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Abstract
The gastric mucosa separates the underlying tissue
from the vast array of antigens that traffic through the
stomach lumen. While the extreme pH of this environment is essential in aiding the activation of enzymes and
food digestion, it also renders the gastric epithelium free
from bacterial colonization, with the exception of one
important human pathogen, H pylori . This bacterium has
developed mechanisms to survive the harsh environment
of the stomach, actively move through the mucosal layer,
attach to the epithelium, evade immune responses, and
achieve persistent colonization. While a hallmark of this
infection is a marked inflammatory response with the infiltration of various immune cells into the infected gastric
mucosa, the host immune response is unable to clear
the infection and may actually contribute to the associated pathogenesis. Here, we review the host responses
involved during infection with H pylori and how they are
influenced by this bacterium.
© 2006 The WJG Press. All rights reserved.

Key words: H pylori ; Immune response; T cell; Dendritic
cells
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population. The majority of infections are asymptomatic,
making the infection lifelong without effective bacterial
eradication. The clinical magnitude of this bacterium
has become accepted rather recently. H pylori has been
recognized as the causal agent for chronic gastritis and
gastric and duodenal ulcers. Additionally, epidemiological
and statistical studies associated the infection with a
higher risk of gastric malignancy leading the World Health
Organization International Agency for Research in Cancer
to categorize H pylori as a class I carcinogen.
The bacteria induce a host immune response, but the
persistence of the infection suggests that the response is
not effective in eliminating the infection. Furthermore,
multiple lines of evidence sug gest that the immune
response contributes to the pathogenesis associated with
the infection. As a result, the immune response induced
by H pylori is a subject of continuous study that has
encouraged numerous questions. The inability of the host
response to clear infections with H pylori could reflect
down-regulatory mechanisms that limit the resulting
immune responses to prevent harmful inflammation
as a means to protect the host. Consequently, the
chronic immune response induced may be inadequate
or misdirected, and could thus afford a colonization
advantage for the bacteria by providing improved
availability of adhesion places. An example of this is the
resulting increase in class II major histocompatibility
complex (MHC) and CD74, induced by IFN-γ and IL-8,
that are used as receptors by H pylori[1-3].
H pylori has been shown to employ multiple mechanisms
to antagonize, impair, or subvert host responses[4]. For
instance, H pylori has been noted to inhibit macrophage
nitric oxide production and phagocytosis [5] . Another
mechanism where H pylori can down-regulate the
immune response is through its VacA virulence factor.
This cytotoxin can interfere with the processing and
presentation of antigens by antigen-presenting cells
(APCs)[6], and can also inhibit T cell activation through
interference of the calcineurin-associated IL-2 signaling
pathway[7]. These and multiple other observations on the
nature of the immune response during H pylori infection
have led to models that help explain how the bacteria
could persist in the gastric environment by generating a
non-effective immune response. The ineffective response,
together with the host factors, determines the severity of
the disease.

INTRODUCTION

HUMORAL RESPONSE

H pylori is one of the most common human pathogens, since
it infects the gastric mucosa of about 50% of the world’s

Nearly everyone infected with H pylori develops specific
antibodies, which are found in serum and in gastric
www.wjgnet.com
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aspirates or extracts of stomach. Accordingly, elevated
titers of IgG and IgA antibodies directed at membrane
proteins (MP), flagelin, urease, lipopolysaccharide (LPS)
and H pylori adhesin A (HpaA) have been reported in
patients infected with H pylori[8,9]. Yet, those titers do not
differ between asymptomatic patients and patients with
duodenal ulcers. IgM- and IgA-producing cells in biopsies
from the antral region of the H pylori-infected patients’
stomaches were 40- to 50-fold higher in frequency than
in non-infected subjects. However, IgG-producing cell
numbers are the same for non-infected and infected
H pylori subjects. Those results suggest that the infection
induces a large recruitment of immune cells into the
gastric mucosa, particularly IgA-producing cells. A recent
immunoproteome analysis compared individual sera
from H pylori-positive patients suffering from gastric
adenocarcinoma or duodenal ulcer with a pool of five
sera from H pylori-negative patients to detect antigenic
proteins from three separate H pylori strains[10]. That study
recognized 30 antigens detected by H pylori positive sera,
nine of these were newly identified and 21 established
previously. The study established the presence of antigens
related to specific disease. Interestingly, cancer sera
provided stronger immunoreactivity while a similar study
suggested that sera from ulcer patients have more antiH pylori antibodies than sera from gastritis patients[11].
Due to the plasticity of the H pylori genome as well
as the phase variation that the bacteria present in its LPS,
specifically mimic Lewis antigens, 20% to 30% of the
people infected with H pylori develop autoantibodies,
with most of them specific to the gastric proton pump
located in the parietal cells. These antibodies may block
pump function, leading to achlorhydria associated with the
infection, which contributes to the gastric damage seen
during infection.

T-CELL RESPONSE
H pylori induce the recruitment of CD4 + and CD8 +
T-cells into the gastric mucosa, but there appears to be
preferential activation of CD4+ cells rather than CD8+
cells[12]. Several studies have noted that the T helper cell
response to H pylori is polarized, since CD4+ T cells in
the gastric mucosa of infected individuals produce the
Th1 cytokines, interleukin (IL)-12 and interferon (IFN)-γ,
whereas IL-4, a Th2 cytokine, production by these T cells
is absent[13,14]. A recent study by Amedei et al[15] suggested
that H pylori neutrophil-activating protein (HP-NAP)
contributes to this Th1-polarized T cell response in the
gastric mucosa of H pylori-infected patients. In that study,
addition of HP-NAP to antigen-induced T cell lines in
culture resulted in a shift from a predominant Th2 to a
Th1 phenotype of specific T cells.
Another subset of CD4+ T cells are T regulatory cells,
which produce IL-10 and transforming growth factor
(TGF)-β[16]. While there is a demonstrated infiltration of T
cells in the gastric mucosa and most of those are CD4+ T
cells with markers of activation, various studies have tried
to address the inefficiency of the host response in clearing
the infection. Different studies have demonstrated that
H pylori infection can decrease T cell responses as well as
www.wjgnet.com
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Figure 1 Regulation of CD4 + T Cells During H pylori Infection. CD4 + T cell
numbers increase in the gastric lamina propria of individuals infected with H pylori.
These cells are predominantly Th1 cells characterized by their production of IFN-γ.
Because the epithelium separates H pylori from CD4+ T cells, and also expresses
key proteins associated with antigen presenting cells, the gastric epithelium, in
addition to dendritic cells, could be involved in the presentation of antigens to
these CD4+ T cells. The expression of inhibitory B7 related molecules along with
CD4+ T cells with a regulatory T cell phenotype could be playing a role in limiting
the function of effector CD4+ T cells.

induce T cell anergy[12]. CD45RO+ memory T cells as well
as activated CD69+ and CD25+ T cells are increased in the
antral lamina propria of infected subjects[17]. Memory T
cells isolated from peripheral blood from infected people
responded less to stimulation with H pylori antigens than
cells isolated from non-infected subjects [12,18,19]. These
results suggested the presence of regulatory T (T reg)
cells, CD4+ and CD25+ in the peripheral blood of H pylori
infected individuals, which could inhibit the response of
CD4+ T cells to H pylori. This notion was supported by
observations that a higher responsiveness was obtained
after depletion of H pylori-specific T reg cells[20,12]. Hence,
these observations may help explain the inability of
the host response to eliminate the infection due to the
activation of T reg cells, which were recently reported
to be increased in the gastric mucosa of H pylori-infected
individuals and were described as CD4 +, CD25 high and
FOXP3+. Such cells may simultaneously reduce mucosal
damage mediated by T cells as well as reduce specific T
cell responses, possibly by reducing activation of IFN-γproducing CD4+ T cells that can be effective in protection
against the infection with these bacteria. Figure 1 illustrates
the presence of the various T cell populations in the
infected gastric mucosa and how they may interact with
one another and with other resident cells.
The role of CD8 + T cells in the gastric mucosa of
H pylori-infected individuals is less clear than that of the
CD4+ T cells. Although their numbers are also increased,
the CD8 + T cells that are found in the infected tissue
are thought to be intraepithelial lymphocytes. Their
contribution to the local response is in the form of IFN-γ
production, which in turn helps increase class II MHC
molecule expression on adjacent cells. A recent report by
Azem and colleagues showed that H pylori-reactive CD8+ T
cells can be efficiently stimulated by H pylori antigen-pulsed
B cells and DCs, and that most of the CD8+ T cells in the
infected gastric mucosa are memory T cells[21].

Suarez G et al. Immune response to H pylori

ANTIGEN PRESENTING CELLS IN THE
GASTRIC MUCOSA
The activation of CD4+ T cells requires their effective
cross talk with cells that express class II MHC molecules,
which are classically referred to as antigen presenting
cells (APC). Conventional APC include macrophages,
dendritic cells and B cells. The role of these cells in the
adaptive response is to internalize foreign antigens and
present them in the form of peptides bound to class
II MHC molecules to the T cells. The infected gastric
mucosa contains a significant macrophage population
that produces nitric oxide, IL-6, IL-1β, TNF-α, and IL-12
that help drive a T helper 1 response responsible for the
production of IFN-γ, and little or no IL-4 and IL-5[22,23].
Although in smaller numbers, dendritic cells are also
present and respond to H pylori with the production of
IL-6, IL-8, IL-10 and IL-12, and have increased expression
of CD80, CD83, CD86, and HLA-DR as a result of their
stimulation with H pylori[24].
For efficient T cell activation, T cells require not only
the T cell antigen receptor (TCR)-mediated signaling,
but also costimulatory signals provided by APC[25]. The
B7 family of molecules provides signals that are critical
for both stimulating and inhibiting T cell activation.
Eng agement of CD28 by CD80 (B7-1) and CD86
(B7-2) stimulates and sustains T cell responses, whereas
engagement of CTLA-4 by the same ligand inhibits T
cell responses[26]. Recently, several new members of the
B7 family have been identified. B7-H2 (homologue 2
also known as GL50, B7h, B7RP-1 and LICOS) has been
identified as a ligand for the CD28 family member ICOS
(inducible T-cell co-stimulator). Two additional B7 family
members, Programmed Death-Ligand 1, PD-L1 (B7-H1)
and PD-L2 (B7-DC) bind to the receptor Programmed
Death-1 (PD-1) and their interaction down regulates T
cell activation[27]. PD-1 is a type I transmembrane receptor
expressed on activated T and B cells. Like CTLA-4, PD-1
contains an immunoreceptor tyrosine based inhibitory
(ITIM) motif in its cytoplasmic region and acts as a
negative regulator of lymphocyte function via multiple
mechanisms, including cell-cycle inhibition and apoptosis.
The literature suggests that there is another unidentified
receptor for B7-H1 and B7-DC whose function has yet to
be determined. Two other receptors of the B7 family are
B7-H3 and B7-H4 (also known as B7S1 and B7x); however,
their receptors and functions are still unclear[28-30]. In an
attempt to examine whether changes in the expression
of these novel B7 family members could contribute to
the hyporesponsiveness of T cells in the infected gastric
mucosa, we examined by real-time PCR the expression of
the message for these molecules in gastric biopsies and
observed the expression of B7-H1, B7-DC, and B7-H3.
Since, as discussed below, the epithelium is exposed
to both H pylori and T cells in the lamina propria, we
examined the epithelium for these molecules and detected
their expression by PCR and by Western blot analysis.
B7-H1 was the most prominent coinhibitory molecule of
the B7 family whose expression was induced following
H pylori infection. More interesting, epithelial cells in gastric
biopsies infected with H pylori showed higher B7-H1
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expression compared with uninfected samples[31]. Gastric
epithelial cells were found to constitutively express B7-H1,
and the level of expression increased significantly during
infection. T cells cocultured with gastric epithelial cells
exposed to H pylori had a lower proliferation index, IL-2
secretion, and CD69 expression in response to activation
via CD3. However, blockage of B7-H1 with specific antiB7-H1 antibodies restored the responses to levels close
to those of T cells not cocultured with gastric epithelial
cells. This may represent a novel mechanism of immune
avoidance used by H pylori, which involves the induction of
coinhibitory molecule expression on gastric epithelial cells
by the bacterium.
Recent elegant studies by Anderson and colleagues
showed the importance of CTLA-4 in establishing T cell
anergy during H pylori infection in a murine model. In
this model of H pylori infection, the mice that received
anti-CTLA-4 Fabs responded to an H pylori challenge
with much greater inflammation and drastically decreased
bacterial numbers. Their results suggested that CTLA-4
engagement may represent yet another mechanism of
inactivation of H pylori-specific T cells during H pylori
infection, which could in turn contribute to the chronicity
of this infection[32].
While direct interaction between APC and T cells
represent the traditional mechanism leading to T cell
activation, another mechanism that is under active
investigation involves exosomes secreted by APC.
Exosomes are small membrane vesicles derived from
late endosomes, which are released into the extracellular
membrane and interact with membranes of other cells at
a relative distance. Exosomes secreted by APC carry class
I and II MHC molecules, costimulatory molecules, and
adhesins. Thus, they have immunomodulatory capacity,
such as in the activation of naïve T cells[33]. They have been
shown to stimulate T cells in vitro and to induce anti-tumor
responses in vivo[34,35]. While they are not yet characterized
in the context of the T cell response to H pylori, their
contribution in modulating the local response has to be
considered.
Human dendritic cells have been shown to produce
IL-8, IL-10, and IL-12 in response to H pylori as well as to
purified H pylori antigens[36,37]. Thus, H pylori can bind to
the dendritic cell receptor DC-specific ICAM-3-grabbing
nonintegrin (SIGN) through the blood group Lewis X
antigen present in its LPS[38]. This interaction can alter the
T helper balance and favor pathogen persistence. Also,
in monocytes, urease and HSP60 have been shown to be
potent activators of proinflammatory cytokines via NF-κB
activation[39,40].

THE GASTRIC EPITHELIUM AS AN ACTIVE
PLAYER IN THE MUCOSAL RESPONSE
In terms of providing protection, the gastric epithelium
has typically been regarded as a physical barrier; however,
multiple studies have provided evidence to suggest that the
gastric epithelium plays a key role in the inflammatory and
immune responses induced by H pylori. The epithelium
is the only cell phenotype in the gastric mucosa that is in
direct contact with the pathogen. This feature places the
www.wjgnet.com

5596

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

epithelium in a strategic situation to interact with H pylori
and with the immune elements in the lamina propria. There
is strong evidence to suggest that the gastric epithelium
is an active player in the response while performing
functions associated with antigen presenting cells[41,42]. In
addition, it is well documented that the epithelium has the
ability to produce cytokines that trigger the recruitment of
inflammatory cells into the gastric lamina propria[1]. The
production of IL-8 in response to H pylori infection is one
of the first epithelial responses. This chemokine recruits
immunological components into the gastric mucosa from
the periphery, particularly polymorphonuclear cells, which
contribute to epithelial damage [43]. Macrophages also
contribute to epithelial damage by producing nitric oxide
in response to H pylori urease leading to the induction
of additional inflammatory mediators[44]. However, the
bacteria produce an arginase encoded by the gene rocF that
competes with the NOS for L-arginine and converts this
to urea and L-ornithine rather than NO[45].
One of the major mechanisms of IL-8 induction by
epithelial cells is through the injection of CagA into gastric
epithelial cells by a type Ⅳ secretion system[46]. This system releases CagA into the epithelial cells cytosol inducing
cell proliferation and IL-8 production[47]. Our group has
recently described the interaction of H pylori with CD74
on gastric epithelial cells (GEC) leading to the production
of IL-8, via NF-κB activation[1]. Interestingly, IL-8 induced
by H pylori, in addition to its effect in the recruitment of
inflammatory cells, also acts in an autocrine manner and
induces further expression of CD74[2]. This, in turn, suggests that H pylori has the ability to induce the increased
expression of receptors on the host epithelium to enhance
colonization and the stimulation of proinflammatory responses. As part of the inflammatory response, we noted
that the H pylori-infected gastric epithelial cells produce
macrophage migration inhibitory factor (MIF), which is
an important cytokine that bridges the innate and adaptive
immune responses[48]. The production of MIF was found
to be dependent on CagA, since CagA-deficient mutant
H pylori strains had a significantly reduced ability to stimulate MIF production.
Some of the interactions of the epithelium with H pylori
can be detrimental to the integrity of the epithelium. For
instance, we have shown that H pylori use class II MHC
as receptors on GECs, and this interaction leads to apoptosis[3]. This interaction is mediated via H pylori urease. It
has also been reported that cag genes may up-regulate Fas
ligand (FasL) expression leading T cells to undergo apoptosis[49]. Thus, the contribution of the gastric epithelium in
influencing the adaptive response by expressing molecules
that either directly or indirectly limit T cell activity has to
be considered in our ongoing efforts to understand the
host response to H pylori.

THE INNATE RESPONSE TO H PYLORI
Other potential interactions that lead to production
of pro-inflammatory cytokines include that of
H pylori with toll-like receptors (TLR) expressed by
epithelial cells. It has been reported that gastric epithelial
cells express TLR2, TLR4, TLR5, and TLR9 [50-53] that
www.wjgnet.com
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interact respectively with lipoproteins, LPS, flagellin,
and CpG motifs. The expression of those receptors by
epithelial cells is of importance in innate immunity against
H pylori. Since these innate receptors may elicit cytokine
secretion when they bind their ligands, they may have an
indirect effect in the subsequent adaptive response through
the enhancement of processing and presentation of
antigen by host cells. However, it has been demonstrated
that H pylori LPS has a 500-1000 fold lower endotoxic
activity than LPS from S. typhimurium and E. coli [54,55].
This low stimulatory potential can be attributed to the
phosphorylation pattern and the LPS’ lipid A acylation[55].
In addition, H pylori LPS has low binding affinity to
LPS-binding protein (LBP) and in consequence, has a
lower transfer rate to CD14 present in macrophages and
monocytes[56].
Another ligand for TLR receptors on the epithelium
is H pylori flagellin. This flagellin contains different amino
acids than that of other bacteria in the TLR5 recognition site, as well as having a compensatory mutation that
preserves bacterial motility. Those differences avoid the
recognition of flagellin by TLR5[57]. H pylori also avoids
recognition by TLR9, which is the receptor for unmethylated CpG motif present in bacteria and viruses. Since
H pylori DNA shows a high rate of methylation, it can
evade the recognition of its DNA by TLR9.
Mast cells represent another innate cell phenotype that
is found within the H pylori-infected gastric mucosa of humans and mice[58]. These cells represent an innate defense
component that may kill bacteria through the release of
proteases and other mediators. Additionally, an interesting
observation was made in a recent study that showed that
these cells can mediate bacterial clearance in vaccinated
mice, and were suggested to do so via a cross talk with
CD4+ T cells[59].
In parallel with CagA, peptidoglycan (PGN) is also
translocated into the epithelial cells by the cag pathogenicity
island (PAI)-encoded type Ⅳ secretion system. Cag-PAI
positive bacteria can induce the production of IL-8 via
NF-κB in a manner that is CagA-independent by signaling
through Nod1. Thus, H pylori PGN can interact with Nod1
and induce the activation of NF-κB[60].

CONCLUDING REMARKS
Infection with H pylori results in robust innate and
acquired immune responses by the host, where the gastric
epithelium represents a central player. Interaction of
H pylori with the host epithelium results in the release of
an array of chemokines and cytokines. Some of these
factors are stimulated via the engagement of toll-like
receptors or cell surface receptors, such as CD74. Also,
injection of CagA via the bacterial type Ⅳ secretion
system leads to NF-κB activation and the ensuing release
of cytokines. The infected gastric mucosa is infiltrated by
neutrophils and mononuclear cells as well as components
of the acquired response, such as lymphocytes. A specific
humoral response is also triggered during infection, as
well as a T cell response that is skewed toward a Th1 cell
response. In spite of these immune mechanisms, H pylori
is not cleared because the bacteria seem to be equipped
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with an array of mechanisms that allows them to evade
or downregulate the host responses. Understanding
these multiple mechanisms is a required step toward the
development of any immune intervention strategies to
protect from initial infection and to eliminate infections
that are already established.
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Abstract
H pylori is probably the most prevalent human patho-

gen worldwide. Since it was initially suggested in 1983
by Marshall and Warren to be implicated in gastritis and
peptic ulcer disease, H pylori has also been implicated
in gastric carcinoma and was classified as a class I carcinogen. In the last two decades, a noteworthy body of
research has revealed the multiple processes that this
gram negative bacterium activates to cause gastroduodenal disease in humans. Most infections are acquired
early in life and may persist for the life of the individual.
While infected individuals mount an inflammatory response that becomes chronic, along with a detectable
adaptive immune response, these responses are ineffective in clearing the infection. H pylori has unique features
that allow it to reside within the harsh conditions of the
gastric environment, and also to evade the host immune
response. In this review, we discuss the various virulence
factors expressed by this bacterium and how they interact with the host epithelium to influence pathogenesis.
© 2006 The WJG Press. All rights reserved.
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H PYLORI INFECTION AND DISEASES
ASSOCIATED WITH THE INFECTION
H pylori is one of the most common pathogens affecting
humankind, infecting approximately 50% of the world’s
population. This pathogen is a gram-negative spiral shaped
bacterium that has the unique ability to colonize the
human gastric mucosa. The infection is usually acquired
early in life and may persist a lifetime, unless treated.
Of those infected, many will develop asymptomatic
gastritis, but 10% develop gastric or duodenal ulcers,
and approximately 1% develop gastric carcinoma. The
outcome of the infection may involve a combination of
the bacterial factors, host factors, as well as environmental
factors. Ulceration and carcinogenesis are mutually
exclusive outcomes of this infection. H pylori infection is a
very persistent infection, and in areas of high prevalence,
reinfection is also very common.
A very high percentage of gastric and duodenal ulcers
(up to 85%) are attributable to H pylori infection. Patients
in the United States who are infected with H pylori have a
3.5 times increased risk of developing peptic ulcer disease
than uninfected persons[1]. A hallmark feature of infection
with H pylori is a pronounced inflammatory response
and the inability of the host to clear the infection, which
results in a persistent infection, increased acid production,
and tissue damage.
It is now well accepted that chronic infection with
H pylori is a major risk factor in the development of gastric
cancer. H pylori has been shown to induce changes in the
gastric mucosa that could contribute to the development
of cancer. Given the strength of the evidence supporting
an association between adenocarcinomas of the gastric
mucosa and H pylori infection, H pylori has become
classified as a class I carcinogen by the International
Agency for Research on Cancer in affiliation with the
World Health Organization[2]. Gastric cancer remains the
second deadliest cancer worldwide. On a global scale,
gastric cancer accounts for approximately 700 000 deaths
annually. In the US there are 24 000 new cases and 14 000
deaths annually[3].
Infection with H pylori also plays a critical role in the
development of mucosa-associated lymphoid tissue
(MALT) lymphoma. H pylori is present in the gastric
mucosa of most cases of MALT lymphoma, and 75%
of these cases regress after eradication of H pylori [4,5].
Interestingly, gastric MALT lymphoma is the only known
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Table 1 H pylori adhesins and the gastric epithelial receptor for
each

BabA
SabA/B
HpaA
UreB
UreA?
AlpA/B
HopZ
?
?
?
?

