM: To investigate tumor necrosis factor-α (TNF-α),
syndecan 1 and basic fibroblast growth factor (bFGF)
balance in Crohn’s disease (CD) strictures.

Core tip: The present manuscript reports a study of
molecular pattern in the course of stenotic complication of Crohn’s disease. We have studied the interaction among the main cytokine [tumor necrosis factor-α
(TNF-α)], an adhesion molecule (syndecan 1) and a
growth factor basic fibroblast growth factor which are
strictly involved in damage repair and mucosal healing, as
showed in a previous study. In this study we demonstrated that a deep dysregulation of interaction of these three
factors may support stenotic fibrosis in Crohn’s disease
and suggest that this condition needs to be investigated
before a biological treatment since TNF-α lack downregulation could further stimulate fibrogenesis.

METHODS: Our study was performed on 24 surgical specimens of CD fibrotic stenosis. Ten histological
normal surgical samples were retrieved for both the
large and small bowel from patients with benign conditions and healthy tissue represented control collection.
Sex and age in controls did not differ from CD group.
Three endoscopic biopsy specimens taken after informed
consent in subjects with normal colon were also used as
negative controls. TNF-α, syndecan 1 and bFGF were detected by both reverse transcriptase reverse transcriptase
polymerase chain reaction after mRNA extraction (results
expressed as fold-change) and immunohistochemistry.
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Table 1 Characteristics of study population with Crohn’s
disease undergoing surgery for fibrotic stenosis

Age (yr)
Gender (male)
CDAI
Steroids
AZA/6-MP
Infliximab
ADA
Extraintestinal manifestations
Intestinal fistola
Previous surgical interventions
Disease duration (mo)

INTRODUCTION
Considerable downregulation of tumor necrosis factor-α
(TNF-α) may occur after infliximab therapy in inflammatory bowel diseases (IBD) in those patients who achieve
disorder remission (responders: about the 70%)[1]. Such
downregulation may be associated with a dramatic regression of endoscopic lesions with a feature suitable of
“mucosal healing’’[2].
TNF-α downregulation presumably interacts with the
adhesion molecules (syndecan 1)[3] and growth factors
[basic fibroblast growth factor (bFGF)][4] in the process
of mucosal repair. Indeed, syndecan 1 is located in the
basolateral region of the columnar epithelium and plays
a relevant role in the course of IBD damage reversal[5-7].
This role seems to be due to its ability to change bFGF
morphology and modulate the structure of its receptors, allowing its binding to repair dedicated epithelial
and stromal cells located at the margins of ulcerative lesions[8-10]. The relevance of syndecan 1 also may be due
to its aptitude to inhibit bFGF proteolysis, which restricts
tissue repair, thus maintaining mucosal damage [9]. In
normal tissues bFGF is present in basement membranes
and in the subendothelial extracellular matrix of blood
vessels. It stays membrane-bound as long as there is no
signal peptide[11]. In intestinal inflammation both molecules are found in either stromal cells and matrix[12] with
an increased expression.
In a previous study, we have analyzed the mucosal
levels of TNF-α as well as bFGF/syndecan 1 link in a
selected group of ulcerative colitis (UC) responder patients designed for an observational 6-mo “post-hoc’’
investigation[13]. Our results showed that the cytokine decrease induced by infliximab treatment is accompanied by
a simultaneous decrease in both adhesion molecule and
growth factor in the presence of mucosal healing. Additionally, we have found that syndecan 1 overexpression in
stromal cells and apical epithelium is reversed after infliximab successful therapy on mucosal lesions.
Therefore, infliximab therapy downregulation of
bFGF/syndecan 1 link could represent a possible molecular pathway of mucosal healing in ulcerative colitis
despite our results do not clarify completely the reliability
of the hypothesis, since the parallel pattern of TNF-α,
syndecan 1 and bFGF could only be a simultaneous consequence of the control of inflammation.
Similarly, Verspaget et al[14] reported that healing of
fistulizing/perianal Crohn’s disease (CD) seems to be
reflected by a decrease in high serum bFGF as well as in
immunohistochemical mucosal labeling index. Neverthe-
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Crohn’s disease (n = 24)
36 ± 17
15 (62)
197 ± 41
7 (29)
7 (29)
5 (20)
6 (25)
5 (20)
3 (8)
0 (0)
59 ± 62

CDAI: Crohn’s disease activity index; AZA: Azothioprine; 6-MP: 6-mercaptopurine; ADA: American Diabetes Association.

less, bFGF levels do not correlate with the therapeutic
response in active disease, when indicated by Crohn’s
disease activity index (CDAI) score. Authors explained
this result with the inclusion of several subjective parameters in the overall CDAI score, which may mask the real
inflammatory bowel picture.
We performed the present study in order to verify the
simultaneous configuration of TNF-α, bFGF and syndecan 1 in patients with a severe complication of CD, i.e.,
intestinal resection for severe fibrotic stenosis. Aim of
the work was to investigate whether a dysregulation of
their balance observed in mucosal healing could indicate
a molecular pattern for stenotic complication.

MATERIALS AND METHODS
Patient enrolment
Our study was performed on surgical specimens from
24 patients undergoing intestinal resection for fibrotic
stenosis. Baseline demographic and clinical characters
are reported in Table 1. Ten histological normal surgical
samples were respectively retrieved for both the large and
small bowel from patients operated for large adenomas (3
patients), acute diverticular perforation (2 patients), intestinal volvulus (2 patients), internal hernia passing into the
bursa omentalis for mesenteric malformation (1 patient),
acute mesenteric ischemia (1 patient) and post-surgical
small bowel obstruction (1 patient). Strikingly, healthy tissue surrounding diseased one was taken and represented
the control collection, which did not differ for sex and
age distribution from the CD group. Additionally, 3 endoscopic biopsy specimens taken after informed consent
in subjects undergoing colonoscopy for intestinal cancer
familiarity were used as negative controls in each assay.
Molecular analysis
As reported above[15], reverse transcriptase polymerase
chain reaction has the ability to reflect the altered pattern
of the expression of genes dedicated to the synthesis
of a specific molecule and quantify its transcription levels. Therefore, in this study, the technique allowed the
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amount of mRNA codifying for the synthesis of TNF-α,
syndecan 1 and bFGF to be estimated. The amount was
expressed by a numerical value (i.e., the fold change compared with controls)[16]. The relative expression of the
studied gene levels was calculated using the 2-CT method.
RNA was extracted from at least five sections of 10 µm
of paraffin blocks, using the RNeasy paraffin-embedded
Formalin-Fixed and Parrffin-Embedded ( FFPE) Kit
(Qiagen, GmbH, Germany). The choice of this kit was
suggested, since it has been specifically designed for the
purification of total RNA from (FFPE) tissue sections.
Briefly, 10 μm thick sections were cut (at least 5) using a
specific microtome (Leica Microsystems, Wetzlar, Germany). Five hundred microlitres of xylene were added to
the sections to yield a solution that was then vortexed for
10 s and then incubated for 10 min at room temperature
(25 ℃). The next step was the addition of 500 μL of
absolute ethanol, the novel solution was again vortexed
vigorously for 10 s and centrifuged for 2 min at 11000 g.
The supernatant was carefully removed by pipetting without
disturbing the pellet. Then, any residual xylene/ethanol was
carefully removed using a fine pipette tip.
The lid was kept open until air induced the drying
of the pellet (about 5 min at room temperature: 25 ℃).
After deparaffinisation, the method proceeded according
to the manufacturer’s instructions for RNA extraction.
In detail, final mRNA concentrations were estimated by
ultraviolet absorbance at 260/280 nm. Aliquots of total
mRNA (1 mg) were reverse-transcripted using random
hexamers and TaqMan Reverse Transcription Reagents
(Applied Biosystems, Foster City, CA) with 3.125 U/mL
of MultiScribe Reverse Transcriptase in a final volume
of 50 mL. A series of six serial dilutions (from 20 to
0.1 ng/mL) of colon tissue DNA (cDNA) was used as
a template. Two-step reverse transcription polymerase
chain reaction (PCR) was performed using first-strand
with a final concentration of 13 TaqMan gene expression assay, that is, the analysed molecules plus reference
gene (glyceraldehyde-3-phosphate-dehydrogenase) (Applied Biosystems). The final reaction volume was 25 mL,
and this was analysed in triplicate (all experiments were
repeated twice). A non-template control (Rnase-free
water) was included on every plate. Our method was validated further, moreover, by enclosing in each assay fresh
samples from three normal patients and frozen at -90 ℃
until the analysis, as above reported. These samples were
treated with the same technique as for paraffin-embedded
samples with the exclusion of paraffin removal and rehydration procedures. Specific thermal cycler conditions
were employed using a realtime PCR System (Applied
Biosystems). A standard curve plus validation experiment
were performed for each primer/probe set.

by the percentage of positive cells, evaluated in three
randomised fields for a total of at least 1000 cells, while
its epithelial expression of basolateral and apical amount
was reflected by a subjective score already used by our
group for other studies[17]. Syndecan-1 expression was
assessed on paraffin-embedded sections using a monoclonal mouse antibody (Santa Cruz Biotechnology, Santa
Cruz, CA) diluted 1:80 in buffer phosphate.
Immunohistochemistry for bFGF was performed as
follows. The primary antibody was a polyclonal antibody
directed against bFGF (code No. sc-79-G; Santa Cruz
Biotechnology Inc., Santa Cruz, CA). This rabbit affinitypurified antibody to bFGF was raised against the aminoterminal domain of human bFGF. Secondary biotinylated antibodies (code No. E 0432), i.e., goat antirabbit
immunoglobulin G (IgG), were purchased from Dako,
Denmark. The colour reaction was developed by 3-amino-9-ethylcarbazole in acetate buffer containing H2O2.
Specificity of the immunohistochemical staining was
assessed by neutralization incubation of the primary antibodies with a 5- to 10-fold (by weight) excess of blocking
peptide (code no. sc-79-P) also obtained from Santa Cruz
Biotechnology, Inc., and incubation of preimmune serum
or buffer instead of the primary antibody, all showing negative staining.
Statistical analysis
Statistical analysis was performed using analysis of variance (ANOVA) plus the Student-Newman-Keuls test in
order to compare numerical values indicating TNF-α,
syndecan 1 and bFGF expression either in patients with
complicated IBD and controls. Statistical analyses were
performed using specific software (Statsoft 6.0 program
for Windows 98).

RESULTS
Molecular analysis
Figure 1A reports the levels of the three investigated
molecules in specimens with complicated CD and controls. The levels of TNF-α did not show a significant
difference between the two groups (Crohn’s value: 1.54
± 1.19; P > 0.05). However, very high levels of bFGF
were observed in CD (11.76 ± 4.65; P < 0.001), while
syndecan 1 showed a moderate increase, as characteristic
of inflamed tissue (5.53 ± 2.18; P < 0.005). ANOVA plus
Student-Neumann-Keuls showed: bFGF > syndecan 1
> TNF-α = control. The pattern remained unchanged
even when the samples were divided into large and small
bowel specimens as demonstrated in Figure 1B.
Immunohistochemistry
As reported in Figure 2A, immunohistochemistry showed
a syndecan 1 pattern reflecting that of inflammation even
if confined at mucosal layer (i.e., diffusion to stromal cells
and to the apical surface of epithelium). In detail, the labeling index in stromal cells was 42.57 ± 9.21. In normal
tissue no stromal cell was positive for the molecule as

Immunohistochemistry
Syndecan 1 immunohistochemical staining was additionally performed for each sample from both patients
and controls in order to establish and semiquantitatively
evaluate its location. Its stromal expression was reflected
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Figure 1 Levels of the three investigated molecules. A: Specimens with complicated Crohn’s disease and controls. The levels of tumor necrosis factor (TNF)-α
do not show a significant difference from that observed in normal tissue (1.54 ± 1.19; P > 0.05). High levels of basic fibroblast growth factor (bFGF) are observed in
Crohn’s disease (11.76 ± 4.65; P < 0.001), while syndecan 1 shows a moderate increase (5.53 ± 2.18; P < 0.005). Analysis of variance plus Student-Neumann-Keuls
showed: bFGF > syndecan 1; B: The same parameters on the bases of their site (small and large bowel). No significant difference is observed in relation to the site of
resection.

A

Figure 2 Immunohistochemical staining of syndecan
1 in the lamina propria in controls (A) and Crohn’s
disease (B) stenotic complication. In normal tissue
staining is confined to basolateral area of the crypts (arrow). In Crohn’s disease, positive stromal cells and apical
epithelium are observed stained brown (diaminobenzidine). Negative cells are counterstained blue (haematoxylin)
(× 400).

B

demonstrated in Figure 2B. Additionally, in inflamed mucosa epithelium was diffusely stained, whilst the staining
was almost absent in the basolateral crypt area. However,
in controls a mild staining confined to basal area of the
crypts represented the only expression of this molecule.
Immunoreactivity for bFGF was observed in epithelial,
stromal and endothelial cells. In areas with signs of severe inflammation, the bFGF reaction in the extracellular
matrix was relatively intense (Figure 3A). A positive staining for bFGF was finally observed even in the muscular
layer (Figure 3B). In controls, it was almost unexpressed.

proteolysis, which restricts tissue repair, thus maintaining
mucosal inflammatory damage[5-7,10]. We found that the
decrease of TNF-α induced by infliximab treatment is
accompanied by a decrease in both adhesion molecule
and growth factor in the presence of mucosal healing. Nevertheless, our results did not completely clarify
whether infliximab therapy downregulation of bFGF/
syndecan 1 link could represent a molecular pathway of
mucosal healing, since the parallel pattern of TNF-α,
syndecan 1 and bFGF could only be a simultaneous consequence of the control of inflammation. Furthermore,
we experienced the “timing’’ of TNF-α decrease and
bFGF/syndecan 1 reversal to normal levels and sites in
cultured biopsy samples taken from patients with IBD
and incubated in a medium containing an amount of
infliximab similar to that reached in the serum of treated
patients[18,19]. After 24 h we assayed TNF-α, syndecan 1
and bFGF in tissue homogenates. The final finding was
that TNF-α decreased, while syndecan 1 and bFGF levels
were still high when evaluated by both molecular method
and immunohistochemistry[20].
In the present study we surprisingly observed that
TNF-α mucosal levels were not significantly increased in
patients with fibrotic stenosis. A possible explanation of
this finding may be that an overgrowth of fibrotic tissue
may become evident as a successive step after active inflammation, characterized by TNF-α raise. Therefore, at

DISCUSSION
In this study we investigated the pattern of TNF-α, syndecan 1 and bFGF in patients with CD complicated by
fibrotic stenosis undergoing surgical resection. The basis
of our investigation was represented by our previous
finding showing that infliximab therapy downregulation
of bFGF/syndecan 1 link could represent a possible molecular pathway of mucosal healing in ulcerative colitis[13].
Indeed, the link between the adhesion molecule and the
growth factor is essential for mucosal repair since syndecan 1 has the ability to change bFGF morphology and
modulate the structure of its receptors, allowing its binding to repair dedicated epithelial and stromal cells. Moreover, syndecan 1 has a peculiar aptitude to inhibit bFGF
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A

B

Figure 3 Immunohistochemical staining of basic fibroblast growth factor in the lamina propria (A) and the muscular layer (B). A: Positive cells are stained
red (aminoethylcarbazole) and negative ones blue (haematoxylin). A massive staining of stromal cells is observed, but also epithelium is involved by molecule expression (×
100); B: Positive cells are observed in the muscle and endothelium (× 100).

the stage of fibrotic stenosis requiring surgery, inflammatory mucosal changes may be an irrelevant phenomenon
in most patients. Nevertheless, we cannot exclude that
TNF-α decrease could have been also affected by immunosuppressive therapies assumed by most patients of our
series, as shown in Table 1.
Syndecan 1 levels were significantly increased with a
pattern similar to what observed in the active phase of inflammatory bowel diseases, i.e., almost absent at the basolateral crypt level and strongly evident in stromal cells and
apical surface of epithelium[5]. A possible explanation for
this pattern is that the molecule location, despite limited
to mucosal layer, shows a configuration which reflects the
attempt of bFGF modulation for tissue damage reversal.
However, this function cannot be completely and effectively articulated for the overexpression of bFGF and especially for its location along the whole intestinal wall, i.e.,
outside the district in which syndecan 1 could operate.
Indeed, the main result of this study was the bFGF
overexpression enclosing all intestinal wall layers. The
process is known to involve various cells (epithelial, fibroblasts, myofibroblasts, monocytes, macrophages and
neutrophils and endothelial cells)[21]. Additionally, its
extension reached the smooth muscle layer. The explanation of this aspect may be argued from different likely
reasons. First, it is presumable that the low levels of
TNF-α may provoke a failure in cytokine induced bFGF
proteolysis. A further enlightenment may be that the
presence of syndecan 1 is limited to the mucosal layer
with a consequent only partial regulation of bFGF binding to specific receptors dedicated to tissue repair. A final
explanation could be an irreversible transformation of
different type of cells into the fibrogenic phenotype, thus
provoking the prevalence of fibrotic on inflammatory
stenotic lesions[22]. During this process the exceeding of
extracellular matrix cannot be inhibited by the regulatory
mechanisms of the phenomenon according to what hypothesized by Pucilowska et al[23,24].
A speculative clinical consideration of our results
may be the need of an accurate evaluation in the case of
stenosis in the course of CD using all diagnostic available
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tools (histology, ultrasonography with Doppler evaluation
of resistance index, biochemical indices of inflammation)
in order to distinguish inflammatory from fibrotic stenosis. This could allow addressing anti-TNF-α therapy only
to the first case avoiding that the cytokine decrease may
be a factor supporting the fibrotic complication[25].

COMMENTS
COMMENTS
Background

Downregulation of tumor necrosis factor-α (TNF-α) interacts with syndecan
1 and basic fibroblast growth factor (bFGF) in inducing mucosal healing in
inflammatory bowel disease. In detail, after TNF-α fall, syndecan 1 and bFGF
decrease and disappear from stromal area returning to the original location, i.e.,
basolateral area of the crypts and basement membranes and in subendothelial
extracellular matrix of blood vessels, respectively.

Research frontiers

The pattern of TNF-α, syndecan 1 and bFGF remains unknown when a complication occurs in inflammatory bowel disease. In detail, the pathway of fibrotic
stenosis of Crohn’s disease (CD) requiring a surgical operation may be an
interesting research hotspot for the possibility of investigating a possible alteration of the molecular configuration occurring in mucosal healing.

Innovations and breakthroughs

The main result was the bFGF overexpression enclosing all intestinal wall layers until smooth muscle. The explanation of this aspect may be argued from
different likely reasons. First, it is presumable that the low levels of TNF-α may
provoke a failure in cytokine induced bFGF proteolysis. A further enlightenment
may be that the presence of syndecan 1 is limited to the mucosal layer with a
consequent only partial regulation of bFGF binding to specific receptors dedicated to tissue repair. A final explanation could be an irreversible transformation of different type of cells into the fibrogenic phenotype, thus provoking the
prevalence of fibrotic on inflammatory stenotic lesions. During this process
the exceeding of extracellular matrix cannot be inhibited by the regulatory
mechanisms

Applications

A speculative clinical consideration of our results may be the need of an accurate evaluation in the case of stenosis in the course of CD using all diagnostic
available tools in order to distinguish inflammatory from fibrotic stenosis. This
could allow addressing anti-TNF-α therapy only to the first case avoiding that
the cytokine decrease may be a factor supporting the fibrotic complication.

Terminology

CD is the main chronic inflammatory bowel disease involving the whole intestinal wall; fibrotic stenosis is a stricture requiring a surgical resection in order to
avoid or resolve an intestinal occlusion; TNF-α is the main cytokine involved in
inflammatory bowel disease related damage; syndecan 1 is an adhesion molecule implicated in tissue repair; bFGF is a strong fibrogenesis stimulator aimed
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to restore damaged tissues.
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Peer review

This is a retrospective study in which authors analyze the simultaneous configuration of TNF-α, bFGF and syndecan 1 in patients with a severe complication of
CD, i.e., intestinal resection for severe fibrotic stenosis. A deep dysregulation of their balance was observed thus indicating a molecular pattern for
stenotic complication.
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CASE REPORT

Severe hemorrhagic colitis in a patient with chronic myeloid
leukemia in the blastic phase after dasatinib use
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Zaier Monia, Badreddine Sriha, Khelif Abderrahim
treatment was stopped. Her bloody diarrhea improved
within 72 h. After confirming cytological remission, the
patient received initial course of consolidation, and dasatinib treatment was reinstated. However, hemorrhagic
colitis recurred. After discontinuing dasatinib, herhemorrhagic colitis drastically improved and did not recur following the administration of nilotinib. The characteristics
of our patient suggest that dasatinib treatment can lead
to hemorrhagic colitis, which typically resolves after discontinuation of the drug.
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Core tip: Dasatinib is a second-line tyrosine kinase inhibitor used in imatinib resistant or intolerant chronic
myeloid leukemia (CML) and Philadelphia chromosomepositive acute leukemia patients. Dasatinib, which binds
to the active and inactive conformation of the BCR-ABL
oncoprotein, demonstrates greater potency than imatinib for wild-type and mutant BCR-ABL cases, with the
exception of the T315I mutation. The most frequent
adverse effects include myelosuppression, diarrhea,
nausea and peripheral edema. Severe dasatinib-relatedacute colitis without thrombocytopenia, coagulation
abnormalities or colonic ulcers has rarely been reported.
Here, we report the case of an adult patient with Philadelphia chromosome positive CML in the blastic phase
who developed acute colitis after dasatinib use.

Abstract
Dasatinib is a second-line tyrosine kinase inhibitor used
in patients with imatinib resistant or intolerant chronic
myeloid leukemia (CML) and Philadelphia chromosomepositive acute leukemia. Gastrointestinal bleeding may
occur in up to 7% of patients using dasatinib, although,
severe dasatinib-related acute colitis had rarely been
reported. Here, we present the case of a 36-year-old
female who progressed to acute myeloid leukemia after
fourteen months of receiving imatinib for CML in the
chronic phase and was treated with a dasatinib-containing chemotherapy regimen. On day 34 of treatment, the
patient developed moderate abdominal pain and bloody
diarrhea with mucous. Analyses of stool specimens were
negative for parasites, Clostridium difficile , and other
pathogenic bacteria. The cytomegalovirus pp65 antigen
was negative in her blood leukocytes. A colonoscopy revealed acute colitis, and a mucosal biopsy showed nonspecific colitis. The patient was treated with broad-spectrum antibiotics, bowel rest and hydration, and dasatinib
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INTRODUCTION
Dasatinib, an oral inhibitor of ABL and SRC family tyrosine kinases, is an effective drug for patients with Philadelphia chromosome positive (Ph+) leukemia, especially
for those who develop resistance or who are intolerant to
imatinib[1]. Mild to moderate thrombocytopenia and neutropenia occurred in approximately 50% of patients, but
these conditions are generally well tolerated. Other side
effects include diarrhea, headache, weakness, pleural effusion, nausea and peripheral edema. In addition, gastrointestinal (GI) bleeding may occur in up to 7% of patients
using dasatinib[2], although severe dasatinib-related hemorrhagic colitis without thrombocytopenia, coagulation
abnormalities or colonic, ulcer has been rarely reported.
Here, we report the case of an adult patient with Ph+
chronic myeloid leukemia (CML) in the blastic phase who
suffered from acute colitis after dasatinib use.

Figure 1 Colonoscopy showed multiple millimetric nodular hyperemic lesions on the mucosa.

A

CASE REPORT
A 36-year-old female, who has been treated with fourteen
months imatinib for CML in the chronic phase, progressed to acute myeloid leukemia. The patient was given
a course of systemic chemotherapy according to the protocol for AML, consisting of rubidomycin (45 mg/m2
daily for 3 d), cytosine arabinoside (200 mg/m2 continuous infusion for seven days) and dasatinib (140 mg once
a day). After the end of chemotherapy, dasatinib was
continued as maintenance therapy. On day 34 of treatment, the patient developed moderate abdominal pain
and bloody diarrhea with mucous (4-6 bowel movements
a day). Physical examination revealed the absence of fever and mild abdominal tenderness upon palpation. The
laboratory results were as follows: hemoglobin 100 g/L,
white blood cells 4 × 109/L with an absolute neutrophil
count of 1.5 × 109/L, platelets 185 × 109/L, prothrombin time 15 s, active partial thromboplastin time 33 s and
an international normalized ratio of 1.3. The analyses of
stool specimens were negative for parasites, Clostridium difficile, and other pathogenic bacteria. The cytomegalovirus
pp65 antigen was negative in her blood leukocytes. An
abdominal ultrasound showed the presence of uniform
circumferential thickening of the transverse colon and
splenic flexure with pericolic fat infiltration, indicating
potential colitis. An abdominal computed tomography
scan revealed bowel wall thickening up to 1 cm, involving the entire colon with infiltration of the mesenteric
fat and a pelvic peritoneal effusion consistent with pancolitis. A total colonoscopy revealed no active bleeding,
but there were multiple millimetric, nodular, hyperemic
lesions on the mucosa involving the entire colon (Figure
1). A mucosal biopsy showed nonspecific colitis with a
well-preserved crypt structure and lymphocytic infiltration in the lamina propria (Figure 2). Infiltrative lymphocytes expressed a high proportion of CD3 and sparse
of CD20. No viral inclusion or apoptotic bodies were
observed. The patient was treated with broad-spectrum
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Figure 2 Mucosal biopsy of colon. A: A well-preserved crypt structure with
lymphocytes infiltration in the lamina propria (original magnification × 100); B:
Viral inclusions and apoptotic bodies were absent (original magnification × 200).

antibiotics, bowel rest and hydration, and dasatinib treatment was stopped. Improvement in the bloody diarrhea
was evident after 72 h, and a control colonoscopy was
performed ten days later and showed that the colonic
mucosa was quite normal. After confirming the achievement of cytological remission (4% of medullary blasts),
the patient received the first course of consolidation
treatment (cytosine arabinoside + etoposide + rubidomycin), and dasatinib was reinstated. On day 6 of treatment,
the patient again developed severe diarrhea with a large
amount of intestinal hemorrhage, and a repeat colonoscopy was consistent with acute colitis (Figure 3). Again,
dasatinib treatment was stopped, and the hemorrhagic
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Further-more, some studies have shown that dasatinib
suppresses the function of natural killer cells and T cells
by inhibiting SRC-family kinases[9,10]. Therefore, dasatinib
may cause acute colitis by decreasing immune tolerance
to intestinal microflora through reducing the number of
immunoregulatory cells and inhibiting signal transduction
pathways.
In conclusion, hemorrhagic colitis may develop during dasatinib treatment although this condition improves
upon discontinuation of the drug. Additional studies with
greater numbers of patients are necessary to elucidate the
relationship between hemorrhagic colitis and dasatinib
therapy.

Figure 3 Macroscopic findings include erythema, edema and friability.
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Core tip: In my opinion, ulcerative colitis is more like
bacterial pneumonia with the involvement of mainly
neutrophils, capacious exudates into the cavity but
limited damage of the tissue, while Crohn’s disease is
more like pneumoconiosis, such as silicosis or berylliosis, or tuberculosis of the lung with the involvement of
mainly macrophages and manifested as granulomatous
inflammation in the interstices, destruction of the tissue, extensive proliferation of fibroblasts and formation
of fibrosis.

Abstract
It has been a big puzzle as why the inflammation of
ulcerative colitis (UC) is limited to the mucosa, while
in Crohn’s disease (CD) the inflammation is transmural
and can be seen in all layers of the gut. Here, I give a
tentative explanation extended from the unified hypothesis I proposed on the etiology of inflammatory bowel
disease. This hypothesis suggested that both UC and
CD are caused by weakening of the gut barrier due to
damage of the protective mucus layer and the underlying tissue by the poorly inactivated digestive proteases
resulting from a reduction of gut bacteria by dietary
chemicals like saccharin and sucralose. However, the
large amounts of bacteria in the colon make the recruitment of neutrophils and formation of crypt abscess
the main manifestation of UC, while the infiltration of
antigens and dietary particles in the small and large
intestine mainly cause the recruitment of macrophages
and formation of granulomas as the main manifestations in CD. The fast reacting and short life span of
neutrophils make the fight and damage limited to the
surface of the mucosa. In contrast, the long life span
and constant movement of macrophages may bring
the harmful agents deep into the tissue. Therefore, the
pathogenesis of UC may be more like bacterial pneumonia, while CD may be more like pneumoconiosis or
tuberculosis of the lung.
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TO THE EDITOR
As we know, the inflammation of ulcerative colitis (UC)
is limited to the mucosa, while in Crohn’s disease (CD)
the inflammation is transmural and can be seen in all
layers of the gut[1,2]. These key features reflect the root
mechanism of pathogenesis of the disease but a coherent explanation remains lacking. Here, I give a tentative
explanation extended from a unified hypothesis I proposed on the etiology of inflammatory bowel disease
(IBD), including the cause and mechanism of IBD, as
well as the relationship between UC and CD [3]. This
hypothesis suggested that both UC and CD are caused
by weakening of the gut barrier due to damage of the
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protective mucus layer and the underlying tissue by the
poorly inactivated digestive proteases resulting from a reduction of gut bacteria by dietary chemicals like saccharin and sucralose. However, the large amounts of bacteria in the colon make the recruitment of neutrophils
and formation of crypt abscess the main manifestation
of UC, while the infiltration of antigens and dietary particles in the small and large intestine mainly causes the
recruitment of macrophages and formation of granulomas as the main manifestations in CD. With a life span
of just a couple of days, neutrophils are the fast reaction
army of the body and will be dispatched to the very
front and fight vigorously there until they die. However,
macrophages are the cleaner and order keeper inside
the body, with a primary duty of clearing up debris like
the dead cells. They have a life span of months and can
fulfill their job by eating the debris, digesting them, moving around and picking up again for quite a while and
distance. However, things like dietary particles and multiple species of bacteria, such as Mycobacterium, Salmonella,
Listeria, Shigella and adherent-invasive Escherichia coli, are
beyond the ability of macrophages to digest. Hence, the
macrophages may have carried and moved them quite
far inside before they die. Then, the particles or bacteria
will be released and picked up by other macrophages and
moved further inside. The persistent existence of these
foreign bodies results in the recruitment of more macrophages and other immune cells, eventually leading to the
initiation of the quarantine process and formation of
granulomas[4,5]. In my opinion, UC is more like bacterial
pneumonia (but long lasting due to the continuous exis-

tence of large amounts of bacteria in the colon) with the
involvement of mainly neutrophils, capacious exudates
into the cavity (crypts and lumen in the gut and alveoli in
the lung) but limited damage of the tissue[6], while CD is
more like pneumoconiosis, such as silicosis or berylliosis[7], or tuberculosis of the lung with the involvement of
mainly macrophages and manifested as granulomatous
inflammation in the interstices, destruction of the tissue,
extensive proliferation of fibroblasts and formation of
fibrosis.
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Core tip: Achalasia, functional dyspepsia and hypertrophic pyloric stenosis represent the main motility disorders of upper gastrointestinal tract. All these diseases
have a less known pathophysiology and a presumable
genetic predisposition in common. This review outlines
the current knowledge on genes involved in the onset
of these pathologies in order to promote further association studies which can help to explain this complex
picture and find new therapeutic targets.
Sarnelli G, D’Alessandro A, Pesce M, Palumbo I, Cuomo R.
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65-73 Available from: URL: http://www.wjgnet.com/2150-5330/
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Abstract
Motility disorders of the upper gastrointestinal tract
encompass a wide range of different diseases. Esophageal achalasia and functional dyspepsia are representative disorders of impaired motility of the esophagus
and stomach, respectively. In spite of their variable
prevalence, what both diseases have in common is
poor knowledge of their etiology and pathophysiology.
There is some evidence showing that there is a genetic
predisposition towards these diseases, especially for
achalasia. Many authors have investigated the possible
genes involved, stressing the autoimmune or the neurological hypothesis, but there is very little data available.
Similarly, studies supporting a post-infective etiology,
based on an altered immune response in susceptible
individuals, need to be validated. Further association
studies can help to explain this complex picture and
find new therapeutic targets. The aim of this review is
to summarize current knowledge of genetics in motility
disorders of the upper gastrointestinal tract, addressing
how genetics contributes to the development of achalasia and functional dyspepsia respectively.

WJGP|www.wjgnet.com

INTRODUCTION
Digestive motility is a highly coordinated process which
enables mixing, absorption and propulsion of the ingesta through the gastrointestinal tract up to expulsion
of residues. This function depends on a finely balanced
integration between smooth muscle contractility and
the related pacemaker activity evoked by the interstitial
cells of Cajal (ICCs) that are finely regulated by intrinsic
and extrinsic innervations [i.e., enteric nervous system
(ENS) and sympathetic and parasympathetic nerves,
respectively][1,2]. A disturbed digestive motility can occur
as a result of a variety of abnormalities affecting each
of these elements (alone or in combination), with consequent altered physiology of gut peristalsis and symptom
generation.
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on the genetic contribution to upper GI motor disorders. We evaluate the most recent literature on the genetic epidemiology of representative motility disorders
of the upper GI tract (UGT). We describe the putative
genetic contributions that have been addressed and the
potential association with single mechanisms, such as
receptors, transporters and translation, or transduction
mechanisms involved in the disturbed motility of the
esophagus, stomach and pylorus, respectively impaired
in esophageal achalasia, functional dyspepsia and hypertrophic pyloric stenosis. Each of the diseases can be
considered paradigmatic because of the following: (1)
hypertrophic pyloric stenosis (HPS) is characteristic of
infants and there is significant evidence about the role
of genetic factors; (2) isolated idiopathic achalasia can be
considered the prototype of defective esophageal motility in adults and the role of genetic factors is emerging
as a major challenge to explain the disease; and (3) functional dyspepsia cannot be paradigmatically considered a
primary gastric motor disorder, but is characterized by a
significant association between impaired gastric motility
and symptoms to which genetic factors contribute.

Infections
inflammation

Triggers

Genetic predisposition

+

-

Autoimmune
response

Resolution

Myenteric
inflammation
Effects

Loss of inhibitor
neurons
Impaired LESrelaxation
Achalasia phenotype

IMPAIRED MOTILITY OF THE ESOPHAGUS

Figure 1 Supposed pathophysiology of achalasia: triggering external factors are able to induce a loss of inhibitor neurons in individuals genetically
predisposed, causing an impaired lower esophageal sphincter relaxation.

Achalasia
Idiopathic achalasia is the best recognized primary motor disorder of the esophagus. It is characterized by
incomplete relaxation of the lower esophageal sphincter
(LOS) and absence of peristalsis that causes bolus impaction and generation of symptoms like dysphagia, regurgitation and chest pain[8]. Although the pathogenesis
of achalasia is still largely unknown, it is now clear that
a major issue is the loss of neurons in the esophageal
myenteric plexus. We know that neurons gradually disappear in the lower part of the esophagus of achalasia
patients. In most cases, this process is the result of a
localized infiltration of immune cells, determining an
inflammatory-based neurodegeneration [9,10]. Interestingly, this process is prevalent for inhibitory neurons
containing nitric oxide (NO) and vasoactive intestinal
polypeptides (VIP) and accounts for the loss of inhibitory inputs, with consequent abnormal esophageal function[11-13]. Notwithstanding this histological background,
we do not know the precise pathogenic mechanism of
achalasia; consequently, hereditary, degenerative, autoimmune and infectious factors have all been claimed to be
possible causes of the disease.
A certain degree of genetic influence in achalasia is
suggested by the familial occurrence and twin concordance. However, a systematic analysis of the literature
revealed that twin concordance was significant but still
inconclusive[6]. On the other hand, the only family study
of achalasia conducted to date is biased by the small
sample size and because the diagnosis of achalasia was
based on a self-reported questionnaire[14]. In addition,
achalasia may present as part of a genetic syndrome or
in association with isolated abnormalities or diseases[15].

The symptom complex is site specific and depends
on the gastrointestinal tract involved. Thus, patients with
disturbed esophageal motility may complain of dysphagia,
regurgitation or chest pain, whereas patients with gastric
dysmotility may report symptoms of nausea, vomiting, postprandial fullness, early satiety or epigastric pain.
Esophageal achalasia and functional dyspepsia are the
most representative motility disorders of the upper gastrointestinal (GI) tract, with the first rare and well characterized and the latter highly prevalent and less defined.
Like the majority of functional gastrointestinal disorders (FGIDs), they are characterized by the persistence of
symptoms in the absence of reliable biological markers.
As for other complex diseases, the pathophysiology of
impaired upper GI tract motility diseases is supposed to
be multifactorial, with triggering external factors that are
able to generate the gastrointestinal dysfunction in individuals who are more or less genetically predisposed (Figure 1). The idea that an individual genotype may contribute to the development of FGIDs is suggested by clinical
observations and prospective studies indicating that there
is clustering of FGIDs within families[3,4] and an increased
concordance in monozygotic twins[5-7]. The most commonly used approach in functional dyspepsia (FD) to date
has been to search for correlations of a candidate gene
polymorphism with the symptom based phenotype. More
recently, a few studies have aimed to identify correlations
between gene polymorphism and biological intermediate
phenotypes, such as impaired motility.
In this review, we summarize the current knowledge
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gene, chromosome 1), which is a down-regulator of
T-cell activation, is significantly associated with achalasia
in Spanish women[28]. The same researchers have also
demonstrated that the GCC haplotype of IL-10 gene
promoter is a protective factor for achalasia. This specific polymorphism enhances the release of IL-10, an
anti-inflammatory cytokine, resulting in a downregulation of immune response[29]. In a similar manner, a single
nucleotide polymorphism (SNP) of the IL 23 receptor
(G381A), which regulates T cell differentiation, appears
to be protective against achalasia. De León et al[30] reported that the coding variant 381Gln of IL-23R was
significantly more common in patients with achalasia
compared with healthy controls.
This evidence sustains the role of both genetic predisposition and immune alteration in the pathogenesis of
idiopathic achalasia. All data are summarized in Table 1.

Table 1 Overview of genetic association studies in achalasia
Protein (gene)
PTPN22
IL-10
IL-23R
iNOS
eNOS
iNOS
cKit
VIPR type 1

Polymorphism

Finding

Ref.

C1858T
GCC
G381A
iNOS22*A/A
eNOS*4°4°
(CCTTT) n > 12
Rs6554199
Rs437876 and rs896

Risk factor
Protective
Protective
No association
No association
Risk factor
Risk factor
Risk factor

[28]
[29]
[30]
[35]
[35]
[36]
[37]
[38]

iNOS: Inducible nitric oxide synthase; IL: Interleukin; PTPN22: Polymorphism C1858T of phosphatase N22.

An achalasia phenotype is indeed present in well characterized genetic syndromes, like Down[16] and Allgrove
syndromes[17], the familial visceral neuropathy[18] and the
achalasia microcephaly syndrome [19]. In many of the
above mentioned syndromes, achalasia does occur in the
majority of the patients, but it generally presents in infancy.
Although these findings indicate that genetic factors
are involved in the development of an achalasia phenotype, they do not provide insights into the pathogenesis
of the sporadic form of achalasia, which affects the
vast majority of patients and presents with adult-onset
achalasia. As for other complex diseases, it is likely that
the etiology of this form of achalasia is multifactorial,
i.e., a combination of the cumulative effect of variants in
various risk genes and environmental factors leads to the
disorder. The idea of an infectious origin of achalasia
was first suggested by the evidence of viruses or signs
of viral infection in the esophageal tissues of achalasia
patients[20-22], but the possibility that the presence of viruses could be sufficient per se to explain the disease was
ruled out by other observations[23]. More recently, the
concept that achalasia could be the result of an immune
mediated inflammatory disorder induced by a virus has
been strongly repurposed[24]. Facco et al[24] demonstrated
that HSV-1 or HSV-like antigens were responsible for a
significant activation of CD3+T cells infiltrating the LES
in achalasia patients, likely resulting in an immune-mediated destruction of the myenteric neurons of the LOS.
The reasons whereby this process occurs only in esophageal tissues of achalasia patients are unknown, but it is
reasonable to assume that some genetic influence may
affect the disease phenotype, making some individuals
more susceptible to the disease. In addition and most
interestingly, several evidences strongly support the idea
that genes encoding for proteins involved in the immune
response are likely candidates in achalasia.
A significant association between HLA DR or DQ,
especially DQA1 *0103 and DQB1 *0603, and achalasia
has been indeed described[25-27]. The increased risk for
the development of achalasia in individuals with specific polymorphisms of genes involved in the immune
response was also supported by the finding that the
polymorphism C1858T of phosphatase N22 (PTPN22
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Contribution of genes with a dual effect on motility and
immunity
A disturbed inhibitory neurotransmission is a trademark
of achalasia[11]. In keeping with this, several studies have
addressed the role of NO and VIP that are involved
in both defense against infections and inhibitory neurotransmission and may represent ideal candidates to
explain the spread of inflammation and inhibitory nerve
degeneration[12,13,19,31-33].
Nitric oxide is produced by three different forms
of NO synthases: neuronal (nNOS), inducible (iNOS)
and endothelial (eNOS). As NO production is genetically regulated, Mearin et al[34] firstly investigated whether
SNP in the different NOS genes were respectively involved in the susceptibility to suffer from achalasia. Although a trend toward a higher prevalence of genotypes
iNOS22?*A/A and eNOS*4a4a in patients than in controls was observed, the authors failed to find a significant association between NOS gene polymorphisms and
susceptibility to achalasia. Although the simplest conclusion was that NO is not involved in the pathogenesis of
achalasia, this study is biased by the small sample size
and by the fact that the SNPs analyzed do not play a major role in gene expression. The lack of any association
between the same SNP in the iNOS was also confirmed
by a Spanish group in a larger population of achalasia
patients, further suggesting that these specific polymorphisms play a minor role in the functional expression
of the iNOS gene[35]. More recently, our group showed
a significant association between the pentanucleotide
(CCTTT) polymorphism in the iNOS gene promoter
and achalasia. Since in vitro data showed that the iNOS
promoter activity increases in parallel with the repeat
number of (CCTTT)n, we concluded that individuals
carrying longer forms have an increased risk of achalasia
by higher nitric oxide production.
Moreover, growing evidence suggests that esophageal
interstitial cells of Cajal, a group of specialized cells that
constitutively expresses c-kit and contribute to nitrergic
neurotransmission, may be involved in the pathogenesis
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of achalasia. Alahdab et al[36] have indeed shown that the
rs6554199, but not rs2237025, c-kit polymorphism is
significantly prevalent in achalasia patients in a Turkish
population. Importantly, alterations in ICC have already
been reported in other congenital diseases with abnormal peristalsis, emphasizing the key role of these cells in
the regulation of GI motor function.
The implication of VIP in the pathogenesis of
achalasia was also recently reported[37]. Two different
SNPs, rs437876 and rs896, in the VIP-receptor type 1
gene were found to be significantly associated with the
late onset achalasia. Interestingly, the authors suggest
that this was probably related to a genetically based abnormal VIP-R1 signaling that may protect individuals
carrying the specific genotype by delaying the immunemediated neurodegeneration. Although these data need
to be replicated, they are extremely interesting because
they may suggest that early and late onset forms of
idiopathic achalasia are genetically distinct disorders[38]
(Table 1).

group found an association between TLR-2 -196 to -174
allele with a lower risk for developing FD in Helicobacter pylori positive subjects. Since the same group had
previously demonstrated that the TLR-2 -196 to -174
increases the severity of H. pylori-induced inflammation,
it is reasonable to hypothesize that the TLR-2 genotype
influences the onset of dyspeptic symptoms modulating
the degree of inflammatory response[42].
Serotonin (5-HT) is a key signaling molecule affecting upper GI motor and sensory functions[43] and thus
genes of the serotonergic system are critical candidates
in assessing the role of genetic determinants in FD. The
action of 5-HT is terminated by the 5-HT transporter
(serotonin transporter, SERT) mediated uptake, thereby
determining 5-HT availability at the receptor level. A single nucleotide insertion/deletion in the SERT gene, by
creating a long (L) and short (S) allelic variant, results in
reduced SERT expression and 5-HT uptake[44]. Although
the SS genotype of the SERT promoter polymorphism
has been reported to be associated with diarrhea-predominant irritable bowel syndrome (IBS), two different
studies from the United States[45] and Europe[46] failed to
find any significant association between such polymorphisms and FD. Similarly, association studies between
SNPs of the 5-HT3, 5-HT1A and 5-HT2A receptors
in FD patients failed to yield significant association[45,46].
Although both studies were conducted on small populations of patients, the results suggest that the serotoninergic pathway plays a minor role in the pathophysiology
or, at least in part, in the generation of dyspeptic symptoms.
Another genetic association reported in functional
dyspepsia is the link to GNβ3[47]. G-proteins mediate the
response to the release of 5-HT and several other neurotransmitters modulating gastroduodenal sensory and
motor function.
A common polymorphism of GNβ 3 gene has been
described and is associated with different genotypes that
are predictive of an enhanced G-protein activation. A
significant association between different GNβ3 polymorphisms and both uninvestigated and investigated
dyspepsia has been reported in different studies from
the United States[45], Europe[46,47] and Asia[48,49]. Although
the sample sizes remain relatively small in all of these
studies, which may account for some of the variability in
the associations detected, it is of note that the different
classifications of dyspepsia also contribute to the diverse
distribution of polymorphisms. In fact, while homozygous GNB3 825T allele was found to influence the susceptibility to EPS-like dyspepsia in a Japanese population
of dyspeptics[49], in a report from the United States, the
same polymorphism was associated with postprandial
dyspeptic symptoms and lower fasting gastric volumes[45].
Other studies failed to identify single genetic factors as
a predominant factor in the pathogenesis of functional
dyspepsia and symptom generation. As sympathetic adrenergic dysfunctions may affect both gastric sensitivity,
Camilleri et al[45] analyzed the role of presynaptic inhibi-

IMPAIRED MOTILITY OF THE STOMACH
FD
FD is defined by the presence of persistent symptoms in
the upper part of the abdomen in the absence of organic or metabolic pathology[39]. On the basis of the Rome
Ⅲ criteria, patients who suffer from functional dyspepsia
in the absence of any organic disease are categorized as
having postprandial distress syndrome or epigastric pain
syndrome[40].
In spite of this, the pathogenesis of FD is still largely
unknown and, although delayed gastric emptying, impaired gastric accommodation and visceral hypersensitivity have been all claimed as major underlying mechanisms, it is supposed to be a multifactorial disease[39].
The classic assumption in studies addressing the association between genetic factors and a single or a cluster of diseases postulates that a specific functional gene
polymorphism that results in altered protein function
may play a role in disease pathophysiology[41]. This paradigm that implies a clear correlation between impaired
physiological function and symptom generation, however, cannot be applied to FD whose pathophysiology
is complex and not necessarily associated with specific
symptoms. Since functional dyspepsia is one of the most
prevalent FGIDs, a certain genetic influence is suggested
by both symptom familial clustering and twin studies
reported for FD and IBS[3]. So far, most of the studies
conducted were designed to search for correlations of a
candidate gene polymorphism with the symptom-based
phenotype of FD. The candidate genes that have been
studied for possible associations with functional dyspepsia are summarized in Table 1.
In a subset of dyspepsia patients, Helicobacter pylori
(H. pylori) infection, even in the absence of ulceration or
erosion in gastroduodenal mucosa, has been proposed
to play a role in generation of symptoms. A Japanese
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velopment of FD[52] (all data are summarized in Table 2).

Table 2 Overview of genetic association studies in functional
dyspepsia
Protein (gene)
TLR-2

Polymorphism

Finding

Ref.

(192-174)del

Protective for
Helicobacter pyloriinfected patients
No association
No association
No association
No association
Risk factor

[43]

[45]
[46,47]
[46,47]
[46,47]
[48-50]

Risk factor for PDS

[48-50]

Risk factor

[48-50]

Risk factor for EPS

[50]

No association

[46]

No association

[51]

Risk factor
Protective

[52]
[53]

SERT
5-HT1A
5-HT2A
HTR3A
GNB3

SS variant
-Pro16Leu
-1438 G/A
C178T
C825T
CT and TT carriers
GNB3
C825T
CC and TT carriers
GNB3
C825T
CC carriers
GNB3
C825T
TT carriers
Presynaptic inhibitory -1291 C>G (α2A) and
α2A and α2C adreno- -del 1322-325 (α2A)
ceptor
Fatty acid amide
C385A
hydrolase
TRPV1
G315C
Na (V) 1.8
SCN10A
3218CC

Post-infectious dyspepsia
By summarizing what we have described above, we can
say that although it is unlikely that a single genetic factor causes FD, it is more likely that a genetic factor (or
factors) modulates the risk of developing the abnormalities after exposure to one or more specific environmental factors[53]. This paradigm is well supported by
the hypothesis of a post-infectious origin of dyspepsia.
Indeed, it is now evident that in a subgroup of patients
with functional dyspepsia, acute GI infections may precipitate symptoms. Data from the literature indicate that
in presumed post-infectious dyspepsia patients there is
an increased prevalence of impaired gastric accommodation to the meal that is likely dependent on inflammatory-induced impaired nitrergic innervation of the gastric
wall[54]. However, only one study systematically addressed
the genetic contribution to post-infectious dyspepsia
and the data presented are quite controversial since a significant association between macrophage migration inhibitory factor-173C and IL17F-7488T polymorphisms
was only observed in the subgroup of patients with
symptoms suggestive of EPS-like dyspepsia[55]. Indirect
evidence for a role of inflammatory products gene in
the genesis of FD is also suggested by a Japanese study
in which a significant association between a COX1 polymorphism and EPS-like symptoms was observed in a
subgroup of dyspeptic female patients[56]. However, a
very recent study investigating the role of a polymorphism in the receptor for neuropeptide S receptor gene
(NPSR1) that is involved in inflammation, anxiety and
nociception failed to reveal any significant association
with FD[57] (Table 3).