Lewis B blood group antigen
Sialyl Lewis X
Sialyl Lewis X
CD74
Class Ⅱ MHC
?
?
DAF
Sulfated molecules (heparan sulfate)
Phospholipids
Trefoil Factor 1

malignancy whose course can be directly changed by the
removal of a pathogen. Thus, H pylori-associated diseases
are a significant global problem and result in considerable
morbidity, mortality, and societal costs.
H pylori virulence factors and pathogenesis
H pylori colonizes the gastric epithelial apical surface, but
the precise mechanisms of adherence and pathogenesis
are still being elucidated. Adherent strains are able to
survive in the gastric mucosa, colonize at high densities,
and are able to re-colonize, while non-adherent strains
are readily removed [6]. Thus, adhesion is crucial in the
ability of H pylori to persist and cause disease. In addition
to contributing to colonization, adherence results in
signal transduction, activation of NF-κB and subsequent
secretion of interleukin-8, which is important in the
inflammatory response during infection.
Adhesins
An assortment of molecules on gastric epithelial cells
(GECs) have been proposed as receptors for H pylori
adherence, as well as multiple adhesins that have been
identified on the outer membrane of H pylori, but those
responsible for pathogenic events are still being investigated
(Table 1). Several well known adhesins are BabA, SabA,
and AlpAB. BabA and SabA bind to fucosylated and
sialylated blood group antigens, respectively. There are
clearly multiple adhesins and receptors for H pylori because
only half of the strains in the U.S. have detectable BabA[7].
While the attachment of H pylori using BabA as an adhesin
does not appear to induce signaling or immune responses
from host cells, SabA appears to be required for activation
of neutrophils and the resulting oxidative burst by binding
to sialylated neutrophil receptors[8]. Although the AlpAB
receptor is unknown, it may be even more important as an
adhesin because studies with knockout strains dramatically
reduced adherence of the bacteria to some cells[9]. HopZ,
another adhesin being investigated, also showed decreased
adherence when a knockout strain was utilized[10], but not
as dramatically as the AlpAB knockout strain. H pylori
urease can also act as a bacterial adhesin[11]. Urease present
on the bacterial surface due to bacterial lysis or release[12,13]
binds to class Ⅱ MHC molecules on host cells, and may
induce their apoptosis[11].
Other studies from this group also suggest that the
www.wjgnet.com
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urease B subunit binds to CD74, which is expressed in
polarized fashion on the luminal side of the epithelium[14],
and in doing so stimulates gastric epithelial IL-8 release[15]
(Figure 1). A recent study by O’Brien and colleagues
showed that, similar to other pathogens, H pylori uses decay
accelerating factor (DAF aka CD55) as a receptor for
binding to the gastric epithelium[16]. Since there have been
multiple H pylori adhesins described, bacterial adhesion
is clearly a complex mechanism with multiple outcomes
depending on the host cell receptor engaged.
Cytotoxicity associated pathogenicity island
Following colonization and attachment, various virulence
factors expressed by certain H pylori strains appear to
promote disease. For instance, the expression of cagA and
vacA genes by strains of H pylori is highly associated with
disease[17]. These cagA gene-expressing strains have also
been associated with peptic ulcer and patients infected with
these strains have an increased risk of gastric cancer[18].
The cagA gene is considered a marker for a cluster of
genes referred to as pathogenicity island (PAI). cagPAI is
known to encode for a type IV secretion system that allows
CagA, and possibly peptidoglycan, to be delivered into
epithelial cells (Figure 2). CagA is tyrosine phosphorylated
by Src family kinases [19], and has differing numbers of
tyrosine phosphorylation motifs (EPIYA motifs), which
determine the virulence of the H pylori strain and host cell
response to it. The amount of EPIYA motifs is directly
related to the levels of phosphorylation and cytoskeletal
rearrangement seen in epithelial cells[20]. Phosphorylated
CagA interacts with a protein tyrosine phosphatase,
SHP-2 inducing its phosphatase activity. Upon activation
of SHP-2, it is able to induce host cells signaling, such
as MAP kinase/MEK/ERK1/2 signaling through Ras/
Raf. Dysregulation in this pathway is responsible for
increased cell proliferation and moving of gastric epithelial
cells (cell spreading) and cell elongation (hummingbird
phenotype)[21]. Interaction of CagA with other signaling
molecules such as growth factor receptor-binding protein2 (Grb-2), hepatocyte growth factor scatter factor receptor
(c-Met), and phospholipase C gamma (PLC- γ ) can
induce similar phenotypes in gastric epithelial cells[22,23].
Phosphorylated CagA inhibits the activity of Src kinases
in a negative feedback loop[19]. Thus, the inhibition on Src
kinases activity also results in dephosphorylation of a set
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Figure 2 CagA is injected into the cell by a type Ⅳ
secretion system where it is phosphorylated and induces
ERK1/2 phosphorylation and increased cell proliferation.
CagA also induces disruption of the tight junctions
between adjacent cells.
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of host cell proteins, including the actin-binding protein
cortactin. In parallel to ERK1/2 signaling, NF-κB may
also be activated, and upregulation of pro-inflammatory
cytokines may also ensue[24]. While it was initially thought
that the CagA injection was not responsible for the
production of proinflammatory cytokines, but other
proteins of the cagPAI were thought to play a crucial role,
it has more recently been shown that CagA injection into
the host gastric epithelial cell can induce NF-κB activation
and IL-8 production [24] . In fact, independent studies
showed that transfection of cagA into gastric epithelial cells
induced IL-8 production[25]. The activation of the Ras/
MEK/ERK pathway occurs following the interaction of
CagA with Grb2. Because CagA interacts with important
signaling mediators in the host cells, it is considered
responsible for changes in cell morphology, adhesion and
turnover. CagA also induces the recruitment of ZO-1 and
junctional adhesion molecule (JAM) to the site of bacterial
attachment causing disruption of the epithelial barrier and
dysplastic alterations in epithelial cell morphology. This
effect is phosphorylation independent [26]. The delivery
of H pylori peptidoglycan via the cagPAI-encoded type
IV secretion system results in the intracellular binding
of peptidoglycan by Nod1, an intracellular pathogenrecognition molecule, and this may also contribute to the
induction of gastric epithelial responses[27]. The H pylori
Type IV secretion system (T4SS) stimulates the Rho family
GTPases Rac1 and Cdc42 in gastric epithelial cells in an
independent CagA translocation mechanism [28]. Thus,
Rac1 and Cdc42 are recruited to the membrane at sites
of infection activating p21-activated kinase (PAK1) and
rearrangements of the cytoskeleton[29]. The T4SS can also
activate the receptor tyrosine kinase, epidermal growth
factor receptor (EGFR), regulating the ERK1/2 pathway
via Ras phosphorylation [30] . Further more, CagA can
inhibit B-cell proliferation by suppressing the JAK-STAT
signaling pathway. Hence CagA, in a phosphorylationindependent pathway, can diminish the immune response
against H pylori and play a role in the development of
MALT lymphoma by impairing p53-dependent apoptosis
pathway[31].
Vacuolating cytotoxin
The vacuolating toxin, or VacA, is a pore forming toxin
that has the ability to induce vacuole formation in cells and
disrupt normal membrane trafficking. VacA, is expressed

by about half of all H pylori strains. Like CagA, VacA
appears to be unique to H pylori since no other species
have a homologue. VacA has effects on many cell types,
including gastric epithelial cells, antigen presenting cells,
mast cells, and lymphocytes, which makes it an important
virulence factor. This toxin is secreted by H pylori, and
it binds to the plasma membrane of host cells where it
forms anion-selective channels. The receptors for VacA
are EGFR and RPTP-α and -β[32]. However, VacA also
binds to detergent-resistant microdomains (lipid rafts)
and GPI-APs[33,34]. This process results in the release of
nutrients from the cell, and the bacteria may use these for
survival[35]. As the anion concentration becomes higher
inside the cell through these pores, proton pumping also
increases, as does an influx of weak bases. The weak
bases are protonated and trapped inside, causing osmotic
swelling, and the formation of a vacuole [36]. VacA can
also disrupt mitochondrial membrane potential and affect
cellular ATP concentrations, which disrupt the cell cycle
progression and lead to apoptosis[37,38]. Another significant
way in which VacA contributes to pathogenesis is by
inhibiting the processing of antigens by B-cells and their
presentation to CD4+ T-cells [39], as well as the T cell
activation and proliferation. When mixed with T cells,
VacA supresses NFAT[40,41,42], IL-2 production, and surface
expression of IL-2 receptors, which are required for T cell
proliferation and viability[36]. Multiple signaling pathways
of T cell activation are also affected by VacA exposure,
which is one mechanism H pylori may use to evade immune
responses. In gastric epithelial cells, VacA activates the p38
and ERK-1/2 MAP kinases, thereby contributing to the
induction of immune responses by these cells[43]. In fact,
the vacA gene product has been shown to cause in mice,
some of the tissue damage observed in H pylori-infected
patients[44].
Urease
Another major virulence factor of H pylori is urease, which
is expressed by all strains. Urease is composed of two
subunits, α, which is approximately 24 kDa, and β, which
is approximately 68 kDa. H pylori produces a large amount
of urease, representing 5% to 10% of the total protein
content of the bacteria. This enzyme is essential for the
survival and pathogenesis of the bacteria. Perhaps the
most important role urease plays is to hydrolyze urea into
CO2 and NH3, which aids in buffering the bacteria from
www.wjgnet.com
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the acidic conditions it may encounter in the stomach.
Urease is crucial for H pylori colonization, as shown by
studies where urease negative strains were not able to
colonize in multiple animal studies[45,46]. The inability of
urease negative strains to colonize was initially assumed
to be due to their inability to buffer their niche. However,
similar studies under hypoacidic conditions also led to the
same results, where urease negative mutants of H pylori
could not colonize in an animal model. These observations
suggested a role for urease beyond its enzymatic function.
Although much urease is located intracellularly, there is
some present on the bacterial surface[47,13]. H pylori surfaceassociated urease can act as an adhesin for the bacteria,
which induces the production of inflammatory cytokines
from both gastric epithelial cells and macrophages[48,49],
along with apoptosis of some cells [11] . W hile the
mechanism of action associated with these responses
elevated by urease is not entirely clear, the induction of
apoptosis may result as a consequence of binding to class
[50]
Ⅱ MHC . The urease B subunit can also bind to CD74
and induce IL-8 production by gastric epithelial cells[51].
Both of these responses are important in the overall
pathogenesis seen during H pylori infection.
Other factors
Another important disease-associated virulence factor
of H pylori is the outer inflammatory protein A (OipA).
OipA is part of a family of 32 outer membrane proteins
characterized as part of the H pylori genome. This protein
has been suggested to induce pro-inflammatory responses
from gastric epithelial cell lines. In one study with H pylori
clinical isolates, those isolates expressing OipA, but not the
cag pathogenicity island proteins were able to induce IL-8
production from gastric epithelial cell lines at 3 times the
level of strains that did not express either[52]. Isolates from
Japan all expressed OipA, while isolates from the U.S. did
not, and thus it is thought that the presence of OipA may
make Japanese strains more virulent. When the signaling
induced by cagPAI proteins was compared to OipA, OipA
was found to induce phosphorylation of Stat1, while the
cagPAI proteins induced NF- κB activation[52]. Both of
these signaling pathways contribute to induction of IL-8
production, but act in conjunction with one another to
fully activate the IL-8 promoter.
Some other virulence factors expressed by H pylori
include neutrophil-activating protein (NAP) and heat
shock protein 60 (Hsp60)[53,54]. NAP has been shown to
be a chemoattractant for both monocytes and neutrophils
during H pylori infection [55]. Hsp60 has been shown to
induce proinflammatory cytokines by macrophages and
gastric epithelial cells[56,57], which appears to be mediated by
Toll-like receptors (TLRs). Lipopolysaccharide expressed
by H pylori is a very weak immunogen compared to that
of other gram negative bacteria, but it has been shown to
induce some proinflammatory cytokines[58]. Although the
interactions that initiate epithelial cell signals following
bacterial adherence are critical in pathogenesis, they are
not well understood, nor are the responses of the gastric
epithelium that contribute to chronicity of the infection.
In a VacA paralogue mechanism H pylori can secrete
collagenase, which can degrade collagen present in the
www.wjgnet.com
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extracellular matrix to supply the bacteria with essential
amino acids. During chronic infections, collagenase can
exacerbate ulcer development and deter the process of
ulcer healing[59].

VIRULENCE FACTORS AND INFLAMMATION
Perhaps the most important response for the pathogenesis
associated with infection is inflammation. Both antigen
specific and non-specific responses contribute to
inflammation during infection. These responses contribute
to fighting infection, but are also responsible for mucosal
damage. Adhesion of H pylori to the host epithelium, or
bacterial factors such as urease or the cagPAI proteins,
induce signaling that upregulates proinflammatory
cytokines and chemokines such as IL-8 and GRO-α. In
a recent study, we showed that CagA is important in the
induction of macrophage migration inhibitory factor (MIF)
production by the gastric epithelium[60]. This cytokine has
significant importance in the innate and adaptive host
responses. Although the cagPAI proteins are the most
recognized factor inducing inflammatory responses, there
are several other interactions known to upregulate these
responses. We have recently discovered that through H pylori
attachment to CD74, or crosslinking CD74 on gastric
epithelial cells, NF-κB activation occurs leading to IL-8
production[15]. Blocking this interaction with monoclonal
antibodies resulted in a substantial decrease in the amount
of IL-8 produced in response to H pylori. Other bacterial
factors that induce inflammatory responses are HSP60,
which was shown to induce IL-8 through Toll-like
receptor pathways[57], and urease, which induced responses
from both gastric epithelial cells and peripheral blood
mononuclear cells [49]. The cytokine responses, in turn,
recruit other immune cells to the site of infection such as
IL-8, which is one of the initial chemokines that recruits
neutrophils to the site of infection. Neutrophils are then
activated by H pylori or its soluble products, and proceed
to release reactive oxygen species (ROS) and more IL-8[61],
which lead to tissue damage associated with infection.

THE IMPACT OF H PYLORI ON THE GASTRIC
EPITHELIUM
Cell turnover rate
Another response of GECs to infection is enhanced
proliferation. In order to balance the increased growth of
epithelial cells, the host must compensate by increasing
epithelial cell turnover. One mechanism to account for
epithelial cell turnover is increased cell death. Apoptosis
provides a highly regulated mechanism for cell loss in both
healthy and inflamed tissue. In the digestive tract, apoptosis
has been described as being important in the control of
normal epithelial cell turnover while it is increased in the
gastric epithelium during infection with H pylori[62,63]. The
rate of apoptosis induction may be regulated by exogenous
cytokines and growth factors. For example, we have shown
that IFN-γ can directly augment the ability of H pylori to
induce apoptosis of GECs[50]. An indirect effect of IFN-γ
is its ability to induce an increased expression of putative
receptors (i.e., class Ⅱ MHC and CD74) for H pylori. Our
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Figure 3 H pylori induces chronic
inflammation leading to either ulceration
or malignant outgrowths.
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studies have shown that H pylori induces the expression of
class Ⅱ MHC and CD74[50,64], and another study showed
that H pylori induces yet another receptor, sialyl-Lex, on
GEC[65].
Other cytokines and chemokines induced by H pylori
may also play a role in inducing GEC proliferation.
MIF, which is produced by GEC in response to CagA
injection[60], and may be produced by macrophages and T
cells during infection[66] can induce GEC proliferation. MIF
affects proliferation by inactivating p53 tumor suppressor
gene and inducing proliferative signaling such as ERK1/2
activation. Additionally, IL-8 has recently been shown to
promote GEC proliferation by accelerating the processing
of EGFR ligands, which bind and induce transactivation
of the receptor[67]. In one study administering nonsteroidal
anti-inflammatory drugs was capable of decreasing GEC
proliferation in the mouse model[68], further suggesting a
role for pro-inflammatory cytokines in cell turnover during
H pylori infection.
ROS and DNA damage
The prevalence of IL-8 produced by the gastric epithelium
at the site of infection results in the infiltration of
neutrophils. H pylori soluble factors activate neutrophils[69],
which go on to produce reactive oxygen species (ROS).
Gastric epithelial cells have also been shown to produce
ROS in response to H pylori[70]. Interestingly, H pylori appear to
be resistant to the antimicrobial action of ROS. However,
ROS may also induce DNA damage in the epithelium,
which leads to apoptosis. Since ROS production appears to
be dependant on bacterial load[71], it also may be correlated
to the amount of damage to the epithelium. When there
is a lower bacterial load, the balance between oxidants and
antioxidants in the gastric mucosa is disrupted at levels
not high enough to induce apoptosis. The risk of DNA
damage from ROS is high, and thereby may lead to procarcinogenic events.
Overview of the impact of H pylori on pathogenesis
The interactions of H pylori with the host are a complex
series of events that induce pathogenesis while allowing
the bacterium to persist. Only about 20% of the bacteria
are bound to the epithelium via multiple adhesions at
any given time[72]. Attachment to the epithelium, along
with multiple virulence factors, induce proinflammatory
immune responses. These responses can affect host cell
viability and lead to one of two mutually exclusive events.
Either excess gastric acid is produced leading to ulceration,

or chronic inflammation induces atrophy of the stomach
wall and malignant outgrowths (Figure 3). The unique
and persistent interactions of H pylori with the host, along
with 50% worldwide infection rates, make it a significant
pathogen that induces considerable disease.

SUMMARY
While a significant volume of knowledge has been
acquired during the last decade to help us understand how
H pylori causes disease, there is still no available vaccine
that is effective against this pathogen. H pylori’s ability
to maintain its long-term residence in a broad segment
of humankind is in large part due to the subversion of
common structures on the host cells for its interactions.
As with most infectious agents, adhesion to host cells is
a crucial step in colonization. Attachment is facilitated
by various structures or adhesins on the bacteria which
include BabA, SabA, HopZ, AlpA/B, and urease. These
adhesins bind to carbohydrate moieties on blood group
antigens, as is the case of BabA and SabA binding to
Lewis antigen, or to proteins of central importance to the
host response, such as urease binding to class Ⅱ MHC and
CD74. These interactions are important to characterize in
detail as they may offer insights into novel prophylactic or
therapeutic agents directed at H pylori-associated diseases.
Following colonization, H pylori employs virulence
factors, such as the cagPAI type Ⅳ secretion system
and a vacuolating cytotoxin to exert damage on the host
epithelium and to alter the host immune response. The
ability of VacA to disrupt endosomal traffic and thus
alter antigen presentation, together with its ability to
arrest T cell cycle progression, makes VacA an important
virulence factor that could contribute to the establishment
of chronic infection. As we understand the mechanisms
that contribute to the long term residence of H pylori in
the human stomach, we will be better able to prevent the
chronicity that underlies the development of the serious
diseases associated with this infection.
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Abstract
Crohn’s disease (CD) and ulcerative colitis (UC) are
chronic inflammatory disorders of the gastrointestinal
tract that share clinical and pathological characteristics.
The most accredited hypothesis is that both CD and UC
result from a deregulated mucosal immune response
to normal constituents of the gut microflora. Evidence,
however, indicates that the main pathological processes
in these two diseases are distinct. In CD, the tissuedamaging inflammatory reaction is driven by activated
type 1 helper T-cell (Th1), whereas a humoral response
predominates in UC. Consistently, a marked accumulation
of macrophages making interleukin (IL)-12, the major
Th1-inducing factor, is seen in CD but not in UC mucosa.
Preliminary studies also indicate that administration of
a monoclonal antibody blocking the IL-12/p40 subunit
can be useful to induce and maintain clinical remission
in CD patients. Notably, the recently described IL-23
shares the p40 subunit with IL-12, raising the possibility
that the clinical benefit of the anti-IL-12/p40 antibody
in CD may also be due to the neutralization of IL-23
activity. This review summarizes the current information
on the expression and functional role of IL-12 and IL12-associated signaling pathways both in patients with
CD and experimental models of colitis, thus emphasizing
major differences between IL-12 and IL-23 activity on
the development of intestinal inflammation.
© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Inflammatory bowel disease (IBD) is the general term
indicating Crohn’s disease (CD) and ulcerative colitis (UC),
two chronic inflammatory disorders of the intestine that
have different morphological, immunological and clinical
characteristics. The etiology of IBD is unknown, but
evidence has been accumulated to show that the liability to
develop CD or UC is influenced by a wide range of genetic
and environmental factors, which have been only in part
characterized. Over the last recent years, it has also become
evident that both CD and UC are caused by excessive
immune reactivity in the gut wall, and that this is directed
against normal constituents of the luminal flora. However,
CD and UC are immunologically different diseases, even
though they share end-stage effector pathways of tissue
damage. These advances led to the development of novel
therapeutic agents that are currently being studied for their
capacity to specifically target the mucosal inflammatory
pathways occurring in IBD patients.

IL-12 and Th1 cytokines in CD
In both CD and UC, the inflamed tissue is heavily
infiltrated with leukocytes, mostly T lymphocytes. These
cells are activated and make increased amounts of
cytokines, which are thought to have a primary role in
promoting the disease process. Using sensitive assays,
several authors have shown that CD and UC have distinct
profiles of cytokine production. While in CD there is
a predominant synthesis of type 1 helper T-cell (Th1)
cytokines, including IFN-γ and TNF-α, Th2 cytokines,
such as IL-5 and IL-13, are considered to have a more
prominent role in UC[1,2]. T-lamina propria lymphocytes
(T-LPL) isolated from the inflamed colon of UC patients
also make more IFN- γ than normal T-LPL following
in vitro activation with anti-CD3/CD28 antibodies [1] .
Therefore, the classic Th1-Th2 paradigm seems to be
overly simplistic, and there is now sufficient evidence to
believe that these two pathways can co-exist rather than
being mutually exclusive in the human gut.
The discover y that IFN- γ -secreting T-LPL are
abundant in CD mucosa has paved the way for studies
in which the switch that controls the differentiation of
such cell type was investigated. This research led to the
demonstration that in CD mucosa there is increased
production of IL-12, the major Th1-inducing factor in
man [3,4]. IL-12 is a heterodimeric cytokine composed
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of two covalently linked subunits (p40 and p35) and
synthesized by monocytes/macrophages/dendritic cells[5].
Transcripts for both IL-12 subunits have been detected in
gastric and intestinal mucosa of patients with CD[3,6]. In
addition, it was shown that lamina propria mononuclear
cells isolated from intestinal mucosal areas of CD, but not
UC, patients released in vitro functionally active IL-12, and
that neutralization of endogenous IL-12, in CD mucosal
cell cultures, resulted in a significant decrease in the
number of IFN-γ-producing cells[3,4].
IL-12 mediates its biological activities through
a receptor composed of two subunits, β 1 and β 2 [5] .
Although both subunits are required to form a functional
receptor, β2 appears to be crucial in controlling Th1 cell
lineage commitment[7,8]. Consistently, high expression of
IL-12Rβ2 has been described in various Th1-mediated
diseases, as well as in CD T-lamina propria lymphocytes
(T-LPL) [9-11] . Additionally, CD mucosal lymphocytes
express high levels of active STAT-4, a transcription
factor that is activated by IL-12R signals and is necessary
to promote the induction of IL-12-driven Th1-associated
genes [11]. Notably, T cells from STAT-4-deﬁcient mice
manifest impaired IFN-γ production in response to IL-12
and are unable to efficiently promote the development
of colitis when transferred in immunodeﬁcient mice[12].
On the other hand, studies in mice over-expressing
STAT-4 revealed that such animals developed colitis that
is characterized by the presence of a diffuse inﬁltration of
Th1 cytokine-secreting cells in the intestinal wall[13].
While IL-12 appears to be sufficient to trigger the
Th1 cell program in naïve T cells, the expansion and
maintenance of Th1 cell response in the gut would
require additional signals (Figure 1). Indeed, the IL-12induced synthesis of IFN-γ by intestinal lamina propria
T lymphocytes can be enhanced by cytokines that signal
through the common γ -chain receptor, such as IL-7,
IL-15 and IL-21[14,15]. Additionally, in CD mucosa, there
is an enhanced production of biologically active IL-18, a
cytokine involved in perpetuating Th1 cell responses[16,17].
Immunohistochemical analysis has localized IL-18 to both
lamina propria mononuclear cells and intestinal epithelial
cells. In these cells, the expression of IL-18 is invariably
associated with active subunits of IL-1 β -converting
enzyme, a molecule capable of cleaving the precursor form
of IL-18 to the active protein[16,17]. Moreover, functional
studies showed that down-regulation of IL-18 expression
in cultures of CD lamina propria mononuclear cells by
specific IL-18 antisense oligonucleotides significantly
inhibited IFN-γ synthesis, further supporting the concept
that IL-18 serves as a strong costimulatory factor of IL12-driven Th1 responses [16]. A newly discovered TNFsuperfamily cytokine (TL1A) has also been involved in
initiating or promoting the Th1 response in CD as well as
in experimental models of IBD[18,19]. Another protein that
could contribute to the ongoing Th1 immune response
in CD is osteopontin, a 60 kDa phosphoprotein, that is
highly expressed in epithelial cells and macrophages in CD
and shown to increase IL-12 production in CD mucosal
cells[20].
An analysis of transcription factors expressed in
Th1 vs Th2 cells led to the discovery of T-bet, a novel

			

5607

APC

IL-23

TLA1
IL-7
IL-15
IL-18
IL-21

IL-12

Th1
Th1

Th1
Th0

Th1

Th1

Th1

Th1
Th1

Figure 1 Some putative mechanisms implicated in the induction and expansion
of Th1 cells in the gut of patients with Crohn’s disease. Cytokines produced by
antigen presenting cells, such as IL-23 and IL-12, promote the differentiation of
Th1 cells. The expansion and mucosal accumulation of this cell subtype are then
sustained by additional molecules, such as IL-18, IL-7, IL-15, IL-21 and TL1A.

member of the T-box family of transcription factors.
T-bet drives chromatin remodelling of the IFN-γ locus
and up-regulates IL-12Rβ2 chain. Therefore, its expression
strictly correlates with the differentiation of Th1 cells[21].
As expected, T-bet is markedly over-expressed in CD4+
T-LPL of patients with CD and it associates with a
reduced expression of GATA-3, a transcription factor that
governs Th2 cell polarization[22].
The molecular mechanisms underlying T-bet induction
are not fully understood, even though there is evidence
that cytokines that activate STAT1, such as IFN-γ and
IL-21, may positively regulate T-bet expression. In line
with these obser vations, neutralization of IL-21 in
cultures of CD mucosal T cells is followed by a decreased
expression of T-bet and secretion of IFN-γ[15].

Regulation of IL-12 production
A critical question remains as to what induces IL-12 in
CD gut and which mechanisms are in place to regulate
IL-12 production. IL-12 is produced by antig enpresenting cells mostly in response to bacteria or bacterial
products/components[5]. Since the development of Th1mediated colitis both in humans and mice requires the
presence of gut microbiota, it is conceivable that IL-12
production is driven by luminal bacteria. Indeed, it was
shown that LPMC isolated from the inflamed intestine of
CD patients are hyper-responsive to sonicates of bacteria
from autologous intestine (BsA), and this phenomenon
associates with increased expression of activation markers
on both CD4+ and CD8+ lymphocyte subsets and
production of IL-12 and IFN-γ[23]. Consistently, both local
and systemic tolerance to BsA is broken in a murine model
of chronic intestinal inflammation induced by the hapten
reagent 2, 4, 6-trinitrobenzene sulfonic acid (TNBS), which
mimics several important characteristics of CD. Tolerance
to BsA is, however, restored in mice systemically treated
with antibodies to IL-12[24].
The reason why CD LPMC would respond to luminal
bacteria with enhanced production of IL-12 remains,
however, unclear. One possibility is that, in CD, LPMC
are primed to synthesize high levels of IL-12 by specific
stimuli. This hypothesis is sug gested by the recent
www.wjgnet.com
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observation that flagellin, a major antigenic target of
immune response associated with CD[25], can activate innate
immunity via Toll-like receptor 5 (TLR5), and instruct
dendritic cells to promote Th1 responses via IL-12p70
production[26]. Another possibility is that CD LPMC lack
negative regulators of bacteria-driven intracellular signals,
and therefore would respond to bacterial stimulation with
enhanced IL-12 synthesis. In line with this, it has recently
been shown that splenocytes of mice carrying on deletions
of CARD15, a gene whose mutations are associated with
CD, and encoding NOD2, respond to peptidoglycan
(PGN) stimulation with exaggerated activation of NF[27]
κB and production of IL-12 and IL-18 . According to
these data, NOD2 would function as a negative regulator
of IL-12 production mediated by PGN. Therefore, in the
absence of this negative regulation, PGN could elicit an
excessive NF-κB-dependent IL-12 response by mucosal
cells[28]. In the gut, NOD2 also regulates the production
of anti-bacterial peptides, such as defensin-5, by Paneth
cells[29]. Consistently, epithelial cells expressing mutated
NOD2 have a reduced capacity to restrict proliferation of
bacterial pathogens in monolayer cultures[30], raising the
possibility that CARD15 mutations could facilitate the
colonization of the intestine with bacteria that eventually
sustain macrophage/dendritic cell activation and enhance
IL-12-driven Th1 cell responses. Whether this explanation
really fits with the mucosal IL-12 synthesis in CD patients
with mutations remains, however, unknown, as no study
has yet analyzed whether intestinal mucosal cells of CD
patients with CARD15 mutations make in vivo more IL-12
than those of CD patients without CARD15 mutations.

IL-12-induced T cell response leads
to mucosal destruction in human
fetal gut
Taken together, the above data suggest that the IL-12driven Th1 signaling pathway can be important in immunemediated injury in the gut. This is also substantiated by
observations made in ex vivo models of T cell-mediated
gut inflammation. By using human fetal gut explants, we
previously showed that activation of T-LPL by anti-CD3
and IL-12 resulted in a strongly Th1-biased response that
was followed by severe tissue injury, with destruction of
the mucosa. Furthermore, analysis of explants culture
supernatants revealed that stimulation of fetal gut tissues
with anti-CD3 and IL-12 increased the production of
matrix metalloproteinase 1 (MMP-1, collagenase) and
MMP-3 (stromelysin 1), while the synthesis of tissue
inhibitors of MMP-1 and 2 remained unchanged [31] .
Stromelysin 1 has a broad substrate specificity, being
capable of degrading proteoglycans, laminin, fibronectin,
collagen core protein, and non-helical cross-linked regions
of type IV collagen. Stromelysin 1 has, therefore, the
potential to destroy the structure of the intestinal lamina
propria, thereby removing the scaffolding on which the
epithelium lies. Indeed, abundant stromelysin 1 has been
found in the mucosa of patients with CD, particularly near
ulcers[32]. Notably, the addition of a stromelysin 1 inhibitor
to the IL-12-stimulated fetal gut organ culture prevented
www.wjgnet.com
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the tissue damage without altering T cell activation.
Similarly, a p55 TNF receptor human IgG fusion protein
was able to prevent the mucosal degradation and inhibit
stromelysin 1 production, thus suggesting that TNF-α is a
key mediator of the IL-12-induced tissue damage[31].

B loc k a d e o f I L - 1 2 f a cilit a t e s
the resolution of Th1-mediated
inflammation in the gut
The role of IL-12 in the mucosal inflammation in patients
with CD is also supported by the demonstration that this
cytokine is produced in excess in experimental models of
Th1-induced colitis, such as the TNBS-induced colitis. Importantly, treatment of mice with antibodies to IL-12/p40
abrogates the TNBS-induced colitis, and the beneficial effect of such a treatment has been linked to the capacity of
the blocking antibody to enhance mucosal T cell apoptosis
through a FAS-dependent mechanism[33,34].
Consistently, a randomized controlled study of 79 CD
patients receiving 1 or 3 mg of an anti-IL-12p40 monoclonal antibody versus placebo demonstrated a response in
75% of CD patients compared with 25% in the placebo
group. These responses paralleled a decrease in downstream cytokines, including IFN-γ and TNF-α[35]. In subsequent studies, it was also shown that patients with CD
manifested both increased IL-12p70 and IL-23 secretion
before anti-IL-12p40 mAb treatment and normal levels of
secretion of these cytokines following cessation of treatment. Moreover, IL-23-induced T cell production of IL-17
and IL-6 was greatly reduced after IL-12 antibody treatment[36]. More recently, it has been shown that treatment
of active CD patients with two doses of Fontolizumab, an
anti-IFN-γ antibody, which interferes with Th1 polarization as well as activation of macrophages, monocytes and
natural killer cells, resulted in increased rates of clinical
response and induction of remission compared with placebo[37].

THE Emerging role of IL-23 in gut
inflammation
Whereas the central role of IL-12 in the generation of
IFN-γ-secreting cells has long been appreciated, recent
studies have shown that Th1 cell responses can also be
regulated by IL-23. Importantly, IL-23 shares with IL-12
the p40 subunit[38], and therefore, IL-23 biological activity is fully inhibitable by neutralising IL-12p40 antibodies.
This fact and the demonstration that IL-23 is up-regulated
in CD mucosa[39] raise the question whether the beneficial
effect of the blocking IL-12p40 antibody observed in
CD patients is due to the neutralization of IL-12 and/or
IL-23. Results from studies in mice with targeted deletion
of either the IL-12/p35 or IL-23/p19 subunit suggest the
possibility that IL-23 and not IL-12 is essential for manifestation of intestinal inflammation occurring in IL-10-deficient mice. The IL-23-driven intestinal inflammation appears to be mediated by the production of IL-17 and IL-6.
Moreover, administration of recombinant IL-23 acceler-
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ates the development of colitis in lymphocyte-deficient
recombinase-activating genes-knockout (RAG-KO) mice
after reconstitution with CD4+ T cells from interleukin10-knockout (IL-10-KO) mice[40]. Whether IL-23 plays a
similar role in other models of Th1-mediated colitis, such
as the TNBS-colitis, remains however unknown. Similarly,
it remains to be ascertained whether the deleterious effect
of IL-23 on the ongoing mucosal inflammation occurs
only in the absence of IL-10-related regulatory effects.
In conclusion, human IBD are thought to be caused by
a dysregulated T cell response directed against constituents of the intestinal bacterial microflora. In CD, such a
response is associated with an exaggerated production of
IL-12 and IFN-γ. There is also evidence that the recently
described IL-23 may drive the intestinal inflammation in
murine models of IBD, thus suggesting that strategies
aimed at specifically inhibiting the p19 subunit of IL-23
could be therapeutically useful in CD. Some observations
made in cell systems, however, suggest to be cautious before drawing any conclusion. In fact, it has been reported
that T-bet negatively regulates IL-17 production, thus promoting the shift of IL-17-producing cells towards a classical Th1 phenotype characterized by high IFN-γ[41]. Based
on these findings, it is conceivable that IL-23 may play a
determinant role in the early phase of T cell-mediated immune responses, thus leaving the place to IL-12/IFN-γ/
T-bet pathway in the late phase.
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Abstract
Recent evidence has highlighted the impact of glycemic
control on the incidence and progression of diabetic
micro- and macrovascular complications, and on
cardiovascular risk in the non-diabetic population.
Postprandial blood glucose concentrations make a
major contribution to overall glycemic control, and are
determined in part by upper gastrointestinal function.
Conversely, poor glycemic control has an acute,
reversible effect on gastrointestinal motility. Insights
into the mechanisms by which the gut contributes to
glycemia have given rise to a number of novel dietary
and pharmacological strategies designed to lower
postprandial blood glucose concentrations.
© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Diabetes and its long-term complications, which include cardiovascular, renal, neurologic, and ophthalmic disease, represent a major cause of morbidity and mortality throughout
the world[1]. The prevalence of both type 1 (insulin-dependant) and type 2 (non insulin-dependant) diabetes is increasing, the latter as a consequence of obesity. In the US, 29
million people and 14% of adults have diabetes or impaired
fasting glucose, of whom about a third are undiagnosed[2].
Similar figures are evident throughout the developed world[3].

Hyperglycemia is central to the pathogenesis of diabetic micro- and macrovascular complications [4]. There
is increasing evidence that postprandial hyperglycemia is
the major determinant of “average” glycemic control, and
represents an independent risk factor for macrovascular
disease, even in people without diabetes[5]. While the relative importance of individual determinants of the blood
glucose response to a meal remain to be clarified precisely,
it is clear that upper gastrointestinal motility has a major
impact that has generally been overlooked. Moreover,
postprandial glycemic control in turn has a profound effect on the motor function of the upper gut. Hence, blood
glucose concentration is determined by, as well as a determinant of, gastric and small intestinal motility[6].
The aims of this review are to examine (1) evidence
relating to the importance of postprandial, as opposed
to fasting, glycemia in the development and progression
of diabetic complications, (2) the contribution of upper
gastrointestinal function to postprandial blood glucose
concentrations, (3) the impact of variations in glycemia on
gastric and small intestinal motility, and (4) the therapeutic
strategies suggested by these insights.

Impact of postprandial glycemia
on complications of diabetes
The DCCT/EDIC and UKPDS trials established that the
onset and progression of microvascular, and probably macrovascular complications of diabetes, are related to “average”
glycemic control, as assessed by glycated hemoglobin[4,7,8].
This provides a rationale for the widespread use of intensive
therapy directed at the normalisation of glycemia. In the recently reported DCCT/EDIC study, a period of intensive, as
opposed to conventional, therapy for a period of 6.5 years
between 1983 and 1993 was shown to be associated with a
reduction in the risk of a subsequent cardiovascular event
by 42%[4]. Glycated hemoglobin is potentially influenced by
both fasting and postprandial blood glucose concentrations.
However, given that the stomach empties ingested nutrients
at a closely regulated overall rate of 2-3 kcal per minute[9,10]
and humans ingest around 2500 kcal daily, it is clear that most
individuals spend the majority of each day in either the postprandial or post-absorptive phase with a limited duration of
true “fasting” for perhaps three or four hours before breakfast[11]. Hence, the traditional focus on the control of “fasting”
blood glucose in diabetes management appears inappropriate.
It is well established that postprandial hyperglycemia
precedes elevation of fasting blood glucose in the
www.wjgnet.com
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evolution of diabetes[12]. Furthermore, it appears to be
the better predictor of coronary artery[13] and cerebrovascular [14] complications, and predicts all-cause and
cardiovascular mortality, even in the general population
without known diabetes[15]. Blood glucose values at two
hours during an oral glucose tolerance test are a better
predictor of mortality than fasting blood glucose[16], and
reduction in cardiovascular risk in patients with type 2
diabetes is associated with control of postprandial, as
opposed to fasting, glycemia [17]. For example, patients
with impaired glucose tolerance who were treated with the
α-glucosidase inhibitor acarbose, to reduce postprandial
glycemia, experienced a reduction in cardiovascular risk
of about a third compared to placebo during a mean
of three years follow-up[18]. Postprandial blood glucose
concentrations correlate well with glycated hemoglobin
in the setting of mild to moderate hyperglycemia[19], with
fasting blood glucose only assuming greater importance at
higher HbA1c values[20]. There is also evidence that therapy
directed towards lowering postprandial blood glucose
concentrations may have a greater impact on HbA1c than
attention to fasting blood glucose[21].
Hyperglycemia potentially has diverse effects on blood
vessels. In the short term, hyperglycemia is associated with
activation of protein kinase C, which affects endothelial
permeability, cell adhesion, and proliferation in the vessel
wall. Over the longer term, non-enzymatic glycosylation
of proteins results in atherosclerosis [22] . Elevated
postprandial blood glucose concentrations are associated
with an increase in plasma biochemical markers of
oxidative stress[23,24]. However, to what degree hyperglycemia
per se accounts for this effect, as opposed to concurrent
elevations of non-esterified fatty acids and triglycerides,
remains to be elucidated[25].

Contribution of upper gastrointestinal function to postprandial
glycemia
Postprandial blood glucose levels are potentially affected
by a number of factors, including pre-prandial blood
glucose concentration, food properties such as viscosity,
fibre content, and quantity and type of carbohydrate,
gastric emptying, small intestinal delivery and absorption
of nutrients, insulin secretion, hepatic glucose metabolism,
and peripheral insulin sensitivity[26]. The relative importance
of these factors is likely to vary with time after a meal, and
between healthy subjects and patients with type 1 or type
2 diabetes. While it is logical that the gastrointestinal tract,
which controls the rate at which ingested carbohydrate
is absorbed and releases peptides that stimulate insulin
secretion, should have a major impact on postprandial
glycemia, its role has frequently been overlooked and
generally underestimated in the past. The rate of gastric
emptying is now established as a major contributor
to variations in glycemia, while the influence of small
intestinal motor function represents a current research
focus.
Gastric emptying
Gastric emptying accounts for at least 35% of the variance
www.wjgnet.com
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Figure 1 Relationship between the blood glucose concentration 10 min after
consuming 75 g glucose in 300 mL water, and the gastric half-emptying time (T50)
in patients with type 2 diabetes (open squares, r = -0.67, P < 0.005) and healthy
subjects (filled circles, r = -0.56, P < 0.05). Adapted from Jones et al 1996[28].

in the initial rise as well as the peak blood glucose levels
after an oral glucose load in both healthy individuals[27] and
patients with type 2 diabetes[28] (figure 1). Pharmacological
slowing of gastric emptying by morphine reduces the
postprandial glycemic response to a mixed meal in type
2 patients, whilst acceleration of gastric emptying by
erythromycin (a motilin agonist) increases postprandial
blood glucose concentrations (figure 2). Here, differences
in peak blood glucose values are more marked than those
in the area under the blood glucose curve[29]. In type 1
patients the glycemic response to a meal, and therefore
the requirement for exogenous insulin, is also critically
dependent on the rate of gastric emptying. Here, when
emptying is slower, the insulin requirement to achieve
euglycemia is less[30].
In health, gastric emptying is modulated by feedback
arising from the interaction of nutrients with the small
intestine, so that the overall rate of gastric emptying is
closely regulated at about 2-3 kcal per minute[9]. Infusion
of a caloric load directly into the small intestine slows
gastric emptying by a mechanism that includes relaxation
of the gastric fundus, suppression of antral motility,
and stimulation of phasic and tonic pressures in the
pylorus[31,32]; the latter acts as a brake to gastric outflow.
The length of small intestine exposed to nutrient appears
to be the primary determinant of the magnitude of the
feedback response [33,34]. Both transection of duodenal
intramural nerves[35], and suppression of the release of
small intestinal peptides by the somatostatin agonist,
octreotide [36] , accelerate the emptying of nutrient
liquids, indicating the involvement of both neural and
humoral mechanisms in mediating feedback from the
small intestine. Glucagon like peptide-1 (GLP-1), which
suppresses antral and duodenal motility and stimulates
pyloric contractions[37-39], probably represents one such
humoral mediator, and the slowing of gastric emptying by
this peptide appears likely to be the major mechanism by
which its administration improves postprandial glycemia
in patients with type 2 diabetes[40]. While the contribution
of endogenous GLP-1 in regulating gastric emptying
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Figure 2 Effects of erythromycin (200 mg iv, filled circles) and morphine (8 mg iv, open squares) compared to placebo (open triangles) on (A) solid and (B) liquid gastric
emptying and (C) blood glucose concentration in 9 patients with type 2 diabetes. aP < 0.05, bP < 0.01 vs placebo. Adapted from Gonlachanvit et al 2003[29].

remains to be clarified (i.e. the “physiological” as opposed
to “pharmacological” action), a recent study using the
GLP-1 antagonist, exendin (9-39) amide, confirmed that
endogenous GLP-1 mediates the suppression of antral
motility and stimulation of pyloric pressures induced by
the presence of glucose in the small intestine[38].
It has long been recognised that oral or enteral
administration of glucose results in a much greater insulin
response than an equivalent intravenous glucose load[41-44],
a phenomenon referred to as the “incretin” effect. The
putative incretin peptides, GLP-1 and glucose-dependent
insulinotropic polypeptide (GIP), are released from the
small intestine in response to nutrients[45], apparently in a
load-dependent fashion[46]. Therefore, the rate of delivery
of carbohydrate from the stomach into the small intestine
is likely to be critical in determining not only the rate
of glucose absorption, but also the incretin response.
Although GIP is the more potent of the two hormones
in healthy individuals[47], the insulinotropic effect of GIP
appears to be markedly diminished in patients with type 2
diabetes, while the insulin response to GLP-1 is retained[45].
This forms a rationale for the therapeutic use of GLP-1
and its analogs in the management of type 2 diabetes (to
be discussed). There is limited evidence that type 2 diabetes
is associated with an impaired GLP-1 response to oral
glucose[48], but to what degree delayed gastric emptying,
which occurs frequently in type 2 patients[49], accounts for
this decrease in GLP-1 has not been evaluated.
In considering the potential impact of gastric emptying
on postprandial glycemia, the initial rate of glucose entry
into the small intestine (“early phase” of gastric emptying)
may be particularly important [50] . Type 2 diabetes is
characterised by a reduced “early”, and frequently
increased “late”, postprandial insulin response. Studies
in rodents have established the importance of “early”
insulin release as a determinant of postprandial glucose
excursions, in that a small “early” increase in portal vein/
peripheral blood insulin is more effective than a larger,
“later” increase at reducing blood glucose levels [51]. A
recent study involving both healthy subjects and type 2
patients, established that modest physiological variations in
the initial rate of small intestinal glucose entry have major
effects on the subsequent glycemic, insulin and incretin
responses (figure 3)[52]. Nevertheless, while initially rapid,
and subsequently slower, duodenal glucose delivery can
boost incretin and insulin responses when compared to

constant delivery of an identical glucose load, the overall
glycemic excursion is, if anything, greater[52], and certainly
not improved[53]. This evidence adds to the rationale for the
use of dietary and pharmacological strategies designed to
reduce postprandial glycemic excursions by slowing gastric
emptying, rather than initially accelerating it. However, the
“dose-response” relationship between duodenal glucose
delivery and glycemia remains to be clearly determined.
Small intestinal glucose absorption
The gut lumen is the site of absorption of glucose from
the external environment into the body, as well as being
the source of the incretin peptides that drive much of
the postprandial insulin response. Thus, it is logical that
variations in small intestinal function should be a major
determinant of postprandial glycemia. Nevertheless, there
is little information about the impact of small intestinal
motility and absorptive function on glycemia, at least in
part because of the technical demands in studying this
region of gastrointestinal tract[6,54].
The large surface area of the small intestine is well
suited to absorption of water and solutes. Perfusion
studies in healthy humans have established that the
proximal jejunum has a maximal absorptive capacity
for glucose of approximately 0.5 g per minute per 30
cm[55-57]. Small intestinal mucosal hypertrophy occurs in
animal models of diabetes, with concomitant increases in
glucose absorption, but this is rapidly reversed by insulin
treatment[58]. However, acute hyperglycemia does result
in transient increases in intestinal glucose absorption
in rodents [59-61]. The few studies performed in humans
with type 1[62] “insulin-requiring”[63], or type 2[64] diabetes
have not demonstrated increased small intestinal glucose
absorption, other than one report of increased absorption
at high luminal glucose concentrations [65] . Attention
was paid to maintaining euglycemia in at least one of
these studies [63]. However, there is a recent report of
increased expression of monosaccharide transporters in
humans with type 2 diabetes[66], the clinical significance
of which remains to be clarified. One human study failed
to demonstrate an effect of marked hyperglycemia
(14 mmol/L) on jejunal glucose absorption in healthy
subjects [63], although a relationship has been observed
between more physiological postprandial blood glucose
concentrations (less than 10 mmol/L) and the absorption
of the glucose analog, 3-O-methylglucose, in healthy
www.wjgnet.com
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Figure 3 Effect of initially more rapid intraduodenal
glucose infusion (3 kcal/min between t = 0 and
15 min and 0.71 kcal/min between t = 15 and
120 min) (closed symbols) compared to constant
infusion (1 kcal/min between t = 0 and 120 min)
(open symbols) in healthy subjects (triangles) and
patients with type 2 diabetes (circles) on (A) blood
glucose, (B) plasma insulin, (C) plasma GLP-1,
and (D) plasma GIP. Each pair of curves differs
between 0 and 30 min for variable vs constant
intraduodenal infusion (P < 0.05). Adapted from
O’Donovan et al 2004[52].
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subjects and patients with type 1 diabetes [67] . Hence,
the effect of transient hyperglycemia on small intestinal
glucose absorption remains uncertain.
Given that an upper limit exists for absorption of
glucose across the small intestinal mucosa, it is logical
that patterns of intestinal motility which serve to spread
luminal glucose over a large surface area could promote
glucose absorption. Furthermore, certain motor patterns
could facilitate mixing of complex carbohydrates with
digestive enzymes, and their exposure to brush border
disaccharidases. Thus, when glucose is infused directly
into the duodenum, its rate of absorption increases with
the number of duodenal pressure waves and propagated
pressure wave sequences[54,67]. Further insights into the
effects of luminal flow on glucose absorption are likely
to require additional techniques, such as intraluminal
impedance measurement, in which inferences can be
made regarding movement of fluid boluses by measuring
changes in electrical impedance between sequential pairs
of intraluminal electrodes. A preliminary study in healthy
humans using this technique indicates that pharmacological
suppression of intraduodenal flow with an anticholinergic
agent is associated with delayed absorption of luminal
glucose[68]. These observations are likely to be of relevance
to patients with type 1 diabetes mellitus, who demonstrate
an increased frequency of small intestinal pressure waves
in the postprandial state[67].
The region of small intestine that is exposed to
carbohydrate is also likely to be a determinant of the
glycemic response. GLP-1 is released from intestinal L
cells, whose concentration is greatest is the distal jejunum,
with fewer L cells located in the proximal jejunum, ileum,
and colon[69]. In humans, it is unclear whether nutrients
must interact directly with L cells to stimulate GLP-1
release. A neural or endocrine loop between the duodenum
and the more distal small bowel has been postulated[70],
but remains unproven. The lack of a GLP-1 response
when glucose is infused into the duodenum below a
certain dose (1.4 kcal/min)[71] would be consistent with the
concept of complete absorption of the glucose load high
www.wjgnet.com
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in the small intestine, precluding significant interaction
with L cells, although other investigators have reported
a GLP-1 response even with 1 kcal/min intraduodenal
glucose infusion [52]. Nevertheless, GLP-1 responses to
meals are enhanced following intestinal bypass procedures
that promote access of nutrients to more distal small
intestine [72-75], while inhibition of sucrose digestion in
the proximal small intestine with acarbose increases the
GLP-1 response[76], presumably by facilitating more distal
interaction of the intestine with glucose. It follows that
dietary modifications that favor exposure of more distal
small intestinal segments to glucose could reduce glycemic
excursions by stimulating GLP-1 release. Furthermore, a
major action of both GLP-1 and peptide YY, which is also
released from L cells, is to retard gastric emptying, thus
slowing any further entry of carbohydrate to the small
intestine[77].

Impact of variations in glycemia
on upper gut motility
Acute changes in the blood glucose concentration are
now recognised to have a major, reversible impact on the
motor function of every region of the gastrointestinal
tract. This may in part account for the poor correlation
of upper gastrointestinal dysfunction in diabetes with
evidence of irreversible autonomic neuropathy, to which
it has traditionally been attributed [78]. When compared
to euglycemia (4-6 mmol/L), gut motility is modulated
through the range of blood glucose concentrations from
marked hyperglycemia (greater than 12 mmol/L), through
“physiological” blood glucose elevation (8-10 mmol/L), to
insulin-induced hypoglycemia (less than 2.5 mmol/L), and
effects are observed rapidly (within minutes), although the
thresholds of response may differ between gut regions[6].
The mechanisms mediating the effects of acute changes
in the blood glucose concentration are poorly defined,
and the potential impact of chronic, as opposed to acute,
variations in glycemia on gastrointestinal motility has
hitherto received little attention. Nevertheless, it is clear
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Figure 4 Solid and liquid gastric emptying in (A) healthy subjects and (B) patients
with type 1 diabetes mellitus during euglycemia (blood glucose 4 mmol/L) and
“physiological” hyperglycemia (blood glucose 8 mmol/L). Adapted from Schvarcz
et al 1997[82].

that gut motor function and postprandial glycemia are
highly interdependent variables.
Gastric motility
Marked hyperglycemia (16-20 mmol/L) slows both solid
and nutrient liquid emptying in patients with type 1
diabetes when compared to euglycemia (5-8 mmol/L)[79]; in
type 2 patients, cross-sectional data also indicate an inverse
relationship between the blood glucose concentration
and the rate of gastric emptying[49]. Conversely, gastric
emptying is accelerated by acute hypoglycemia induced
by insulin (2.6 mmol/L) in healthy subjects[80] and type
1 patients, even when emptying is slower than normal
during euglycemia[81]. In type 1 diabetes, as well as healthy
volunteers, elevation of blood glucose to “physiological”
postprandial levels (8 mmol/L) also slows gastric emptying
when compared to euglycemia (4 mmol/L)[82] (Figure 4).
The magnitude of the effects of glycemia on the rate of
gastric emptying is substantial, and has implications for
absorption of orally administered medications, including
oral hypoglycemic agents [83] , as well as impacting on
carbohydrate absorption.
The rate of gastric emptying is determined by the
coordinated activity of various regions of the stomach
and proximal small intestine[84]. The proximal stomach
acts as a reservoir for solids and generates tonic pressure
to facilitate liquid emptying. The distal stomach grinds
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and sieves solids and pumps chyme across the pylorus,
predominantly in a pulsatile manner, while phasic and
tonic pyloric pressures, and duodenal contractile activity
act as a break to gastric outflow. The timing of antral
contractions is controlled by an electrical slow wave,
with a frequency of about 3 per minute, generated by
the interstitial cells of Cajal[85]. During fasting, cyclical
activity of gastric motility is observed, with a periodicity
of about 90 min, characterised by irregular contractions
of increasing frequency (phase Ⅱ), and a brief (5-10 min)
period of regular contractions at the rate of 3 per minute
(phase Ⅲ) during which indigestible solids empty from the
stomach, followed by motor quiescence (phaseⅠ). Acute
hyperglycemia is associated with diminished proximal
gastric tone[86-88], suppression of both the frequency and
propagation of antral pressure waves[89-92], and stimulation
of pyloric contractions[93] -a motor pattern associated with
slowing of gastric emptying. The frequency of the gastric
slow wave is also disturbed[94]. The suppression of antral
motility is observed at blood glucose concentrations as
low as 8 mmol/L[89,91]; the threshold appears higher in the
proximal stomach[95]. Hyperglycemia also attenuates the
prokinetic effects of erythromycin in both healthy subjects
and type 1 patients[96,97], at least in part by inhibiting the
stimulation of antral waves and coordinated antroduodenal
pressure sequences [98]. This effect is of considerable
importance, since the action of other prokinetic drugs is
also likely to be impaired during hyperglycemia, although
this issue has not been specifically examined.
Small intestinal motility
As in the stomach, fasting small intestinal motility is
cyclical, and characterised by phasesⅠto Ⅲ, the latter with
a frequency of 9 to 12 per minute. This “migrating motor
complex” (MMC) propagates aborally along the small
intestine, and serves to “sweep” the lumen of indigestible
debris. After a meal, the MMC is interrupted by irregular
contractions propagated over short distances, which
facilitate digestion and absorption of nutrients.
In healthy subjects during hyperglycemia (10 mmol/L),
the duodenum becomes less compliant (more “stiff ”) to
balloon distension, while distension stimulates a greater
number of phasic pressure waves, when compared to
euglycemia [99]. Both phenomena could contribute to a
duodenal “brake” to gastric emptying. More marked
hyperglycemia (12-15 mmol/L) reduces the cycle length
of the MMC[100], the frequency of duodenal and jejunal
pressure waves, and the duration of the postprandial
period (early return of phase Ⅲ activity), and slows
small intestinal transit[101]. These alterations in function
could have implications for absorption of nutrients and
medications, alteration in bowel habit, and the occurrence
of small intestinal bacterial overgrowth in diabetes[102].
However, other than suppression of proximal duodenal
wave frequency [103], there is limited information about
the effects of hyperglycemia on small intestinal motor
function in patients, as opposed to healthy volunteers.
Mechanisms mediating the effects of hyperglycemia on
gastric and small intestinal motility
Most information about the etiology of gastrointestinal
dysfunction in diabetes relates to the effects of
www.wjgnet.com
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longstanding diabetes rather than acute, reversible changes
that could relate to transient hyperglycemia[104]. Rodent
models of diabetes have demonstrated marked apoptosis
of enteric neurons [105], affecting nitrergic (inhibitory)
neurons in particular[106], and loss of interstitial cells of
Cajal [107]. The latter are also deficient in humans with
diabetes and severe gut symptoms [108]. Hyperglycemia
appears to be responsible for apoptosis of enteric
neurons[109], but the latter would seem unlikely to mediate
changes that are evident within minutes, rather than days
or weeks. Enteric neurons sensitive to changes in glucose
have been identified [110], although their responsiveness
to systemic, as opposed to luminal glucose remains
unclear. Vagal nerve function is reversibly inhibited by
acute hyperglycemia [111,112] , and this may account for
some of the observed phenomena. Hyperinsulinemia is
unlikely to explain the observed effects, particularly as
they are seen in type 1 (insulin deficient) as well as type 2
and healthy subjects. Studies are indicated to determine
whether reversible changes in nitrergic or serotonergic
neurotransmission occur with variations in glycemia.