PDS: Post discharge surveillance; EPS: Encapsulating peritoneal sclerosis;
TLR: Toll-like receptor; TRPV: Transient receptor potential vanilloid.

tory α2A and α2B adrenoceptors polymorphism, but
they failed to find any significant association with dyspepsia symptoms. The same group also failed to find any
significant association between the genetic variation in
the endocannabinoid metabolism (i.e., a SNP in the human fatty acid amide hydrolase gene-C385A-) and both
impaired fundus accommodation and delayed gastric
emptying in a small subgroup of dyspepsia patients[50].
Conversely, in a recent report, the involvement of the
transient receptor potential vanilloid 1 (TRPV1) was
investigated in a small population of Japanese dyspeptic
patients. The authors found that in a population of 109
dyspeptics, individuals carrying the G315C polymorphism, known to affect the TRPV1 gene and to alter its
protein level, were at lower risk for both epigastric pain
and postprandial distress syndrome. In addition, the authors showed that dyspeptics with that specific polymorphism had a baseline and cold water induced symptom
severity[47]. Although this finding needs to be reproduced
in different ethnic populations and validated on a large
sample, it is of note that TRPV1 pathways may be ideal
candidates as they are involved in nociception and in acid
sensitivity, with the latter being claimed to have a role
in the generation of dyspepsia symptoms. On the same
line, the same group have found a significant association
between a polymorphism of the tetrodotoxin-resistant
(TTX-r) sodium channel Na (V) 1.8, a channel expressed
by C-fibers and involved in nociception, and functional
dyspepsia. Indeed, the SCN10A 3218 CC variant, which
determines a lower activity of this Na (V)-channel, was
significantly associated with a decreased risk for the de-
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Hypertrophic pyloric stenosis
Isolated HPS is a common condition characterized by
the hypertrophy of the muscle surrounding the pylorus,
with impaired sphincter relaxation and consequent gastric outlet obstruction which causes severe non-bilious
vomiting. The etiology of this disease is still largely
unknown; however, epidemiological studies indicate
that genetic factors play an important role in the pathophysiology of this entity[58]. Krogh et al[59] have shown a
200-fold increased risk of HPS in monozygotic twins
and a 20-fold increased risk among siblings of affected
children. In particular, different studies have demonstrated a higher prevalence of HPS in offspring of an
affected mother compared with offspring of an affected
father, suggesting a major role of maternal factors; however, this evidence was not confirmed in further studies[60]. In addition, HPS is associated with several welldefined genetic syndromes, sustaining the hypothesis
that genetic factors are largely involved in the pathogenesis of this disease[58].
A reduced expression of NOS1 was demonstrated at
the mRNA level in pyloric tissue of patients with HPS,
suggesting a pathogenic role of nNOS in this disease.
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Table 3 Overview of genetic association studies in postinfectious dyspepsia
Protein (gene)
MIF
IL17
COX-1
NPS-R

Table 4 Overview of genetic association studies in hypertrophic pyloric stenosis

Polymorphism

Finding

Ref.

Protein (gene)

-173C
-7488T
T1676C
rs2609234, rs6972158, and
rs1379928

Risk factor for EPS
Risk factor for EPS
Risk factor for EPS
No association

[56]
[56]
[57]
[58]

NOS1
MYH11-GRIN2A
SLC7A5
TRPC5 and TRPC6

IL: Interleukin; COX-1: Cyclooxygenase-1; EPS: Encapsulating peritoneal
sclerosis; MIF: Macrophage migration inhibitory factor.

Finding

Ref.

12q
16p12-p13
16q24
11q14-q22 and Xq23

Association
Association
Association
Association

[62,63]
[65]
[66]
[67-69]

the disease, the contribution of the genetic background
is even more scanty and complex and no clear triggering
factors have been described yet, further sustaining the
great heterogeneity of this disease.

For this reason, several researchers have analyzed the
gene of NOS1; however, only a Chinese group found
a linkage between HPS and NOS1a on chromosome
12q[61], but this result was not confirmed by another
study[62]. Moreover, the analysis of the complete coding
region of NOS1 in patients and controls revealed no significant difference, confirming that the impaired nNOS
function in the pylorus of these patients is not related to
a direct mutation of the gene encoding for NOS1[63].
Several studies have demonstrated a linkage between
HPS and different loci in affected patients of the same
family, but larger studies on additional families were usually unsuccessful. A Chinese group described a linkage
of a SNPs of chromosome 16 (16p12-p13) in 10 affected members of the same family, but this association
was not observed in 10 additional families[64]. Moreover,
the major candidate genes of this region encoding for
MYH11 and GRIN2A, proteins involved in smooth
muscle relaxation, have not shown mutations [64]. In
members of the same family, Everett et al[65] found an
association with SLC7A5 (16q24), a gene which influences NO activity; however, they failed to confirm these
data on additional 14 families. In a genome-wide linkage study, the same group demonstrated an association
between HPS and some loci on chromosome 11q14-q22
and Xq23, both encoding for protein involved in the
functioning of ion channels (TRPC5 and TRPC6) in 81
families with 206 affected members[66,67]; however, a subsequent Chinese study failed to replicate the association
with TRPC6[68].
Finally, a Danish group in a recent genome-wide association study (GWAS) on 1001 individuals affected
by HPS and 2401 healthy controls demonstrated an association between HPS and three SNPs of MBNL1 and
NKX 2-5, genes involved in the splicing and transcription
processes[69], but it was the first GWAS and these results
could explain only a very small proportion of HPS cases (all
reviewed associations are summarized in Table 4).
In conclusion, hypertrophic pyloric stenosis is a multifactorial disease and both genetic and environmental
factors could contribute to the pathophysiology of this
condition. Especially for the syndromic form of HPS,
different mutations in different genes involved in different functions have been associated with the onset of
this disease, but we are still far from a single unifying
pathogenetic factor. Conversely, in the sporadic form of
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Chromosome

CONCLUSION
Several association studies have established a genetic
component in the genesis of motility disorders of the
upper gastrointestinal tract, like esophageal achalasia,
functional dyspepsia and hypertrophic pyloric stenosis.
Although candidate gene studies have identified a few
gene polymorphisms that may be correlated with these
syndromes, small sample size, lack of reproducibility in
large data sets, and the unreliability of the clinical phenotype represent a major limit to identify a unifying factor in the pathophysiology of these syndromes in any of
the reported polymorphisms.
Whether the genetic contribution plays a crucial
role in the generation of upper GI tract symptoms
therefore deserves further studies. More specifically, the
recruitment of large case-control samples appears to be
mandatory in order to provide a powerful tool for the
identification of risk genes, especially for diseases like
achalasia and functional dyspepsia, in which a multifactorial inheritance is assumed. In this direction, genomewide association studies will allow for the unbiased and
systematic identification of risk genes and may represent
the greatest challenge for all future studies of upper GI
tract motility disorders.
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Core tip: Patients with pancreatic adenocarcinoma have a
dismal prognosis due to late diagnosis prohibiting surgical
intervention, which is further burdened by chemo- and
radiation resistance. Hope is raised on a minimally invasive diagnosis that is still missing. Recently two diagnostic
options are discussed, serum microRNA (miRNA) and
serum exosomes. Serum miRNA can be free or vesicle-,
particularly, exosomes-enclosed. This review presents an
overview on the current state on miRNA as a cancer diagnostics and discusses arguments in favor of tumor exosomes as a diagnostic tool that additionally could provide
a powerful therapeutic option in the near future.

Abstract
Patients with pancreatic adenocarcinoma (PaCa) have
a dismal prognosis. This is in part due to late diagnosis
prohibiting surgical intervention, which provides the
only curative option as PaCa are mostly chemo- and
radiation resistance. Hope is raised on a reliable noninvasive/minimally invasive diagnosis that is still missing. Recently two diagnostic options are discussed, serum MicroRNA (miRNA) and serum exosomes. Serum
miRNA can be free or vesicle-, particularly, exosomesenclosed. This review will provide an overview on the
current state of the diagnostic trials on free serum
miRNA and proceed with an introduction of exosomes
that use as a diagnostic tool in serum and other body
fluids has not received sufficient attention, although
serum exosome miRNA in combination with protein
marker expression likely will increase the diagnostic
and prognostic power. By their crosstalk with host
cells, which includes binding-initiated signal transduction, as well as reprogramming target cells via the
transfer of proteins, mRNA and miRNA exosomes are
suggested to become a most powerful therapeutics. I
will discuss which hurdles have still to be taken as well
as the different modalities, which can be envisaged to
make therapeutic use of exosomes. PaCa are known to
most intensely crosstalk with the host as apparent by
desmoplasia and frequent paraneoplastic syndromes.
Thus, there is hope that the therapeutic application of
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INTRODUCTION
Pancreatic adenocarcinoma (PaCa) ranks fourth in mortality among cancer-related deaths. With an overall 5-year
survival rate of below 1% and a mean survival time
of 4-6 mo it is the deadliest cancer[1,2]. There has been
considerable progress in the treatment of patients with
early stage PaCa. But late initial diagnosis that prohibits
resection, chemotherapy and radiation resistance and
the early metastatic spread of PaCa account for the nonsatisfactory progress in therapy[3,4]. Thus, research has
focused on defining a reliable non-invasive or minimally
invasive diagnosis. So far, serum markers allowing for
a non-invasive diagnosis and follow up studies are rare.
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CA19-9 is still the most reliable diagnostic serum marker,
but should be used in conjunction with other diagnostic
tools. Additional markers are carcino-embryonic antigen
(CEA), CA125 and CA242, their specificity and particularly sensitivity being below that of CA19-9[5-7]. However,
recently, two non-invasive diagnostic tools have come
into focus. First, serum microRNA (miRNA) was repeatedly described to allow for differential diagnosis of
cancer, where PaCa patients’ serum miRNA might allow
differentiating between benign and malignant tumors
as well as inflammation[8,9]. Second, tumor-derived exosomes are readily detected in body fluids. Their protein,
mRNA and miRNA profiles might well serve as diagnostic tools[10]. In addition, exosomes are hotly debated
as potent therapeutics[11-13].

progress in oncology, where miRNA could be linked to
prognosis, disease progression, local recurrence and metastasis[24,27-29]. As summarized in a recent review[30] miRNA plays an important role in epithelial-mesenchymal
transition (EMT), maintenance of cancer stem cells as
well as tumor invasion and migration. EMT is regulated
by the mir-200 family, miR-141, miR-429 and miR-205.
The expression level of miR-200 negatively correlates
with znc finger E-box-binding homeobox (ZEB)1 and 2,
which inhibit E-cadherin expression[31]. In PaCa, downregulation of miR-30 correlates with EMT, targets being
vimentin and snail-1[32]. Examples for the involvement
of miR in cancer stem cell (CSC) control, including
pancreatic cancer, are the tumor suppressor miR-34 that
regulates Notch and Bcl2[33,34] and miR-21 that correlates with chemoresistance[35]. Instead, miR-9, regulating
E-cadherin expression, is suggested to be of major importance for metastasis-associated mobility and invasiveness[36,37]. miR-34a overexpression can inhibit metastasis
by regulating CD44[38] and miR-340 suppresses invasion
and metastasis by regulating c-Met and via c-Met MMP2
and MMP9[39,40].
For PaCa Jamieson et al [41] performed microarray
analysis on resected PaCa tissue on a cohort of 48 and
24 patients. They describe associations with lymph node
involvement, tumor grading and overall survival, where
high expression of miR-21 and low expression of miR34a significantly correlated with poor survival. Additional studies on PaCa tissue, non-transformed pancreatic
ductal cells, CP samples and on PaCa culture lines by array or RT-PCR[42-46] have been summarized by Li et al[47],
which also provides an overview on their function as tumor suppressors (miR-15a, miR-34a, miR-96, miR-375)
or oncogenes (miR-27a, miR-132, miR-155, miR-194,
miR-200b, miR-220c, miR-429, miR-212, miR-214, miR301a, miR-421, miR-483-3p) and potential molecular targets, which include besides others WNT3A, p53, K-Ras,
Akt, 14-3-3zeta and Smad4[43,48-56].
Taken together, there is increasing evidence that
miRNA plays a central role in carcinogenesis and tumor
progression, where the recovery of miRNA in body fluids may, additionally, provide a minimally invasive diagnostic tool. This has created hope particularly for most
deadly PaCa, late diagnosis considerably contributing to
the poor prognosis.

Tumor diagnosis and miRNA
Recovery of non-coding RNA in body fluids
A new class of small noncoding RNA known as miRNA
endogenously regulates gene expression at the posttranscriptional level[14]. miRNA range in size from 19 to 25
nucleotides. They regulate translation and degradation
of mRNA through base pairing to complementary sites
mostly in the untranslated region[15]. MiR constitute only
1%-3% of the human genome, but control about 30%
of the coding genes[16], most miR controlling multiple
mRNA[17]. miR biogenesis is a multistep process, where
a long primary transcript (pri-miR) is processed into a
70-100 nt hairpin precursor pre-miR. The pre-miR is
translocated to the cytoplasm, where it is cleaved by the
ribonuclease Dicer into a mature miR duplex, which is
incorporated into the RNA-induced silencing complex
(RISC) resulting in degradation of the duplex and binding to target mRNA by complementary base pairing at
the 3’-untranslated region[14]. Seed sequence complementarity of about 7 base pairs enables miRNA to bind the
target mRNA, which results in inhibition of translation
or a reduction in mRNA stability[18]. miRNA in the serum may derive from necrosis, apoptosis[19] or be actively
released in microvesicles[20]. Free extracellular miRNA
is associated with argonaute proteins (Ago) The Ago2miRNA complex accounts for the stability of the free
miRNA[21,22].
In advance of discussing serum miRNA as a potential
diagnostic tool, it should be stated that data normalization
is an important factor and that due to any fluctuation, epigenetic factors or others, like age, gender, diurnal changes
and many more, cohort sizes should be large. Also due to
these variabilities, it is very unlikely that a set of reference
housekeeping miRNA with universal applicability can be
identified[23,24]. Furthermore, it has to be kept in mind that
most miRNA regulate more than one mRNA. Thus, in
turn, a given miRNA may be deregulated in multiple diseases, including different types of cancer[25,26].

Serum miRNA as a diagnostic tool in pancreatic cancer
The stability of free miRNA in serum and other body
fluids has fostered the hope for a minimally invasive diagnostic tool that may also be of prognostic value[57-59],
which meanwhile has been experimentally supported for
different types of cancer[60-62] including PaCa, where it
will be particularly important as late diagnosis prohibits
a curative intervention.
In an earlier study 4 miRNA, miR-21, miR-210, miR-155
and miR-196a have been found to differentiate PaCa
patients’ serum from that of healthy controls, where
miR-155 is a biomarker of early PaCa and miR-196a cor-

miRNA and cancer
The increased knowledge on miRNA greatly fostered
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relates with progression[63]. Evaluating a combination of
CA19-9 with plasma miRNA in PaCa revealed 4 miRNA, miR-155, miR-181a, miR-181b and miR-196a, to
differ significantly from healthy donors’ miRNA, where
only miR-16 and miR-196a allowed for discrimination
from chronic pancreatitis (CP). Including CA19-9 increased sensitivity and specificity of the analysis, 85.2%
of PaCa samples being positive even at stage 1[64]. An
elegant recent study on serum miRNA in PaCa based on
sequencing of pooled samples, a selection phase based
on quantitative reverse transcriptase PCR (qRT-PCR)
followed by a testing phase revealed upregulation of
miR-20a, miR-21, miR-24, miR-25, miR-99a, miR-185
and miR-191 in the serum of PaCa patients as compared to healthy controls. The authors also confirmed
that these 7 miRNA allowed for differentiation towards
CP, where expression in CP did not differ significantly
from that of healthy donors[9]. Additional studies mostly
confirmed abundance of miR-21, miR-155, miR-196a,
miR-210 and miR-16 in PaCa patients’ sera[65-69]. A statistical meta-analysis, which includes 9 studies, from
which 5 were performed with tissue and 4 with serum
or plasma[9,63,64] suggests a potential role for miRNA assays in screening for and confirming PaCa diagnosis[70].
However, the authors also point out that none of these
miRNA is selective for PaCa. An additional concern
should be mentioned. A differential analysis of free versus vesicular, particularly, exosomal miRNA in the serum
of PaCa patients appears to be missing. An exosomal
miRNA analysis may well be advantageous as exosomal
miRNA derives from living cells, whereas free miRNA
may mostly derive from dead cells and thus could significantly change particularly during therapy or in late stage
PaCa[19,71,72]. Serum exosome screening could have an
additional advantage. Membrane integrated PaCa markers will be recovered on exosomes, thus allowing for a
concomitant screening of miRNA and proteins.

taken to elaborate the prerequisites, such as exosome assembly and exosomal message transfer.
Exosome assembly and secretion
It is well known that the relative abundance of proteins,
mRNA and miRNAs differs between exosomes and
donor cells, which implies active sorting into MVB. Indeed, the sorting of proteins into exosomes is a highly
regulated process, where monoubiquitinylation as well as
the endosomal sorting complex required for transport
(ESCRT) play a role, some components of ESCRT,
like Tsg101 and Alix being recovered in exosomes. The
ESCRT machinery consists of 3 complexes, ESCRT Ⅰ,
Ⅱ and Ⅲ, where Tsg1 in the ESCRT complex I binds
ubiquitinated protein and recruits ESCRT Ⅱ. ESCRT Ⅲ
becomes recruited via ESCRT Ⅱ or Alix. ESCRT Ⅲ recruits a deubiquitinating enzyme that removes the ubiquitin tag from the cargo proteins prior to sorting into
MVB[88,89]. However, not all proteins require the ESCRT
complex for incorporation into exosomes. Alternatively,
proteins in detergent resistant membrane complexes can
become incorporated into MVB like MHC Ⅱ molecules
in dendritic cells[90]. Lipid affinity also can account for
MVB incorporation[91]. Tetraspanins and other proteins
with high affinity for cholesterol and sphingolipids are
partitioned into membrane domains which according
to their physical properties are prone for internalization[92-95]. Proteins also may become recruited by associated proteins such as integrins associated with tetraspanins or the transferin receptor (TfR), which associates
with heat shock proteins (HSP) [94]. In particular for
tetraspanin-associated molecules it has been described
that protein complexes rather than singular molecules
are recruited into exosomes. This complex binding severely influences exosome targeting and the crosstalk
with target structures [96-98]. Besides members of the
tetraspanin family (CD9, CD63, CD81, CD82, CD151,
Tspan8), where tetraspanins are constitutive components
of exosomes[91,99] and are frequently used to differentiate
exosomes from other extracellular vesicles[75,91], additional molecules most abundantly recovered in exosomes are
HSP[100,101], proteases[102,103], MHC molecules, cytoskeletal
proteins and signal transduction molecules[104], where engulfment of cytosolic proteins involves proteins located
close to the outer membrane of MVB by automicrophagy[105].
Interest in exosomes has steeply increased, when it
was reported that exosomes contain mRNA and microRNA that will be transferred into target cells[106]. Exosomal
mRNA and miRNA also differs from that in the donor
cell. mRNA recruitment can be guided by a zip code in
the 3’-UTR[107]. Exosomal mRNA is less abundant than
exosomal miRNA. Exosomal mRNA are mostly involved in cell cycle progression, angiogenesis, migration,
or histone modification[98,108,109]. Exosomes also contain
selected miRNA. miRNA recruitment is facilitated by
coupling of RISCs (RNA-induced silencing complexes)
to components of the sorting complex[110,111], the release

Exosomes as a diagnostic tool
Exosomes are small 40-100 nm vesicles, which derive
from the fusion of the intraluminal vesicles of multivesicular bodies (MVB) with the plasma membrane[10,73].
Their homogeneous size is one of the major criteria to
differentiate exosomes from apoptotic blebs, microparticles and microvesicles, which vary in size[74]. Exosomes
are composed of a lipid bilayer; they contain selected proteins, mRNA and miRNA[75]. Exosomes are secreted by
many cells and abundantly by tumor cells[76] and are found
in all body fluids[77]. Due to their presence in all body
fluids and the expression of selected markers, exosomes
are suggested to be optimal candidates for non-invasive
diagnosis[78,79]. Exosomal proteins, mRNA and miRNA
being functionally active[80,81] and transferred into target
cells[13,81-85], exosomes are the most important intercellular
communicators[75] and are suggested to become a very
powerful therapeutic tool[12,86,87]. To reach the goals of
exosomes as diagnostics and therapeutics great efforts are
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of miRNA being controlled through ceramide-dependent
machinery associated with exosome secretion[112]. Exosomes contain > 120 miRNA from a selected number
of genes. Network based analysis of exosomal miRNA
points towards an involvement in stem cell differentiation
(let-7), organogenesis (miR-1), hematopoiesis (miR-181)
tumorigenesis (miR-17, miR-18, miR-19a, miR-20, miR19b-1, miR-93-1)[13,14] and metastasis[105].
As exosomes are found in all body fluids[77], the selective enrichment of “marker” proteins as well as of
miRNA makes exosomes a very attractive means for noninvasive diagnosis[104,113].

human PaCa serum exosomes confirms this inasmuch as
the miRNA profile of serum exosomes and of culture
supernatant exosomes show abundance of the same
miRNA. In addition, the absence of a miRNA that is
recovered in serum exosomes from healthy donors and
PaCa patients provides a strong hint towards this miRNA being not derived from tumor exosomes. Having
selected for miRNA abundant in pools of PaCa patients
serum exosomes, one can proceed with verification by
qRT-PCR.
In concern of serum exosome marker profiles one
should also start with pooled healthy donors serum exosomes and select for markers that are undetectable on
healthy donors’ exosomes. Antibodies against constitutive exosome markers may serve as controls. After this
screening one can either proceed with enzyme-linked immunosorbent assay (ELISA)[118] or flow cytometry, where
latex beads can be coated with antibody in advance or
latex beads are loaded with exosomes and marker expression is evaluated by incubation with antibodies after
blocking free binding sites of the latex beads[114,119,120].
Both procedures have advantages and disadvantages and
it depends on the individual question, which to prefer.
For diagnostic purposes several kits are commercially
available.
So far, at least to my knowledge studies being concerned about serum diagnosis or diagnosis in other body
fluids, like the urine, by miRNA have rarely taken into
account the particular profile of exosomes. To give a few
examples. In glioblastoma serum exosomes miR-21 was
40-fold increased[108]. In serum exosomes from ovarian
cancer patients, 8 miRNA were significantly increased[121]
and in prostate cancer urine exosomal miR-107 and
miR-574-3p are upregulated[122].
In concern of the comparably rare trials on serum
or other body fluids exosomes as diagnostic tool, I want
to stress again that only exosomal miRNA is delivered
by live cells[19,71,72]. Thus, this miRNA can be expected to
be particularly selected for functional relevance. In addition, CSC/migrating tumor cells are suggested to be
enriched in the serum[123,124] and could well contribute to
the serum exosome pool and to its diagnostic validity,
cancer progression relying on the small population of
CSC, which account for drug resistance, metastasis and
late recurrence[125-127]. Finally, exosomes being delivered
by live tumor cells, the amount of exosomal miRNA
may change with the size of the tumor, but the miRNA
profile most likely will be stable.
Serum exosomes as a diagnostic tool have an additional advantage, as besides tumor miRNA, membrane
bound tumor markers can be searched for. Thus, in ovarian cancer, CD24+ and EpCAM+ exosomes were recovered in ascites of tumor patients and in serum CD24+
exosomes were detected, the absence of EpCAM +
exosomes in serum being due to cleavage by exosomal
ADAM10[128,129]. Also in ovarian cancer claudin4 was upregulated in 32 of 63 patients’ serum exosomes, but only
in 1 of 50 control serum exosomes[130]. In plasma exo-