Therapeutic strategies directed at
minimising postprandial glycemia
The major impact of gastrointestinal function on the
glycemic response to meals, as outlined above, suggests a
number of logical, and in many cases complimentary, strategies to lower postprandial blood glucose concentrations
(Table 1). These include (1) minimising the carbohydrate
content, or substituting low- for high-glycemic index foods
in meals, (2) slowing gastric emptying, even in individuals
with modest delays in emptying provided they remain free
of symptoms, (3) inhibiting the absorption of carbohydrate from the small intestine, or delaying its absorption to
more distal small intestinal segments, and (4) augmenting
the incretin response. Many approaches fulfill a number
of these aims concurrently. Most studies relating elevated
postprandial glycemia with cardiovascular risk have evaluated blood glucose 2 h after a meal[113], suggesting that
lowering peak blood glucose may be an appropriate target. Nevertheless, the glycated hemoglobin relates closely
to the integrated mean blood glucose (i.e. area under the
curve) over 24 h, albeit with a curvilinear rather then linear
relationship[114], so reducing the total area under the blood
glucose excursion over several hours after a meal may also
be an important goal. It should be noted that strategies
for individuals with impaired glucose tolerance or type 2
diabetes managed without exogenous insulin, particularly
those involving slowing of gastric emptying, may not be
applicable to type 1 and insulin-requiring type 2 patients, in
whom the goal should be to coordinate the absorption of
carbohydrate with the action of exogenous insulin, which
in some cases may involve accelerating gastric emptying, if
it is already delayed[115].
Carbohydrate content and glycemic index
Low-carbohydrate diets were the mainstay of treatment
for diabetes in the pre-insulin era[116]. The outcome of
the Nurses’ Health Study is indicative of a relationship
between both cardiovascular risk and the incidence
of diabetes with dietary glycemic load [117]. Short-term
www.wjgnet.com
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Table 1 Therapeutic strategies directed at minimizing
postprandial glycemia
Strategy

Examples

Alter carbohydrate in diet

Low-carbohydrate diets
Low glycemic index carbohydrates

Slow gastric emptying

High fiber diets
Fat “preloads”
Low glycemic index carbohydrates
Acarbose
GLP-1 analogs and DPP-IV inhibitors
Pramlintide

Inhibit small intestinal
carbohydrate absorption

Acarbose
High fiber diets
Low glycemic index carbohydrates

Augment the incretin response GLP-1 analogs and DPP-IV inhibitors
Acarbose
Fat “preloads”
? Low glycemic index carbohydrates

studies indicate the potential for low-carbohydrate diets
to improve 24 h glycemia and glycated hemoglobin in
patients with type 2 diabetes[118], including those failing
conventional treatment with diet and a sulfonylurea[119].
In medium- to long-term studies, substituting protein
for carbohydrate improved glycemia in overweight
hyperinsulinemic subjects[120], while a low-carbohydrate diet
improved fasting glucose over 6 mo in type 2 patients, with
glycemic benefits maintained at 1 year, when compared
to a low-fat diet[121,122]. The magnitude of the decrease in
glycated hemoglobin was small (mean 0.6% in the latter
study), but likely to be clinically significant. In addition
to the reduction in carbohydrate load, protein itself
might improve glycemia by stimulating insulin release[123],
although this phenomenon is less apparent in mediumversus short-term studies[124].
Rather than trading carbohydrates for alternative
macronutrients, another approach is to substitute lowfor high-glycemic index carbohydrates. The glycemic
index (GI) compares the blood glucose response of a test
food with that of a standard carbohydrate, either glucose
or white bread[125]. Foods may be low GI by virtue of a
relative delay in gastric emptying and/or small intestinal
glucose absorption[126,127]. For example, spaghetti (low GI)
empties from the stomach much slower than potato (high
GI) from about 60 min after the meal, although their
glycemic profiles diverge earlier[128], indicating that slowing
of small intestinal glucose absorption is important. Both
the physical properties of the carbohydrate (such as
enclosed kernels) and its chemical composition (such as a
high amylose:amylopectin ratio) influence small intestinal
carbohydrate digestion and absorption [127,129]. Glycemic
index tends to vary inversely with the content of dietary
fiber in meals [130]; dietary fiber per se potentially slows
gastric emptying [131] and small intestinal carbohydrate
absorption [132], the latter by a mechanism that includes
modification of small intestinal motility from a stationary
(favoring mixing), to a propulsive pattern. The beneficial
effect on the glycemic response of adding guar gum to an
oral glucose load appears to be achieved mainly by slowing
gastric emptying [133,134]. Nevertheless, guar also slows
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small intestinal glucose absorption, probably by inhibiting
diffusion of glucose out of the luminal contents[135]; this is
reflected in the observation that both GLP-1 and insulin
responses are less than with guar-free glucose[136].
Low GI foods may also stimulate insulin release
through the incretin effect, or other mechanisms [137].
Furthermore, they may enhance satiety and reduce energy
intake at a subsequent meal[138,139]. Additional information
about the potential for these beneficial effects from
different classes of low GI foods is needed. Fructose has
been advocated as a low GI substitute for glucose in the
diabetic diet, since it results in a much lower glycemic
excursion than an equivalent glucose load [140] , while
retaining the capacity to stimulate insulin secretion[141].
In addition, some investigators have found that fructose
ingestion suppresses food intake more than glucose[140,142],
although this issue is controversial [141] , and probably
depends on the load and timing of fructose ingestion in
relation to the subsequent meal.
Most medium- to long-term studies of low GI diets
indicate a benefit for glycemic control[143]; typically the
effect is modest [144] , but is still likely to be clinically
meaningful, and in many cases is of similar magnitude
to the improvement in glycemic control achieved by
pharmacological agents[145].
Slowing gastric emptying
Given the relationship between the degree of postprandial
glycemia and the rate of gastric emptying in both healthy
subjects[27] and type 2 patients[28], it is logical that dietary
and/or pharmacological interventions which slow gastric
emptying should be effective in lowering postprandial
glycemia in type 2 diabetes. In addition to the effects of
dietary fiber in retarding gastric emptying, slowing of
emptying by either an oral proteinase inhibitor[146], adding
a solid non-carbohydrate meal to an oral glucose load[147],
or combining fat (the most potent macronutrient for
slowing gastric emptying [148]) with carbohydrate [149], all
reduce postprandial blood glucose and insulin responses.
The underlying concept is that the presence of nutrients
in the small intestine both delays gastric emptying and
stimulates GLP-1 and GIP. Hence, consumption of oil
as a “preload” before a mashed potato meal markedly
delays the subsequent rise in blood glucose, and stimulates
GLP-1 release in patients with type 2 diabetes[150]. This
approach requires further refinement to determine the
optimum load, timing, and macronutrient content of the
“preload”, but has the potential advantage of simplicity
when compared to pharmacological strategies, which also
appear to act predominantly by slowing gastric emptying.
For example, the improvement in postprandial glycemia
associated with GLP-1 and its analogs is related to slowing
of gastric emptying rather than enhancement of insulin
secretion[40]; the latter is in fact reduced due to a decrease
in the rate of entry of carbohydrate into the small
intestine. The amylin analog, pramlintide, also slows gastric
emptying[151], and its use is associated with an improvement
in overall glycemic control, as assessed by glycated
hemoglobin, with medium-term use in type 1 and type 2
patients[152-155]. Pramlintide has the additional advantage
of promoting weight loss, probably by suppressing
appetite[156].
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Inhibiting absorption of glucose
The α-glucosidase inhibitors, including acarbose, delay
absorption of carbohydrates in the proximal small
intestine [157] . The resultant exposure of more distal
intestinal segments to glucose results in enhanced and
prolonged GLP-1 secretion in healthy subjects[76,158], with
subsequent slowing of gastric emptying[159]. The magnitude
of these affects is likely to depend on meal content (ie.
disaccharide load). Moreover, acarbose fails to stimulate
GLP-1 release or delay gastric emptying in patients with
type 2 diabetes, although it is still beneficial for reducing
postprandial glycemia in this group [160], presumably by
impairing carbohydrate absorption. Inhibition of glucose
entry into enterocytes might represent an additional
mode of action of acarbose[161]. Again, it is clear that the
mechanisms by which postprandial glycemia is improved
frequently overlap. For example, slowed absorption of
glucose, as discussed, is also a feature of low GI and high
fiber diets.
Augmenting the incretin response
The effect on GLP-1 concentrations of the dietary
strategies already discussed, and the observed potentiation
of GLP-1 secretion and associated improvement in
glycemic control after bariatric surgery[162], point to the
value of augmenting the incretin response in optimising
postprandial glycemia. GLP-1 is metabolised rapidly by the
enzyme dipeptidyl peptidase Ⅳ (DPP-Ⅳ), and therefore
is not a suitable agent for therapeutic administration.
Instead, longer lasting agonists have been developed,
including both albumin-bound analogs of GLP-1, and
exendin-4, a peptide derived from the saliva of the Gila
monster lizard, which is structurally similar to GLP-1 and
shares several biological properties, but may be a more
potent insulinotropic agent than GLP-1[26]. Subcutaneous
administration has been shown to reduce postprandial
glycemia in type 2 patients[163]. Resistant analogs of GLP-1,
along with DPP-Ⅳ inhibitors, appear to have a promising
role in the therapy of diabetes[164].

Conclusion
Upper gastrointestinal function plays a major, though often
overlooked, role in determining postprandial glycemia.
Recent insights into the mechanisms by which variations
in gut function alter the blood glucose concentration have
suggested a number of potential therapeutic strategies that
require further evaluation for their utility in achieving good
glycemic control.
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Abstract
Although the Sydney Systems (original and updated)
for the classification of gastritis have contributed
substantially to the uniformity of the reporting of
gastric conditions, they lack immediacy in conveying to
the user information about gastric cancer risk. In this
review, we summarize the current understanding of
the gastric lesions associated with an increased risk for
cancer, and present the rationale for a proposal for new
ways of reporting gastritis. In addition to the traditional
histopathological data gathered and evaluated according
to the Sydney System rules, pathologists could add an
assessment expressed as grading and staging of the
gastric inflammatory and atrophic lesions and integrate
these findings with pertinent laboratory information on
pepsinogens and gastrin levels. Such an integrated report
could facilitate clinicians’ approach to the management
of patients with gastric conditions.
© 2006 The WJG Press. All rights reserved.
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common cause of chronic active gastritis; chemical agents,
autoimmune phenomena, and other infections account
for a very small proportion of chronic, usually nonactive gastritides. H pylori-gastritis is epidemiologically and
biologically linked to the development of gastric cancer[2]
and H pylori has been listed as a class Ⅰ carcinogen[3].
Epidemiological and pathological data suggest that extent,
intensity, and distribution patterns of gastric inflammation
and atrophy are consistently related to the incidence of
gastric cancer in a population [4-7]. Although odd-ratios
for gastric cancer and peptic ulcer risk in relationship
with the type of gastritis have been estimated, most
often retrospectively, only in small series and in few
populations[5,8-10], it is widely accepted that the accurate
histopathological assessment of the gastric mucosa could
serve as a reasonably good predictor of cancer risk in
an individual patient. In fact, most recent classifications
of gastritis have contained the implicit aim of providing
a clinico-pathological correlation that could be both
synchronous (that is, at the time of the sampling) and,
more usefully, diachronic.
When appropriate sampling is available, the histopathological features of the gastric mucosa recognized
as being part of the neoplastic process and broadly
referred to as “pre-neoplastic lesions” (atrophy, pyloric
and intestinal metaplasia, epithelial dysplasia) can be
accurately evaluated by the microscopic examination of
mucosal biopsies. Although classification systems such as
the Sydney System[11], its Houston-updated version[12], and
the more recent guidelines for the evaluation of atrophy[13]
suggest strategies for the formulation of histopathological
reports, we still lack a way to translate the pathological
information into a standardized report that would convey
comprehensive information on the gastric condition while
lending itself to a straightforward analysis of cancer risk.
The purpose of this article is to explore ways for
pathologists to maximize the predictive value of the gastric
evaluation by: (1) streamlining the histopathological report
of gastric biopsies, and (2) integrating relevant laboratory
information with pathological data.

INTRODUCTION

GASTRIC MUCOSAL CHANGES RELATED
TO GASTRIC CANCER

Chronic gastritis is an inflammatory condition of the
gastric mucosa characterized by elementary lesions whose
type, extent, and distribution are related to their etiology
and modulated by host responses and environmental
factors[1]. Infection with H pylori, which affects an estimated
three to four billion persons worldwide, is by far the most

As a result of seminal field studies conducted by Max
Siurala in Finland and Estonia[14-17] and Pelayo Correa in
Colombia[4,18-19], as well as the crucial body of knowledge
derived from decades of Japanese studies[20,21], the separate
entities of chronic superficial gastritis, atrophy, metaplasia,
dysplasia and carcinoma were integrated into a hypothetical

www.wjgnet.com
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sequence known as Correa’s cascade [22]. Increasingly
well-documented by patho-epidemiological studies, the
1984 multi-step hypothesis of gastric carcinogenesis still
lacked an etiological initiator. The missing first step was
discovered in the same year[23] and H pylori found its place
at the top of the cascade[24].
The histopathological lesions broadly regarded as
preneoplastic are chronic gastritis, atrophy, intestinal
metaplasia, dysplasia, and neoplasia. Their evolution in a
cohort can be viewed as a pyramid with a very large base
representing the entire H pylori-infected population; a
segment of these subjects (generally larger in developing
than in industrialized areas) will progress to atrophic
gastritis, mostly accompanied by intestinal metaplasia. A
very small minority will progress further to dysplasia with
some eventually developing adenocarcinoma. The closer
a lesion is to neoplasia, the more likely it will progress
into it. Thus, whereas chronic gastritis is a remote and
uncertain precursor of gastric cancer that could be better
called a “predisposing condition,” high-grade dysplasia is
considered already a neoplastic lesion[25,26]. If pathologists
could make a reliable assessment of the risk that each
patient has, based on a staging of the disease, effective
strategies could be developed to detect the early, curable
phase of gastric cancer and prevent its progression.
Chronic gastritis
The risk of gastric cancer for a patient with simple, nonatrophic H pylori gastritis is negligible, thus, the decision
to treat the infection is based, in most cases, on other
considerations. There is, however, one exception. Gastric
cancer and atrophic gastritis associated with it have at least
some familial predisposition[27-30]; therefore, it would seem
wise to treat H pylori infection as early as possible in direct
relatives of patients with gastric cancer. This is one of the
rare circumstances in which H pylori would be eradicated
for the specific purpose of preventing gastric carcinoma in
an individual patient.
Atrophy
Gastric atrophy is defined as the loss of appropriate
glands in a given gastric compartment[13,31]. This purely
histopathological definition indicates that the glands
expected to be present in the portion of gastric mucosa
under examination (for example, oxyntic glands in the
mucosa of the corpus) are no longer there, and have been
replaced by something else that does not belong to that
area. This “something else” may be extracellular matrix,
fibroblasts and collagen, or other glands that normally are
not there (e.g., intestinal-type glands or pseudo-pyloric
glands). Any of these replacements prevents that portion
of gastric mucosa from performing its normal functions
(e.g., to secrete acid). Thus, the functional correlate of
atrophy is strictly related to its extension.
Atrophic gastritis is a condition characterized by the
presence of significant areas of atrophy. Its two most
common underlying causes are chronic infection with
H pylori and the autoimmune gastritis that may become
associated with pernicious anemia. In the Updated Sydney
System, the term “atrophic gastritis” is used in contrast to
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Figure 1 Schematic representation of the progression of atrophy, from absent in the
case of antrum-predominant non-atrophic gastritis depicted on the left to the almost
generalized metaplastic atrophy depicted on the right. The increased extension
of atrophy corresponds to an increased cancer risk, indicated as an expanding
triangle. The extension of atrophy can also be reported as a stage from 0 to 4.

“non-atrophic gastritis” or simply “gastritis,” a condition
usually more severe in the antrum (hence the term “antralpredominant”) found in most subjects infected with H pylori
in the Western industrialized world.
The stomach affected by atrophic gastritis shows a
decrease or absence of appropriate glands, an expansion of
the antral-type mucosa into the corpus (“antralization” or
pseudo-pyloric metaplasia) and usually extensive areas of
intestinal metaplasia. This condition has been known for
several decades to represent a significant epidemiological
risk factor for gastric adenocarcinoma [14,17,24,32-36] ; as
schematically depicted in Figure 1, its prognostic
implications in the individual patient seem to be related to
the extent and distribution of the atrophic areas[10,37].
Intestinal metaplasia
Intestinal metaplasia is the replacement of the normal
gastric mucosa with an epithelium similar to that of
the intestine. Attempts to classify the different types
of intestinal metaplasia have resulted in a confusing
terminology (complete vs incomplete, type 1, 2a and 2b,
etc.); the classification currently used was proposed by Jass
and Filipe[38,39]: Type Ⅰ (brush border and no sulfomucins);
Type Ⅱ (no brush border, rare sulfomucins); and Type Ⅲ
(no brush border, cellular disarray, abundant sulfomucins).
Type Ⅰ intestinal metaplasia has been often said to pose little
increased risk of developing carcinoma, whereas type Ⅲ has
been considered as an already dysplastic lesion[10,40-42]. The
classification of the three types of metaplasia requires
relatively sophisticated histochemical techniques and
is far from being standardized. Furthermore, the data
suggesting different cancer risks for the different types
of intestinal metaplasia are not unequivocal[43]. Therefore,
immunohistochemical sub-typing of intestinal metaplasia
should be limited to the clinical research setting and not a
part of the routine evaluation of patients with intestinal
metaplasia.
Dysplasia
Malignancy is the final step of progressive genetic and
phenotypic changes that modify the original cellular
morphology, eventually generating a biologically new cell
characterized by uncontrolled growth and the potential to
migrate and implant in locations beyond its original fixed

www.wjgnet.com

5624

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

site. This biological process has been called multi-step or
step-wise oncogenesis. In epithelial tissues (for example,
the squamous lining of the uterine cervix or the columnar
lining of the colon) the first of step visible to an observer
using a light microscope is a change in the morphology
of the cells that form the epithelium. Nuclei are larger,
nucleoli may be prominent and the chromatin may be
clumped or granular; compared to the larger nucleus, the
cytoplasm appear smaller, a phenomenon referred to as
“increased nucleo-cytoplasmic ratio”. Various degrees
of disarray of the orderly structure of the normal
epithelium usually accompanying these changes. Epithelial
alterations of this kind occur in two situations: when the
epithelium has been injured and is undergoing repair, and
when genetic alterations have transformed the cells in a
neoplastic growth. It is generally agreed by pathologists
that in the former instance one refers to the phenomenon
as “regenerative atypia”, whereas in the latter case the term
“dysplasia” is used[44].
The impor tance of recognizing and cor rectly
identifying dysplasia is self-evident: while regenerative
atypia is the desired response to epithelial injury and an
essential part of an organism’s homeostasis, dysplasia is
the harbinger of cancer and requires immediate action.
However, the morphological differences between atypia
and dysplasia are not always apparent, and significant areas
of phenotypic overlap exist between the two. Pathologists
have tried for years to standardize the criteria for the
diagnosis and grading of dysplasia in tissues accessible
to biopsy sampling. Without getting into the complex
historical details of the process, for the purpose of this
review we say only that, through the efforts of pioneers
such as the late Rodger Haggitt, Robert Riddell, Brian
Reid, and others, a satisfactory level of agreement has
been reached for dysplasia of the colon and of Barrett’s
epithelium [44-46] . Gastric dysplasia has received less
attention in the past, with only one major consensus article
addressing the issue before 1996[47].
In the last decade, the discovery of H pylori and its
relationship with gastric cancer has stimulated increasing
attention to the preneoplastic lesions of the stomach. The
possibility that curing this infection could prevent or even
cause the regression of such lesions has highlighted the
need for uniform and rigorous definitions and diagnostic
criteria. However, unlike metaplasia, whose recognition
has always been largely free of major disputes, or
atrophy, which has been the focus of major conceptual
disagreements among pathologists, dysplasia exposed a
novel angle of controversy: a pathological schism between
East and West, or, more accurately, between Japan and the
West[48].
Japan is one of the countries with the highest incidence
of adenocarcinoma of the stomach in the world; at the
same time, it also has the world’s best survival rates for
gastric cancer. Although the effective early detection
programs, innovative endoscopic techniques, and daring
and successful therapeutic endoscopists have been invoked
to explain the Japanese success in this area, another
explanation has been suggested, mostly in a veiled or
oblique manner. To state it simply, it has been implied
that, to have such good survival rates the Japanese must
www.wjgnet.com
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call cancer what others call dysplasia. The question has
been propelled into the international scientific forum only
recently, through the efforts of RJ Schlemper, who in 1996
organized a workshop to address the issue. This workshop
resulted in a seminal paper entitled “Differences in
diagnostic criteria for gastric carcinoma between Japanese
and Western pathologists,” published in the Lancet in
1997[49]. Following the workshop and publication of its
findings, several other groups have formed to tackle the
problem in the traditional pathologists’ fashion: by trying
to measure the level of agreement (or disagreement)
amongst obser vers. These groups included various
proportions of Japanese and Western pathologists,
and the ultimate aim was to reach a consensus that
classification, if used globally, would allow comparative
studies performed in different countries. As a result, new
issues have emerged and new classifications have been
proposed. The classification currently accepted by the
World Health Organization[50] is largely modeled on the
consensus agreement reached in Padua, Italy, in 1998[26],
and summarizes one of the most recent proposals for an
integrated therapeutic and pathological approach[51].
The Padova model is based: (1) on the definition of
dysplasia as pre-invasive neoplasia; and (2) on a fivecategory classification of gastric neoplasia which includes:
1, negative for dysplasia; 2, indefinite for dysplasia; 3,
non-invasive neoplasia; 4, suspicious for invasive cancer;
5, gastric cancer. The numerical prefix assigned to
each diagnostic category essentially corresponds to the
diagnostic categories of the Japanese Classification for
Gastric Cancer[52]. Within each category one or more subcategories are hierarchically ordered to cover the spectrum
of epithelial alterations.

THE IMPORTANCE OF GOOD SAMPLING
The topographic distribution of inflammatory infiltrates,
lymphoid follicles, atrophy, and metaplasia is an essential
determinant used for all classifications of gastritis. These
changes may be patchily distributed and their relative
intensity in different parts of the stomach may be highly
variable. Furthermore, the inflammatory and atrophic
processes have different phenotypical expressions in
different regions of the stomach. Therefore, to obtain an
accurate picture of gastritis, pathologists must have a set
of specimens representative of each gastric compartment.
Each specimen is examined according to uniform criteria,
a general impression of the intensity of the features
of gastritis is extrapolated from the various specimens
from each compartment, and finally this information is
amalgamated in a topographical diagnosis. The location
of the biopsy specimens recommended by the Updated
Sydney System[12] is depicted in the left panel of Figure 2.
A suggestion has been made to replace the original sites
with others, purportedly more likely to yield information
about the extension of intestinal metaplasia[53], but in the
absence of independent testing no proposal in this sense
has been presented.
Irrespective of the protocol used, gastroenterologists
must keep in mind that the predictive information they
can get from their pathologist is only as good as the
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biopsy sampling submitted for examination. The Sydney
System 5-biopsy protocol is a compromise between what
is practically doable in routine practice and the ideal need
for maximal topographic information. As depicted in Figure 2,
right panel, in special situations such as the diagnosis and
follow-up of gastric mucosa-associated lymphoid tissue
B-cell lymphomas or the diachronic investigation of
dysplasia much more extensive sampling protocols need to
be applied[48,54-56].

VIRTUAL HISTOPATHOLOGY
The determination of serum pepsinogens Ⅰ (PG I) and Ⅱ
(PGⅡ), gastrin-17 (G-17) and IgG anti-H pylori antibodies
by ELISA has been proposed as an array of non-invasive
markers for the assessment of both morphological
and functional status of the gastric mucosa [57] . The
rationale for this approach, described by its enthusiastic
supporters as the “serological biopsy,” rests on the fact
that PGⅠ is exclusively secreted by oxyntic glands and
represents an excellent marker of the secretory ability of
the gastric corpus. In contrast, PG Ⅱ is produced by all
types of gastric and duodenal glands and its production
is influenced by gastric inflammation [58,59]. Although
these molecules are secreted into the gastric lumen,
small amounts seep out into the bloodstream and can be
measured. Gastrin-17 (G-17), produced in the antrum and
secreted directly into the blood, is a specific marker of G
cell function[60]. Several studies have now shown that serum
levels of PG I, PG Ⅱ and G-17 are high in subjects with
H pylori non-atrophic chronic gastritis[61]. Both PG I and
PGⅡ concentrations are found to decrease significantly
two months after the eradication of H pylori [62,63] .
Furthermore, the ratio of PGⅠ and G-17 levels have been
found to correlate well with the histopathological diagnosis
of atrophic body gastritis and, in some studies, to be
associated with the presence of gastric cancer[64-66].
In a recent study, De Mario and his colleagues [67]
demonstrated that the analysis of serum pepsinogens,
G-17 and anti-H pylori IgG levels provide consistent and
reproducible information regarding gastric atrophy and
its association with H pylori. The authors suggest that
dyspeptic patients with normal PG I, PGⅡ, G-17 and a
negative serological test for H pylori can be reassured that
they are unlikely to have peptic ulcer disease and can be
treated symptomatically. In contrast, patients with panel
test results indicating H pylori-related chronic gastritis, with
or without atrophy, could either be treated for H pylori or
referred for endoscopy, depending on the type and severity
of their manifestations.

GENERATING A CLINICALLY USEFUL
HISTOPATHOLOGY REPORT
The article reporting the Updated Sydney System,
published in October 1996, has recently passed the
1000-citation milestone [68], suggesting that the semiquantitative scoring system it advocated remains a
useful tool for clinical research. Nevertheless, the same
pathologists who use it when assessing biopsies for clinical
studies find it too cumbersome to use in their routine
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Figure 2 Two different biopsy protocols.

diagnostic activities.
Using the framework provided by the Sydney System’s
and the Atrophy Club’s analytic approach, we have recently
put forward a proposal for a grading and staging scheme
that integrates the relevant histopathological data gathered
and interpreted by the pathologist and delivers them
in the form of a simple, yet information-rich report[69].
We have suggested that the method is both feasible and
practical, and that staging and grading (preceded by a
description of the histological findings in the biopsy
samples) could represent the concluding message of the
histological report. This scheme could be do for chronic
gastritis what the grading and staging system introduced
by the International Group of Hepatologists in 1995 did
for chronic hepatitis: make prognostically significant and
reproducible information immediately available in the
clinical practice[70,71].
Briefly, the proposal consists of summarizing
the combined intensity of mononuclear and scoring
granulocytic inflammation in both antral and oxyntic
biopsy samples in a grade from 0 (no inflammation) to
4 (a very dense infiltrate in all the biopsy samples). The
extent of atrophy, with or without intestinal metaplasia,
would be reported as a stage from 0 (no atrophy) to 4
(pan-atrophy involving all antral and oxyntic samples). The
latter would convey information on the anatomical extent
of the atrophic-metaplastic changes related to cancer risk.
Figure 1 shows the progression from stage 0 (left) to stage
4 (right).
A pathologist who had access to the results of the
“serological biopsy” and applied the grading and staging
principles outlined in this scheme could generate a
comprehensive informative integrated report that could be
used by clinicians as a solid base for the management of
patients with gastric conditions.
This proposal has been discussed at an international
consensus group of gastroenterologists and pathologists
(Operative Link for Gastritis Assessment-OLGA) that
gathered in Parma, Italy, in April 2005. The group included
Massimo rugge, Padova, Italy; Pelayo Correa, New
Orleans, Louisiana, USA; Francesco Di Mario, Parma,
Italy; Emad El-Omar, Aberdeen, Scotland, UK; Roberto
Fiocca, Genova, Italy; Karel Geboes, Leuven, Belgium;
David Y Graham, Houston, Texas, USA; Takanori Hattori,
Shiga, Japan; Peter Malfertheiner, Magdeburg, Germany;
Pentti Sipponen, Espoo, Finland; Joseph Sung, Hong
Kong, China; Wilfred Weinstein, Los Angeles, California,
www.wjgnet.com
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USA; Michael Vieth, Bayreuth, Germany; and Robert M
Genta, Geneva, Switzerland.
After deliberations that led to a number of modifications of the original proposal, the OLGA group has
agreed that an international staging method is needed to
advance research in gastritis and is preparing to test its
feasibility and reproducibility both in retrospective and
prospective multi-center studies.
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Abstract
AIM: To investigate the intracellular apoptotic signals
engaged by resveratrol in three gastric adenocarcinoma
cancer cell lines, two of which (AGS and SNU-1) express
p53 and one (KATO-Ⅲ) with deleted p53.
METHODS: Nuclear fragmentation was used to quantitate apoptotic cells; caspase activity was determined by
photometric detection of cleaved substrates; formation of
oxidized cytochrome C was used to measure cytochrome
C activity, and Western blot analysis was used to
determine protein expression.
RESULTS: Gastric cancer cells, irrespective of their p53
status, responded to resveratrol with fragmentation
o f D N A a nd c le avage of nuclear lamins A and B
and PARP. Resveratrol, however, has no effect on
mitochondria-associated apoptotic proteins Bcl-2, Bclxl, Bax, Bid or Smac/Diablo, and did not promote subcellular redistribution of cytochrome C, indicating that
resveratrol-induced apoptosis of gastric carcinoma cells
does not require breakdown of mitochondrial membrane
integrity. Resveratrol up-regulated p53 protein in SNU-1
and AGS cells but there was a difference in response of
intracellular apoptotic signals between these cell lines.
SNU-1 cells responded to resveratrol treatment with
down-regulation of survivin, whereas in AGS and KATOⅢ cells resveratrol stimulated caspase 3 and cytochrome
C oxidase activities.
CONCLUSION: These findings indicate that even
within a specific cancer the intracellular apoptotic
signals engaged by resveratrol are cell type dependent
and suggest that such differences may be related to
differentiation or lack of differentiation of these cells.
© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Gastric cancer is a major cause of mortality both in
developed and underdeveloped countries because
currently available chemotherapeutic regimens are not
very effective, resulting in high recurrence rates and poor
survival. There is strong evidence that the predominant
etiological factors contributing to development of gastric
cancer are infections with H pylori during early years of
life and/or exposure to chemical carcinogens such as
those in cigarettes and cured meat[1]. Identification and
eradication of H pylori in the world population would be an
economically prohibitive undertaking because more than
50% of population over the age of 50 are infected with
the bacterium, and eradiation would not benefit those with
pre-malignant gastric mucosal alterations. However, given
the epigenetic origin and prolonged onset of gastric cancer
development, the concept of cancer chemoprevention
presents an attractive hypothesis to reduce the risk of
gastric cancer.
Since apoptosis-inducing compounds control cancer
cell proliferation, it is feasible that cancer development
may be arrested through molecular intervention with
compounds that retard cellular proliferation and induce
apoptosis. Trans-resveratrol, a polyphenol found in
grapes, wine and peanuts, presents itself as a dietary
chemopreventive because numerous studies have
demonstrated its ability to suppress proliferation and
induce apoptosis in a variety of transformed cells[2]. We
have shown that gastric adenocarcinoma cells respond
to resveratrol with inhibition of DNA synthesis, cell
cycle arrest, suppressed proliferation, and induction of
apoptosis[3,4], and there is evidence that resveratrol inhibits
the growth of transplanted gastric tumor[5].
There are two major pathways for induction of
apoptosis: (1) the extrinsic pathway activated when
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extracellular ligands interact with receptors of the TNF
family (TNF, FAS, and TRAIL) and (2) the intrinsic
pathway, induced by destabilization of mitochondria.
Resveratrol up-regulates Fas and Fas-L in g astric
adenocarcinoma cells that express p53, whereas only Fas-L
becomes up-regulated in cells whose p53 is deleted [6],
suggesting that apoptotic signals engaged by resveratrol
within individual gastric carcinoma cell lines may be
dependent on p53 status of the cell. Here we explore the
action of resveratrol on intracellular apoptotic signals in
three different gastric adenocarcinoma cell lines.

MATERIALS AND METHODS
Materials
Resveratrol is a kind gift from Pharmascience, Montreal,
Quebec, Canada. The following caspase substrates
were purchased from Calbiochem, EMD Biosciences,
Inc., San Diego, CA: caspase 1 substrate (Ac-WEHDpNA), caspase 3 substrate (Ac-DEVD-pNA), caspase
6 substrate (Ac-VEID-pNA), caspase 8 substrate (AcIETD-pNA), and caspase 9 substrate (Ac-LEHD-pNA).
Cytochrome C Oxidase Assay Kit (CYTOC-OX1) was
purchased from Sigma-Aldrich, St. Louis, MO. Antibodies
to cytochrome C and lamin B were obtained from Santa
Cruz Biotechnology, Inc., Santa Cruz, CA; antibodies to
PARP, Bcl-xl, Bax, Bid, and cleaved Lamin A were from
Cell Signaling Biotechnology, Beverly, MA; antibody to
survivin was from Novus Biologicals, Inc., Littleton, CO;
p53 antibody was from PharMingen, Inc/BD Biosciences,
San Diego, CA; antibody to β -actin was from SigmaAldrich, St. Louis, MO, and antibodies to Bcl-2 and Smac/
DIABLO were from Calbiochem/EMD Biosciences, Inc.,
La Jolla, CA. Chemiluminescence detection system (ECL
Western Blotting System) was from Amersham/Pharmacia
Biotech, Piscataway, NJ.
Cell culture and cell treatment
Human gastric adenocarcinoma cell lines AGS (ATCC:
CLR-1739), SNU-1 (ATCC: CRL-5971) and KATO-III
(ATCC: HTB 103) were routinely cultured in RPMI-1640
media supplemented with 100 mL/L fetal bovine serum
(FBS), 10 U/mL of streptomycin and 0.25 mg/L of
amphotericin B at 37℃ in humidified air with 50 mL/L
CO2. Cells were allowed to equilibrate in fresh media for
2-3 h prior to addition of resveratrol which was dissolved
in 950 mL/L ethanol. The concentration of ethanol was
always maintained at 0.1% in both treated and untreated
cells. A stock solution of 100 mmol/L resveratrol was
prepared weekly and stored in the dark at -20℃.
Determination of apoptosis
Percent of apoptotic cells was determined using Cell
Death Detection ELISA PLUS kit from Roche Applied
Science, Indianapolis, IN. Cells (1 × 104 cells/200 μL) were
incubated for designated times with or without 100 μmol/L
resveratrol, and percent of apoptotic cells was calculated
based on 100% apoptosis obtained after 48 h of cell exposure
to 50 μmol/L camptothecin.
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Caspase activity measurements
Cells were plated in fresh media at 1 × 106 cells/5 mL in
6 well plates, allowed to equilibrate for 3 h, and treated
with 100 μmol/L resveratrol for 24 or 48 h. Vehicle was
added to untreated controls that were also cultured for
24 or 48 h. At the end of the specified incubation time,
cells were harvested, washed once with 5 ml of PBS and
lysed for 30 min at 4℃ in lysis buffer A (10 mmol/L Tris
pH 7.4, 150 mmol/LNaCl, 1 mmol/L EDTA, 1 mmol/
LEGTA, 1% Triton X-100, 0.2 mmol/L sodium vanadate,
2 mmol/L phenylmethyl-sulfonyl fluoride, 0.5% NP-40,
and 20 mmol/L NaF). The caspase assay was performed
in 96 well plates in a total volume of 100 μL as follows:
to 32 μL of assay buffer (312.5 mmol/L HEPES, 31.25%
glucose, 0.3125% CHAPS) were added 2 μL of DMSO,
10 μl of 100 mmol/L DTT, 30 μg of cell lysate protein,
and the volume adjusted with deionized water to 98 μL.
Following addition of 2 μL of 10 mmol/L fluorogenic
peptide substrate, specific for each caspase, the reaction
was incubated at 25℃ for 4 h after which time absorbance
measured at 405 nm on a microplate reader (Molecular
Devices Corporation, Sunnyvale, CA). Activity of each
caspase activity was calculated from a standard curve of
p-nitroaniline (pNA) absorbance at 405 nm and values
are expressed as pmoles of pNA generated per mg lysate
protein. Protein content of cell lysates was determined by
the method of Lowry[7].
Western blot analysis
Cellular levels of cytochrome C, p53, survivin, Bax, Bcl-2,
Bcl-xl, Bid, Smac/DIABLO, cleaved lamin A, lamin B,
PARP, and β -actin (used as control for equal protein
loading) were determined in untreated and resveratrol
treated cell fractions by Western blot detection. To test the
action of resveratrol, cells (0.2 × 109 cells/l of media) were
treated with 100 μmol/L resveratrol for 24 or 48 h, after
which time they were harvested, washed with PBS, suspended
in 0.5 mL of lysis buffer B (10 mmol/L Tris pH 7.4, 150
mmol/L NaCl, 1 mmol/L EDTA, 1 mmol/L EGTA, 1%
Triton X-100, 0.2 mmol/L sodium vanadate, 2 mmol/L
phenylmethyl-sulfonyl fluoride, 0.5% NP-40, 20 mmol/L
NaF, and 2 mg/L leupeptin), and rapidly frozen in liquid
nitrogen. Cells were lysed by a freeze-thaw cycle in liquid
nitrogen followed by 30 min at 4℃ and cell cytosol was
prepared from cell lysates by centrifugation at 10 000 ×
g for 20 min. Mitochondria were prepared from whole
cells by a subcellular fractionation protocol[8] and protein
content of each fraction deter mined by the Lowry
method[7]. Equal amounts of protein were separated by
SDS-PAGE on either 15% resolving Tris-HCl gels for
detection of cytochrome C, survivin, Bcl-2, Bcl-xl, Bax,
Bid, and Smac/DIABLO or 12% gels for detection of
p53, PARP, cleaved lamin A, lamin B, β-actin, followed by
transfer to PVDF membranes, and antigen detected by
chemiluminescence. Depicted results are representative of
at least two individual experiments.
Measurement of cytochrome C oxidase activity
Cytochrome C oxidase activity was measured in cell
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Figure 1 Effect of resveratrol on apoptosis of gastric adenocarcinoma cells.

lysates from untreated and resveratrol treated cells using
a commercially available kit from Sigma-Aldrich. Activity
of cytochrome C oxidase was determined by measuring
the conversion of reduced cytochrome C, which absorbs
light at A 50, to its oxidized form that does not absorb
light at this wavelength, and values are expressed as DA550
generated by 35 μg of lysate protein.
Statistical analysis
Numerical data were analyzed for statistical significance by
Student’s t test, and Results are expressed as the mean ± SE.
Statistical significance is denoted as P < 0.01 and P < 0.05.

RESULTS
Effect of resveratrol on apoptosis of SNU-1 cells
Gastric adenocarcinoma SNU-1 cells (expressing p53)
and Kato-Ⅲ cells (p53 deleted) respond to resveratrol
treatment with decreased proliferation, concentration
dependent inhibition of DNA synthesis and cell cycle
ar rest [3,4] . To deter mine whether p53 status of the
cell regulates the action of resveratrol on apoptosis,
we measured the extent of apoptosis in three gastric
adenocarcinoma cells lines: AGS (expressing wild type
p53), SNU-1 (expressing p53) and KATO-Ⅲ. Results
show that cell treatment with 100 μmol/L resveratrol
induces a time dependent apoptosis in all three cell lines
(Figure 1). Although a small percentage of apoptotic cells
was present in the absence of resveratrol, treatment with
100 μmol/L resveratrol for 24 h resulted in significantly
increased accumulation of apoptotic cells, and treatment
for 48 h further increasing the percentage of apoptotic
cells. After 48 h of treatment with 100 μmol/L resveratrol
nearly 70% of AGS cells, 75% of SNU-1 cells and 62% of
Kato-Ⅲ cells became apoptotic.
Action of resveratrol on nuclear targets of apoptosis
Apoptosis is characterized by loss of nuclear integrity and
degradation of DNA and we previously demonstrated that
exposure of gastric adenocarcinoma cells to resveratrol
results in DNA fragmentation[3,4]. Here we determined
the action of resveratrol on nuclear proteins PARP, lamin
www.wjgnet.com
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Figure 2 Effect of resveratrol on lamin A, lamin B (A) and PARP (B).

A and lamin B (Figure 2a), and show that resveratrol
promotes their cleavage in all three cell lines. Increased
levels of lamin A cleavage products were seen in all cells
within 24 h of resveratrol treatment, whereas lamin B
cleavage products were seen in AGS cells after 24 h, while
SNU-1 and Kato-Ⅲ cells required 48 h of exposure
to 100 μmol/L resveratrol to induce lamin B cleavage.
Resveratrol treatment caused cleavage of the 116 kDa
PARP to an 89 kDa fragment in all three cell lines although
there was a time difference among the individual cell
lines. In SNU-1 cells the 89 kDa breakdown product of
PARP was detected after 24 h while in AGS and KATOⅢ cells PARP breakdown product was seen after 48 h.
Closer analysis of PARP in SNU-1 cells revealed presence
of the 89 kDa fragment within 6 h after cell exposure to
resveratrol with further breakdown of the 89 kDa band to
a smaller fragment after prolonged treatment and nearly
total loss of the 116 kDa PARP protein after 72 h of cell
exposure to 100 μmol/L (Figure 2b).
Action of resveratrol on caspases
Because nuclear proteins become cleaved during
resveratrol-induced apoptosis, we investigated whether this
action of resveratrol results from activation of caspases.
Activities of caspases 1, 3, 6, 8, and 9 were measured in
untreated cells and in cells treated for 24 or 48 h with
100 μmol/L resveratrol. Results show that 100 μmol/L
resveratrol had no effect on caspases 1, 8, and 9, but
significantly stimulated caspase 3 activity in AGS and
KATO-Ⅲ cells and caused some activation of caspase 6
in AGS cells after 24 h. Caspase 3 activity in AGS cells was
increased after 24 h of treatment and remained elevated
after 48 h, whereas in KATO-Ⅲ cells caspase 3 activity
responded to resveratrol only after 48 h. Resveratrol,
however, had no effect on caspase 3 activity in SNU-1 cells
(Figure 3).
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Figure 3 Effect of resveratrol on caspase acitivity.
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Figure 4 Effect of resveratrol on subcellular distribution of cytochrome C.

Action of resveratrol on subcellular distribution of
cytochrome C
Numerous cytotoxic reagents, radiation, and growth
factor withdrawal induce apoptosis by promoting release
of mitochondrial cytochrome C into cell cytosol. To
determine whether resveratrol targets mitochondrial
permeability in gastric adenocarcinoma cells we measured
distribution of cytochrome C protein between cell cytosol
and mitochondria after 24 and 48 h of cell treatment with
100 μmol/L resveratrol. Results indicate that cytochrome
C was found to be present in both mitochondria and
cytosol of each cell line prior to treatment with resveratrol,
and resveratrol treatment had no further effect on
redistribution of cytochrome C protein between these two
compartments (Figure 4).
Action of resveratrol on cytochrome C oxidase activity
In addition to its role in apoptosis, cytochrome C functions
in the respiratory chain as carrier of electrons from
flavoproteins to cytochrome oxidase. Since resveratrol is a
known antioxidant and inhibits mitochondrial respiratory
chain[9], we inquired whether cytochrome C contributes
to the antioxidant potential of resveratrol by measuring
cytochrome C oxidase activity in untreated as well as
resveratrol treated cells. Results show that resveratrol had
a significant stimulatory effect on cytochrome C oxidase
activity in KATO-Ⅲ cells after 24 h of cell treatment, and
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0 24 48
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Figure 5 Action of resveratrol on cytochrome C oxidase activity.
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Figure 6 Effect of resveratrol on p53 and survivin.

in AGS cells after 48 of treatment, but had no effect on
cytochrome C oxidase activity in SNU-1 cells (Figure 5).
Action of resveratrol on p53 and survivin levels
Cellular levels of survivin, an inhibitor of apoptosis, have
been shown to correlate inversely with expression of the
p53 tumor suppressor[10-12], and we determined the action
of resveratrol on survivin and p53 protein levels in AGS,
SNU-1 and Kato-Ⅲ cells. Results presented in Figure 6
indicate that resveratrol up-regulates p53 protein in AGS
and SNU-1 cells but has no effect on the p53 status in
Kato-Ⅲ cells. Within 24 h after exposure to 100 μmol/L
www.wjgnet.com

5632

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

resveratrol survivin levels in SNU-1 cells became downregulated. Although AGS cells express p53 and its p53 is
up-regulated by resveratrol, levels of survivin in AGS cells
were not altered by resveratrol, and resveratrol had no
effect on survivin in KATO-Ⅲ cells.
Action of resveratrol on Bcl-2 proteins
To evaluate the contribution of pro- and anti-apoptotic
Bcl-2 proteins in the response of gastric carcinoma
cells to resveratrol we measured protein levels of antiapoptotic Bcl-2 and Bcl-xl and pro-apoptotic Bax, as well as
Bid and Smac/DIABLO. Cells were treated with 100 μmol/L
resveratrol for 24 or 48 h, sub-cellular fractions prepared
as described in Methods, and protein levels determined
by Western blotting. Isolated mitochondria were used to
determine Bcl-2 and Bcl-xl levels, whereas Bax, Bid and
Smac/DIABLO were measured in cell cytosol. Results
presented in Figure 7 show that cell treatment with 100 μmol/L
resveratrol for up to 48 h had no effect on Bax, Bcl-2, Bclxl, and Smac/DIABLO, and did not promote cleavage of
cytosolic 22 kDa Bid to the active 15-17 kDa form.