Tumor diagnosis by serum exosomes
Exosomes are separated by sequential centrifugation
steps followed or preceded by 0.2 μm filtering. For preevaluation exosomes should be further purified by sucrose density gradient centrifugation[114,115]. This, however
may not be possible for large sample number evaluation
and also may not be feasible with the amount of available serum. According to our experience and in line with
literature reports, 1 mL of serum will be sufficient for
screening of a limited number of proteins and miRNA.
Particularly for miRNA screening, recently a thorough
comparative evaluation of mRNA preparation has been
published[116], which should be taken into account as in
dependence of the exosome source minor differences
may lead to a pronounced loss of miRNA. Besides these
“home made” exosomes, several commercially available exosome purification kits are available that were
described to reveal comparable results. In addition, there
are special diagnostic kits on the market, which will be
helpful, if a clearly defined question is to be answered,
e.g., searching for one marker or a few selected miRNA.
As far as one is interested to find out the protein marker
or miRNA profile of exosomes of a tumor entity that
has not yet already been analyzed, it may be preferable
to start open minded without any preselection. In concern of the readout system, I strongly recommend for
miRNA the protocol of Liu et al[9] described above for
free serum miRNA, starting with a microarray of pooled
serum exosomes from patients and control donors. According to our unpublished experience the ten most
abundant miRNA are with high likeliness recovered in
exosome pools of different patients. As the serum contains much more exosomes that are not tumor-derived,
taking into account that only platelets account for
roughly 50% of serum exosomes[117] , the comparison
to healthy donors’ exosomes provides already a good
means to select out non-tumor exosomal miRNA. As an
additional control, I would recommend exosomes from
culture supernatant of tumor lines from the same cancer
type.
It also should be remembered that exosome collect
a limited number of mRNA and miRNA that does not
correlate to the mRNA or miRNA profile of the cell,
which we confirmed for a rat pancreatic cancer line and
exosomes derived thereof[109]. Our unpublished study on

WJGP|www.wjgnet.com

77

November 15, 2013|Volume 4|Issue 4|

Zöller M. Exosomes, miRNA and pancreatic cancer diagnosis

somes of prostate cancer patients’ survivin is upregulated
compared to controls and benign prostate hyperplasia[131].
In urine exosomes of prostate cancer also PCA3 and
TMPRSS2: ERG, deriving from a chromosomal rearrangement were detected, verifying body fluid exosomes
as diagnostic marker [132], though in another study on
prostate cancer urinary exosomes PSA and PSMA were
detected, but exosomes in urine showed great variability[133]. Also in plasma exosomes from melanoma patients
caveolin-1 and CD63 were consistently elevated[134] and
tumor exosomes could be efficiently isolated with antiHER2/neu from ascites of cancer patients[135]. Last, not
least, the tumor-specific epidermal growth factor receptor
Ⅷ (EGFRⅧ) was detected in 7 out of 25 glioblastoma
patients serum exosomes[108] and our ongoing study on
pancreatic cancer serum exosomes confirms recovery of
exosomes carrying PaCa stem cell markers[124].
Taken together, comparably few studies on cancer
patients serum/plasma or urinary exosomes confirmed
the suggestion that exosomes in body fluids can serve as
a diagnostic tool. Unfortunately, at least according to my
stage of knowledge, PaCa serum exosomes have not yet
been evaluated, where I strongly recommend to take into
account that exosomes offer the possibility to evaluate
both miRNA and protein markers. Our ongoing studies
strongly suggest that combining the analysis of these
two parameters most likely will bring about a considerable improvement in early PaCa diagnosis.

ger receptors. Furthermore, the selectivity of exosome
uptake argues for PS facilitating binding, but not for being involved in exosome uptake[97,141,142].
Instead, already in 2004 evidence was presented that
exosome uptake by dendritic cells (DC), Kupffer cells
and some macrophages (Mφ) involves, besides PS, milk
fat globulin-E8, CD11a, CD54, CD9 and CD81 on exosomes and requires αvβ3, CD11a and CD54 as ligands
on DC[143] suggesting exosome binding and uptake to
involve receptor-ligand interactions that may vary depending on the protein pattern on exosomes and target
cells[144]. Notably, this early study also pointed towards a
later on confirmed contribution of tetraspanins[97,145,146].
We additionally unraveled that target cell ligands are also
located in internalization prone protein clusters, which
include annexins, chaperons, molecules involved in vesicular transport, tetraspanins and tetraspanin-associated
molecules[97]. Thus, internalization by donor cells and the
exosome uptake by target cells use similar fusion/fission
machineries, maintenance of internalization complexes
and re-use of these complexes for exosome uptake apparently being a common theme[146-148]. Furthermore,
antibody blocking of CD91, a common receptor for
several HSP interferes with exosome activity [149]. Of
note, exosomes also bind with high avidity several matrix
proteins[102], where matrix protein binding is selective and
requires defined tetraspanin-adhesion molecule complexes[103]. Less is known about the discussed mechanism
allowing for fusion of exosomes with their target cell.
However, it has been shown that exosome fusion is facilitated or requires an acid pH[150].
Thus, exosomes display target cell selectivity, which
at least partly builds on the engagement of protein complexes in internalization prone membrane domains.

Exosomes as a therapeutic tool
Exosomes are hotly debated as the most potent gen
therapeutic option of the futur4[12]. In advance of discussing this option, I should briefly introduce what is
known so far about the interaction between exosomes
and target cells. I will first discuss exosome binding and
uptake and proceed giving a brief overview on exosome
binding and uptake-induced target modulation.

Target modulation by exosomes
First to note, exosomal proteins, mRNA and miRNA are
function competent[112,145]. Accordingly, there are several
modes, whereby exosomes can modulate their targets.
Binding-induced target modulation mostly relies on activation of exosome ligands and protein cleavage by exosomal proteases. Exosome uptake-initiated changes can
be brought about by transferred proteins, mRNA and
miRNA. These distinct activities of exosomes are far
from being comprehensively understood, but all have exemplary been confirmed. I will mention some examples,
as I feel it is important to be aware of this ongoing research to understand the potential power of an exosome
based therapy.

Exosome binding and uptake
In advance of considering options for the therapeutic
use of exosomes, it is a conditio sine qua non to be
aware, which cells in the body are potentially targeted by
exosomes. Though it is well appreciated that exosomes
only interact with selected targets[97,98,136], the mode of
selection requires further clarification. Several options,
which are mutually not exclusive are discussed, receptorligand interactions, attachment, fusion with the target
cell membrane, or internalization[136-138].
Due to inward budding of endosomes into MVB, the
outer membrane of exosomes is characterized by phosphatidylserine (PS), which can trigger exosome uptake
by binding to scavenger receptors, integrins, complement receptors and PS receptors (TIM), particularly
TIM-4[139,140]. In line with this, macrophages (Mφ) very
rapidly bind exosomes, binding being efficiently blocked
by anti-CD11b[141]. However, in vivo studies did not provide evidence that exosome uptake is dictated by scaven-
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Exosome-binding induced target modulation
Exosomes are rich in proteases[102], which modulate the
exosomes protein profile as well the ECM and target cells.
A tumor creates its own matrix, but also influences
the host matrix to generate surroundings promoting
tumor cell migration and survival. The phenomenon is
poorly understood and the impact of tumor exosomes
is largely unexplored. First to note, exosome proteases
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modulate the exosome protein profile, described for
L1 and CD44 shedding by ADAM10 and for EpCAM,
CD46, TNFR1 by unknown metalloproteinases[151-153].
Exosomal proteases also modulate the ECM, where
exosomal tetraspanins due to their association with
proteases and integrins become important[152,154-156]. The
collagenolytic and laminin-degrading activity of exosomes facilitates angiogenesis and metastasis[142,157-162],
degradation of aggrecan increases invasiveness [163,164]
and exosomal MMP2, MMP9, MMP14 and cathepsinB
correlate with invasiveness[160,165]. Focalizing exosomal
matrix degrading enzymes allows for paving the path
of metastasizing CSC towards the premetastatic niche,
which we confirmed for a rat metastasizing pancreatic
adenocarcinoma[103,166]. As the ECM also is a storage of
bioactive compounds[167], modulation of the ECM by
exosomal proteases[168] can account for cytokine/chemokine and protease liberation and generation of cleavage
products that promote motility, angiogenesis and stroma
cell activation[102]. Thus, the modulation of the ECM by
exosomal proteases creates a path for migrating cells,
favors a tumor growth promoting microenvironment,
angiogenesis and premetastatic niche establishment.

exosomes-HSP functioning as an endogenous danger
signal-promotes NK activation and tumor cell lysis[178,179]
and supports T cell activation and effector functions[180]
as well as induction of costimulatory molecule expression
in DC[181,182]. Tumor exosomal chemokines attract and activate DC and T cells, such that intratumoral injection efficiently inhibits tumor growth[183]. Tumor exosomes also
can be an efficient antigen source, which induce a potent
Th, CTL and B cell response, even where lysates of the
same tumor are non-immunogenic[141,184].
Taken together, there is an intense crosstalk between
tumor exosomes and the immune system that may be
due predominantly to exosome binding-initiated signal
transduction. Depending on the individual tumor’s exosome composition, immune responses are suppressed,
but also can be strengthened and in combination with
DC tumor exosomes could well contribute to cancer immunotherapy.
Angiogenesis induction being one of the hallmarks
of cancer, intense efforts have been taken to elaborate
the contribution of tumor exosomes. Tumor exosomes
containing tumor necrosis factor alpha (TNF-α), IL1β,
TGFβ and TNFR1 recruit endothelial cell (EC) progenitors, promote angiogenesis[107] and stimulate EC by
paracrine signaling[185]. Delta-like4 bearing tumor exosomes confer a tip cell phenotype to EC with filipodia
formation, enhanced vessel density and branching[186],
which involves activation of PPARα and NFkB activation[187]. In a feedback, prostate cancer exosomes lead to
activation of fibroblasts, which then shed exosomes that
increase tumor cell migration via CX3C-CX3CR1[188].
Another elegant examples of tumor exosome-mediated signal transduction describes overexpression of CD9
or CD82 promoting formation and secretion of exosomes that contain β-catenin, thereby reducing its cellular
content and impairing Wnt signaling, which proceeds via
tetraspanin-associated E-cadherin[189]. Besides indicating
that the cargo of exosomes differs depending on ESCRTor tetraspanin-initiated internalization, this study demonstrates that by depletion of inhibitors or stimulators tumor
exosomes can opposingly affect signal transduction[190].
Also, tumor exosome-promoted tumor growth may vary
for individual tumors. Thus, a deficit in Rab27a leading to
reduced exosome production affected growth of a tumor
line that required recruitment of neutrophils, but not of
another neutrophil-independent line[191].
Briefly, binding of tumor exosomes to hematopoietic
cells, EC and stroma cells can severely affect the target
cell, which may become activated or suppressed. Additionally, the export of proteins into tumor exosomes affects the tumor cell itself. It also has to be kept in mind
that tumor exosome-initiated signaling varies with the
origin and composition of tumor exosomes. Last and
importantly, the strength of tumor exosome initiated signaling relies on their accessibility throughout the body.

Exosome-initiated signal transduction: Exosome-initiated signal transduction can be promoted by exosome
binding and exosome uptake, which in most instances
is experimentally difficult to decipher. Nonetheless,
the impact of tumor exosome binding-initiated signal
transduction on tumor immunity, angiogenesis, tumor
growth/metastasis has been convincingly demonstrated.
DC-exosomes are one of the best explored examples
for exosome binding-initiated signal transduction. DCexosomes can replace DC in immune response induction
and exosome-based therapy was first explored using DCexosomes as a cancer vaccine. DC also take up exosomes
secreted by other cells, including tumor cells, which they
internalize and process for presentation. Thus, DC use
exosomes as a source of antigen and produce exosomes
that suffice for T cell activation, both features expanding
the operational range of DC[143,169-171].
Tumor exosomes also affect the immune system[172].
Tumor exosomes inhibit CD4+ T cell proliferation, which
is accompanied by up-regulation and stronger suppressive activity of regulatory T cells (Treg) due to exosomeassociated transforming growth factor beta 1 (TGF-β1)[168].
NK activity also becomes impaired via tumor exosome
inhibiting activation of Stat5, Jak3, cyclinD3 expression
and perforin release[173] or due to blocking NK cells via
NKG2D binding[174]. Induction of myeloid-derived suppressor cell (MDSC) is promoted by exosomal TGFβ
and PGE2[175]. Via stimulating TGFβ1 secretion by Mφ,
tumor exosomes suppress anti-tumor immune responses
allowing for tumor growth and metastasis formation in
allogeneic mice[176] and by high ICAM1 expression, tumor
exosomes block the interaction between T cells and endothelial cells, thereby decreasing T cell recruitment[177].
On the other hand. high level HSP expression on tumor
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Early reports on the information transfer via exosomes
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showed that embryonic stem cell exosomes transfer messages into hematopoietic progenitor cells that promoted
survival and expression of early pluripotency markers[20].
Adult tissue exosomes, too, had the capacity to alter the
phenotype of their target such that upon coculture bone
marrow cells (BMC) express markers found on the exosome donor cell[192], where uptake of exosome proteins,
mRNA and miRNA are contributing. These findings
also account for tumor exosomes, which transfer receptor and oncoproteins or miRNA[20,193].
One of the first evidences to support tumor exosome-uptake plays a critical role in autocrine stimulation
of tumor growth revealed that the intercellular transfer
of the oncogenic receptor EGFRⅧ via tumor exosomes
to glioma cells, lacking this receptor, causes transformation of indolent glioma cells[194] and reprograms growth
factor pathways in EC[126]. Other oncogenes, like Ras,
Myc, SV40T also induce signaling and gene expression[195-197], where e.g., exosomal amphiregulin, an EGFR
ligand, increased tumor invasiveness 5-fold compared to
the recombinant protein[198].
Tumor exosome uptake-induced changes in recipient non-tumor cells can be transient, but also suffice
to drive tumor growth as described for tissue transglutaminase and fibronectin[199] or high level c-Met uptake
by BMC, which leads to their re-education to support
premetastatic niche formation for melanoma cells, where
in melanoma patients, too, circulating BM-derived cells
express Met[200]. Tumor exosomes also transport apoptosis inhibitory proteins[201] and present TGFβ. This drives
differentiation of fibroblasts towards myofibroblasts,
which support tumor growth[202]. Adipose-tissue derived
mesenchymal stem cells (MSC) also can be driven into
myofibroblasts by tumor exosomes [203]. Lung cancer
tumor exosome uptake stimulates IL8, VEGF, LIF, oncostatin and MMP secretion, which promotes tumor
growth[204]. Instead, uptake of tumor suppressor genes
from non-transformed cells can mitigate cancer cell aggressiveness[12,205].
An involvement of exosomes in metastasis was
first described for platelet-derived exosomes, which
transferred the αⅡb integrin chain to lung cancer cells,
stimulated the MAPK pathway and increased expression
of MT1-MMP, cyclin D2 and angiogenic factors and
enhanced adhesion to fibrinogen and human umbilical
vein EC[206]. We explored that exosomes from a PaCa
together with a soluble tumor matrix facilitated recruitment of hematopoietic progenitors from the BM as well
as activation of stroma cells and leukocytes in premetastatic lymph nodes such that a non-metastatic tumor
line settled and formed metastases[207]. The recruitment
of tumor cells also becomes facilitated by exosomal
HSP90, a complex of exosomal HSP90 with MMP2
and tissue plasminogen activator promoting together
with exosomal annexin Ⅱ plasmin activation tumor cell
motility[208]. As already mentioned, the transfer of c-Met
contributes to premetastatic niche formation mostly via
bone marrow cell modulation[200]. Thus, tumor exosomes
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enhance migration and homing of tumor cells in sentinel lymph nodes due to stroma and hematopoietic cell
as well as matrix modulation[77,108,200,207]. Finally, uptake
of exosomes from non-transformed cells in the tumor
surrounding can affect tumor cells such that fibroblastexosomes promote breast cancer motility via Wnt planar
polarity signaling[209].
Tumor exosome uptake also accounts for EC modulation. Colorectal cancer exosomes, enriched in cell cyclerelated mRNA, promote EC proliferation[210]. Glioblastoma-exosome-induced angiogenesis relies on the transfer
of exosomal proteins and mRNA[108]. Uptake of EGFRpositive tumor exosomes by EC elicit EGFR-dependent
responses including activation of the MAPK and Akt
pathway and VEGFR2 expression[211]. Transfer of exosomal Notch-ligand-delta-like-4 increases angiogenesis[183]
and tumor exosomes expressing a complex of Tspan8
with CD49d preferentially are taken up by EC and EC
progenitors, which initiates progenitor maturation and
EC activation including VEGFR transcription[60]. Chronic myeloid leukemia (CML)-exosomes induce angiogenic
activity in EC, where a Src inhibitor affects exosome
production as well as vascular differentiation[212].
As mentioned tumor exosome uptake-induced target
cell modulation frequently represent the net result of
protein transfer-initiated signal transduction, transferred
mRNA translation and mRNA silencing by miRNA.
Though a separation between these activities appears
somewhat artificial, a few reports describing preferential
activities of mRNA and miRNA should be mentioned.
By the transfer of miR-150 in AML-exosomes to
hematopoietic progenitors CXCR4 expression becomes
reduced and HSC migration is impaired[213]. CD105+ renal cell CSC exosomes carry proangiogenic mRNA and
miRNA, which trigger the angiogenic switch[158]. mRNA
and miRNA of exosomes from a metastasizing PaCa are
recovered in lymph node stroma and lung fibroblasts,
and transferred miRNA significantly affects mRNA
translation, which was exemplified for abundant exosomal miR-494 and miR-542-3p, which target cadherin17.
Concomitantly, MMP transcription, accompanying cadherin17 downregulation, was up-regulated in lymph node
stroma cells transfected with miR-494 or miR-542-3p or
co-cultured with tumor exosomes. Thus, tumor exosome
miRNA uptake affected premetastatic organ stroma cells
towards supporting tumor cell hosting[109]. Exosomes
from virus transfected cells transfer viral miRNA[214,215].
Leukemia cell exosomes contain miR-92a that is transferred into EC, downregulates CD49e and increases migration and tube formation[216]. In lung cancer exosomes
miR-21 and miR-29a act as a ligand of mouse TLR7
or human TLR8, functioning as agonist and leading to
NFkB activation and IL6 and TNFα secretion, which
promotes metastasis[217]. Hepatocellular carcinoma exosomes abundantly contain miR-584, miR-517c, one of
the potential targets, TGFβ activated kinase 1, activates
JNK and MAPK pathway and NFkB, where transfer of
exosomal miRNA in coculture promoted anchorage-
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independent growth and apoptosis resistance[218].
Stroma cells also release exosomes, whose miRNA
can influence tumor cells. BM stroma cell exosomes inhibit the growth of multiple myeloma, but those derived
from patients with multiple myeloma force multiple myeloma progression, the latter exosomes showing a lower
content of tumor suppressor miR-15a, but high levels
of oncogenic proteins, cytokines and adhesion molecules[219]. Tumor-associated Mφ secret exosomes with
high miR-223, that binds Mef2c, causing nuclear accumulation of β-catenin[220]. Monocyte exosomal miR-150,
when transferred to EC, promotes migration[221].
Taken together, transferred exosomal miRNA can reprogram target cells, the linkage between exosomal miRNA and the targeted mRNA remaining to be elaborated
in detail in many instances. In concern of the described
impact of transferred proteins and mRNA, the question on long-lasting in vivo efficacy awaits clarification.
Exosomes being a most powerful means of intercellular communication that function across long distance,
it is utmost important to answer these open questions.
Nonetheless, therapeutic exploitation of exosomes appears promising.

with tumor exosomes. Instead, DC exosomes are already
used as a vaccine[226,227].
Exosomes to substitute or support dendritic cells
Exosome research became highly stimulated, when it
was noted that antigen presenting cells release exosomes
derived from MVB of the MHC class Ⅱ compartment,
which can stimulate T cells in vitro and in vivo[228]. Several
studies report that DC-exosomes were well tolerated,
induced an antigen-specific response and or NK recovery and that the disease-free survival time was mostly
prolonged. For the therapeutic translation it is also beneficial that exosomes can be stored at -80 ℃ and that
recovery is high. Limitation were mostly restricted to the
requirement of large amounts of DC-exosomes[229-231].
Though tumor exosomes can be immunosuppressive,
this does not affect their use for loading DC. Several
groups report that exosomes delivered from DC after
coculture with tumor exosomes might be superior to
exosomes derived from peptide-pulsed DC. DC pulsed
with exosomes of an AML line provoked a strong antileukemia response[232]. In line with this, directing tumorassociated, non-mutated antigens like CEA and HER2 to
exosomes by coupling to lactadherin increased their immunogenicity[233]. Targeting prostate-specific antigen or
prostatic acid phosphatase via lactadherin to exosomes
also induced a superior immune response[234]. Furthermore, anticancer drug force the release of HSP-bearing
exosomes, which efficiently activate NK cells[235]. Taking
this into account, tumor exosomes should be particularly
helpful as antigen source, when immunogenic entities of
a tumor are unknown.

EXOSOMES AS THERAPEUTICS
Exosomes are discussed as most potent gene delivery
system, as they are easy to manipulate and efficiently
transfer proteins and genes. This could offer a means to
interfere with tumor exosome promoted angiogenesis
and metastasis, two major targets in cancer therapy[91,222].
In addition, exosomes are discussed as cancer vaccine[172].
Nonetheless, in advance of discussing the possibilities to interfere with tumor growth and progression via
exosomes, I want to stress three points. First, uptake by
selective target cells needs to be most thoroughly controlled. Second, the pathway whereby exosomes affect a
selected target cells has to be well defined. Besides the
still open question, whether transferred proteins, mRNA
and miRNA or a combination account for observed effects, the multiple targets of individual miRNA could
create problems such that side effects at the present state
of knowledge can not be excluded. Third, it should be
mentioned that the indispensability of exosome transfer in human cancer remains questionable. In A431 PS
blocking inhibits uptake of exosomes by EC, but the antiangiogenic effect was only transient[194]. Also a blockade
of cellular vesiculation (TSAP6, acidic sphingomyelinase) did not prevent tumorigenesis[223,224]. Furthermore,
blocking of Rab27a involved in exosome biogenesis exerts distinct effects on primary versus metastatic tumor
growth and also differs between tumors[200,225]. These
findings should not be taken to discourage attempts to
translate experimental studies on the power of exosomes
into therapeutic settings, but should foster the point that
clinical translation in many instances essentially awaits
progress in elaborating the mode of exosome activities.
These clauses account particularly for active interference
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Competing with tumor exosomes
Even taking into account that an individual tumor may
not essentially depend on exosomes for survival and progression, tumor exosomes doubtless support the tumor
by modulating the host. Thus, competing with tumor
exosomes might be a means to retard metastasis formation.
Blocking of exosome uptake could be performed at
the exosome or the target cell level[229], where PS blocking
of tumor exosomes only transiently inhibited angiogenesis[194]. Instead, in a rat PaCa, where exosomes expressing the tetraspanin Tspan8 induced a lethal systemic
consumption coagulopathy, blocking exosomes by a
Tspan8-specific antibody completely prevented undue
angiogenesis, although primary tumor growth was not
impaired[236,237]. Based on this finding and our ongoing
studies that exosomes bind via tetraspanin-complexes to
ligands also located in internalization prone membrane
domains[59], we speculate that a scrutinized analysis of
an individual tumors’ exosome-binding complex should
provide the information for hampering undue tumor
exosome-initiated angiogenesis and premetastatic niche
formation, where exosomes from non-transformed
cells modulated to express the tumor exosome-binding
complex will be most promising[59]. As an alternative
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approach, tumor exosomes can be removed by affinity
plasmapheresis known as Aethlon ADAPT™[238]. Blocking of tumor exosomes also can affect drug and radiation resistance due to enhanced release of export transporter MRP2, ATP7A and ATP7B or Annexin A3[239,240].

reconsideration of many aspects of tumor biology and
is hoped to bring a major breakthrough in therapy. The
power of exosomes is due to their ubiquitous presence,
their particular protein profile and their equipment with
mRNA and miRNA as well as their most efficient transfer in target cells. Together with the ease of transfecting
exosomes, there should be hardly any limits in the use of
exosomes as therapeutics. The therapeutic use of exosomes from non-transformed cells to compete, to induce
an immune response or to silence immunosuppression
should not become a danger for the patient’s organism.
Instead, therapeutic approaches based on tailored tumor
exosomes still awaits answers to the targeting receptors
and their ligands, which most likely will offer modalities
to further restrict the panel of potential targets of natural tumor exosomes and a precise knowledge on miRNA
targets and consequences on release from repression.
Answering these questions will take time, but is not an
insurmountable hurdle.
PaCa are burdened by desmoplasia and early metastatic spread. Both features essentially depend on the
crosstalk with the host, which has been convincingly
demonstrated to be to a considerably degree mediated
by tumor exosomes. Thus, it is my personal opinion that
PaCa treatment/rognosis will particularly profit from
unraveling the option of exosome-based therapy.