DISCUSSION
A common feature of malignant cells is their ability to
proliferate without restraint and, therefore, apoptosis is
considered the predominant pathway for elimination of
malignant cells with the signals engaged by an apoptotic
agent determining its efficacy as a chemopreventive or
as an adjuvant to chemotherapy. Previous work from
this laboratory has shown that resveratrol-induced
engagement of Fas receptor is dependent on the p53
status of the cells. The aim of the present investigation
was to determine whether intracellular apoptotic signals
engaged by resveratrol are also regulated to some extent
by p53. To enhance the signaling response to resveratrol
all experiments were perfor med using 100 μ mol/L
because this concentration has been repeatedly shown to
promote significant apoptotic response in human gastric
adenocarcinoma cells[3-5] and in other malignant cells[13-15].
One of the differences among the three gastric
carcinoma cell lines used in this study is their p53 status:
Kato-Ⅲ cells do not express p53, whereas p53 is present
in both AGS and SNU-1 cells. Resveratrol induced
a time-dependent apoptotic response in all three cell
lines irrespective of their p53 status, and in each cell
line resveratrol-induced apoptosis was associated with
cleavage of PARP, lamin A and lamin B. Other studies
investigating the involvement of p53 in cellular response
to resveratrol have also shown that resveratrol induces
apoptosis and up-regulates p53 in cells that express this
tumor suppressor[16,17], and that it induces apoptosis in
p53 deficient cells [18,19]. Tumor suppressor p53 exerts
control over proliferation and apoptosis by initiating
transcriptional activation of specific genes, among them
the gene for survivin[10-12], an inhibitor of apoptosis found
to be expressed in all types of malignancies but not in
normal, differentiated cells. Patients with gastric cancer
express increased abundance of survivin[20] and survivin
expression correlates with p53 accumulation[18], whereas
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Figure 7 Effect of resveratrol on Bax, Bcl-2, Bcl-xl, Bid and Smac/DIABLO.

suppression of survivin inhibits growth of gastric cancer
cells and decreases tumorigenesis[21]. In our study resveratol
increased p53 levels in both AGS and SNU-1 cells, but
only p53-expressing SNU-1 cells responded to resveratrol
treatment with loss of survivin suggesting that p53 in AGS
cells may have mutations, a common finding in tumor cells.
Since resveratrol is a small, lipophylic molecule it
can intercalate within the mitochondrial membrane and
directly induce apoptosis through destabilization of
mitochondrial membrane. To address this question we
determined action of resveratrol action on Bcl-2 family of
apoptotic regulators. These proteins control mitochondrial
per meability and promote release of mitochondrial
cytochrome C. Our findings revealed that resveratrol had
no effect on either anti-apoptotic Bax or pro-apoptotic
Bcl-2 and Bcl-xl, did not promote cleavage of Bid and had
no effect on subcellular redistribution of cytochrome C.
On the basis of these results we conclude that resveratrolinduced apoptosis of gastric cancer cells in culture is
not an outcome of mitochondrial integrity breakdown.
The action of resveratrol on Bcl-2 proteins has been
investigated in a number of cells with results supporting
a cell type-dependent response. Human leukemia U937
cells readily succumbed to apoptosis after treatment with
100 μmol/L resveratrol, whereas apoptosis was significantly
inhibited when these cells were modified to over-express
Bcl-2 [22] . In non-Hodgkin’s lymphoma and multiple
myeloma cell lines Bcl-xl expression was down-regulated
by resveratrol[23], but resveratrol had no effect on Bcl-xl,
Bcl-2 nor Bax in other malignant cells[24], and Bax levels
remained unchanged in colorectal carcinoma cells after
24 h of treatment with 40 μmol/L resveratrol[25]. Since
resveratrol caused a decrease in the ratio of Bcl-2/Bax
in transplanted gastric tumors and we can only conclude
that cells in culture respond differently to resveratrol from
primary gastric cancer cells transplanted into nude mice.
Destabilization of mitochondria usually results
in release of mitochondrial cytochrome C into cells
cytosol, but we found no evidence of involvement of
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mitochondria destabilizing Bcl-2 proteins in resveratrolinduced apoptosis of gastric carcinoma cells. However,
we did observe presence of cytochrome C in cytosol of
untreated as well as resveratrol treated cells. Cytosolic
cytochrome C has also been identified within secretory
granules of normal rat pancreas and anterior pituitary[26],
and because secretory granules are present in gastric
carcinoma cells[27,28], we addressed the possible role of
cytosolic cytochrome C by determining cytochrome
C oxidase activity. Our data revealed that resveratrol
stimulates cytochrome C oxidase activity in AGS and
KATO-Ⅲ cells, an action that would contribute to the
antioxidant potential of these cells. Since transformed
cells generate low levels of reactive oxygen that activate
gene transcription and stimulate their proliferation[29,30],
antioxidants suppress generation of endogenous reactive
oxygen and are considered antiproliferative. We previously
demonstrated that resveratrol is antiproliferative and
behaves as an antioxidant in gastric adenocarcinoma
cells[3,4]. Our current finding that resveratrol stimulates
cytochrome C oxidase is a feasible mechanism for its
antioxidant and antiproliferative action toward these.
Inhibition of proliferation and induction of apoptosis are
known to be closely related events, and when activation of
cytochrome C oxidase is coupled with increased casapse
3 activity, as was seen in AGS and KATO-Ⅲ cells, these
events might provide sufficient stimuli to inhibit cellular
proliferation and induce apoptosis. Although resveratrol
had no effect on either cytochrome C oxidase or caspase 3
in SNU-1 cells, apoptosis in SNU-1 cells probably results
from down-regulation of survivin and removal of its
protective mechanisms, as was demonstrated for human
bladder cells[31].
In summar y, our results reveal that individual
gastric carcinoma cell lines respond to resveratrol with
engagement of individual apoptotic signals. In p53
expressing SNU-1 cells resveratrol up-regulated p53 and
down-regulated survivin, whereas in KATO-Ⅲ cells
and in AGS cells resveratrol stimulated caspase 3 and
cytochrome C oxidase activities, enabling suppression
of proliferation while stimulating breakdown of nuclear
proteins. These findings indicate that even within a specific
disease resveratrol can engage alternate apoptotic targets
thus providing further evidence that resveratrol can be
considered a versatile chemopreventive agent.
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Abstract
AIM: To investigate the antineoplastic potency of the
novel insulin-like growth factor 1 receptor (IGF-1R) tyrosine kinase inhibitor (TKI) NVP-AEW541 in cell lines and
primary cell cultures of human colorectal cancer (CRC).
METHODS: Cells of primary colorectal carcinomas were
from 8 patients. Immunostaining and crystal violet staining were used for analysis of growth factor receptor protein expression and detection of cell number changes,
respectively. Cytotoxicity was determined by measuring
the release of the cytoplasmic enzyme lactate dehydrogenase (LDH). The proportion of apoptotic cells was
determined by quantifying the percentage of sub‑G1
(hypodiploid) cells. Cell cycle status reflected by the DNA
content of the nuclei was detected by flow cytometry.
RESULTS: NVP‑AEW541 dose-dependently inhibited
the proliferation of colorectal carcinoma cell lines and
primary cell cultures by inducing apoptosis and cell cycle
arrest. Apoptosis was characterized by caspase-3 activation and nuclear degradation. Cell cycle was arrested at
the G1/S checkpoint. The NVP‑AEW541-mediated cell
cycle-related signaling involved the inactivation of Akt
and extracellular signal-regulated kinase (ERK) 1/2, the
upregulation of the cyclin-dependent kinase inhibitors
Waf1/CIP1
Kip1
p21
and p27 , and the downregulation of the cell
cycle promoter cyclin D1. Moreover, BAX was upregulated during NVP‑AEW541-induced apoptosis, whereas
Bcl-2 was downregulated. Measurement of LDH release
showed that the antineoplastic effect of NVP‑AEW541
was not due to general cytotoxicity of the compound.
However, augmented antineoplastic effects were ob-

served in combination treatments of NVP-AEW541 with
either 5-FU, or the EGFR-antibody cetuximab, or the
HMG-CoA-reductase inhibitor fluvastatin.
CONCLUSION: IGF-1R-TK inhibition is a promising novel
approach for either mono- or combination treatment
strategies of colorectal carcinoma and even for CRC chemoprevention.
© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer
and the fourth most frequent cause of cancer-related
deaths worldwide. Long-term survival of colorectal cancer
is related to the stage of disease. Once distal metastases
develop the prognosis is poor[1]. At least 40% of patients
with colorectal cancer develop distal metastases and most
of them die thereof[2]. Hence, innovative approaches are
urgently needed to improve the treatment of advanced
colorectal cancer.
There is evidence that insulin-like growth factor 1 receptor (IGF-1R) may be a promising protein for specific
and targeted therapeutic approaches[3]. Several reports indicate that IGF-1R is overexpressed in the majority (> 90%)
of colorectal carcinomas, most likely contributing to the
aggressive growth characteristics of these tumors and the
poor prognosis[4,5]. IGF-1R is a tetrameric transmembrane
receptor tyrosine kinase (TK) composed of two α and two
β subunits. The extracellular α subunit is responsible for
ligand binding, whereas the β subunit consists of a transmembrane domain and a cytoplasmic tyrosine kinase domain[6,7]. The receptor is predominantly activated by IGF-I
and II but can also be activated by insulin at a much lower
affinity (500‑1000 fold less). Ligand binding activates inwww.wjgnet.com
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trinsic tyrosine kinase activity, resulting in trans‑β subunit
autophosphorylation and stimulation of signaling cascades
that include IRS‑1/PI‑3K/PKB/S6K and Grb2/Sos/Ras/
MAPK pathways[8,9].
In general, both IGFs and IGF-1R are involved in the
development and progression of several cancers[8-10]. Activation of IGF-1R by its ligands results in proliferation,
survival, transformation, metastasis, and angiogenesis.
Hence, abnormal or enhanced expression of IGFs and
IGF-1R has been correlated with disease stage, reduced
survival, metastasis development and de-differentiation
of a broad variety of tumors. Obesity and diabetes are associated with an increased risk of colorectal cancer[11]. This
effect seems to be due to alterations in the metabolism of
endogenous hormones, including sex steroids, insulin and
also activation of the IGF/IGF-receptor system which
further supports the idea of the IGF/IGF-receptor system
to be a promising target for colorectal cancer treatment
and chemoprevention. Several studies have demonstrated
the therapeutic potential of interfering with IGF‑1R‑mediated signaling in cancer cells in vitro and in vivo. These
approaches include the use of antagonistic IGF‑1R antibodies, IGF‑1R antisense oligonucleotides, or IGF‑1R
siRNA[12-14]. Specific inhibition of IGF-1R TK activity appears to be another promising principle.
Recently, NVP‑AEW541, an orally available low-molecular-weight pyrolo [2, 3‑d] pyrimidine derivative, has been
introduced as a potent and reversible inhibitor of IGF-1R
tyrosine kinase activity[15]. NVP‑AEW541 has been shown
to be highly selective for IGF-1R-TK, as compared to
both the closely related insulin receptor (InsR) and other
tyrosine or serine/threonine kinases. Antitumor activity of
NVP-AEW541 has already been demonstrated in fibrosarcomas and breast cancer[16]. IGFR-TK inhibition has
not been evaluated for the treatment of colorectal cancer.
Hence, in the present study we examined the antineoplastic potency of NVP-AEW541 both in human colorectal
carcinoma cell lines and in primary cell cultures of human
CRC, which shows that NVP-AEW541 potently inhibits
colorectal cancer growth by inducing apoptosis and cell
cycle arrest in human colorectal carcinoma cells.

MATERIALS AND METHODS
Cell lines and drugs
The human colorectal adenocarcinoma cell line HT29
was cultured in RPMI 1640 medium supplemented
with 100 g/L fetal bovine serum, penicillin (100 kU/L),
and streptomycin (100 mg/L). The human colorectal
adenocarcinoma cell line HCT116 was g rown in
Dulbecco’s minimal essential medium containing 100
g/L fetal bovine serum, penicillin (100 kU/L), and
streptomycin (100 mg/L). Cells were kept in a humidified
atmosphere (50 mL/L CO2) at 37℃. Cells were incubated
with culture medium containing NVP-AEW541 (Novartis,
Basel, Switzerland). For combination treatment, cells
were incubated simultaneously with NVP-AEW541
and one of the following drugs: 5-fluorouracil (Sigma,
Deisenhofen, Germany), SN‑38 (Rhone-Poulenc Rorer,
Antony, France), cetuximab (Merck KgaA, Darmstadt,
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Germany) or fluvastatin (Calbiochem-Novabiochem, Bad
Soden, Germany). Stock solutions (in DMSO, stored at
‑20℃) were diluted to the final concentration in fresh
media before each experiment. In all experiments, the final
DMSO concentration did not exceed 1 mL/L.
Isolation and establishment of primary cell cultures from
human colorectal cancers
Cells of primary colorectal carcinomas from 8 patients
(5 males, 3 females, age range 74 ± 14 years) were isolated from endoscopically taken biopsies as previously
described[17]. The human tumor material was used according to the standards set by the Ethical Committee of the
Charité-Universitätsmedizin Berlin, Campus Benjamin
Franklin, Berlin, Germany. Cell preparation was performed
by incubation (30 min/RT) with a solution containing 0.5
g/L trypsin, 0.2 g/L EDTA and 1 g/L collagenase. The
isolated human colorectal carcinoma cells were maintained
in Earle’s 199 medium supplemented with 200 g/L FBS, 2
mmol/L L-glutamine, 20 g/L Biotect protective medium,
penicillin (100 kU/L), streptomycin (100 mg/L), 10 g/L
amphotericin B, and incubated at 37℃ in a humidified atmosphere (50 mL/L CO2).
Analysis of growth factor receptor expression
For analysis of growth factor receptor protein expression,
cells were immunostained as previously described[18,19]. In
brief, samples were fixed, permeabilized, and subsequently
incubated with a polyclonal anti-EGFR or IGF-1R
antibody (5 mg/L, Santa Cruz Biotechnology, Palo Alto,
CA), or isotypic control rabbit IgG1 (DAKO, Hamburg,
Germany). Cells were then incubated with a secondary
FITC-labeled goat-anti rabbit IgG antibody (5 mg/L, BD
Pharmingen, Heidelberg, Germany). Fluorescence was
detected by flow cytometry on a FACSCalibur (Becton
Dickinson, Heidelberg, Germany) and analyzed using CellQuest software.
Determination of cell number
Cell number was evaluated by crystal violet staining as
previously described[20]. In brief, cells in 96-well plates were
fixed with 10 mL/L glutaraldehyde and then stained with
1 g/L crystal violet. The unbound dye was removed by
washing with water. Bound crystal violet was solubilized
with 2 g/L Triton X-100. Light extinction increasing
linearly with the cell number was analyzed at 570 nm using
an ELISA reader.
Determination of cytotoxicity
Cells were incubated with 0-10 µmol/L NVP-AEW541
for 1, 6, 12 and 24 h. Release of the cytoplasmic enzyme
lactate dehydrogenase (LDH), indicating cytotoxicity, was
measured using a colorimetric kit from Roche (Roche
Diagnostics, Mannheim, Germany) as described previously[21,22]. Background release from untreated cells was subtracted. Maximum release was measured after adding 2 g/L
Triton X-100 to untreated cells. For determinations, LDH
assay reagent was added to sample supernatants and incubated for 30 min at room temperature in dark. Absorbance
was measured at 490 nm (reference wavelengh 690 nm).
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Western blotting
Western blotting was performed as previously described[23].
Blots were blocked in 50 g/L non-fat dry milk for 1 h, and
then incubated at 4℃ overnight with anti-phospho-Akt,
Akt (both 1:1000, Cell Signaling, Beverly, MA), Bax (1:1000,
Santa Cruz Biotechnology, CA), Bcl-2 (1:200, Novo Castra
Laboratories, Newcastle upon Tyne, UK), COX-2 (1:200),
cyclin D1 (1:100), p21Waf1/CIP1 (1:200), IGF‑1R (1:200),
phospho‑ERK1/2, ERK1/2 (1:1000, Santa Cruz Biotechnology, CA), or p27Kip1 (1:2500, Becton Dickinson). β-actin
(1:5000, Sigma) served as a loading control.
Statistical analysis
If not stated otherwise, means of four independent
experiments ± SE were shown. Individual drug treatment
was compared by the unpaired, two-tailed Mann-Whitney
U‑test. P < 0.05 was considered statistically significant.

RESULTS
Expression of IGF-1R in colorectal carcinoma cells
Expression of IGF-1R and epidermal growth factor
receptor (EGFR) was investigated in human colorectal
carcinoma cells. Protein expression of IGF-1R was
detected in both cell lines. In addition, expression of
EGFR protein was detected in both cell lines (Figure 1A).
IGF‑1R protein expression of NVP‑AEW541-treated
colorectal cancer cells was determined by Western blotting.
HT-29 cells incubated with NVP-AEW541 (0-10 µmol/
L) for 48 h did not abolish the expression of IGF‑1R.
By contrast even after treatment with 10 µ mol/L of
NVP-AEW541, a robust expression of IGF-1R protein
could still be observed (Figure 1B). IGF-1R and EGFR
expression was confirmed in the investigated 8 primary
colorectal cancer cultures by RT-PCR using established
primers (not shown)[18,22].
NVP‑AEW541-induced growth inhibition of colorectal
carcinoma cells
Cell number changes caused by IGF-1R-TK inhibition
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Cell cycle analysis
Cell cycle analysis was performed by the method of
Vindelov and Christensen [25] . Cells were trypsinized,
washed, and the nuclei were isolated using CycleTest PLUS
DNA Reagent Kit (Becton Dickinson). DNA was stained
with propidium iodide according to the manufacturer’s
instructions. DNA content of the nuclei was detected by
flow cytometry and analyzed using CellFit software (Becton
Dickinson).

A

Events

Detection of apoptosis
Preparation of cell lysates and determination of caspase-3
activity were performed as previously described[23]. The
activity of caspase-3 was calculated from the cleavage
of the fluorogenic substrate DEVD-AMC (CalbiochemNovabiochem, Bad Soden, Germany). The proportion
of apoptotic cells was determined by quantifying the
percentage of sub‑G1 (hypodiploid) cells after flow
cytometric analysis of isolated propidium iodide-stained
nuclei[24].
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Figure 1 Flow cytometric analysis of IGF-1R and EGFR protein expression in
HT-29 (A) and HCT-116 (B) cells. Cells were stained with antibodies against either
IGF-1R (black areas) or EGFR (grey areas). Black lines: isotypic controls.

with NVP‑AEW541 were studied by crystal violet assays.
NVP‑AEW541 time- and dose-dependently inhibited the
growth of HT‑29 and HCT‑116 cells (Figure 2A and B).
The IC50 values of NVP‑AEW541 were 1.7 ± 0.4 µmol/L
(HT‑29) and 2.5 ± 0.4 µmol/L (HCT‑116), as determined
after 4 d of incubation.
In line with our findings in permanent cell lines,
NVP‑AEW541 treatment (0-5 µmol/L) reduced the cell
number of primary cultures of human colorectal carcinomas in a dose-dependent manner. After 3 d of incubation
a cell number reduction of 47.3% ± 2.4% was detected by
direct cell counting in six NVP-AEW541-sensitive primary
culture preparations. Two out of the investigated 8 primary cultures displayed only a weak growth inhibition of
12% ± 4%. In treatment-sensitive primary cultures NVPAEW541 also altered the morphology of the remaining
cells, which appeared shrunken and flat. Propidium iodidepositive staining of primary culture cells revealed that
NVP-AEW541 treatment led to a loss of cell membrane
integrity indicating cell death or that these cells were in the
process of dying, respectively (Figure 2C).
Antineoplastic potency of NVP‑AEW541 in combination
with cytostatics, cetuximab or the HMG-CoA reductase
inhibitor fluvastatin
To test whether combination treatment of NVP‑AEW541
www.wjgnet.com
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Figure 2 Effects of NVP-AEW541 on HT-29 (A) and HCT-116 (B) cell growth
as well as induction of cell death and morphological changes of isolated primary
colorectal cancer cells (C). After 4 d of incubation with rising concentrations of
NVP-AEW541, the number of HT-29 (A) and HCT-116 (B) cells decreased by
> 95%, as determined by crystal violet staining (mean ± SE, n = 4). In both cell
lines statistical significance (P < 0.05) of growth inhibition by NVP-AEW541 was
shown for concentrations of 0.5-10 µmol/L. After 3 d of incubation with 0-5 µmol/L
NVP-AEW541, the induction of cell death and morphological changes of isolated
primary colorectal cancer cells was determined by Live/Dead-fluorescence
microscopy (C). Viable cells are stained green, while cells with impaired cell
membrane appear red. Phase-contrast images and corresponding fluorescence
micrographs of a representative preparation (out of 6 NVP-AEW541-sensitive
primary cell cultures) are depicted.

with either 5-fluorouracil (5-FU), SN-38, or whether the
humanized monoclonal anti-EGFR antibody cetuximab
may lead to additive antiproliferative effects, HT29 and
www.wjgnet.com
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Figure 3 Augmented growth inhibition of combination treatment with NVPAEW541 plus either 5-FU (A), or SN-38 (B) or cetuximab (C) (mean ± SE, n =
4-6). A: Combination treatment with sub-IC50 concentrations of NVP-AEW541 plus
5-FU led to synergistic growth inhibition of colorectal cancer cells; B: Combination
treatment with sub-IC50 concentrations of NVP-AEW541 plus the humanized
EGFR-antibody cetuximab resulted in slightly over-additive antiprolifertive effects;
C: Co-treatment with sub-IC50 concentrations of NVP-AEW541 and SN-38 resulted
in additive growth inhibition of HCT-116 cells, while no additive growth inhibition
was detected in HT-29 cells. Black bars indicate the values of the calculated
additive growth inhibition. Data are given as percentage of untreated controls.

HCT-116 cells were co-treated for 96 h with sub-IC 50
concentrations of NVP‑AEW541 (1 µmol/L) plus either
5-FU (10 µmol/L), or cetuximab (1000 mg/L), or SN-38
(10 nmol/L). In both colorectal carcinoma cell models
combination treatment with NVP-AEW541 plus either
5-FU (Figure 3A) or cetuximab (Figure 3B) resulted in
additive or even over-additive growth inhibitory effects.
When NVP-AEW541 was combined with SN-38, additive
antiproliferative effects were only observed in HCT-116
cells (Figure 3C). We additionally investigated the antiproliferative potency of the HMG-CoAR inhibitor fluvastatin, either alone or in combination with NVP-AEW541
in colorectal carcinoma cells (Figure 4). Fluvastatin (0-50
µmol/L) caused a dose-dependent growth inhibition of
more than 80% both in HCT-116 cells and in HT-29 cells.
Combinations of sub-IC50 concentrations of fluvastatin
and NVP-AEW541 resulted in an additive growth inhibi-
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Figure 4 Additive growth inhibition by NVP-AEW541 plus fluvastatin (mean ± SE, n = 3-5). Fluvastatin (1-50 µmol/L) induced a dose-dependent growth inhibition of
HCT-116 (A) and HT-29 (B) cells by > 80% when applied for 3 d. Moreover, combination treatment with sub-IC50 concentrations of fluvastatin and NVP-AEW541 led to
(over-)additive growth inhibition after 3 d of treatment. Black bars indicate the values of the calculated additive growth inhibition.
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Figure 5 Apoptosis induction by NVP-AEW541 (mean ± SE, n = 4). A: After HT-29 and HCT-116 cells were incubated with 0.5-10 µmol/L NVP-AEW541 for 24 h, a dosedependent induction in caspase-3 activation was observed; B: After 72 h of NVP-AEW541 treatment an increased proportion of apoptotic cells measured as subdiploidy
was observed in HT-29 cells. aP < 0.05 vs untreated controls.

tion of either colorectal cancer model.
NVP‑AEW541-induced apoptosis in colorectal cancer cells
NVP‑AEW541 dose-dependently induced a significant
increase of caspase-3 activity after 24 h of incubation
(Figure 5A). Compared to control cells, an increase of up
to 500% was observed. The dose-dependent induction of
apoptosis by NVP‑AEW541 became also apparent by flow
cytometrically monitoring nuclear degradation after 72 h
of treatment (Figure 5B).
NVP‑AEW541-induced cell cycle arrest in colorectal
carcinoma cells.
To test whether an induction of cell cycle arrest contributed
to the antiproliferative potency of NVP‑AEW541 in
colorectal carcinoma cells, we perfor med cell cycle
analyses. NVP‑AEW541 dose-dependently arrested HT‑29
and HCT-116 cells in the G1/G0 phase of the cell cycle
after 24 h of treatment, thereby decreasing the proportion
of cells in the S and G2/M phases (Figure 6).
Cytoxicity of NVP-AEW541
Cytotoxicity of NVP-AEW541 was determined by measuring LDH release. HT29 and HCT-116 cells incubated
with 1-10 µmol/L NVP-AEW541 for 1, 6 or 12 h did not
result in a measurable increase in LDH release, indicating
that NVP-AEW541 did not directly affect cell membrane

integrity. After 24 h of incubation a slight but not significant increase in LDH-release of about 3% was observed
at 10 µmol/L NVP-AEW541, indicating that even at high
concentrations NVP-AEW541 did not cause immediate
necrotic/cytotoxic effects in colorectal cancer cells (data
not shown).
NVP-AEW541-induced modulation of cell cycle and
apoptosis-related signaling molecules
The effects of NVP‑AEW541 on the phosphorylation of
both ERK1/2 and its upstream regulator Akt/PKB were
investigated to elucidate the signaling pathways modulated
by IGF-1R‑TK inhibition. NVP‑AEW541 treatment
dose-dependently decreased the phosphorylation of
both mitogenic and antiapoptotic ERK1/2 MAPK as
well as Akt/PKB (Figure 7A). Next, the expression of
cell cycle-related proteins was investigated to explore
the pathway downstream of NVP‑AEW541-induced
dephosphorylation of Akt/PKB and ERK1/2, known to
be causative for cell cycle arrest. NVP‑AEW541 decreased
the expression of cyclin D1 but increased the expression
of the CDK inhibitors p21Waf1/CIP1 and p27Kip1. These data
suggest that NVP‑AEW541-induced cell cycle arrest was
mediated by p21Waf1/CIP1 and p27Kip1 induction, resulting in
a decrease of cyclin D1.
To survey the proapoptotic signaling pathways modulated
by IGF‑1R-TK inhibition with NVP-AEW541 in CRC
www.wjgnet.com
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Figure 6 Effects of NVP-AEW541 on the cell cycle of colorectal carcinoma cells
(means ± SE, n = 4). After 24 h incubation with NVP-AEW541, a dose-dependent
accumulation of HT-29 (A) and HCT-116 (B) cells was observed in the G0/G1
phase of the cell cycle (white bars). Proportion of cells in the S and G2/M phase
(grey and black bars) decreased. aP < 0.05 vs untreated controls.

cells, we also investigated the effects of NVP‑AEW541 on
the expression pattern of Bcl‑2 and Bax. Treatment with
NVP‑AEW541 dose-dependently increased the expression
of the proapoptotic Bax protein, while the expression of
the antiapoptotic protein Bcl-2 slightly decreased. Finally,
it was proved that NVP‑AEW541 could downregulate
the expression of cyclooxygenase 2 (COX-2) in colorectal
cancer cells (Figure 7B).