Tailored exosomes for drug delivery
Greatest hope in exosome therapy is based on the discovery of horizontal transfer of mRNA and miRNA[106,241],
which can be translated or mediate RNA silencing[20,73,242].
As exosomes are natural products, are small and flexible, which allows them to cross biological membranes
and to protect their cargo from degradation by a lipid
bilayer[138], they are discussed as ideal and possibly the
most potent gene delivery system[73,86,138,241,243]. Notably,
exosome electroporation efficiently transfers siRNA
into exosomes[112]. Furthermore, special devices can be
developed, e.g., to cross the blood-brain barrier, which
was explored for the delivery of BACE1 siRNA, where
mast cell exosomes were equipped with a brain penetrating peptide fused to the vesicular membrane protein
Lamp2[244,245]. Also, curcumin or Stat3 inhibitor delivery
confirmed exosomes to be well suited for drug delivery[246,247], where chemotherapeutic drug efficacy was
increased by lowering the pH of exosomes[150,248]. Adenoviral vectors associated with exosomes displayed higher
transduction efficacy than purified AAV vectors[249]. As
exosomes from non-tumor cells contain tumor-suppressive miRNA, it was suggested to use exosomes loaded
with those miRNA, which was exemplified for miR-143
as a therapeutic strategy in cancer[213]. In a mouse hepatoma, systemic administration of miR-26a, inducing cell
cycle arrest, exerted a dramatic protective effect without
toxicity[250]. Additional approaches like miRNA inhibitors (miRNA sponges), antagomirs, locked-nucleic-acidmodified oligonucleotides are reviewed in[23].
At the present state of knowledge miRNA based
therapies have to be considered as double-edged sword
as most miRNA have a multitude of targets. However,
as soon as the above mentioned hurdles are solved, rapid
progress in clinical translation can be expected[251,252].
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INTRODUCTION
The alarming increase in recurrent Clostridium difficile (C.
difficile) infections (CDI) and associated deaths[1] geared
the attention of gastroenterologists around the world towards fecal microbiome (or microbiota) transplantation
(FMT)[2]. This non-conventional therapeutic approach
has also been designated as fecal bacteriotherapy (FB)[3].
Human fecal preparations have been used for centuries in traditional Chinese medicine to treat various
disorders[4]. However, it was not until 1958 when fecal
preparations from healthy donors were employed by
bold surgeons as enemas to treat critically ill patients
with pseudomembranous colitis (PC)[5]. In spite of the
surgeons’ dramatic success, fecal bacteriotherapy has
received less attention up to the 1980’s perhaps secondary to the recognition that C. difficile is the pathogen for
PC and that it can be effectively treated with antibiotics.
Indeed, the short term efficacy of current antimicrobials is around 90% against CDI[6]. However, the infection
may recur in 13%-24% of cases within 4 wk[6]. In such
instances FB has been utilized with a cure approaching
90% irrespective of the mode of delivery (i.e., upper
gastrointestinal, colonoscopic, or large volume retention
enema)[7]. The first randomized control trial comparing
FB with vancomycin therapy for recurrent CDI showed
the overwhelming superiority of the fecal preparation[8].
In-spite of this finding we do not understand clearly

Abstract
Fecal microbiome (microbiota) transplantation is an
emerging treatment not only for refractory/recurrent
Clostridium difficile infections and chronic gastrointestinal diseases, but also for metabolic syndrome, and
even possibly for neurological disorders. This non-conventional therapy has been perhaps more appropriately
designated as fecal bacteriotherapy (FB) as well. The
employment of FB is spreading into pediatric gastroenterology. This focused review highlights the pediatric applications of FB and discusses hypotheses for its mechanism of action. We propose that intestinal microbiome
therapy may be a more appropriate term for FB, which
integrates its potential future applications.
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of stool preparation from a healthy donor[16]. Thereafter,
Thomas Borody and colleagues treated 6 UC patients
with 5 consecutive daily enemas resulting in over 1 year
remission off all medications in all[17]. One of these patients has been in remission for over 11 years implicating
the potential curative nature of FB for UC. However, in
a recent review Borody et al[18] states that more than 5 enemas are needed for most patients, but does not define
how many. This statement leads to valid concerns raised
about FB in the medical community[19]. The absence of
consensus in regards to volume, route, donor screening, safety measures, and the potential lack of medical
supervision has been discussed. Consequently, a fecal
microbiota FMT workgroup has formed, and established
guidelines for donor screening and recipient selection
primarily for CDI[20]. To further standardization, “universal” frozen stool preparations to treat CDI were employed with success[21]. The establishment and adherence
to stringent guidelines and methods should aid the safety
and future utilization of this unconventional treatment
option for various human diseases.
FB has been less investigated in children, most likely
secondary to safety concerns. In the meantime, parents
of children suffering from UC, for example, are eager
for this treatment option to become available[22]. There
are only two case reports in children supporting the safety and efficacy of FB for pediatric recurrent CDI[23,24].
Additionally, a very recent publication demonstrated that
serial retention enemas from healthy donors can be of
benefit for pediatric and young-adult patients with mild
to moderately active UC[25]. The study participants experienced only mild to moderate, self-resolving side effects
from FB. These publications clearly indicate the potential utility of FB in pediatric gastrointestinal disorders as
well.
At present, FB appears to hold great prospects, but
also significant challenges for the treatment of human
diseases. For chronic disorders, such as IBD, the end
point of therapy may be difficult to define. Long-term
potential side effects such as modified metabolism,
changes in mood and affect, altered susceptibility to
malignancies, etc. have not been examined. The most
optimal route of delivery may vary between diseases,
and between differing phenotypes of a single disease.
The need for donor-recipient matching is also of question. The importance of age, gender, race, and microbiome composition (among others) are also unknown
in this respect. The potential significance of fungi and
viruses during IMT has not even been addressed to date.
Perhaps the greatest challenge for the future will be to
define restricted microbial communities for specific diseases. Only dedicated academic scientists will be able to
meet these challenges and optimize metagenomic medicine for current and future generations to come.

how FB works. It appears that live bacteria are required
for FB to be efficacious based on mouse model studies[9].
Many researchers argue that it is true engraftment of the
donor microbiota that occurs in the recipients through
FB, hence is designation as “transplantation”[10]. Only
limited high-throughput metagenomic studies have addressed this question, especially over a prolonged time
course after the treatments. Work with an artificial fecal
bacterial preparation of 33 species found that there was
a steady decline in the transplanted strains within the
stool of the 2 recipients studied[11]. More specifically,
only about 25%-30% of the species received remained
in the recipient community by 6 mo after the “transplant”.
This result shows that some donor bacteria truly populate the recipient microbiome at least for several months.
However, I propose that FB works by shock therapy or
“enslapment” of the recipient microbiota, rather than
just engrafting absent bacterial species into the recipient population. More specifically, a brief shock from a
healthy donor bacterial community may restructure the
recipient microbiota, which acts as a dynamic organ. The
short-term to long-term engraftment of a few bacterial species from the donor stool into the restructuring
recipient microbiota may aid/participate in this process.
I use the example of crystallization induced by a bit
of crystal placed into an over-saturated solution, such
as in the case of sodium acetate (http://www.youtube.
com/watch?v=HnSg2cl09PI) to demonstrate my hypothesis. In the case of FB, the stool donor is the bit of
crystal and the dysbiotic recipient microbiota is the oversaturated solution. Upon the induction from the healthy
donor stool, the recipient microbiota reverts back (“crystallizes”) to a healthier state of the microbial community
supporting its ability to overcome CDI. The arguments
for the shock therapy are: (1) a single FB enema works
as effectively as any other mode of delivery. Enema volumes are about 5%-10% of the colonic volume. Those
reach only the hepatic flexure at best, and are evacuated
within a few hours after delivery. It is physiologically
rather difficult to imagine that such a preparation could
truly transplant the whole intestine of the recipient with
microbes; and (2) a simple cultured mixture of 10 bacterial species worked as effectively in treating CDI as
a retention enema preparation[12]. It is unlikely that the
treated recipients harbored only the 10 “transplanted”
species following the resolution of CDI.
Based on the above, FB appears to be a more appropriate designation of this treatment modality than
fecal transplantation. Even more, “intestinal microbiome therapy” (IMT) may be the most proper term for
FB, since the future will likely bring the development
of restricted microbial communities for the treatment
of human diseases. In fact, FB has been used with benefit in inflammatory bowel diseases (IBD)[13], chronic
constipation and irritable bowel syndrome[14], metabolic
syndrome[15], and even in isolated cases of neurological
diseases[2]. As for IBD, it was an academic physician, Justin Bennet, who innovatively treated his own ulcerative
colitis (UC) with serial large volume retention enemas
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Core tip: The pathogenesis of gastrointestinal diseases is associated with important molecular pathways such as Wnt, Notch, Hippo, transforming growth
factor-β/bone morphogenetic protein or Hedgehog in
controlling cell-fate determination. Here, we discuss
how they contribute to homeostasis of intestinal epithelium.

Abstract
The gastrointestinal tract is frequently challenged by
pathogens/antigens contained in food and water and
the intestinal epithelium must be capable of rapid regeneration in the event of tissue damage. Disruption of
the intestinal barrier leads to a number of immune-mediated diseases, including inflammatory bowel disease,
food allergy, and celiac disease. The intestinal mucosa
is composed of different types of epithelial cells in specific barrier functions. Epithelial cells control surfaceassociated bacterial populations without disrupting
the intestinal microflora that is crucial for host health.
They are also capable of modulating mucosal immune
system, and are thus essential in maintaining homeostasis in the gut. Thus, the regulation of intestinal
epithelial homeostasis is crucial for the maintenance
of the structure of the mucosa and the defensive barrier functions. Recent studies have demonstrated that
multiple molecular pathways are involved in the regulation of intestinal epithelial cell polarity. These include
the Wnt, Notch, Hippo, transforming growth factor-β
(TGF-β)/bone morphogenetic protein (BMP) and
Hedgehog pathways, most of which were identified
in lower organisms where they play important roles
during embryogenesis. These pathways are also used
in adult organisms to regulate multiple self-renewing
organs. Understanding the interactions between these
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INTRODUCTION
The intestinal epithelium is a single-cell layer that serves
as a protective barrier against the external environment.
It supports nutrients and water transport, while maintaining a defense against intraluminal toxins, bacteria,
and antigens. The epithelial barrier is governed by the
expression of adherens junctions (AJs) and tight junctions (TJs), including cadherins, claudins, occludin, and
junctional adhesion molecules (JAM) proteins, which
seal adjacent cells together[1]. Expression of AJ and TJ
proteins is regulated by phosphorylation and it can either promote or destabilize TJ formation[2]. The AJ and
TJ complexes also play a crucial role in the regulation of
cellular polarization, proliferation, and differentiation[3].
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Figure 1 The molecular regulatory pathways in intestinal epithelial homeostasis. Wnt signaling promotes the proliferation of TA/stem cells and drives Paneth
cell maturation. Notch signaling cooperates with Wnt to drive proliferation of intestinal stem cells and regulates maintenance of undifferentiated TA/stem cells. Hippo
and bone morphogenetic protein (BMP) signaling inhibits proliferation and induces maturation of all secretory cell types. Hedgehog signaling activates the expression
of BMP in the mesenchyme.

The intestinal epithelium is populated by distinct types
of cells derived from stem cells, such as the absorptive
cells (enterocytes) and the secretory cells (mucus-secreting
goblet cells, hormone-secreting enteroendocrine cells, Tuft
cells, and antimicrobial peptides-secreting Paneth cells).
All but the Paneth cells differentiate into mature forms
from the crypts to replace cells extruded from the tips of
the villi[4,5]. This continuous replenishment of intestinal
epithelium takes generally 4-7 d and it is important for
the maintenance of epithelial integrity. Several conserved
signaling cascades, i.e., the Wnt, transforming growth
factor-β (TGF-β)/bone morphogenetic protein (BMP),
Notch, Hippo, and Hedgehog pathway are associated with
the maintenance of the morphological and functional features of diverse epithelial cell types (Figure 1).
Disruption of this delicate balance causes a variety
of intestinal-related inflammatory and autoimmune syndromes[6-8]. For example, healthy first-degree relatives of
patients with inflammatory bowel disease (IBD) and celiac
disease have increased intestinal permeability and epithelial
apoptosis[9,10]. Intestinal barrier dysfunction also contributes
to the severity of food allergen-induced clinical symptoms[11].
In this review, we summarize current studies for major molecular signaling pathways in intestinal homeostasis.

meostasis. It contains the canonical and non-canonical
pathway. The central player in the canonical Wnt signaling cascade is β-catenin, a cytoplasmic protein the stability of which is regulated by the APC tumor suppressor.
Complexes of frizzled seven transmembrane molecules
and low-density lipoprotein receptor related proteins
(LRP-5/-6) serve as receptors for secreted Wnts[12]. When
Wnt receptor complexes are not engaged, caseine kinase-1 and GSK3-β, both residing in the APC complex,
sequentially phosphorylate β-catenin at a series of highly
conserved Ser/Thr residues near its N-terminus and
are thereby tagged for ubiquitination and proteasomal
degradation. In contrast, Wnt stimulation blocks the
intrinsic kinase activity of the APC complex, leading to
β-catenin accumulation. Unphosphorylated β-catenin
translocates into the nucleus where it engages transcription factors of the TCF/LEF family, thereby translating
the Wnt signal into the transcription of a TCF target
gene[13].
The canonical Wnt pathway is essential for epithelial
proliferation and crypt maintenance[14,15]. Mutations in
the APC gene, a negative regulator of Wnt signaling,
also results in hyperproliferation of the epithelium followed by the development of adenomas[16]. Moreover,
β-catenin plays a role as an AJ component, thereby linking it to the cytoskeleton of epithelial cells. Wnt signaling is necessary for positioning and maturation of Paneth cells in the crypts, and for separating proliferating
and differentiated cells. These processes are controlled
by the Wnt-dependent expression of specific ephrin
receptors in the intestine[17]. Non-canonical (β-catenin

SIGNALING PATHWAYS REGULATING
INTESTINAL HOMEOSTASIS
WNT PATHWAY
Wnt signaling plays multiple roles during intestinal ho-
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independent) Wnt signaling is termed the planar cell
polarity pathway, which is activated by the GTPases Rho
and Rac. These induce cytoskeletal rearrangements and
help to form new crypts[18].

In contrast, the deletion of Hippo pathway component
Mst1/2 in mouse intestinal epithelial cells results in an
expansion of undifferentiated stem cells and an absence
of all secretory lineages[30].
In the small intestinal and the colonic epithelium of
the normal mouse, YAP protein is found in the crypts and
under normal conditions YAP makes no contribution to
intestinal epithelial proliferation. However, it is required
for tissue regeneration caused by injury. YAP protein is
overexpressed in the crypts of the recovery phase from
the DSS-treated mice[31]. Treatment of GSIs suppressed
the intestinal dysplasia caused by YAP and this result suggests that YAP stimulates Notch signaling. YAP is commonly overexpressed in colorectal cancers[32]. Therefore,
the activation of YAP for regulating intestinal stem cells
regeneration indicates that a deficiency of Hippo signaling
may contribute to tumorigenesis in the intestine.

NOTCH PATHWAY
Notch signaling is active in intestinal crypt compartments and assists the Wnt pathway in promoting stem
cell proliferation and negatively regulates differentiation
into the secretory lineages[19]. Interaction of the Notch
receptor (NOTCH 1-4) and ligand (Delta-like 1, 3, and 4;
Jagged 1 and 2) between two adjacent cells results in proteolytic cleavages of the receptor by the γ-secretase enzyme complex, leading to the translocation of the Notch
intracellular domain (NICD) into the nucleus. There,
NICD binds to the transcription factor CSL (CBF1 in
human, RBPjk in mice, Su (H) in Drosophila, Lag-1 in C.
elegans) and activates target genes such as HES-1 (Hairy
and enhancer of split 1), HES-3, and HES-5, which are
important for the differentiation of absorptive cells. The
transcription factor MATH-1 is a downstream target of
HES-1 repression in the intestine and its activity leads
to generation of the secretory cell lineages[20,21]. These
results suggest that the absorptive versus secretory epithelial cell type fate decision is established through the
HES/MATH1 axis. In addition, Gfi-1 and neurogenin-3
(Ngn-3), other transcription factors, compete for selection of enteroendocrine versus goblet or Paneth cell
fates[22].
The dysregulation of Notch activity is related to the
pathogenesis of IBDs, such as ulcerative colitis (UC)
and Crohn’s disease (CD). A histological study in UC
revealed that the depletion of goblet cells with loss of
ATOH1 expression and CD is caused by dysregulation
of secretory cell differentiation[23-25]. Additional evidence
supporting such an important role for Notch in the intestine is derived from studies of γ-secretase inhibitors
(GSIs). Treatment of mice with GSIs induced colitis due
to inhibition of Notch signaling[26]. Notch activity may
thus contribute to the regenerating epithelium and enhance the barrier function of the intestinal epithelium.

HEDGEHOG PATHWAY
The Hedgehog signaling is initiated through the binding
of Hedgehog ligands to the patched homolog 1 (Ptch1)
receptor. In the absence of ligands, Ptch1 inhibits the
activity of smoothened (Smo). Hedgehog binding inactivates Ptch1 and in contrast, Smo inhibition is released
and these mechanisms lead to the translocation of members of the GLI family (GLI-1, GLI-2, and GLI-3 in
mammals) of Zn-finger transcription factors from the
cytoplasm to the nucleus. Upon nuclear translocation,
they activate the transcription of target genes, such as
Ptch1, Gli-1, Bmp4, Hhip1[33]. Three Hedgehog homologs, such as sonic hedgehog (Shh), indian hedgehog
(Ihh), and desert hedgehog (Dhh) are known to be highly conserved in mammals and of these, only Shh and
Ihh are expressed in epithelium during development, but
are redistributed after villus formation to be localized
to the intervillus region[34]. Thus, Hedgehog signaling is
required for the formation of villi. Shh has been localized to the region of the crypts and Shh plays a role in
the regulation of epithelial proliferation[35]. Furthermore,
Hedgehog ligands have been reported to be anti-inflammatory epithelial modulators in the intestine[36]. Hedgehog signaling pathway inhibitors induced hypoplasia of
Paneth cells, thus this signaling pathway may influence
intestinal epithelium repair partly through the regulation
of Paneth cells[37]. Hedgehog signaling decreases during
the injury phase and increases during the repair phase[38].
It confirms an important role of Hedgehog signaling in
the repair of intestinal epithelium after injury.

HIPPO PATHWAY
The Hippo pathway plays a crucial role in controlling
organ size by inhibiting cell proliferation and apoptosis
in response to cell-cell contact. This tumor suppressor
pathway regulates intestinal regeneration and tumorigenesis[27,28]. When the Hippo pathway is active, the downstream effector of this pathway Yes-associated protein
(YAP) is phosphorylated at S127 by the LAT1/2 kinases.
Phosphorylated YAP remains in the cytoplasm and inhibits its proliferative and anti-apoptotic function in the
nucleus, which is mediated by its binding to TEAD1-4
transcription factors. Cytoplasmic YAP has the Wnt
antagonizing effects, thereby contributing to the prevention of proliferation and intestinal stem cell expansion[29].

WJGP|www.wjgnet.com

TGF-β/BMP PATHWAY
TGF- β signaling regulates embryonic development,
wound healing, proliferation, and cell differentiation[39,40]. The TGF-β family consists of cytokines including TGF-β isoform, BMPs, and activins. Signaling
is induced by ligand binding to type Ⅱ serine/threonine
kinase receptors, which results in the phosphorylation of
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the type Ⅰ receptor. Then, signaling of these activated
receptors is transduced through three classes of SMAD
proteins: receptor-regulated SMADs (R-SMADs: SMAD
-1, -2, -3, -5, and -8), common SMAD (SMAD-4), and inhibitory SMADs (I-SMADs: SMAD-6 and -7). R-SMADs
become phosphorylated by activated type Ⅰ receptors and
subsequent translocate to the nucleus. The SMAD complex interacts with transcription factors, thereby inducing
target gene expression. TGF-β signaling components are
expressed in the differentiated compartment of the intestine[41]. Inactivation of TGF-β signaling components
has also been identified at the adenoma-to-carcinoma
transition[42].
BMP signaling mediates the action of hedgehog,
blocking the formation of ectopic crypts, and the expression of BMP antagonist noggin in the crypts prevents
the activity of BMP, thereby enabling proliferation to
continue [43]. TGF- β ligands signal through SMAD-2
and -3, whereas BMP signaling is mediated through
SMAD-1, -5 and -8. Phosphorylated SMAD-1, -5, and
-8 are observed in the villus epithelium and this modification prevents the villus epithelium from adopting
a crypt-like proliferative character [44]. BMP signaling
antagonizes the Wnt pathway within the differentiated
compartment, thereby positioning transient amplifying
cells in the crypts[45]. In addition, humans with germline
mutations in SMAD-4 or BMP receptor type 1A (BMPR1A) are associated with up to 50% of JPS (Juvenile
polyposis syndrome) cases[46,47].
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CONCLUSION

10

Intestinal epithelial barrier dysfunction has been implicated as a critical role in the predisposition to a number
of gastrointestinal diseases such as IBD, food allergy,
and celiac disease. It could lead to defects in multiple aspects of microbial, epithelial, and immune interactions,
and thus injury to the epithelial lining thought to be an
important factor in the pathogenesis of intestinal-based
immune-mediated diseases[48-50].
The homeostasis of the intestinal epithelium is maintained by a complex interplay of multiple regulatory
mechanisms. Together, the Wnt, Hedgehog and TFG-β/
BMP pathways maintain the crypt-villus architecture.
The Wnt, Notch, and Hippo signaling pathways combine to control the cell fate choices from stem cells.
Thus and understanding of critical signaling pathways
for maintaining intestinal homeostasis is essential.
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Fibrogenesis and fibrosis in inflammatory bowel diseases:
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mor necrosis factor α (the main cytokine of inflammatory bowel diseases) and the link between syndecan
1 (a heparan sulphate adhesion molecule) and basic
fibroblast growth factor (a strong stimulator of collagen synthesis) is described. We hypothesize a possible
molecular pattern for mucosal healing as well as how
its deregulation could be involved in fibrotic complications of CD. A final clinical point is the importance of
performing an accurate evaluation of the presence of
fibrotic strictures before starting anti-tumor necrosis α
treatment, which could worsen the lesions.
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Abstract

Core tip: The present minireview reports an outline of
the mechanisms of fibrogenesis in inflammatory bowel
diseases. Potential fibrogenetic cells and their characterization are detailed. Recent advances in possible
molecular mechanisms are highlighted. Our experience, suggesting the hypothesis of a possible molecular mechanism of mucosal healing, is described. The
modalities whereby a deregulation of this molecular
pattern may lead to fibrotic strictures in Crohn’s disease are also illustrated. Finally, possible clinical implications are outlined.

Fibrogenesis in inflammatory bowel diseases is a complex phenomenon aimed at mucosal repair. However,
it may provoke intestinal fibrosis with the development of strictures which require surgery. Therefore,
fibrogenesis may be considered as a “two-faced”
process when related to chronic intestinal inflammation. Many types of cells may be converted into the
fibrogenic phenotype at different levels of the intestinal wall. A complex interaction of cytokines, adhesion molecules and growth factors is involved in the
process. We report an overview of recent advances
in molecular mechanisms of stricturizing Crohn’s disease (CD) including the potential role of trasforming
growth factor beta, protein kinase C and Ras, Raf and
ERK proteins. Fibrotic growth factors such as vascular
endothelial growth factor and platelet-derived growth
factor, as well as the Endothelial-to-Mesenchymal
Transition induced by transforming growth factor-β,
are considered. Finally, our experience, focused on tu-
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tooncogene stem cell or steel factor, is a marker of cells
of Cajal. Recent studies suggest that in normal human
intestine these elements also express vimentin, but not
α-SMA. It has been suggested that ICC could transform
into a collagen-expressing fibroblast or myofibroblast
phenotype. Another possibility is that ICC are destroyed
during fibrosis and replaced by cells with a fibroblast
phenotype[2,3].
Inflammatory cells that infiltrate the gut in UC and
CD include macrophages, lymphocytes, and plasma cells.
These may have important interactions with mesenchymal cells and thereby impact fibrosis[4,5].
In normal intestine, SEMF and fibroblasts found in
submucosa, serosa, and intermuscular connective tissue
are the primary sites of expression of collagen mRNA
and protein. In UC, collagen mRNA expression is upregulated in SEMF, suggesting that chronic inflammation
further increases the activity of fibrogenic cells.
Recent studies in fibrotic intestine from CD patients indicate that V+/A- or V+/A+ fibroblasts and
myofibroblasts are the major sites of increased collagen mRNA expression and collagen deposition[6]. An
overgrowth of the muscularis mucosa and muscularis
propria occurs in CD but not UC, and this contributes
to the development of stenosis, strictures, and obstruction[7]. Muscularis overgrowth also occurs in some animal models of chronic intestinal inflammation and these
data support the concept that in muscularis overgrowth
in CD, but not in UC, a change in enteric smooth muscle
cells towards a fibroblast or myofibroblast phenotype[8]
is implicated.

INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC) are
immunologically mediated disorders of the gastrointestinal tract in which inflammation and damage are the
main findings. Fibrosis may be a complication of both
processes, occurring more frequently in CD and often
requiring surgical treatment due to the development of
stenosis and hence bowel occlusion. However, fibrogenesis is a phenomenon that is intimately involved in
mucosal repair[1] and, therefore, fibrotic complications
of the disorders are paradoxically closely linked to a
physiological phenomenon aimed at restoring damaged
mucosa.
On these bases, a better understanding of the modalities of the evolution of fibrogenesis into fibrosis
is essential, and the issues of how fibrosis differs from
normal tissue repair, as well as the identification of cellular mediators for testing possible therapies, are intriguing emerging research concepts.

CELLULAR BASIS OF FIBROSIS
Fibrosis in CD can be viewed as an extreme healing response to injury. This model predicts that injury causes
an initial activation of normal intestinal mesenchymal
cells, with a shift to a “fibrogenic” phenotype[2,3]. These
cells are characterized by an enhanced ability to trigger
extracellular matrix (ECM) synthesis. Following acute
injury, however, the normal intestinal architecture is restored because post-transcriptional and post-translational mechanisms prevent the accumulation of ECM, while
fibrogenic cells are eliminated. By contrast, in fibrosis
the mechanisms serving to degrade ECM are not operative at appropriate levels and fibrogenic cells are not only
maintained but increase in number. The mechanisms
regulating these effects are unknown but may include
factors associated with CD, such as cytokines or transmural inflammation.
The normal intestine has a large, heterogeneous population of mesenchymal cells, some of which synthesize
significant amounts of collagen. These cells could be
considered to have a fibrogenic phenotype and are mainly
constituted by fibroblasts and smooth muscle cells or
myofibroblasts, as shown by their immunostaining properties with antibodies to vimentin (V) and α-smooth muscle
actin (α-SMA)[2,3].
Fibroblasts are V+/A-, while smooth muscle cells
are V-/A+ and predominate in the normal muscularis
mucosa and muscularis propria. Subepithelial myofibroblasts (SEMF) with a V+/A+ phenotype are found
adjacent to epithelial cells. However, some of these, that
share common features with V+/A+ myofibroblasts, do
not express α but g-SMA[2,3].
Interstitial cells of Cajal (ICC) are a myofibroblastrelated subtype specific to the intestine. They are located
between enteric smooth muscle layers and serve to regulate gut motility. The c-kit receptor, which binds the pro-
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MOLECULAR MECHANISMS OF FIBROGENESIS
Cytokines are a heterogeneous class of secretory proteins produced by several types of cells. For some of
them, they act as growth factors, for others as regulators
of cellular division and finally, cytokines may paradoxically trigger mechanisms which mediate cell death. All
these effects occur via regulation of the immune system
and inflammation, so cytokines are currently subdivided
into pro and anti-inflammatory types. The main cytokine
involved in the pathogenesis of both UC and CD is tumor necrosis factor-α (TNF-α)[9,10]. The sites of TNF-α
production are the mononuclear phagocytes, antigen
activated T-lymphocytes, activated mast cells and natural
killer cells. Conventional stimulators of TNF-α production are the lipopolysaccharides of the Gram negative
bacteria cellular wall, since they are the main mediators
of the host response to these organisms. However,
TNF-α may be seen as two-faced, since it is able to trigger a closed circle in which, starting from tissue damage,
it generates an inflammatory response that exacerbates
the damage itself. Moreover, increasing doses of TNF-α
may have a lethal effect. Nevertheless, TNF-α plays a
key role in the maintenance of tuberculous granuloma,
allowing Koch’s bacilli to “be walled alive” and thus pre-
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venting their spread in the body of an infected person
(miliary tuberculosis)[11].
Cell adhesion molecules (CAMs) are proteins located
on the cell surface involved in binding with other cells or
with the ECM. Essentially, cell adhesion molecules help
cells to join together and to their surroundings. These
proteins are typically transmembrane receptors and are
composed of three domains: an intracellular domain
that interacts with the cytoskeleton, a transmembrane
domain, and an extracellular domain that interacts either
with other CAMs of the same kind (homophilic binding) or with other CAMs or the extracellular matrix (heterophilic binding)[12]. A subtype of adhesion molecules
containing heparan sulphate (syndecan family) is chemically a proteo-glycan and plays a significant role in tissue
repair[13]. At intestinal level, syndecan 1 is located in the
basolateral region of the columnar epithelium[14] and is
a relevant factor in the reversal of inflammatory bowel
disease (IBD) damage[15,16]. Indeed, in inflamed mucosa,
these molecules are mainly located in the cells of the
stroma and apical epithelium, where the repair of ulcerative lesions will presumably occur.
Basic fibroblast growth factor (bFGF) is a member
of the fibroblast growth factor family [17], comprising
at least 22 factors with pleiotropic functions[18]. This
peptide is able to repair ulcerative lesions because of its
capacity to bind epithelial and stromal cells. In normal
tissue, basic fibroblast growth factor is present in basement membranes and in the subendothelial extracellular
matrix of blood vessels. It stays membrane-bound as long
as there is no signal peptide, when it acts as a potent
angiogenic factor in patho-physiological processes that
include wound healing and tissue repair[19-22]. The bFGF
has been shown to promote proliferation of endothelial
cells, to increase the number of fibroblasts and myofibroblasts and to activate these fibroblasts. The induction
of collagen secretion from CD and UC fibroblasts by
bFGF may be one of the mechanisms inherent to the
stromal processes of the disease, including transmural
fibrosis and stricture formation, as well as tissue repair
and healing.
Klagsbrun et al[23] suggested that heparan sulphate
proteoglycans (and, therefore, syndecan 1) change the
bFGF morphology and modulate the structure of its
receptors, allowing it to bind to the cells dedicated to
the repair process, such as those located at the margins
of an ulcerative lesion[24,25]. bFGF, when not activated by
syndecan 1, is destroyed by luminal and circulating proteases, which may be activated by TNF-α, thus impeding
the tissue restoration process.

response, as well as fibrosis and other functions including tissue healing. It is known that TGF-β promotes
collagen expression by intestinal fibroblasts and smooth
muscle cells[27,28]. This process is mediated by an intracellular signaling pathway in which a cascade constituted by
protein kinase C and Ras, Raf and ERK proteins plays
a key role[26,29,30]. Moreover, it has been hypothesized
that TGF-β promotes the overexpression of adhesion
molecules (e.g., intracellular adhesion molecule-1)[31] by
fibroblasts and other pro-fibrotic growth factors such as
vascular endothelial growth factor[32] and platelet-derived
growth factor[33]. Finally, a recently revealed mechanism
of fibrogenesis in CD, is the Endothelial-to-Mesenchymal Transition induced by TGF-β[34]. This cytokine is
able to induce a protein expression pattern in endothelium that leads to a de-differentiation of these cells and
to a transformation to a fibrogenetic phenotype, similar
to fibroblasts.
In conclusion, the overexpression of TGF-β and its
receptors in both the intestinal wall, and in fibroblast
cultures taken from sites of intestinal stricture in patients
with CD, suggests a potential regulatory role for this cytokine in intestinal fibrogenesis[35].
Adipokines are cell-to-cell signaling proteins produced by adipose tissue. The best known adipokines are
leptin, adiponectin and resistin. They play a key role in
regulating energy intake and expenditure, including appetite and hunger, metabolism, and behavior: indeed,
their role has beenwidely studied in diseases like metabolic syndrome and type 2 diabetes. Recently, however,
further functions of these molecules have been discovered, as mediators of systemic inflammation. It has
been shown that obesity per se, and in particular visceral
adiposity, is associated with systemic microinflammation,
and disturbed circulating adipokines levels[36,37]. This is
why numerous studies have been focused on the role of
adipokines in the pathogenesis of IBD[38].
The outer intestinal wall in patients affected by IBD
is enveloped by fat deposits called “wrapping” or “creeping” fat that seem to play an important role in the pathogenesis of IBD. An overexpression of leptin mRNA in
mesenteric visceral adipose tissue (mWAT) has also been
found in IBD subjects[39], and is correlated with local
macrophages infiltration, which drives a high expression
of interleukin (IL)-10, IL-6 and TNF-α[40]. On the other
hand, adiponectin seems to have a protective function
against inflammation in IBD[41,42]. Rodrigues et al[43] evaluated serum adiponectin and leptin by enzyme-linked
immunosorbent assay in patients with active CD (ACD
group), CD in remission (RCD group) and in six healthy
controls, and found that serum adiponectin was lower in
the ACD group as compared to controls, whereas there
were no differences between the ACD and RCD groups.
The Janus kinase/signal transducer and activator of
transcription (JAK/STAT) pathway is involved in the
control of the expression of DNA sequences that affect basic cell functions, like cell growth, differentiation
and death[44]. This pathway is triggered by the binding

Molecular mechanisms: recent advances
A relevant actor in the pathogenesis of fibrotic complications of CD is the cytokine transforming growth
factor beta (TGF-β)[26]. TGF-β is secreted by many cell
types, including macrophages, and has a controlling role
in cellular proliferation, differentiation and apoptosis,
immunoregulation, supervision of the inflammatory
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is involved in the pathogenesis of IBD are the CDH1[62],
BCL3, STAT3, OSM, STAT5[63] proteins involved in the
IL-12 and IL-23 pathways.
Finally, histone modifications are an epigenetic process that may modify genomic expression. Histones are
alkaline proteins that package and order the DNA into
structural units called nucleosomes and chromatine[64].
They have N-terminal amino acid tails that protrude and
can be modified by acetylation, methylation, ubiquitination, and phosphorylation. Acetylation, however, is the
most closely studied phenomenon, because it improves
gene transcription and recruitment of transcriptional
factors. In the course of IBD, the main genes targeted
by histone acetylation are p53, STAT3, and HIF1a[65].
Furthermore, an innate immune response to microbiota
has been proposed to link histone modifications with inflammation: butyrate, an endogenous metabolite formed
during fermentation of dietary fibers by the intestinal
microbiota, is a histone deacetylase inhibitor. Butyrate
increases the expression of NOD2 by increasing histone
acetylation in its promoter region[66].
The importance of all these epigenetic mechanisms
lies in possible future therapeutic applications: inhibitors
of deacetylation, demethylating agents and miRNA produced by genetic engineering could be potential targets
in IBD[67].

of a ligand (usually a pro-inflammatory cytokine such as
IL-6[45], IL-12, IL-1, TNF-α or interferon gamma[46]) to a
tyrosine-kinase membrane receptor. Wu et al[47] evaluated
whether intestinal myofibroblasts could produce nitric
oxide (NO) in response to the IBD-associated cytokines
IL-1b, TNF-α, and interferon gamma in a JAK-STAT
dependant pathway, using intestinal myofibroblasts
isolated from mice and cultured. The result was an increasing expression of inducible nitric oxide synthase
(iNOS) mRNA (evaluated by real time polymerase chain
reaction, RT-PCR), but not endothelial NOS or neuronal NOS. This mechanism was shown to be enhanced
by a protein cascade constituted by JAK-STAT, Akt and
NF-kB. The importance of NO in the pathogenesis of
IBD has long been known and is widely discussed in
literature[48,49]. Furthermore, genetic studies investigating
polymorphisms in the JAK gene[50] revealed that same
genetic variants (the G allele of rs744166 and the C allele of rs3816769) increase not only the risk of onset
of CD, but even the risk of strictures requiring surgery,
because of the interaction with the CARD15 gene[51].
Considering the JAK2 rs10758669 polymorphism, the
homozygous C/C or heterozygous A/C genotypes had
a higher risk of CD as compared with the homozygous
A/A (OR = 1.76, 95%CI: 1.26-2.45 and OR= 2.36,
95%CI: 1.44-3.86, respectively). On these bases, future
therapy with JAK inhibitors for their anti-inflammatory
effects appears promising[52].
A novel field of genetics which is attracting the attention of researchers is epigenetics, i.e., the study of all the
heritable modifications that vary gene expression while
not altering the DNA sequence. Micro RNAs (miRNA)[53]
are just one example. miRNAs are small non-coding
RNA oligonucleotides that can regulate the expression
of a large number of genes and have been implicated
in different human diseases like cancer[54] and inflammatory diseases[55,56] including IBD[57]. A very recent study[58]
performed on NCM460 human colonocytes incubated
with interleukin-6 and on colon biopsies from pediatric
and adult patients with UC revealed that a deregulation
(low levels) of miRNA-124 can cause a hyper-phosphorylation of STAT3 (and consequently, hyper-activation),
via a mechanism induced by IL-6, very likely resulting
in a pathogenic system leading to IBD. miRNA-124 is
only a second lead on the crowded stage of miRNAs:
miRNA-192, which is normally expressed in colonic
epithelial cells, is significantly reduced in tissues of patients with active UC[59]; miR-150 is up-regulated in mice
with dextran sulfate sodium-induced colitis and in colon
tissues from patients with UC[60]; an overexpression of
miRNA-21, which promotes inflammation, has been reported in several studies of patients with active UC and
CD colitis[61].
The process of DNA methylation is another form of
epigenetic regulation of gene expression. It consists in
the binding of a methyl group to cytosines that are part
of cytosine-guanine dinucleotides (CpG), and has a gene
silencing function. The main genes whose methylation
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Molecular mechanisms in mucosal healing and
strictures: our experience
Our previous investigations[68] demonstrated that a decrease of TNF-α induced by anti-TNF-α (infliximab)
treatment is accompanied by a decrease in both syndecan
1 and bFGF when mucosal healing occurs. A possible
explanation is that infliximab therapy may downregulate,
via a marked reduction of TNF-α mucosal levels, the
bFGF/syndecan 1 link. This molecular profile could
represent a pathway of mucosal healing. However, the
parallel trend of TNF-α, syndecan 1 and bFGF could
be just a simultaneous consequence of the control of
inflammation. To dispel this doubt, we analyzed the
‘‘timing’’ of the TNF-α decrease and bFGF/syndecan
1 reversal to normal levels and sites in cultured biopsy
samples taken from patients with both CD and UC and
incubated in a medium containing comparable amounts
of infliximab similar to those reached in the serum of
treated patients. After 24 h we assayed TNF-α, syndecan
1 and bFGF in tissue homogenates. TNF-α was found
to be decreased, while syndecan 1 and bFGF levels were
still high when evaluated by both a molecular method
(reverse transcriptase real time polymerase chain reaction) and immunohistochemistry[69]. This last finding
supports our primary hypothesis that a mucosal TNF-α
reset, induced by biological drugs, is followed by a mucosal restoration in which syndecan 1 modulates the
strong reparative bFGF aptitudes. Finally, in healed mucosa, cytokines, adhesion molecules and growth factors
resume their normal pattern.
A report by Bousvaros et al[70] showed that in chil-
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dren with CD there was a strong correlation between
the bFGF level and disease activity. The relationship of
bFGF with disease activity persisted even after adjusting
for other covariates (including age, sex, hematocrit, albumin, and sedimentation rate) in a multivariate linear regression model. There was also a statistically significant,
although less strong, correlation between the bFGF
level and disease activity in UC. Although bFGF is not
a specific marker for CD, its serum levels reflect disease
activity. Therefore, bFGF release may be important in
mediating the angiogenesis and wound healing seen in
CD. This report, as well as our experience both in vivo
and in vitro[68,69], suggest a similar molecular mechanism
for mucosal healing both in CD and UC.
In a further study, we investigated the pattern of
TNF- α , syndecan 1 and bFGF in patients with CD
complicated by fibrotic stenosis undergoing surgical resection[71]. We observed that TNF-α mucosal levels were
not significantly increased. A possible explanation for
this finding may be that an overgrowth of fibrotic tissue
may be a successive stage after inflammation, where the
increase in TNF-α is the peculiar aspect. Therefore, at
the stage of fibrotic stenosis requiring surgery, inflammatory mucosal changes may be an irrelevant phenomenon in most patients. Syndecan 1 levels were increased,
showing a pattern similar to the one observed in damaged tissues. It may be presumed that the molecule
location, albeit limited to the mucosal layer, reflects an
attempt at bFGF modulation. However, this function
cannot be effectively carried out due to the bFGF overexpression and location all along the intestinal wall, i.e.,
outside the district where syndecan 1 could operate[14].
Indeed, bFGF overexpression affects all intestinal wall
layers, being expressed in epithelium, stroma, muscularis propria and endothelium. It is possible that: (1) the
low levels of TNF-α may provoke a failure in cytokine
induced bFGF proteolysis; (2) the presence of syndecan
1 is limited to the mucosal layer with a consequent very
partial regulation of bFGF binding to specific receptors
dedicated to tissue repair; and (3) an irreversible transformation of different type of cells to the fibrogenetic
phenotype occurs, thus provoking the prevalence of
fibrotic over inflammatory stenotic lesions[72].
In strictures, it is possible that the excess extracellular
matrix cannot be inhibited by the regulatory mechanisms
of the phenomenon, in accordance with the hypothesis
proposed by Pucilowska et al[72]. On these bases, we may
conclude that the different molecular patterns in repair
dedicated fibrogenesis and stricturizing fibrosis in CD
could be the consequence of different mucosal levels of
TNF-α. These are very high in the active disorder, but
undergo a progressive depletion in the long term, and
this event may trigger a polymorphic regulation of the
syndecan 1/bFGF system.

involved in this process and cytokines, adhesion molecules and growth factors interact to achieve mucosal
repair. However, a deregulation of the healing molecular
pathway can progress towards fibrosis and stenotic complications often requiring surgical therapy[73,74]. Therefore,
fibrogenesis and fibrosis may represent the good and
bad sides of the same coin, the former allowing lesion
healing but the latter leading to severe complications.
The main tool for discriminating between them is, in our
experience, the presence/absence of inflammation (and,
consequently, the level of TNF-α expression).
A final clinical consideration is the importance of
making an accurate evaluation[75] in cases of stenosis in
the course of CD using all available diagnostic tools (histology, ultrasonography[76] with Doppler evaluation of
the resistance index, magnetic resonance[77], computed
tomo-enterography[78], biochemical indices of inflammation[79,80]) in order to distinguish inflammatory from fibrotic stenosis. This could orient anti-TNF-α therapy[81],
that should be limited to the first case, avoiding the risk
that the cytokine decrease could support fibrotic complications rather than mucosal healing.
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MINIREVIEWS

Effects of occupational stress on the gastrointestinal tract
María-Raquel Huerta-Franco, Miguel Vargas-Luna, Paola Tienda, Isabel Delgadillo-Holtfort,
Marco Balleza-Ordaz, Corina Flores-Hernandez
between occupational stress and GIT diseases is evident
in everyday clinical practice; however, the usual strategy
is to attack the effects but not the root of the problem.
That is, in clinics, occupational stress is recognized as a
source of GIT problems, but employers do not ascribe it
enough importance as a risk factor, in general, and for
gastrointestinal health, in particular. The identification,
stratification, measurement and evaluation of stress and
its associated corrective strategies, particularly for occupational stress, are important topics to address in the
near future to establish the basis for considering stress
as an important risk factor in occupational health.
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Core tip: In workers, the combination of personality
patterns (anxiety/depression), stress and negative emotions contribute to gastrointestinal tract (GIT) alterations. In particular, jobs that produce privation, fatigue,
chronic mental anxiety and a long past history of tension, frustration, resentment, psychological disturbance
or emotional conflict have been shown to produce
gastric ulcers. Irritable bowel syndrome and functional
dyspepsia also have significant co-morbidity with mood
alterations. Workers with unipolar depression have
been shown to be more prone to present irritable bowel
syndrome-like symptoms. Moreover, three systems are
known to participate in the GIT alterations of workers:
sympathetic autonomic nervous system, the hypothalamic-pituitary-adrenal axis and genetic factors.

Abstract
The aim of this review is to provide a general overview
of the relationship between occupational stress and
gastrointestinal alterations. The International Labour
Organization suggests occupational health includes
psychological aspects to achieve mental well-being.
However, the definition of health risks for an occupation
includes biological, chemical, physical and ergonomic
factors but does not address psychological stress or
other affective disorders. Nevertheless, multiple investigations have studied occupational stress and its
physiological consequences, focusing on specific risk
groups and occupations considered stressful. Among
the physiological effects of stress, gastrointestinal tract
(GIT) alterations are highly prevalent. The relationship
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tility has been documented since the nineteenth century
and the beginning of the twentieth century by Charles
Cabanis and William Beaumont and thereafter by Ivan
Pavlov, Walter Canon and Stewart Wolf, who were the
pioneers in determining the gastric response after an
emotional stimulus in animal models[7,8]. Based on these
antecedents, researchers and clinicians were curious
about the relationship between stress and gastric motility. For example, Muth et al[9] reported the case of a fistulated patient who displayed increased gastric motility
when he was angry but decreased gastric motility when
he was fearful. Nevertheless, in general, the role of occupational stress in gastric motility has not been closely
examined. The main limitation, as far as we perceive,
occurs because most of the techniques used for GIT
evaluations are invasive[10].
The combination of personality patterns and emotional stress also has an important contribution to GIT
alterations. In a review by Alp et al [11], studies were
mentioned that suggested privation, fatigue and mental
anxiety frequently coincided with the presence of gastric ulceration[12] and that a psychological disturbance or
emotional conflict might be transformed into an organic
disease, e.g., a peptic ulcer [13,14]. The same paper also
mentioned that a significant correlation exists between
the onset of peptic ulcer symptoms and domestic upset,
financial stress or an extensive past history of tension[15].
Furthermore, anxiety, frustration, resentment and fatigue
were suggested to be important aggravating factors in
the symptomology of peptic ulceration[16]. Many of the
emotional states previously described by these researchers are related to psychological stress.
In relation to other GIT alterations, such as irritable
bowel syndrome (IBS) and functional dyspepsia, a significant co-morbidity reportedly exists between mood alterations (e.g., anxiety and depression) and functional gastrointestinal syndromes[17]. However, the exact pathophysiological link between emotions and the gut is not yet well
established (see below). A model of an emotional motor
system (EMS) that reacts to interoceptive and exteroceptive stress was proposed by Karling et al[18]. These investigators found that recurrent unipolar depression patients
who were experiencing remission did not have a greater
number of IBS-like symptoms than the controls, indicating that GIT dysfunctions may resolve when depression
is treated to remission. Apparently, there is a relationship
between mood alterations (e.g., anxiety and depression)
and IBS-like symptoms in patients with unipolar depression, in patients with IBS and in a sample of the normal
population. In addition, the investigators suggested that,
during the regulation of the emotional-motor system,
there is a participation of the following three systems (the
interrelationships of which are presented schematically
in Figure 1): (1) the sympathetic autonomic nervous system (ANS), which explains symptoms that occur when
patients change their body position; (2) the hypothalamic-pituitary-adrenal (HPA) axis, which explains the symptoms of diarrhea and early satiety by the stimulation of

INTRODUCTION
Stress is a term that is often used by the global population. This term was first described as a “syndrome
produced by diverse nocuous agents” in the 1930s by
Selye[1] and was later called General Adaptation Syndrome. Stress refers to the consequences of the failure
of a living organism (i.e., human or animal) to respond
appropriately to emotional or physical threats, whether
actual or imagined[2]. Stress can be defined as any threat
to an organism’s homeostasis[2,3]. The function of the
stress response is to maintain homeostasis and may involve both physiological and behavioral adaptations[2].
Currently, stress is a condition that affects people daily.
Environmental factors, such as work pressures, financial
conditions, family situations and social issues, contribute
to stress. Factors related to job stress include the need
for counseling, lack of leisure time, daily shift work, dissatisfaction with the workplace, work absenteeism due to
health problems and insufficient work incentives. All of
these situations produce psychological stress that may affect different physiological functions in the gastrointestinal tract (GIT)[3], including gastric secretion, gut motility,
mucosal permeability, mucosal barrier function, visceral
sensitivity and mucosal blood flow[4]. There have been
several studies on the effects of psychological stress on
the GIT that debate if these effects constitute a physiological response of the body or if they can be considered
a pathology[2-5]. In relation to occupations, it is difficult
to define a psychological stress classification for determining stress levels, exposure duration, exposure limits
to stressors, the sensitivity of the worker, etc.; therefore,
as evidenced in most of the literature, the delimitation
of the problem to be addressed is almost forced. In this
review article, we consider general occupational stress as
assessed using multiple approaches. Additionally, we focus on occupational stress associated with specific GIT
problems in any worker group, but particularly in those
groups working stressful jobs.