DISCUSSION
Treatment options for advanced colorectal cancer (CRC)
are unsatisfactory. Thus, there is a strong need for effective
novel treatment strategies of CRC. A novel approach for
CRC treatment may be the interruption of IGF/IGFreceptor signaling system, which is known to have strong
stimulatory effects on cancer cell growth. The protective
and mitogenic effects of the IGF/IGF-receptor system
involve the constitutive activation of antiapoptotic
proteins as well as cell cycle promoting signaling. A tight
association between IGF-receptor signaling and regulation
of cell growth and apoptosis in CRCs which commonly
overexpress IGF-receptors has been described[4,5,26].
Most fast growing cancers produce and release growth
factors and thereby auto-stimulate their growth. This also
holds true for CRC in which epidermal growth factor
(EGF), transforming growth factor α (TGF-α), insulinlike growth factor (IGF) and vascular endothelial growth
www.wjgnet.com

Figure 7 Effects of NVP-AEW541 on the expression and phosphorylation of
apoptosis- and cell cycle- related proteins. Modulation of protein phosphorylation
or protein expression by NVP-AEW541 treatment was analyzed by Western
blotting. A: NVP-AEW541 treatment (24 h) induced a dose-dependent
dephosphorylation of mitogenic ERK1/2; B: NVP-AEW541 dose-dependently
increased the expression of the proapoptotic Bax protein, while the expression of
the antiapoptotic protein Bcl-2 slightly decreased. The cell cycle promoter cyclin
D1 was down-regulated by NVP-AEW541 treatment, while the cell cycle inhibitors
p21Waf1/CIP1 and p27Kip1 were up-regulated. Moreover, COX-2 expression was downregulated by NVP-AEW541. Expression of β-actin was used as a loading control.

factor (VEGF) are produced and secreted to promote
CRC growth[27]. Therefore, the antiproliferative effects of
the novel IGF-1R tyrosine kinase inhibitor NVP-AEW541
were investigated under serum-containing conditions (e.g.
in the presence of growth factors like EGF, IGF and
TGF-α). Our study demonstrated that inhibition of IGF1R tyrosine kinase activity by NVP‑AEW541 might be
suitable for novel targeted therapy of CRC. By abrogating
the protective and mitogenic effects of IGF-R signaling,
CRC cell growth was potently inhibited by NVP-AEW541.
The antineoplastic effects of NVP-AEW541 were based
on a pronounced induction of cell cycle arrest and
apoptosis. Accompanying or dose-limiting cytotoxicity was
not observed, underlining the specific mode of action of
the drug. Our findings are in line with recent observations
on IGF-R inhibition in other cancer models. Although
applying other approaches for IGF-R inhibition, these
studies have also shown the strong antineoplastic potency
of the interruption of IGF-R signaling without doselimiting toxicity in several other cancer models[16,28,29].
Re-initialisation of apoptosis and induction of cell
cycle arrest are valuable features for a successful anticancer agent. On the one hand, apoptotic cell death is not
accompanied with undesired immunological reactions,
which occur upon treatment with unspecific and cytotoxic
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agents. On the other hand, apoptosis-sensitization and
cell cycle arresting effects offer possibilities for powerful
combination treatments. In this respect, we investigated
combination treatments of NVP-AEW541 and clinically
relevant cytostatics with different modes of action. The
tested combinations of DNA strand-breaking pyrimidine
analog 5-fluorouracil (5-FU) and topoisomerase-I inhibitor
SN-38, except for the combination of NVP-AEW541 and
SN-38 in HT29 cells, resulted in additive antiproliferative
effects. The additive antineoplastic potency appeared to
be independent of the mode of action of the respective
cytostatic drug. Our data support the notion that NVPAEW541 is a promising new agent for potentiation
of antitumor efficay of the established cytostatic CRC
treatment.
It has been pointed out that the antiapoptotic potency
of IGF/IGFR-signaling might interfere with strategies
that target other tyrosine kinases such as EGFR-TK.
Hence, the antineoplastic potency of EGFR blockade
may well be underestimated when examined under
conditions where IGF-1R is fully functional. IGF-1R is
capable of transactivating EGFR-TK and abrogating the
antiproliferative effects of EGFR-antibody treatment[30-32].
As the CRC cell models used in this study were shown to
express both IGF-1R and EGFR, we studied the effects
of targeting both growth factor receptors by combination
treatment. Treating CRC cells with sub-IC50 concentrations
of both NVP-AEW541 and humanized anti-EGFRantibody cetuximab enhanced the antiproliferative
effect as compared to the effect of either agent alone.
Thus, NVP-AEW541 qualifies as a promising substance
for combination treatment strategies to overcome the
compensatory effects of mitogenic crosstalks between
IGF-1R and EGFR in CRC.
Drug resistance is one of the major problems of
chemotherapy. Potential mechanisms of drug resistance
include the activation of Ras/Raf/Mek/ERK signal
transduction cascade and the increase of cholesterol levels
in cancer cells, both being controlled by isoprenoids[33].
The production of isoprenoids is catalyzed by 3-hydroxy3-methylglutaryl coenzyme A reductase (HMG-CoAR)
which may therefore be a rational molecular target for
innovative antineoplastic treatment of colorectal cancer.
Fluvastatin is an effective inhibitor of HMG-CoAR and
has already been shown to inhibit tumor cell growth[34]. In
the present study, we have demonstrated the antineoplastic
effect of fluvastatin alone and in combination with NVPAEW541 in colorectal cancer cells and the antiproliferative
effect of NVP-AEW541 augmented by fluvastatin,
suggesting that combining NVP-AEW541 and fluvastatin
may be a promising approach for dual targeting treatment
strategies in colorectal cancer disease.
The mechanisms underlying the antiproliferative action
of NVP‑AEW541 in colorectal cancer cells were further
characterized. NVP‑AEW541 induced cell cycle arrest in
the G1/G0-phase in both CRC cell lines, suggesting that
the drug acts at the G1/S checkpoint. A G1/S cell cycle
arrest induced by inhibition of IGFR signaling has been
described in other fast growing cancers[35,36]. Moreover, we
observed a definite rise in apoptotic cells after treatment
with NVP‑AEW541. While the induction of apoptosis
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is a well-known effect occurring upon inhibition of
IGFR-signaling, the underlying mechanisms have been
poorly characterized[37-39]. Our present results suggest that
activation of caspase-3 is involved in NVP‑AEW541induced apoptosis of CRC cells. The proapoptotic protein
BAX was upregulated during NVP‑AEW541-induced
apoptosis, while Bcl-2, the protective and antiapoptotic
counterpart of Bax, was downregulated. Our findings
suggest that involvement of mitochondrial pathways leads
to NVP‑AEW541-mediated apoptosis.
As activated IGF-1R induces the Ras-Raf-MEK-ERK
signaling pathway with subsequent induction of cyclin D1
expression, we analyzed NVP-AEW541-induced changes
of Akt/PKB, ERK1/2 activity and p21Waf1/CIP1, p27Kip1 as
well as cyclin D1 expression as previously described[40]. In
agreement with previous observations in non-colorectal
tumor models [16], we found that NVP‑AEW541 could
dephosphorylate IGF-1R as well as ERK1/2 MAPK and
AKT/PKB of colorectal cancer cells.
IGF-IR has at least three survival signals that are able to
protect cancer cells from apoptosis, namely PI-33K/AKT
and MAPK/ERK signaling pathways, and a third one that
results in the mitochondrial translocation of Raf 1, the so
called 14-3-3 pathway[41]. Simultaneous inactivation of two
of these pathways is required to inhibit IGF-1R capacity
of protecting cells from apoptotic injuries[42]. By showing
the simultaneous inactivation of AKT/PKB and ERK1/2
MAPK by NVP-AEW541, we hypothezise that blockade
of these two survival pathways is directly involved in the
successful inhibition of colorectal cancer cell growth by
NVP-AEW541.
Defective function of cell cycle regulators is a main
cause for tumor development and progression. For
example, the cell cycle promoter cyclin D1 is frequently
overexpressed in CRC. Successful therapeutic strategies
have to balance or bypass the impaired signaling. In
the present study, NVP-AEW541 treatment raised the
expression of the cell cycle-inhibiting molecules p21Waf1/CIP1
and p27Kip1, while it decreased the expression of cyclin D1.
Finally, the expression of COX-2 which is known to be
upregulated during colorectal carcinogenesis and plays an
important role in colorectal cancer growth, was suppressed
by IGFR‑TK inhibition as previously described[43]. Thus,
NVP‑AEW541‑induced COX-2 suppression may well
contribute to its antineoplastic potency in colorectal
cancer. Since both COX-2 and IGFR are up-regulated
during colorectal carcinogenesis, NVP-AEW541 appears
to be a promising chemopreventive agent in patients at risk
for CRC.
Primary cell cultures of human colorectal cancers were
established as a tool to design a rational individual medical treatment of an individual patient. The primary goal
was to study NVP-AEW541’s antineoplastic potency in a
bench to bedside approach, as permanent cell lines may
represent well-suited but nevertheless non-representative
models of colorectal cancers. Moreover, chemosensitivity
testing of primary cultures was performed to establish a
new method for predicting the response of an individual
patient to a certain drug. Attempts to predict individual
responses have already been undertaken for breast cancer
and colorectal cancer, respectively[44,45]. Such an approach
www.wjgnet.com
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may pave the way to an individualized medical treatment
of cancer patients. The importance of predictive testing is
further supported by our finding that two out of the tested
eight primary cell cultures showed only a weak response to
NVP-AEW541 treatment. Nevertheless, NVP-AEW541 is
a promising compound for future colorectal cancer treatment, as 75% of the investigated primary colorectal cancers could be effectively treated with the drug.
In conclusion, the IGFR‑TK inhibitor NVP‑AEW541
potently inhibits the growth of human colorectal cancer
cells by inducing both cell cycle arrest and apoptosis
without eliciting unspecific cytotoxicity. Furthermore,
the compound is well-suited for combination treatment
approaches. Thus, inhibition of IGFR‑signaling by NVPAEW541 is a promising targeted anticancer strategy for
colorectal carcinoma and should be tested in future clinical
trials. Moreover, investigations should be pursued to
modulate the IGF/IGFR system as a possible means of
chemoprevention of colorectal cancer in patients at risk.

12

13

14
15

16

ACKNOWLEDGMENTS
We are indebted to Antje Krahn and Benjamin Becker
for expert technical assistance. We thank Novartis for
providing us with NVP‑AEW541, Dr. Faiss and the
nurses of the Central Endoscopy Unit of the CharitéUniversitätsmedizin Berlin, Campus Benjamin Franklin for
their excellent support of the study. Moreover, we would
like to thank the Institute of Physiology, Charité-Universitätsmedizin Berlin, Campus Benjamin Franklin, for its
laboratory facilities.

17

18

19

REFERENCES
1
2
3
4

5

6
7
8
9
10

11

Weitz J, Koch M, Debus J, Höhler T, Galle PR, Büchler MW.
Colorectal cancer. Lancet 2005; 365: 153-165
Rougier P, Mitry E. Epidemiology, treatment and
chemoprevention in colorectal cancer. Ann Oncol 2003; 14
Suppl 2: ii3-ii5
Larsson O, Girnita A, Girnita L. Role of insulin-like growth
factor 1 receptor signalling in cancer. Br J Cancer 2005; 92:
2097-2101
Hakam A, Yeatman TJ, Lu L, Mora L, Marcet G, Nicosia SV,
Karl RC, Coppola D. Expression of insulin-like growth factor-1
receptor in human colorectal cancer. Hum Pathol 1999; 30:
1128-1133
Weber MM, Fottner C, Liu SB, Jung MC, Engelhardt D,
Baretton GB. Overexpression of the insulin-like growth
factor I receptor in human colon carcinomas. Cancer 2002; 95:
2086-2095
Ullrich A, Schlessinger J. Signal transduction by receptors
with tyrosine kinase activity. Cell 1990; 61: 203-212
van der Geer P, Hunter T, Lindberg RA. Receptor proteintyrosine kinases and their signal transduction pathways. Annu
Rev Cell Biol 1994; 10: 251-337
Wang Y, Sun Y. Insulin-like growth factor receptor-1 as an
anti-cancer target: blocking transformation and inducing
apoptosis. Curr Cancer Drug Targets 2002; 2: 191-207
Baserga R. The contradictions of the insulin-like growth factor
1 receptor. Oncogene 2000; 19: 5574-5581
Schoen RE, Weissfeld JL, Kuller LH, Thaete FL, Evans
RW, Hayes RB, Rosen CJ. Insulin-like growth factor-I and
insulin are associated with the presence and advancement of
adenomatous polyps. Gastroenterology 2005; 129: 464-475
Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ.
Overweight, obesity, and mortality from cancer in a

www.wjgnet.com

20
21

22

23

24

25
26

27

September 21, 2006 Volume 12

Number 35

prospectively studied cohort of U.S. adults. N Engl J Med 2003;
348: 1625-1638
Scotlandi K, Benini S, Nanni P, Lollini PL, Nicoletti G,
Landuzzi L, Serra M, Manara MC, Picci P, Baldini N. Blockage
of insulin-like growth factor-I receptor inhibits the growth
of Ewing's sarcoma in athymic mice. Cancer Res 1998; 58:
4127-4131
Shapiro DN, Jones BG, Shapiro LH, Dias P, Houghton PJ.
Antisense-mediated reduction in insulin-like growth factor-I
receptor expression suppresses the malignant phenotype of
a human alveolar rhabdomyosarcoma. J Clin Invest 1994; 94:
1235-1242
Salisbury AJ, Macaulay VM. Development of molecular
agents for IGF receptor targeting. Horm Metab Res 2003; 35:
843-849
Scotlandi K, Manara MC, Nicoletti G, Lollini PL, Lukas S,
Benini S, Croci S, Perdichizzi S, Zambelli D, Serra M, GarcíaEcheverría C, Hofmann F, Picci P. Antitumor activity of the
insulin-like growth factor-I receptor kinase inhibitor NVPAEW541 in musculoskeletal tumors. Cancer Res 2005; 65:
3868-3876
García-Echeverría C, Pearson MA, Marti A, Meyer T, Mestan
J, Zimmermann J, Gao J, Brueggen J, Capraro HG, Cozens R,
Evans DB, Fabbro D, Furet P, Porta DG, Liebetanz J, MartinyBaron G, Ruetz S, Hofmann F. In vivo antitumor activity of
NVP-AEW541-A novel, potent, and selective inhibitor of the
IGF-IR kinase. Cancer Cell 2004; 5: 231-239
Höpfner M, Maaser K, Theiss A, Lenz M, Sutter AP, Kashtan
H, von Lampe B, Riecken EO, Zeitz M, Scherübl H. Hypericin
activated by an incoherent light source has photodynamic
effects on esophageal cancer cells. Int J Colorectal Dis 2003; 18:
239-247
Höpfner M, Sutter AP, Gerst B, Zeitz M, Scherübl H. A novel
approach in the treatment of neuroendocrine gastrointestinal
tumours. Targeting the epidermal growth factor receptor by
gefitinib (ZD1839). Br J Cancer 2003; 89: 1766-1775
Sutter AP, Maaser K, Höpfner M, Barthel B, Grabowski P,
Faiss S, Carayon P, Zeitz M, Scherübl H. Specific ligands of
the peripheral benzodiazepine receptor induce apoptosis and
cell cycle arrest in human esophageal cancer cells. Int J Cancer
2002; 102: 318-327
Gillies RJ, Didier N, Denton M. Determination of cell number
in monolayer cultures. Anal Biochem 1986; 159: 109-113
Decker T, Lohmann-Matthes ML. A quick and simple
method for the quantitation of lactate dehydrogenase release
in measurements of cellular cytotoxicity and tumor necrosis
factor (TNF) activity. J Immunol Methods 1988; 115: 61-69
Höpfner M, Sutter AP, Beck NI, Barthel B, Maaser K, JockersScherübl MC, Zeitz M, Scherübl H. Meta-iodobenzylguanidine
induces growth inhibition and apoptosis of neuroendocrine
gastrointestinal tumor cells. Int J Cancer 2002; 101: 210-216
Höpfner M, Sutter AP, Huether A, Schuppan D, Zeitz M,
Scherübl H. Targeting the epidermal growth factor receptor by
gefitinib for treatment of hepatocellular carcinoma. J Hepatol
2004; 41: 1008-1016
Sutter AP, Maaser K, Grabowski P, Bradacs G, Vormbrock
K, Höpfner M, Krahn A, Heine B, Stein H, Somasundaram R,
Schuppan D, Zeitz M, Scherübl H. Peripheral benzodiazepine
receptor ligands induce apoptosis and cell cycle arrest
in human hepatocellular carcinoma cells and enhance
chemosensitivity to paclitaxel, docetaxel, doxorubicin and the
Bcl-2 inhibitor HA14-1. J Hepatol 2004; 41: 799-807
Vindeløv L, Christensen IJ. An integrated set of methods for
routine flow cytometric DNA analysis. Methods Cell Biol 1990;
33: 127-137
Reinmuth N, Fan F, Liu W, Parikh AA, Stoeltzing O, Jung
YD, Bucana CD, Radinsky R, Gallick GE, Ellis LM. Impact of
insulin-like growth factor receptor-I function on angiogenesis,
growth, and metastasis of colon cancer. Lab Invest 2002; 82:
1377-1389
Barozzi C, Ravaioli M, D'Errico A, Grazi GL, Poggioli G,
Cavrini G, Mazziotti A, Grigioni WF. Relevance of biologic
markers in colorectal carcinoma: a comparative study of a

Höpfner M et al . Insulin-like growth factor receptor and CRC		

28

29

30

31

32

33
34

35

broad panel. Cancer 2002; 94: 647-657
Arteaga CL, Kitten LJ, Coronado EB, Jacobs S, Kull FC Jr,
Allred DC, Osborne CK. Blockade of the type I somatomedin
receptor inhibits growth of human breast cancer cells in
athymic mice. J Clin Invest 1989; 84: 1418-1423
Andrews DW, Resnicoff M, Flanders AE, Kenyon L, Curtis
M, Merli G, Baserga R, Iliakis G, Aiken RD. Results of a pilot
study involving the use of an antisense oligodeoxynucleotide
directed against the insulin-like growth factor type I receptor
in malignant astrocytomas. J Clin Oncol 2001; 19: 2189-2200
Gilmore AP, Valentijn AJ, Wang P, Ranger AM, Bundred N,
O’Hare MJ, Wakeling A, Korsmeyer SJ, Streuli CH. Activation
of BAD by therapeutic inhibition of epidermal growth factor
receptor and transactivation by insulin-like growth factor
receptor. J Biol Chem 2002; 277: 27643-27650
Ahmad T, Farnie G, Bundred NJ, Anderson NG. The
mitogenic action of insulin-like growth factor I in normal
human mammary epithelial cells requires the epidermal growth
factor receptor tyrosine kinase. J Biol Chem 2004; 279: 1713-1719
Lu Y, Zi X, Pollak M. Molecular mechanisms underlying IGFI-induced attenuation of the growth-inhibitory activity of
trastuzumab (Herceptin) on SKBR3 breast cancer cells. Int J
Cancer 2004; 108: 334-341
Jakobisiak M, Golab J. Potential antitumor effects of statins
(Review). Int J Oncol 2003; 23: 1055-1069
Paragh G, Kertai P, Kovacs P, Paragh G, Fülöp P, Foris
G. HMG CoA reductase inhibitor fluvastatin arrests the
development of implanted hepatocarcinoma in rats. Anticancer
Res 2003; 23: 3949-3954
Mitsiades CS, Mitsiades NS, McMullan CJ, Poulaki V,
Shringarpure R, Akiyama M, Hideshima T, Chauhan D,
Joseph M, Libermann TA, García-Echeverría C, Pearson MA,
Hofmann F, Anderson KC, Kung AL. Inhibition of the insulinlike growth factor receptor-1 tyrosine kinase activity as a
therapeutic strategy for multiple myeloma, other hematologic

36
37

38
39
40

41
42

43
44
45

5643
malignancies, and solid tumors. Cancer Cell 2004; 5: 221-230
Baserga R. Oncogenes and the strategy of growth factors. Cell
1994; 79: 927-930
Camirand A, Pollak M. Co-targeting IGF-1R and c-kit:
synergistic inhibition of proliferation and induction of
apoptosis in H 209 small cell lung cancer cells. Br J Cancer
2004; 90: 1825-1829
Baserga R, Peruzzi F, Reiss K. The IGF-1 receptor in cancer
biology. Int J Cancer 2003; 107: 873-877
LeRoith D, Roberts CT Jr. The insulin-like growth factor
system and cancer. Cancer Lett 2003; 195: 127-137
Huynh H, Do PT, Nguyen TH, Chow P, Tan PH, Quach TH,
Van T, Soo KC, Tran E. Extracellular signal-regulated kinase
induces cyclin D1 and Cdk-2 expression and phosphorylation
of retinoblastoma in hepatocellular carcinoma. Int J Oncol
2004; 25: 1839-1847
Thomas D, Guthridge M, Woodcock J, Lopez A. 14-3-3 protein
signaling in development and growth factor responses. Curr
Top Dev Biol 2005; 67: 285-303
Salatino M, Schillaci R, Proietti CJ, Carnevale R, Frahm
I, Molinolo AA, Iribarren A, Charreau EH, Elizalde PV.
Inhibition of in vivo breast cancer growth by antisense
oligodeoxynucleotides to type I insulin-like growth factor
receptor mRNA involves inactivation of ErbBs, PI-3K/Akt and
p42/p44 MAPK signaling pathways but not modulation of
progesterone receptor activity. Oncogene 2004; 23: 5161-5174
Brown JR, DuBois RN. COX-2: a molecular target for
colorectal cancer prevention. J Clin Oncol 2005; 23: 2840-2855
Shukla GS, Krag DN. Selection of tumor-targeting agents on
freshly excised human breast tumors using a phage display
library. Oncol Rep 2005; 13: 757-764
Mori S, Kunieda K, Sugiyama Y, Saji S. Prediction of 5-fluorouracil
and cisplatin synergism for advanced gastrointestinal cancers
using a collagen gel droplet embedded culture. Surg Today
2003; 33: 577-583
S- Editor Wang GP

L- Editor Wang XL

E- Editor Bi L

www.wjgnet.com

World J Gastroenterol 2006 September 21; 12(35): 5644-5650
World Journal of Gastroenterology ISSN 1007-9327
© 2006 The WJG Press. All rights reserved.

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

COLORECTAL CANCER

Hemoglobin induces colon cancer cell proliferation by release
of reactive oxygen species
Ryung-Ah Lee, Hyun-Ah Kim, Bo-Young Kang, Kwang-Ho Kim
Ryung-Ah Lee, Ewha Medical Institute, Department of Surgery,
College of Medicine, Ewha Womans University, Seoul, Korea
Hyun-Ah Kim, Kwang-Ho Kim, Department of Surgery, College
of Medicine, Ewha Womans University, Seoul, Korea
Bo-Young Kang, Ewha Medical Institute, Ewha Womans
University, Seoul, Korea
Supported by 2003 the Aventis-Cheiljedang Grant Award offered
from Korean society of Coloproctology, No: 2003-005
Correspondence to: Ryung-Ah Lee MD, PhD, Department of
Surgery, Ewha Womans University Mokdong Hospital, 158-710,
911-1, Mokdong, Yangcheonku, Seoul, Korea. ralee@ewha.ac.kr
Telephone: +82-2-26502659 Fax: +82-2-26447984
Received: 2006-03-29
Accepted: 2006-04-16

Abstract
AIM: To study whether hemoglobin could amplify colon
cancer cell proliferation via reactive oxygen species (ROS)
production.
METHODS: Colon cancer cell line HT-29 was grown in
the conventional method using RPMI1640 media. The
viability of the cells was measured using the colorimetric
MTT [3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide] assay after adding hemoglobin. We determined reactive oxygen species levels to be indicators
of oxidative stress in HT 29 cell lines with and without
hemoglobin and/or 5-fluorouracil (5-FU), 5’-deoxy-5-fluorouridine (5-DFUR) using fluorometric dichlorofluorescin
diacetate (DCFH-DA) assay.
RESULTS: Cellular proliferation was increased with hemoglobin in a concentration-dependent manner. A significant increment on ROS levels was found in HT 29 cells
following hemoglobin incubation. The cytotoxic effects of
5-FU and 5-DFUR were significantly blunted by administration of hemoglobin. There was a slight increase of
peroxiredoxin 1, superoxide dismutase 1 concentration
according to different hemoglobin concentrations.
CONCLUSION: Hemoglobin has a cellular proliferative
effect on HT-29 colon cancer cell line by production of
ROS. Also, hemoglobin abates cytotoxic effects of chemotherapeutic agents such as 5-FU and 5-DFUR.
© 2006 The WJG Press. All rights reserved.

Key words: Colon cancer; Hemoglobin; Reactive oxygen
species
Lee RA, Kim HA, Kang BY, Kim KH. Hemoglobin induces
www.wjgnet.com

colon cancer cell proliferation by release of reactive oxygen
species. World J Gastroenterol 2006; 12(35): 5644-5650

http://www.wjgnet.com/1007-9327/12/5644.asp

INTRODUCTION
Colon cancer is an important public health issue[1]. There
are nearly one million cases of colon cancer diagnosed
worldwide each year. The increasing trend of this cancer
is prominent in Asian countries, including Korea[2,3]. Until
the present day, scientists have made an intensive effort
to find a provocative factor of this major cancer. Many
epidemiologic studies indicate that a western style diet is
associated with a high incidence of colon cancer[4-6]. An
especially high protein consumption as in the western-style
diet is regarded as a major factor in inducing colon cancer.
There is consistent evidence that high meat consumption,
in particular red meat, confers an increased risk of this
cancer. However, recent large prospective epidemiologic
studies that hypothesized a strong relationship between
red meat consumption and colorectal cancer development
have revealed inconsistent results.
Hemoglobin is a complex of heme and globin, which
contribute an important role of oxygen delivery processes
to individual tissues[7]. Intake of these particular molecules
contributes nutritional buildup as an iron and protein
supplementation. Hemoglobin inside food is already in an
oxidized form, and so cannot be used as an oxygen delivery
porter. Recently, interesting results about the carcinogenic
effects of dietary haemin were reported, documenting that
dietary haemin increases the number of aberrant crypt
foci in rat colon mucosa[8-10]. It is important to understand
how reactive oxygen species (ROS) are formed in the
gut lumen and which biological potency they may have,
since intracellular reactions with active oxygen can result
in the initiation and progression of carcinogenesis by
induction of gene mutations, chromosomal damage and
cytotoxic effects[11-13]. Furthermore, active oxygen regulates
expression of genes active during cell differentiation and
growth and therefore, probably plays an important role in
the promotion phase of tumor generation. In the colon,
iron is expected to increase the production of ROS from
peroxides via the Fenton reaction, which may be the cause
of cellular toxicity and even pro-mutagenic lesions[14].
The aim of this study was to investigate whether
hemoglobin could be classified as a proliferative agent
for colon cancer cells by causing reactive oxygen species
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release. For this purpose, we have studied the cellular
viability of differentiated colon cell line HT29 after
administration of hemoglobin at different concentrations.
ROS production was investigated in each step. Additionally,
we examined the protective effect of hemoglobin on the
cytotoxicity of chemotherapeutic agents.