EFFECT OF PSYCHOLOGICAL STRESS
AND EMOTIONS ON THE GASTROINTESTINAL TRACT
The relationship between psychological stress and disease
has already been recognized by the ancient Greeks, who
hypothesized that moods affect the body. Hippocrates
described how psychosomatic disorders produce abnormal physical reactions due to stressful emotions, and
Galen supported the idea that emotions and pain are diseases of the soul. However, in 1637, Descartes changed
the paradigm by proposing the separation of the thinking mind from the material body[5]. Currently, there are
an increasing number of reports regarding cognitive
and psychological declines related to stress, including
occupational stress, in subjects without psychiatric premorbidities or major life trauma[6].
The relationship between emotions and gastric mo-
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Corticotrophin-releasing hormone (CRH) receptors and
(3) the val158met COMT polymorphism (single nucleotide polymorphism in the COMT gene that encodes
Catechol-O-methyl-transferase), which is associated with
IBS-like symptoms. IBS patients tend to have a lower
frequency of the heterozygous val/met genotype, and
this genotype may be protective against IBS/IBS-like
symptoms. Moreover, a higher frequency of the val/val
genotype is associated with diarrhea symptoms[19].

cause and effect, with the effect being associated with
physical illness or injury. In our case, psychological stress
has been recognized and correlated with physical effects
in many studies[25]. Furthermore, the control strategies
(although a subjective topic) appear to be well known by
professionals and therefore are well-established[26]. The
measurement of levels or concentrations and the evaluation of the likelihood and severity of the stress factors
are the most complicated factors to be studied quantitatively, and we consider these factors to be poorly established aspects of the problem.
Despite the discussion above, stress, particularly occupational stress, has become one of the most serious
health issues in the modern world[27]. The concept of occupational stress can be observed as a natural extension
of the classical concept of stress introduced by Selye[1] to
a specific form of human activity, namely work. Steers[28]
indicated that occupational stress has become an important topic study of organizational behavior for several
reasons: (1) stress has harmful psychological and physiological effects on employees; (2) stress is a major cause
of employee turnover and absenteeism; (3) stress experienced by one employee can affect the safety of other
employees and (4) by controlling dysfunctional stress,
individuals and organizations can be managed more
effectively. More recently, Beheshtifar and Modaber[29]
described five types of sources of occupational stress: (1)
causes intrinsic to the job, including factors such as poor
physical working conditions, work overload or time pressures; (2) the role in the organization, including role ambiguity and role conflict; (3) career development, including lack of job security and under/over promotion; (4)
relationships at work, including poor relationships with
the boss or colleagues, an extreme component of which
is mobbing in the workplace; and (5) the organizational
structure and climate, including the experience of having
little involvement in decision-making and office politics.
The large diversity of stress factors, the complexity of labour activities and the large number of worker
health-status levels make it very difficult to complete
an exhaustive review of the relationships among GIT
alterations, stress and occupational activity. Nevertheless, many delimited investigations have been performed
around these topics, mainly for specific activities, delimited work places and/or specific groups of people. For
example, in a controlled study of lorry drivers, de Croon
et al [30] investigated the result of specific job demands
on job stress (fatigue and job dissatisfaction), thereby
identifying the risk factors associated with the psychosocial work environment to begin building an effective
stress-reducing strategy. Another study of telemarketers
directly addressed occupational stress by reporting the
prevalence of stressors affecting job performance[31]. In
a non-specific occupational study of migrants in Spain,
Ronda et al[32] reported the occupational health-risk differences between local and foreign-born workers. These
investigators listed what they called psychosocial factors,
of which most were identified with stressful work condi-

JOB, OCCUPATION AND PSYCHOLOGICAL STRESS
A job is defined in the OECD Glossary of statistical
terms[20] as a set of tasks and duties executed, or meant
to be executed, by one person. Based on this description, an occupation is defined as a set of jobs whose
main tasks and duties are characterized by a high degree
of similarity. An occupational classification is a tool for
organizing all jobs in an establishment, an industry or a
country into a clearly defined set of groups according to
the tasks and duties undertaken in the job. The occupation classification is generally not based on health risk
factors. However, the concept of occupational health
has been well-defined since 1950, when the International Labour Organization (ILO) and the World Health
Organization (WHO) created a common definition
through the ILO/WHO Committee on Occupational
Health. The definition reads as follows: “Occupational
health should aim at the promotion and maintenance of
the highest degree of physical, mental and social wellbeing of workers in all occupations…the placing and
maintenance of the worker in an occupational environment adapted to his (her) physiological and psychological capabilities...”[21]. In this definition, the mental wellbeing and the psychological capabilities are mentioned;
moreover, the main focus of occupational health describes the promotion of a “positive social climate”. The
term health, in relation to work, indicates not merely
the absence of disease or infirmity but also includes the
physical and mental elements affecting health, which are
directly related to safety and hygiene at work[22].
In 2001, the ILO published the ILO-OSH 2001
document titled “Guidelines on Occupational Safety
and Health Management Systems” to assist organizations introducing OSH management systems[23]. Usually,
occupational health hazards are considered as physical,
chemical, biological and/or ergonomic factors; almost
everywhere, psychological factors, such as stress[24], are
not even mentioned. We consider that one of the main
reasons for minimizing psycho-social factors is because
the principles of occupational hygiene are the “recognition and/or identification” of occupational health hazards, the “measurement” of the level or concentration
of such factors, the “evaluation” of the likelihood and
severity of harm and the “control strategies” available
to reduce or eliminate risks. Usually, recognition and
identification implies the obvious correlation between
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tions. Based on the self-reported exposure, this study revealed a larger difference in females in non-service jobs;
although no specific attention was paid to psychosocial
factors, the prevalence of exposure to occupational risk
factors appeared to be, on average, higher for migrants.
The same research group in Spain searched for risk factors during pregnancy using self-reports, which are the
predominant method to report psychosocial risks. The
results of these investigations revealed that the prevalence of the psychosocial risks was, on average, higher
than any other chemical, physical or biological factors[33].
Several researchers studied the psychological stress
in a specific pathology, for example, in diabetes. Golmohammadi et al[34] investigated the occupational stress in
diabetic workers from Iran and found that the type of
occupation was not an important factor in psychological
stress, although a difference was evident in the patients
compared with the control group. The researchers concluded that occupational stress may be a risk factor in
the development of diabetes. Specific studies addressing jobs identified as stressful have been conducted.
Examples of this type of work are the study of stressfactor risks in nurses from England[35] or in psychiatric
nurses (i.e., a job with more exposure to psychological
risks) in Japan[36]. Other stressful jobs are those related to
the army and security services. Martins et al[37] studied the
military hierarchy in peace times in the Brazilian Army,
finding correlations with common mental disorders.
Berg et al[38] studied security service workers, focusing
on personality, anxiety and depression. Another type of
occupation considered stressful is the mental health profession[39,40]. These professionals, similar to other workers
exposed to long-term occupational stress, often experience the stage known as burnout. According to Selye’s
definition, if stress is associated with adaptation, then
occupational stress should be identified conceptually
with a temporary adaptation to work that is associated
with psychological and physical symptoms. The longterm process of adaptation to certain jobs yields chronic
physical and psychological symptoms. The final stage in
a breakdown during this adaptation is known as burnout
and is caused by prolonged occupational stress[39,40]. In
1982, Belcastro[41] stated that several somatic complaints
have been suggested to be associated with burnout, including gastrointestinal disturbances, nausea and loss of
weight, which are some of the most common symptoms.
The author suggested that specific illnesses appear to be
associated with burnout, including colitis, gastrointestinal
problems and drug and alcohol addiction, among others. Developed countries face different challenges than
do non-developed countries, specifically, economic[42]
and cultural differences, which have been considered in
stress research[43]. Nonetheless, it is difficult to describe
the occupational psychological-stress classifications,
levels, exposure durations, exposure limits, sensitivity,
etc. Therefore, in most of the literature, the delimitation
of the problem to be addressed is almost forced. In this
review article, we focus on occupational stress in gen-
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eral, assessed in any manner. Additionally, we focus on
specific GIT problems in any worker group, but mainly
in those groups dedicated to some jobs well-identified as
stressful.

TYPE OF JOB, STRESS AND GIT ALTERATIONS
Currently, gastric ulcers are identified as an extremely
common chronic disease in working-age adults. The first
description of an association between stress and peptic
ulcer disease was in men with supervisory jobs; these
individuals had a higher ulcer prevalence than executives
or artisans. Cobb and Rose[44] found that air traffic controllers, particularly those individuals with higher stress
levels in their workplace, were almost twice as likely to
have ulcers than the civilian copilots. Hui et al[45] noted
that the numbers of positive and negative life events
were similar in both subjects with dyspepsia and control
subjects, but the former had a higher negative perception
of major life events and daily stresses. Police officers’
work-stress reactions have been classified as physiological, emotional and behavioral reactions[46]. Physiological
reactions have been termed as having a higher-thannormal probability of death from certain illnesses; after
cardiovascular problems, stomach problems are the most
frequent. Changing work shifts has also been associated
with changes in the digestive system, circadian rhythm
and other bodily reactions. Angolla[46] studied 229 police officers (163 males and 66 females) who answered
a questionnaire consisting of five parts: demographics,
external and internal work environments, coping mechanisms and symptoms. This investigator found that police
work is highly stressful, and the highest rated symptoms
were as follows: feeling a lack of energy, loss of personal
enjoyment, increased appetite, feeling depressed, trouble
concentrating, feeling restless, nervousness and indigestion. Satija et al[47] evaluated 150 professional workers
(100 males and 50 females) who self-completed the
Emotional Intelligence and Occupational Stress Scale.
The authors’ findings demonstrated a negative correlation between emotional intelligence and occupational
stress; those professionals with a high score in overall
emotional intelligence suffered less stress. Shigemi et al[48]
evaluated 585 employees (296 males and 289 females),
all of whom were working at a middle-sized company in
Japan. A self-administered questionnaire about smoking
habits and perceived job stress was administered, and the
patients were followed for two years. In addition, previous or current gastric or duodenal ulcers were evaluated.
The researchers found 32 incidences of peptic ulcers
over the two years, and the risk ratio (RR) was 2.13
(95%CI: 1.09-4.16) between job stress and peptic ulcers.
Susheela et al[49] evaluated 462 smelter workers, 60 supervisors working in the smelter unit and 62 non-smelter
workers (control group). The participants’ state of
health and gastrointestinal complaints were recorded and
included the following symptoms: nausea/loss of ap-
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petite, gas formation, pain in the stomach, constipation,
diarrhea (intermittent) and headaches. The researchers
found that the total number of complaints reported by
the study groups was significantly higher than in the
control group. The prevalence of gastrointestinal complaints in the smelter workers was significantly higher
(P < 0.001) than in the non-smelter workers (control
group). In 2006, Nakadaira et al[50] investigated the effects of tanshin funin (i.e., working far from one’s hometown and therefore far from one’s family) on the health
of married male workers. A prospective study using
the pair-matched method was performed in 129 married male tanshin funin workers who were 40-50 years
of age. Matched workers living with their families also
participated. These researchers demonstrated that fewer
tanshin funin workers ate breakfast every day. Moreover,
these workers more frequently suffered from stress due
to daily chores and from stress-related health problems,
namely, headache and gastric/duodenal ulcers (21% and
2.4%, respectively). The levels of gamma-glutamyl-transpeptidase in workers reluctant to work under tanshin
funin conditions and in workers who spent less than two
years in tanshin funin conditions increased significantly,
although the corresponding levels in the matched regular
workers did not exhibit significant changes. The investigators concluded that abrupt changes in lifestyle and
elevated mental stress were thus important effects of
tanshin funin.
Although jobs and occupations are considered a risk
factor for stress and morbidity for gastric and duodenal
ulcers[9,11,48], there are studies that report discrepancies.
For example, Westerling et al[51] evaluated the socioeconomic differences in avoidable mortality in a Swedish
population from 1986 to 1990. Using the population of
21- to 64-year-old individuals, the researchers performed
analyses for different socioeconomic groups [blue-collar
workers (BCWs), white-collar workers (WCWs) and the
self-employed] and for individuals outside the labor market. The researchers demonstrated that the largest differences were found in ulcers of the stomach and duodenum, in addition to other symptoms. For these causes of
death, the risk of dying was between 3.1 and 7.5 times
greater in the non-working population than in the workforce. The differences in avoidable mortality between
BCWs and WCWs and the self-employed were much
smaller. However, the death rate for ulcers of the stomach and duodenum in BCWs was 2.8 times higher than
for other work categories. The GIT and mortality problems reported by Wesrterling et al[51] used standardized
mortality ratios for the occupied population. The ratios
for malignant neoplasms of the large intestine, except
for the rectum, were 95 in BCWs and 104 in WCWs and
for malignant neoplasms in the rectum and rectum-sigmoid junction were 103 and 100 for BCWs and WCWs,
respectively. However, for gastric and duodenal ulcers,
the investigators reported ratios of 163 and 59 for these
BCWs and WCWs, respectively. Moreover, the causes for
mortality reported for abdominal hernia, cholelithiasis
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and cholecystitis were 127 and 86 for BCWs and WCWs,
respectively. However, the researchers suggested that,
as in most other studies, the follow-up period was short
and that the exposure data from earlier censuses would
be advantageous.
In Table 1, we summarize the international literature
regarding the GIT disorders most frequently reported
by workers experiencing job-related psychological stress
and other alterations in their affective states. In a crosssectional study with a population of 2237 subjects from
San Marino, Italy, Gasbarrini et al[52] demonstrated that
the prevalence of Helicobacter pylori (H. pylori) was 51%;
this prevalence increased with age from 23% (20-29
years) to 68% (> 70 years) and was higher among manual workers. In San Marino, there was a higher incidence
of clinically relevant gastroduodenal diseases, such as
peptic ulcer and gastric cancer (25 of 10000 and 8 of
10000 in 1990, respectively). With respect to Italy and
other European countries, Gasbarrini et al[52] demonstrated that H. pylori infections tended to be more frequent
among BCWs (P < 0.001), especially those doing manual
work (miners 78%, road sweepers 65%, plumbers/painters 61%, housekeepers 60% and cooks 58%) compared
with WCWs (physicians 15%, clerks 21%, secretaries
37%, nurses 38%, general managers and lawyers 38%,
teachers 39% and shop workers 50%). A high prevalence of infection was also noted among social workers
(74%). The researchers concluded that social workers
with a high educational standard had a higher rate of
seropositivity to H. pylori (74%) than did subjects with
a similar socioeconomic status but a different type of
job, thereby emphasizing the relevance of direct personto-person spread of the infection. This result was also
recently demonstrated in nurses and in cohabiting children. These findings suggest that poor hygienic standards and a low socioeconomic status (which frequently
reflects the former) are important factors for acquiring
H. pylori during the first years of life, thereby confirming
previous findings regarding the differences between developed and developing countries and the importance of
overcrowding and close person-to-person contact during
childhood.
In 2009, Lin et al[53] investigated 289 call-center workers (mean age of 33.6 years) to investigate how these
workers perceived their job stress and health status and
the relationships among inbound (incoming calls) versus outbound (outgoing calls) workers in a Taiwanese
bank. Data were obtained on individual factors, health
complaints, perceived job stress levels and major job
stressors (using the 22-item Job Content Questionnaire,
C-JCQ). For inbound services, operators handled approximately 120 to 150 calls during each 8 h per day.
Outbound operators were primarily responsible for sales
and handled approximately 120 calls daily. The subjects
completed the self-administered questionnaires during
their leisure time (taking between 15 and 20 min). The
results demonstrated that 33.5% of outbound servicecall center workers and 27.1% of inbound service-call

112

November 15, 2013|Volume 4|Issue 4|

Huerta-Franco MR et al . Occupational stress and the GIT
Table 1 Summary of the international literature on the gastrointestinal tract disorders most frequently reported by workers experiencing job-related psychological stress and other alterations in their affective states
GIT alteration
Generalized GIT
disturbances/IBS

Ref.
Konturek et al[4]

Bhatia et al[5]

Karling et al[18]

Karling et al[19]

Belcastro et al[41]

Hui et al[45]

Angolla et al[46]

Alp et al[11]

Ulcers

Cobb et al[44]

Shigemi et al[48]

Nakadaira et al[50]

Westerling et al[51]

Lin et al[53]

Gastric motility
alterations

Mawdsley et al[2]

Huerta-Franco et al[3]
Mai et al[7]

Wolf et al[8]

Study/procedure

Conclusions

Impact of stress on the GIT. The study addresses The exposure to stress is the major risk factor in the pathothe role of stress in the pathophysiology of the
genesis of various GIT diseases.
most common GIT diseases.
Association between stress and various GIT pa- The mind directly influences the gut. The enteric nervous
thologies.
system is connected bidirectionally to the brain by the parasympathetic and sympathetic pathways, forming the braingut axis.
Pre- and post-dexamethasone morning serum There is a relationship between mood alterations (anxiety/
cortisol levels were analyzed in 124 subjects with depression) and IBS-like symptoms in patients with unipolar
symptoms of IBS.
depression, in patients with IBS and in a sample of the normal population.
In total, 867 subjects representative of the general There is an association between the val/val genotype of the
population and 70 patients with IBS were geno- val158met COMT gene and IBS and with the specific IBStyped for the val158met polymorphism. The IBS
related bowel pattern in IBS patients.
patients completed the Hospital Anxiety and Depression Scale questionnaire.
Estimation of the relationship between teachers’ Several somatic complaints have been suggested to be assosomatic complaints and illnesses and their selfciated with burnout.
reported job-related stresses. Stress group: teachers
Perception of life events and the role of daily "has- Patients with non-ulcer dyspepsia have a higher negative
sles" (stressful events) in 33 dyspeptic patients vs perception of major life events than controls. Psychological
33 controls of comparable sex, age and social class. factors may play a role in the pathogenesis of non-ulcer dyspepsia.
Empirical study of police-work stress, symptoms Police duties are highly stressful. The highest rated sympand coping strategies among police service work- toms were as follows: feeling a lack of energy, loss of personers in Botswana measured by a questionnaire. al enjoyment, increased appetite, feeling depressed, trouble
Sample size n = 229 (163 males and 66 females). concentrating, feeling restless, nervousness and indigestion.
Stress group: the Botswana Police Service.
Comparative study using a neuroticism-scale People with a past history of chronic gastric ulcers have an
questionnaire administered to 181 patients with increased incidence of domestic and financial stress compreviously diagnosed gastric ulcers and 181 pared with age- and sex-matched individuals with no previcontrols without any previous history of gastric
ous history of gastric ulcers.
ulcers.
Review of aeromedical certification examinations Air traffic controllers were almost twice as likely to have
of 4325 traffic controllers and 8435 second-class
stomach ulcers as civilian copilots .
aviators. Stress group: air traffic controllers.
Two-year study to examine the role of perceived These results suggest that specific and perceived job stress is
job stress on the relationship between smoking an effect modifier in the relationship between the history of
and peptic ulcers.
peptic ulcers and smoking.
Effects of working far from family on the health of The tanshin funin workers had higher rates of missing
129 married male workers (40-50 yr of age) com- breakfast, stress due to daily chores and stress-related health
pared with the control group.
problems (e.g., headache, gastric/duodenal ulcers and common colds/bronchitis).
1985 study of the Swedish population (21-64 yr The death rates for the non-workers were higher than for the
of age). Analyses of standardized mortality ra- workers. The largest differences were found for stomach and
tios (avoidable mortality) of blue-collar workers,
duodenal ulcers.
white-collar workers, self-employed workers, and
individuals outside the labor market. Stress group:
Unemployed individuals
289 call center workers in Taiwan, 19 to 54 yr of Workers who perceived higher job stress had significantly
age. Health complaints, perceived level of job increased risks of multiple health problems, including hoarse
stress and major job stressors were considered.
or sore throat, irritable stomach and peptic ulcers.
Stress group: call center workers.
Review of recent advances in the understanding of The living-organism (human or animal) responds to emothe pathogenic role of psychological stress in IBD, tional or physical threats. Psychological stress contributes to
with an emphasis on the necessity of investigating
the risk of IBD relapse.
the therapeutic potential of stress reduction.
Bioimpedance technique. In this study, 57 healthy Assessment of the changes in gastric motility induced by
women (40-60 yr of age) were analyzed.
acute psychological stress.
Description or tracking of 238 experiments con- Emotions can cause bile reflux into the stomach and may
ducted over more than 10 yr on a young man
delay gastric emptying.
(Beaumont) with digestive disorders.
Description of the work of the French physiologist Inhibitory and excitatory effects of gastric secretory and moCabanis.
tor function were described.
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Muth et al[9]

Electrogastrograms were recorded, and the inter- Acute stress can evoke arousal and dysrhythmic gastric
beat intervals were obtained from electrocar- myoelectrical activity. These acute changes, which occur in
diographic recordings from 20 subjects during healthy individuals, may provide insight into functional gasbaseline and in response to a shock avoidance
trointestinal disorders.
task (shock stimulus) and forehead cooling (dive
stimulus).

GIT: Gastrointestinal tract; IBD: Inflammatory bowel disease; IBS: Irritable bowel syndrome; COMT: catechol-O-methyltransferase.

center workers were classified as suffering from high
stress, which was considerably higher than figures from a
wider survey of the working population in Taiwan (7.6%).
The researchers demonstrated a relationship between
the perceived job stress and health complaints, indicating that workers who perceived a higher job stress had a
significantly increased risk of multiple health problems
(OR ranging from 2.13 to 8.24), including an irritable
stomach and peptic ulcers [42% and 57% for inbound
and outbound operators, respectively (P < 0.05)]. For
example, the OR of irritable stomach and peptic ulcers
when the stress was moderate (i.e., sometimes feeling
extremely stressed at work) was 3.03 (95%CI: 1.40-6.55)
and when the stress was high (i.e., often or always feeling
extremely stressed at work) was 8.24 (95%CI: 3.56-19.09).
The researchers concluded that there is an association
between the perceived job stress and health complaints,
as workers who perceived a high level of job stress had
significantly increased risks of irritable stomach and
peptic ulcers.
In 2011, Nabavizadeh[54] demonstrated that physical
and psychological stress increase gastric acid and pepsin
secretions possibly by raising the gastric tissue nitric oxide level. In return, the increased gastric acid and pepsin
secretions cause necrotic and inflammatory changes in
the gastric and duodenal tissue.

enables swallowing, transit, emptying and elimination,
and all these functions are essential for proper assimilation[56]. Beginning with swallowing and ending with
elimination, motility is required for GIT function[57,58].
Two variables related to GIT motility are particularly
important: (1) peristalsis, which is a function of the
frequency and magnitude of the gastric contractions
that are generated by the pacemaker area and (2) gastric
emptying, which is a measure of the average time the
stomach takes to empty half of its luminal content. The
ANS regulates GIT motility, controlling peristaltic activity through the myenteric system[59,60] (Figure 1). In fact,
alterations in GIT motility are frequently viewed as signs
of neuropathy of the myenteric plexus or other pathologies of neuropathic origin. Abnormal gastric emptying
is considered a clinical marker for a gastric or intestinal
motility disorder[61,62]. Quigley and other researchers have
found a relationship between stress and delayed gastric
emptying or other motor disturbances[63-65]. This factor
is understood by analyzing how the human body reacts
defensively when threatened by the environment and
when attempting to achieve both physical and psychological balance. However, activation of these adaptive
or allostatic systems can become maladaptive because
of frequent, chronic or excessive stress and can cause a
predisposition to disease[5]. This explanation leads to the
concept of brain-gut interaction described by Mawdsley and Rampton[2]. These authors mentioned that, to
maintain homeostasis, a living organism must constantly
adapt to environmental alterations at a molecular, cellular, physiological and behavioral level. As presented in
Figure 1, these investigators hypothesized that exposure
to psychological stress causes alterations of the brain-gut
interactions (brain-gut axis), ultimately leading to the development of a broad array of GIT disorders, including
inflammatory bowel disease, irritable bowel syndrome,
other functional GIT diseases, food antigen-related adverse responses, peptic ulcers and gastro-esophageal reflux disease (GERD)[16,19]. For instance, IBS is presumed
to be a disorder of the brain-gut link associated with an
exaggerated response to stress[66].
More recently, relative importance has been ascribed
to the hypothesis that emotional and environmental
states in females play an important role in the genesis of
IBS[2]. This hypothesis has been proved by demonstrating that, worldwide, women present the highest prevalence of physical and psychological symptoms compared
with males[67]. Men may be more apt to experience stress
due to unfamiliar house chores than women, and women
are more likely to experience occupational stress than

STRESS IN THE PATHOPHYSIOLOGY OF
GASTROINTESTINAL ALTERATIONS
Currently, many adults die from diseases caused by the
relationship between stress, moods and vital organs;
among these diseases, GIT has become a major clinical
problem. Stress is an acute threat to the homeostasis of
an organism, either physically or psychologically. A number of studies have shown that stress can delay gastric
emptying, impair gastro-duodenal motility[3], modify gastric secretions[55] and pancreatic output and alter intestinal transit and colonic motility. Owing to its considerable
effects on physiological and pathophysiological processes
of gastrointestinal (GI) motility, stress is thought to play
an important role in the development, maintenance and
exacerbation of symptoms related to functional GI disorders. To analyze the effects of occupational stress on
GIT function, it is important to have an understanding
of the physiology of GIT motility and emptying. Similar
to almost every other system, the physiological processes
that occur in the GIT are wide-ranging; the major function of the GIT includes swallowing, motility, emptying
(of every section), assimilation and elimination. Motility
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Figure 1 Representation of the hypothetical mechanism by which occupational stress produces gastrointestinal tract alterations in workers. Stress during
job development (see occupational stress) generates a response of the network integrated by the hypothalamus (paraventricular nucleus), amygdala and periaqueductal grey. These brain regions receive input from visceral and somatic afferents and from the medial prefrontal cortex (PFC) and the anterior cingulated (ACC) and
insular cortices (Insular C). In turn, output from this integrated network to the pituitary and ponto-medullary nuclei (PMN) mediates the neuroendocrine and autonomic
responses in the body. The final output of this central stress circuitry is called the emotional motor system and includes the autonomic neurotransmitters norepinephrine and epinephrine and neuroendocrine (hypothalamus-pituitary-adrenal axis, HPA) and pain modulatory systems. PVN: Paraventricular nucleus; PAG: Periaqueductal grey; GIT: Gastrointestinal tract; ACTH: Adrenocorticotropic hormone; CRH: Corticotrophin-releasing hormone; ANS: Autonomic nervous system.

men[50]. The emotions and stress experienced by workers
(Figure 1) play an important role in exaggerated gut responses. Stress affects the relationship between the brain
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and gut, leading these systems to act defensively to real
or imaginary threats.
In Figure 1, we present the pathophysiological mech-
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anism by which stress has been proposed to produce
GIT alterations in workers. The workers’ responses to
stress are generated by a network comprising integrated
brain structures, particularly sub-regions of the hypothalamus (paraventricular nucleus), amygdala and periaqueductal grey. These brain regions receive input from
visceral and somatic afferents and from cortical regions,
including the medial prefrontal cortex and sub-regions
of the anterior cingulated and insular cortices. In turn,
output from this integrated network to the pituitary and
ponto-medullary nuclei mediates the neuroendocrine and
autonomic responses in the body[4,18,19]. The final output
of this central stress circuitry is called the emotionalmotorsystem and includes the autonomic neurotransmitters
norepinephrine and epinephrine, the neuroendocrine
HPA axis and the pain modulatory systems. This circuit
is under feedback control by serotonergic neurons from
the raphe nuclei and noradrenergic neurons from the locus coeruleus[5].
The neuroendocrine response to stress is mediated
by corticotropin-releasing hormone (CRH). In the braingut-axis, CRH is considered a major mediator of the
stress response. Particularly, the stress-related activation
of CRH receptors has been reported to produce alterations in GIT function. Physical and psychological stress
delays gastric emptying, accelerates colonic transit and
evokes colonic motility in rats. Accelerated colonic motor function can be produced by the central or peripheral
administration of CRH and is blocked by treatment with
a variety of CRH antagonists. In a clinical trial, Sagami
et al[68] administrated a non-selective CRH antagonist (10
ug/kg of αhCRH) to 10 IBS patients and 10 healthy
controls. The researchers demonstrated that the peripheral administration of αhCRH improved GIT motility,
visceral perception and negative moods in response to
gut stimulation, without affecting the HPA axis in IBS
patients. This response was significantly suppressed in
IBS patients but not in controls after the administration
of αhCRH[68]. IBS is considered a disorder of the braingut-link. Psychological stress induces colonic segmental
contractions, which are exaggerated in IBS patients.
Similarly, the peripheral administration of CRH affects
colonic motility, induces abdominal symptoms and stimulates adrenocorticotropic hormone (ACTH) secretion,
all of which are also exaggerated in IBS patients[69]. Two
CRH receptor subtypes, R1 and R2, have been suggested
to mediate increased colonic motor activity and slowed
gastric emptying, respectively, in response to stress[5].
The genesis of gastric ulcers by stress was demonstrated in the study of Saxena et al[70], who investigated
the gastro-protective effect of citalopram (an antidepressant drug) both as a single dose pre-treatment and 14-d
repeated pre-treatment for animals exposed to cold restraint stress (CRS). The results revealed that the plasma
corticosterone level significantly increased in the stress
group compared with the control group. Furthermore,
mucosal ulceration, epithelial cell loss and a ruptured
gastric mucosal layer at the ulcer site were observed in
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the gastric mucosa of rats exposed to CRS. Repeated
citalopram pretreatment decreased the CRS-induced enhancement in the corticosterone level. The researchers
also demonstrated that citalopram at doses of 5, 10 and
20 mg/kg significantly attenuated the CRS-induced gastric mucosal lesions.
In summary, gastric ulcers are identified as an extremely common chronic disease in working-age adults.
In workers, the combination of personality patterns (e.g.,
anxiety and depression), stress and negative emotions
significantly contribute to GIT alterations. Particular jobs
that produce privation, fatigue or chronic mental anxiety
and a long past history of tension, frustration, resentment, psychological disturbance or emotional conflict
lead to gastric ulcers (e.g., in traffic controllers, police officers, smelter workers, tanshin funin workers, health professionals and manual workers). Irritable bowel syndrome
and functional dyspepsia also exhibit significant co-morbidities between mood alterations in workers (i.e., anxiety
and depression). Workers with unipolar depression were
shown to be more prone to present IBS-like symptoms.
Moreover, three systems are known to participate in the
mechanism of GIT alterations in workers: (1) the sympathetic ANS, (2) the HPA axis and (3) genetic factors.
Subjective evaluations of stress (mainly self-reported)
are extremely common in the clinic and in research.
However, much work must first be done to quantitatively
identify the psychological stress (i.e., the occupational
stress level in this case), considering the particularity
of each worker (i.e., the general health, the social and
physical adaptation capacity and the physical and psychological vulnerability). The unique demands of each
occupation require unique profiles of each worker. It
is essential to train workers not only in specific skills
but also in human and social aspects that include stress
control strategies. Although the word “stress” has been
included in our everyday language (even in research),
the term continues to be a vague concept, even with the
clear definition coined in 1936 by Selye.
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Core tip: Aerodigestive cancer is well known to have a poor
prognosis and is often diagnosed in the late stages with
dysphagia. Insufficient nutrition and lack of stimulation of
the intestinal mucosa may worsen immune compromise.
Therefore, it is most important to optimize enteral nutrition
before and during treatment, as well as during palliative
treatment. Percutaneous endoscopic gastrostomy (PEG)
may be useful for nutritional support. PEG tube placement
using the introducer method or the direct method may be
a much safer alternative than the pull/push method. PEG
may be recommended in patients with aerodigestive cancer because of the improved complication rate.

Abstract
Aerodigestive cancer, like esophageal cancer or head
and neck cancer, is well known to have a poor prognosis. It is often diagnosed in the late stages, with dysphagia being the major symptom. Insufficient nutrition
and lack of stimulation of the intestinal mucosa may
worsen immune compromise due to toxic side effects.
A poor nutritional status is a significant prognostic
factor for increased mortality. Therefore, it is most
important to optimize enteral nutrition in patients with
aerodigestive cancer before and during treatment, as
well as during palliative treatment. Percutaneous endoscopic gastrostomy (PEG) may be useful for nutritional
support. However, PEG tube placement is limited by
digestive tract stenosis and is an invasive endoscopic
procedure with a risk of complications. There are three
PEG techniques. The pull/push and introducer methods have been established as standard techniques for
PEG tube placement. The modified introducer method,
namely the direct method, allows for direct placement
of a larger button-bumper-type catheter device. PEG
tube placement using the introducer method or the
direct method may be a much safer alternative than
the pull/push method. PEG may be recommended in
patients with aerodigestive cancer because of the im-
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INTRODUCTION
Tumors of the esophagus and gastroesophageal junction or head and neck are some of the most malignant
cancers with high mortality rates because many patients
are diagnosed in the advanced stages[1]. Dysphagia, or
difficulty swallowing, is one of the most distressing and
debilitating symptoms. Dysphagia leads to nutritional
compromise and deterioration of quality of life [2,3].
When the esophageal lumen becomes stenotic to less

119

Novemebr 15, 2013|Volume 4|Issue 4|

Ogino H et al . Usefulness of PEG for aerodigestive cancer

than 14 mm in diameter, dysphagia generally develops.
It first becomes difficult to swallow solid food. Next, it
becomes difficult to swallow semisolid food. Finally, fluids and even saliva are difficult to swallow[4]. Patients develop anorexia and significant weight loss secondary to
the tumor effects and may present with varying degrees
of malnutrition. A poor nutritional status is a significant
prognostic factor for increased mortality[5].
Selection of therapy for aerodigestive cancer is dependent upon the tumor stage, location and histological type, and the physician’s experience and preference.
Therapeutic options include surgical resection of the primary tumor, chemotherapy and radiotherapy. Therapies
are sometimes combined, such as chemotherapy plus
surgery or chemotherapy and radiotherapy plus surgery.
Many of these patients find that their initial dysphagia
worsens during this treatment because of side effects
such as esophagitis and oral mucositis. Moreover, insufficient nutrition and lack of stimulation of the intestinal
mucosa may worsen immune compromise due to toxic
side effects[6]. During these periods, it is most important
to optimize enteral nutrition. Early enteral nutrition
reduces the incidence of life-threatening surgical complications in patients who undergo esophagectomy or
esophagogastrectomy for esophageal carcinoma[7-11]. Nutrition is administered through a transnasal feeding tube
for short-term feeding when oral intake is not possible.
When chemotherapy and/or radiotherapy are intended
to be curative, they frequently compromise oral intake
for a long period of time. Nasogastric tubes are easy to
place but they are poorly tolerated for prolonged periods
of feeding. Percutaneous endoscopic gastrostomy (PEG)
may be one of the best options for nutritional support.
A majority of patients are destined to receive palliation only, which is associated with a severely impaired
health-related quality of life. These patients require palliative treatment, including brachytherapy, chemotherapy
and endoscopic palliation techniques, such as esophageal
dilatation, intraluminal stents and laser therapy, to relieve
progressive dysphagia [12,13]. The two most commonly
used strategies for improving swallowing are stent insertion and radiation, including intraluminal brachytherapy.
They allow for an almost normal oral intake. Unfortunately, some patients develop restenosis symptoms after
palliative therapy and some develop severe treatmentrelated side effects such as mucositis from radiation
therapy. Stent insertion is difficult in some patients with
proximal esophageal cancers or head and neck cancers.
For these patients, PEG or nasal tubes may be the best
options for nutritional support.

type catheter feeding tubes can be inserted directly into
the stomach through the abdominal wall. The third
method is the modified introducer method (i.e., direct
method). The direct method allows for direct placement
of a larger button-bumper-type catheter device. Use of
the direct method is spreading in Japan, but it is not yet
used worldwide[14]. Each method has advantages and disadvantages.
Pull/push method
The pull/push PEG technique is based on the standard Ponsky technique in which a guidewire is inserted
through the abdominal wall under endoscopic guidance,
grasped by a snare through a port on the endoscope, and
subsequently advanced in a retrograde manner through
the patient’s mouth. The remaining end exits the patient
through the anterior abdominal wall. A 20-French Ross
Flexiflo Inverta-PEG tube (Abbott Laboratories, Columbus, OH) is then secured to the transoral end of the
patient’s mouth and abdominal wall by pulling the extraabdominal end of the wire to advance the gastrostomy
tube[15].
Introducer method
The introducer PEG technique is based on the Russell
introducer method of PEG placement. After the endoscope is inserted and the PEG site is marked, four T-fasteners are placed before gastrostomy tube insertion to
secure the stomach to the anterior abdominal wall. This
prevents gastric wall displacement while inserting the
gastrostomy tube. Using the Seldinger technique, a short
guidewire is then passed transabdominally under endoscope visualization. Serial dilators are passed over the
guidewire to create a stoma tract; the endoscope remains
in place for visualization and verification of gastrostomy
tube placement. An 18-French Ross Flexiflo gastrostomy
tube (Abbott Laboratories) is then inserted or pushed
over the guidewire, directly through the anterior abdominal wall[16].
Direct method
The direct method is a modified version of the introducer method (Direct Ideal PEG kit; Olympus Corp., Tokyo, Japan). After the stomach is secured to the anterior
abdominal wall, the skin incision is dilated by passing a
dilator percutaneously into the stomach over the guidewire as the same as introducer method. After the dilator
is removed, a 24-French PEG tube is inserted using an
obturator[14] (Figure 1).

OUTCOMES OF PEG

PEG PROCEDURE

PEG in patients with aerodigestive cancer
PEG tube feeding is the preferred method with which to
provide long-term tube feeding and its use is currently
widespread. Many studies have examined the usefulness of PEG for aerodigestive cancer. A PEG tube was
inserted in patients with oral intake difficulties for the

There are three PEG tube insertion methods. The pull/
push and introducer methods have been established
as standard techniques for PEG tube placement. In
the pull/push method, the feeding tube is introduced
through the mouth. In the introducer method, balloon-
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Direct method

A
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Figure 1 Direct method. A: The transilluminated area on the abdominal wall was pushed with a finger; B, C: The stomach was punctured using a double-lumen gastropexy
device; D: A needle with an outer plastic sheath (18-French) was introduced into the stomach under endoscopic control; E: The needle was removed and the guidewire was
replaced; F, G: The skin incision was dilated by passing a dilator percutaneously into the stomach over the guidewire under endoscopic visualization; H: After the dilator was
removed, a 24-French percutaneous endoscopic gastrostomy tube using an obturator was inserted over the guidewire; I: The tube was fixed to the abdominal wall.

purpose of nutrition support in all stages and locations,
including patients who had undergone chemotherapy
and chemoradiation therapy with curative intent [17-22].
Chemotherapy or chemoradiation therapy is frequently
associated with mucositis, dysphagia, loss of taste and
anorexia. Chemotherapy, chemoradiation therapy and
hyperfractionated radiation therapy are usually associated with even more severe treatment-related side effects
and greater impairment of swallowing function. These
treatments are long-term. Therefore, during these periods, PEG tube insertion may be one of the best options
for nutritional support if the complication and mortality rates of PEG are low. Nasogastric tubes are easy to
place but they are poorly tolerated for prolonged periods
of feeding because they are associated with frequent
ulceration, esophageal reflux and general discomfort.
PEG tubes are better tolerated but they must be used selectively in patients who can be predicted to have a longterm need for nutritional support[23].
There are more reports of patients with head and
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neck cancer than patients with esophageal cancer. One
of the reasons is that in the operation planned in esophageal cancer patients, PEG may limit the reconstruction
of the stomach after esophagectomy because of the
adhesion of the stomach and the abdominal wall, or the
possibility of the injury for the right gastroepiploic artery which is needed in the reconstruction of the stomach[17]. Another reason for this is that stent insertion and
brachytherapy are the first-choice palliative treatments
in patients with middle and low esophageal cancers in
many institutions. In terms of nutritional support, the
most important factor is maintenance of oral food intake, which should stabilize or even improve quality of
life. Dysphagia improves more rapidly after stent placement[12,13] and long-term relief of dysphagia is better
after brachytherapy[24,25]. Therefore, stent placement may
be reserved for esophageal cancer patients with severe
dysphagia in combination with a short life expectancy
who need more rapid relief of dysphagia and for patients with persistent or recurrent tumor growth after
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Table 1 Comparison of the advantages and disadvantages of the pull, introducer and direct percutaneous endoscopic gastrostomy
placement methods
Advantages

Disadvantages

Pull method

Bumper type device inside stomach prevents misplacement of Catheter may be contaminated during passage through mouth/
catheter
esophagus → Increased risk of wound infection and tumor implanLarge-bore catheters can be used immediately after placement
tation
Endoscope must be inserted twice to confirm correct placement
Introducer method Adherence to aseptic technique guarantees low risk of wound
Risk of bleeding and incorrect puncture with large trocar
infection
Only small-lumen catheters can be used immediately after placeEndoscope must be inserted only once
ment
Catheter size must be increased step by step
High probability of catheter misplacement (if using balloon type)
Direct PEG Kit
Adherence to aseptic technique guarantees low risk of wound
Risk of bleeding
infection
Endoscope must be inserted only once
Small puncture needle and blunt dilator → small wound
One-step insertion of bumper type device
Large-bore catheters can be used immediately after placement
PEG: Percutaneous endoscopic gastrostomy.

brachytherapy[12,13]. When these modalities are technically
not possible, nutritional support with a nasoenteric feeding tube or PEG tube should be considered to maintain
adequate calorie intake. Grilo et al[22] suggest that PEG
should be considered as a nutritional support method in
patients with upper esophageal cancer that is unsuitable
for esophageal stenting. For patients who suffer from
restenosis symptoms after palliative therapy or who have
proximal esophageal cancers or head and neck cancer,
PEG may be one of the best options for nutritional support.
Thus, depending on the treatment, disease and the
degree of stenosis, the following situations are indications for PEG. First, in aerodigestive cancer patients undergoing chemotherapy or chemoradiation therapy who
are suffering from dysphagia, PEG is the first choice.
Stenosis, even if not severe, and if lesions are located in
the upper esophagus or head and neck, is an indication
for PEG because difficult long-term oral intake is expected due to mucositis and esophagitis during the treatment. Next, in the operation planned for head and neck
cancer patients, PEG is indicated because the stomach
is not used for reconstruction. Lastly, in palliative treatment, patients with lesions of the upper esophagus or
head and neck with the difficulty of a stent are indications for PEG. In addition, PEG will be indicated in
patients in whom stenosis is severe even after palliative
radiation therapy or a stent (Figure 2).
However, studies on this topic have weaknesses typical
to retrospective studies. Nugent et al[26] and Locher et al[27]
reported that there is insufficient evidence to determine
the optimal method of enteral feeding for patients with
head and neck cancer receiving radiotherapy and/or
chemoradiotherapy. Larger studies of enteral feeding in
patients with esophageal cancer are needed.

dure with a risk of complications. Minor complications
resulting from PEG tube placement include cellulitis,
ileus, peristomal leakage, extrusion, tube obstruction and
gastric wall hematoma formation. Major complications
include peritonitis, hemorrhage, airway aspiration, peristomal wound infection, buried bumper syndrome, tumor
implantation and gastrocolic fistula[28,29] (Table 1).
The major complications of the standard pull/push
method, which requires an esophageal lumen sufficient to
pass a standard endoscope[30], include peristomal wound
infections, presumably resulting from contamination of
the gastrostomy catheter as it passes through the oral
cavity[14,31], and tumor implantation at the PEG site[28,32]
which are specific for pull/push method in the aerodigestive cancer patients. In the literature on patients with cancer, the overall complication and mortality rates of the
pull/push method in patients with head and neck cancer
are 10.9%-42.0% and 0%-5%, respectively[15,17,18,20-22,33-36].
An overall complication rate of 0%-11% and mortality rate of 0% have been reported with the introducer
method[15,16,37,38] compared with the pull/push method
in patients with aerodigestive cancer. In the pull/push
method, one reason for the high complication rate may
be that it is necessary to dilate the lumen before treatment when the stenosis caused by the tumor is severe. In
many aerodigestive cancer patients, PEG tube placement
by pull/push method can be limited by digestive tract
stenosis. PEG tube placement using an introducer is the
safest alternative in this group of patients but use of the
available devices is difficult to implement.
In the past, the introducer technique was technically
more demanding and associated with a lower success
rate. This problem was solved by the use of T-fasteners
to secure the anterior stomach to the abdominal wall[39,40].
Therefore, recent data on the introducer method using
T-fasteners show low complication rates of less than 11%
and no mortality[38,41-45]. However, Dyck’s study shows that
severe short-term complications may occur in patients
with esophageal or head and neck tumors after place-

COMPLICATIONS
PEG tube placement is an invasive endoscopic proce-
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Treatment

Stenosis

Location of cancer

PEG

Severe

All locations

PEG

Head and neck
Ce in esophagus

PEG

Ut Mt Lt in esophagus

Sometimes
necessary

Head and neck

PEG

Esophagus

Not
necessary

Head and neck

PEG

Ce Ut in esophagus

Radiation
± PEG

CRT or
chemotherapy
Mild to
moderate

Operation

Palliative
therapy

Severe

Severe

Mt lt in esophagus

Stent or
radiation
± PEG

Figure 2 Algorithm of percutaneous endoscopic gastrostomy for aerodigestive cancer. CRT: Chemoradiation therapy; Ce: Cervical esophagus; Ut: Upper thoracic esophagus; Mt: Middle thoracic esophagus; Lt: Lower thoracic esophagus; PEG: Percutaneous endoscopic gastrostomy.

PEG tube placement in response to significant weight
loss during treatment suffer greater morbidity than patients who receive PEG tubes prophylactically. Patients
who have a PEG tube at treatment initiation experience
less overall weight loss and fewer hospitalizations and
toxicity-related treatment interruptions. However, Locher et al[27] reported that systematic evidence assessing
both the benefits and harm associated with prophylactic
PEG tube placement in patients undergoing treatment
for head and neck cancer is weak and the benefits and
potential for harm have not been established.

ment of the introducer PEG tube with T-fasteners, leading to urgent surgical intervention and even death in a
substantial number of patients[20]. Why the complication
and mortality rates were high in Dyck’s study is unclear.
Selection bias may be one reason. Van Dyck et al[20] reported that better follow-up of PEG tube daily care
might be necessary. In almost all studies, the complication and mortality rates were low. Larger studies on the
introducer method in patients with esophageal cancer
are needed.
One disadvantage of the introducer method is that
only small diameter balloon-type catheters are available
and the requirement for frequent catheter changes when
long-term tube feeding is needed[42,43]. The modification of the PEG device using the introducer technique
is improved in this respect. It allows for the use of a
larger-caliber tube with low complication rates and no
procedure-related mortality. The direct method reduces
the incidence of catheter changes compared with the
20-French catheter in the standard pull/push method.
It is also feasible, safe and efficient in outpatients with
obstructive head and neck cancer. However, procedurerelated severe bleeding associated with the direct method
has been reported[46].

CONCLUSION
An optimal supportive treatment for aerodigestive carcinoma is not yet available. PEG has many advantages for
aerodigestive cancer, although there is insufficient evidence to determine the optimal method of enteral feeding. Enteral nutrition by the introducer method or the
direct method must be studied with an emphasis on the
long-term effectiveness and safety of supportive therapy
of the aerodigestive cancer.
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