MATERIALS AND METHODS
Reagents and antibodies
Human hemoglobin, 5-fluorouracil (5-FU), 5’-deoxy5-fluorouridine (5-DFUR) were obtained from Sigma (St.
Louis, MO, USA). 2’, 7’-Dichlorofluorescein diacetate
(DCFH-DA) was purchased from Calbiochem (Meudon,
France). Antibodies to human peroxiredoxin 1 and superoxide dismutase 1 were purchased from Labfrontier (Seoul,
Korea).
Cell culture
The human colon cancer cell line HT-29 and Lovo was
established from Korean Cell Line Bank. To compare the
effect on normal fibroblast, we used CCD-33Co normal
colonic fibroblast cell line purchased from American Type
Culture Collection (Catalog No. CRL-1539). Cells were
maintained in stocks of liquid nitrogen, thawed and grown
in tissue culture flasks with RPMI 1640 (Gibco BRL, NY,
USA) supplemented with 100 mL/L fetal bovine serum
and 10 g/L penicillin/streptomycin at 37℃ in a 50 mL/L
CO2 incubator. The cultured cells were trypsinized with
fresh 2.5 g/L trypsin solution, trypsin was removed and
the culture let sit at 37℃ until the cells detached (about 5
min). Fresh media was added, aspirated and dispensed into
new flasks. Subculture was done every 4-6 d.
MTT assay
A freshly prepared cell suspension was serially diluted in
RPMI 1640 containing 100 mL/L FBS to give a cell density ranging 109/L to 1011/L counted by hemocytometer.
After 24 h, the culture medium was replaced with a fresh
medium containing hemoglobin, 5-FU, 5-DFUR or combination thereof. Six duplicate wells were set up in each
sample. The cells not treated with the drugs served as
control cells. After incubation time passed, 20 mL dimethylthiazol diphenyl tetrazolium bromide (MTT, 3 g/L) was
added to each well and incubated at 37℃ for 3 h. After removal of the medium, MTT stabilization solution (DMSO:
ethanol = 1:1) was added, then shaken for 10 min until all
crystal was dissolved. Then, optical density (OD) was detected in a microplate reader at 550 nm wavelength using
an ELISA reader (EMAX ED927, Molecular Devices Inc.,
USA). The negative control well had no cells and was used
as zero point of absorbance. Each assay was performed in
triplicate. The following formula was used: cell proliferation inhibited (%) = [1-(A of the experimental samples/A
of the control)] × 100%. Cell growth curve was completed
using time as the abscissa and a value (mean ± SD) as the
ordinate.
Measurement of ROS
Human hemoglobin was dissolved in RPMI 1640. HT 29
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cells were incubated with 5-FU or 5’-fluoro-2’-deoxyuridine (5-FDUR) at 37℃ in suspension culture at different
concentrations 1 to 2 µg or for different incubation periods. These samples were processed for analysis of ROS
by usual flowcytometric techniques. Briefly, cells were
harvested, washed twice with PBS and resuspended in
serum-free medium. They were incubated with 50 µmol/L
2’,7’-dichlorofluoroscein diacetate (Calbiochem, Meudon,
France) for 2 h at 37℃ and washed with ice-cold HEPES/
saline and placed on ice. Fluorescence was measured by
flowcytometry (Becton Diskinson, San Jose, USA). As a
positive control, cells were separately treated with H2O2
and processed for ROS detection.
Immunoblot analysis
Harvested cell line extracts were homogenized with icecold lysis buffer (20 mmol/L HEPES pH 7.2, 150 mmol/L
sodium chloride, 1% Triton X-100, 1 mmol/L EDTA, 1
mmol/L EGTA, 10 mg/L leupeptin, 10 mg/L aprotinine,
0.1 mmol/L DTT and 1 mmol/L phenylmethylsulfonyl
fluoride). For the immunoblot analysis, extracted proteins
of 10 µg were denatured by heating at 95℃ for 10 min
with Laemmli cooking buffer and separated on 120 g/L
SDS polyacrylamide gel electrophoresis. The resolved protein bands were transferred onto a PVDF membrane (Amersham Biosciences, UK) and blocked non-specific binding
site by immersing the membrane in 30 mL/L skim milk,
120 g/L Tween 20 in TBS for 2 h. The membrane was
incubated with 1:2000 diluted primary antibody for peroxiredoxin I (Difco, USA) and superoxide dismutase 1 for 1
h at room temperature on an orbital shaker. The blotted
membrane was then incubated using secondary antibody
(anti-rabbit IgG, 1:3000) for 1 h at room temperature on
an orbital shaker. Detection was performed with the ECL
system.
Statistical analysis
Data shown in figures represent mean ± SEM. Unless
otherwise stated, these means were calculated from the
means of triplicate replicates obtained in at least three
independent experiments. Statistical evaluation was performed with the Prism program version 6.0. Depending
on sample size and type of experiment, repeated measures
of ANOVA or one-way ANOVAs were used to determine
the significance of the experimental variables.

RESULTS
Proliferation effect of hemoglobin
Cell growth was determined by MTT assay. HT-29 cell
line, the main cell of colon cancer, and Lovo cell line and
CCL-33Co cell line were objected to confirm the difference in proliferation dependant on the types of cells. It has
been verified, as demonstrated in Figure 1, when injected
with hemoglobin, proliferation in all three types of cell
lines was much greater. We saw the time effects in HT-29
cell line. These effects began to display after 30 min of
treatment and were most obvious after approximately 24 h
(Figure 1A). After various adjustments of the concentration of the hemoglobin, the results showed that the higher
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the concentration, the greater the proliferation (Figure 1).
ROS production by hemoglobin
Flowcytometry using DEPC was conducted to measure
the total quantity of ROS, which occurs during the administration of hemoglobin. As expected, the amount of ROS
production showed a significant increase dependent on the
concentration of hemoglobin (Figure 2), and ROS production increased subject to the amount of time following
increment.
The restraint of proliferation by anti-cancer medicines
Two drugs (5-FU, an anti-cancer drug most commonly
used in treatment of colon cancer, and 5-DFUR, the
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activating form of capecitabine which is presently used
in metastatic colon cancer) were added to verify the constraint of proliferation effects. Twenty-four hours after
drug application at varying concentrations, it was found
that the higher the density, the greater was the constraint
of proliferation in all three cell types (Figures 3 and 4).
Also by flowcytometry, the anti-cancer medication decreases ROS production. Hence, it is believed that administration of anti-cancer drugs is effective in reducing ROS
production (Figures 3D and 4D).
Influence of hemoglobin on anti-cancer agents
Twenty-four hours after simultaneously adding 5-FU,
5-DFUR and hemoglobin at various concentrations into
three cell lines, results showed evidence of a weakening
in the decreased proliferation as compared to using only
anti-cancer drugs. Results were proportionate to the given
densities of hemoglobin (Figures 5 and 6).
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Expression of superoxide dismutase and peroxiredoxin
The occurrence of superoxide dismutase, the most important rate-limiting enzyme in ROS production in vivo, and
peroxiredoxin, which is a producer of hydrogen peroxide
(prominent type of ROS in cancer cells), was compared
by the amount of hemoglobin added. Twenty four hours
following treatment, the rate of occurrence of the two
types of enzymes increased proportionately to the density
of hemoglobin. However, the variation was only slight and
less than expected (Figures 7 and 8).
www.wjgnet.com

DISCUSSION
High intake of meat is believed to be one of the main factors of high incidence of colon cancer among Western
countries as compared with Asian countries. There are
many reports dealing with which components and nutrients inside meat are considered most risky. There are
plenty of reports about nutrients such as iron[15], folate[16],
cholesterol[17], calcium[18], bile salt[19], heterocyclic amines[20]
and vitamin D[21] etc. related with various gastrointestinal
malignancies. It is generally known that red meat has more
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Figure 7 Change of Prx1 expression after administration of hemoglobin. a: Hb 0
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Figure 8 Change of SOD1 expression after administration of hemoglobin. a: Hb 0
μmol/L; b: Hb 10 μmol/L; c: Hb 50 μmol/L; d: Hb 100 μmol/L; e: Hb 250 μmol/L.

carcinogenic content than white meat. Due to the fact
that some cancer patients believe red meat induces cancerous growths or encourages the recurrence thereof, they
consume little to no red meats. Occasionally, malnutrition
occurs as a result of extreme or reckless diet changes[22].
However, conclusions about carcinogenic effects of red
meat are not confirmed to date, especially the medical basis is insufficient. Therefore, in vitro research is required to
effectively prove these carcinogenic effects.
The term ‘red meat’ refers mainly to mammal flesh
such as beef, pork and lamb, etc. as with most edible
meats, whereas the term ‘white meat’ refers mainly to foul.
The ruddy coloring of red meat reflects the density of
myoglobin that is found in muscle tissue and some roles of
hemoglobin are also included. Hemoglobin is a tetramer
consisting of two alpha chains and two beta chains.
Since each unit can combine with oxygen wherein iron
is present, 1 hemoglobin can carry 4 oxygen molecules.
The main function of hemoglobin is to carry oxygen, in
addition to the storage of iron and the place providing
globin. This type of function occurs only in vivo and exists
within the bloodstream. When hemoglobin is inducted
into the digestive tract, it is dissolved by digestive enzymes
as are other proteins and absorbed as a protein and other
nutrients. There are a few reports on the carcinogenic
effects of heme or hemoglobin among the components of
meat[10, 23-27]. Sesink et al[28] stated that dietary heme effects
on colon epithelial hyperproliferation are hindered by
calcium. They administered pure hemin in a meal of an
F344 female rat. They announced that the resulting effect
of a low calcium and heme containing diet increases colon
wall aberrant crypt foci (ACF). Into an experimental model
by Pierre et al [10] heme and hemoglobin were injected
and the size and number of ACF were compared and
measured with fecal thiobarbaturic acid reactive substances
(TBAR). In the case of hemoglobin, the number of ACF
and the amount of TBAR increased. From these results,
hemoglobin was announced as a potent promoter of
colorectal carcinogenesis. Glei et al[14] observed the increase
of DNA strand break after the iron overload injected FeNTA (ferric-nitrilotriacetate) which was synthesized from
the ferric nitrate and nitrilotriacetic acid into HT29 clone
19A cell line. Also, it was reported that when peroxide was
added, more DNA strand breaks occurred with increasing
peroxide concentrations. With these findings, iron content
within a hemoglobin containing diet increased the DNA
genotoxicity. We proceeded with this study under the

assumption that hemoglobin components of dietary
red meat affects cell proliferation of the cancerous and
normal colonic cells via production of ROS. As expected,
the results of this study confirmed the leading effect of
hemoglobin. By the amount of hemoglobin dealt with, not
only the cellular proliferation increased but also the amount
of ROS production increased supporting predictions
thereof. The proliferation effect of hemoglobin on normal
colonic fibroblast was noted similarly in cancer cell lines.
It is assumed that it presents the effect that exposure of
hemoglobin leads to normal colon proliferation as well and
produces ROS, which forms much more DNA breaks and
also helps in becoming susceptible to other carcinogenic
stimuli. Enzymes related with ROS production such as
peroxiredoxin 1 [29] and superoxide dismutase 1 [30] also
increased after hemoglobin application but the effect
was minimal compared with expectations. These results
suggested that production of enzymes was not a major
factor in the process of colon cancer cell proliferation via
ROS production.
5-FU and 5-DFUR are major chemotherapeutic
agents in the treatment of colorectal cancer[31,32]. We used
these drugs to identify adverse effects of hemoglobin
on chemotherapy. Cellular proliferation was decreased
12 h after adding the 5-FU or 5-DFUR and ROS
production was decreased as expected. The results with
5-FU was similar with that of 5-DFUR. These reactions
were affected by administration of hemoglobin in a
concentration-dependent manner in all three cell lines.
ROS production was also decreased with hemoglobin. It is
interpreted that hemoglobin administration restricted the
cytotoxic effect of anti-cancer drugs in colon cancer cells
and normal colonic fibroblasts.
In conclusion, hemoglobin inside red meat has a
promoting effect on cellular proliferation in cancer cells
and in normal colonic fibroblast cells by release of ROS.
Furthermore, this phenomenon reduces the cytotoxicity
of anticancer drugs, such as 5-FU and 5-DFUR, to colon
cancer cells, which could be an adverse factor during
chemotherapy in a clinical setting.

REFERENCES
1
2

Ransohoff DF. Colon cancer screening in 2005: status and
challenges. Gastroenterology 2005; 128: 1685-1695
Ministry of health and welfare of Korea. Reports of cancer
incidence 07-27. Available from: http://www.mohw.go.kr/in-

www.wjgnet.com

5650

3
4
5
6
7
8
9
10

11
12
13
14

15

16
17

18

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

dex.jsp
Li M, Gu J. Changing patterns of colorectal cancer in China
over a period of 20 years. World J Gastroenterol 2005; 11:
4685-4688
Ferguson LR. Meat consumption, cancer risk and population
groups within New Zealand. Mutat Res 2002; 506-507: 215-224
Matos E, Brandani A. Review on meat consumption and cancer in South America. Mutat Res 2002; 506-507: 243-249
Nkondjock A, Ghadirian P. Associated nutritional risk of
breast and colon cancers: a population-based case control
study in Montreal, Canada. Cancer Lett 2005; 223: 85-91
Young GP, Rose IS, St John DJ. Haem in the gut. I. Fate of haemoproteins and the absorption of haem. J Gastroenterol Hepatol
1989; 4: 537-545
Shivshankar P, Devi SC. Screening of stimulatory effects of
dietary risk factors on mouse intestinal cell kinetics. World J
Gastroenterol 2005; 11: 242-248
Kim DH, Hong EK. Aberrant crypt foci in the background
mucosa of colorectal adenocarcinoma. Cancer Res Treatment
2001; 33: 216-224
Pierre F, Taché S, Petit CR, Van der Meer R, Corpet DE. Meat
and cancer: haemoglobin and haemin in a low-calcium diet
promote colorectal carcinogenesis at the aberrant crypt stage
in rats. Carcinogenesis 2003; 24: 1683-1690
Kamata H, Hirata H. Redox regulation of cellular signalling.
Cell Signal 1999; 11: 1-14
Forsberg L, de Faire U, Morgenstern R. Oxidative stress, human genetic variation, and disease. Arch Biochem Biophys 2001;
389: 84-93
Benhar M, Engelberg D, Levitzki A. ROS, stress-activated
kinases and stress signaling in cancer. EMBO Rep 2002; 3:
420-425
Glei M, Latunde-Dada GO, Klinder A, Becker TW, Hermann U,
Voigt K, Pool-Zobel BL. Iron-overload induces oxidative DNA
damage in the human colon carcinoma cell line HT29 clone
19A. Mutat Res 2002; 519: 151-161
Lee DH, Jacobs Jr DR, Folsom AR. A hypothesis: interaction
between supplemental iron intake and fermentation affecting the risk of colon cancer. The Iowa Women's Health Study.
Nutr Cancer 2004; 48: 1-5
Kim YI. Nutritional epigenetics: impact of folate deficiency on
DNA methylation and colon cancer susceptibility. J Nutr 2005;
135: 2703-2709
Suzuki K, Ito Y, Wakai K, Kawado M, Hashimoto S, Toyoshima H, Kojima M, Tokudome S, Hayakawa N, Watanabe Y, Tamakoshi K, Suzuki S, Ozasa K, Tamakoshi A. Serum oxidized
low-density lipoprotein levels and risk of colorectal cancer: a
case-control study nested in the Japan Collaborative Cohort
Study. Cancer Epidemiol Biomarkers Prev 2004; 13: 1781-1787
Gross MD. Vitamin D and calcium in the prevention of prostate and colon cancer: new approaches for the identification of
needs. J Nutr 2005; 135: 326-331

19

20

21
22
23

24
25

26

27

28

29
30
31

32

September 21, 2006 Volume 12

Number 35

Alberts DS, Martínez ME, Hess LM, Einspahr JG, Green SB,
Bhattacharyya AK, Guillen J, Krutzsch M, Batta AK, Salen G,
Fales L, Koonce K, Parish D, Clouser M, Roe D, Lance P. Phase
III trial of ursodeoxycholic acid to prevent colorectal adenoma
recurrence. J Natl Cancer Inst 2005; 97: 846-853
Pence BC, Landers M, Dunn DM, Shen CL, Miller MF. Feeding of a well-cooked beef diet containing a high heterocyclic
amine content enhances colon and stomach carcinogenesis
in 1, 2-dimethylhydrazine-treated rats. Nutr Cancer 1998; 30:
220-226
Harris DM, Go VL. Vitamin D and colon carcinogenesis. J
Nutr 2004; 134: 3463S-3471S
Lee KS, Ahn HS, Hwang LI, Lee YS, Koo BH. Utilization of
alternative therapies in cancer patients. J Korean Cancer Assoc
1998; 30: 203-213
Glei M, Klenow S, Sauer J, Wegewitz U, Richter K, Pool-Zobel
BL. Hemoglobin and hemin induce DNA damage in human
colon tumor cells HT29 clone 19A and in primary human colonocytes. Mutat Res 2006; 594: 162-171
Lee DH, Anderson KE, Harnack LJ, Folsom AR, Jacobs DR Jr.
Heme iron, zinc, alcohol consumption, and colon cancer: Iowa
Women's Health Study. J Natl Cancer Inst 2004; 96: 403-407
Pierre F, Freeman A, Taché S, Van der Meer R, Corpet DE.
Beef meat and blood sausage promote the formation of azoxymethane-induced mucin-depleted foci and aberrant crypt foci
in rat colons. J Nutr 2004; 134: 2711-2716
Lakshmi VM, Clapper ML, Chang WC, Zenser TV. Hemin
potentiates nitric oxide-mediated nitrosation of 2-amino3-methylimidazo[4,5-f]quinoline (IQ) to 2-nitrosoamino3-methylimidazo[4,5-f]quinoline. Chem Res Toxicol 2005; 18:
528-535
Bingham SA, Hughes R, Cross AJ. Effect of white versus
red meat on endogenous N-nitrosation in the human colon
and further evidence of a dose response. J Nutr 2002; 132:
3522S-3525S
Sesink AL, Termont DS, Kleibeuker JH, Van der Meer R. Red
meat and colon cancer: dietary haem-induced colonic cytotoxicity and epithelial hyperproliferation are inhibited by calcium. Carcinogenesis 2001; 22: 1653-1659
Noh DY, Ahn SJ, Lee RA, Kim SW, Park IA, Chae HZ. Overexpression of peroxiredoxin in human breast cancer. Anticancer
Res 2001; 21: 2085-2090
St Clair D, Zhao Y, Chaiswing L, Oberley T. Modulation of
skin tumorigenesis by SOD. Biomed Pharmacother 2005; 59:
209-214
Reddy GK. Efficacy of adjuvant capecitabine compared with
bolus 5-fluorouracil/leucovorin regimen in dukes C colon cancer: results from the X-ACT trial. Clin Colorectal Cancer 2004; 4:
87-88
Kim IY. Improving outcomes with chemotherapy in colorectal
cancer: current options, current evidence. J Korean Soc Coloproctol 2006; 22: 137-148
S- Editor Pan BR L- Editor Karam SM E- Editor Bi L

www.wjgnet.com

World J Gastroenterol 2006 September 21; 12(35): 5651-5657
World Journal of Gastroenterology ISSN 1007-9327
© 2006 The WJG Press. All rights reserved.

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

COLORECTAL CANCER

Promoter hypomethylation and reactivation of MAGE-A1 and
MAGE-A3 genes in colorectal cancer cell lines and cancer
tissues
Kyung-Hee Kim, Jin-Sung Choi, Il-Jin Kim, Ja-Lok Ku, Jae-Gahb Park
Kyung-Hee Kim, Jin-Sung Choi, Il-Jin Kim, Ja-Lok Ku, JaeGahb Park, Laboratory of Cell Biology, Korean Cell Line Bank,
Cancer Research Institute, Seoul National University College of
Medicine, Seoul 110-744, Korea
Supported by the Korea Research Foundation Grant, No.KRF2003-03-E00199
Correspondence to: Ja-Lok Ku, Laboratory of Cell Biology,
Cancer Research Institute, Seoul National University College of
Medicine, 28 Yongon-dong, Chongno-gu, Seoul 110-744,
Korea. kujalok@snu.ac.kr
Telephone: +82-2-36687919 Fax: +82-2-7420021
Received: 2006-05-10
Accepted: 2006-06-14

Abstract
AIM: To verify the expression and methylation status of
the MAGE-A1 and MAGE-A3 genes in colorectal cancer
tissues and cancer cell lines.
METHODS: We evaluated promoter demethylation
status of the MAGE-A1 and MAGE-A3 genes by RT-PCR
analysis and methylation-specific PCR (MS-PCR), as well
as sequencing analysis, after sodium bisulfite modification in 32 colorectal cancer cell lines and 87 cancer tissues.
RESULTS: Of the 32 cell lines, MAGE-A1 and MAGE-A3
expressions were observed in 59% and 66%, respectively. Subsequent to sodium bisulfite modification and MSPCR analysis, the promoter hypomethylation of MAGE-A1
and MAGE-A3 was confirmed in both at 81% each.
Promoter hypomethylation of MAGE-A1 and MAGE-A3 in
colorectal cancer tissues was observed in 43% and 77%,
respectively. Hypomethylation of MAGE-A1 and MAGE-A3
genes in corresponding normal tissues were observed in
2% and 6%, respectively.
CONCLUSION: The promoter hypomethylation of MAGE
genes up-regulates its expression in colorectal carcinomas as well as in gastric cancers and might play a significant role in the development and progression of human
colorectal carcinomas.
© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Human tumors often display changes in DNA methylation,
which include both genome-wide hypomethylation and
site-specific hypermethylation. Global hypomethylation
and CpG island hypermethylation have been recognized
as impor tant contributors to the development of
carcinogenesis in humans. Hypermethylation of promoter
CpG islands is the signature of transcriptional silencing
of their downstream genes, including RB, p16, VHL,
BRCA1, E-cadherin, APC, hMLH1, FHIT, COX2, and
CDX1 in various human cancers; and is as effective as
inactivation by gene mutation or deletion[1-6]. Global DNA
hypomethylation has been implicated in the activation of
oncogenes such as c-myc, k-ras, and it may also contribute
to tumor progression by the induction of genome
instability[7,8].
The MAGE family of genes belongs to a group of
germ line-specific genes that are activated in different types
of tumors. This family of genes was reported to direct the
expression of a tumor-specific antigen that was recognized
in a melanoma cell by cytolytic T lymphocytes [9]. The
MAGE-A1 gene has a CpG-rich promoter, which,
unlike classical CpG-rich promoters, is methylated in
all normal somatic tissues, except for the placenta and
testis. In contrast, the promoter region of MAGE-A1 is
completely unmethylated in testicular germ cells and in
tumor cells that express the gene[10]. Demethylation, and
therefore, activation of MAGE-A1 in tumors appears
to be a consequence of the genome-wide demethylation
process, since the expression of this gene in tumor
cells correlates with a decreased level of overall DNA
methylation [11]. A correlation between MAGE-A1 and
MAGE-A3 expression and genome-wide hypomethylation
has been observed in some types of carcinomas [12,13].
The human MAGE-A1 and MAGE-A3 genes, which
are located on chromosome X, are expressed in 29% and
66%, respectively, of human gastric cancer cells due to
the hypomethylation of the promoter region[12]. However,
it is unknown if this relationship is present in colorectal
carcinomas.
In this study, we investigated the promoter methylation
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status of MAGE-A1 and MAGE-A3 genes. A total of 32
colorectal cancer cell lines were tested for hypomethylation
of the MAGE-A1 and MAGE-A3 genes promoter.
In addition, we screened the methylation status of the
MAGE-A1 and MAGE-A3 genes promoter in 87 paired
colorectal cancers and normal mucosal tissue samples.

MATERIALS AND METHODS
Cell cultures
A total of 32 colorectal cancer cell lines (Table 1) and 2
gastric cancer cell lines (SNU-1 and SNU-5) were obtained
from either the Korean Cell Line Bank (KCLB; Seoul,
Korea) or the American Type Culture Collection (ATCC;
Manassas, VA, USA). Sixteen SNU-colorectal cancer cell
lines were established and were reported upon previously
by this laborator y [14,15] . SNU-1 and SNU-5 g astric
carcinoma cell lines were used as methylation positive
(SNU-1) and negative (SNU-5) controls for MAGE
gene expression[12]. All the cell lines were maintained in
RPMI1640, which was supplemented with 10% FBS, 100
kU/L penicillin, and 0.1 g/L streptomycin. The cultures
were maintained in humidified incubators at 37℃ in a 5%
CO2 and 95% ambient air atmosphere.
Nucleic acid isolation and cDNA synthesis from the cell
lines
Genomic DNA and total RNA were isolated from
washed-cell pellets. Total genomic DNA was extracted
in accordance with the standard SDS-proteinase K
procedure; and total cellular RNA was extracted based on
the manufacturer’s instructions (Intron Biotechnology;
Seoul, Korea). For cDNA synthesis, 2 µg of total RNA
was reverse transcribed with a random hexamer, dNTPs,
and 1 µL (200 U) of SuperscriptTM II reverse transcriptase
(Life Technologies; Gaithersburg, MD, USA) in a final
volume of 20 µL for 1 h and 15 min at 42℃ after a
10-min denaturation at 70℃. Eighty microliters of distilled
water were added subsequent to the reverse-transcription
reaction.
Expression of MAGE-A1 and MAGE-A3 genes
For mRNA expression analysis, the cDNA was amplified
in 25 µL of a PCR reaction mix with 1 µL of the reversetranscription reaction, the primers and 0.5 U of Taq DNA
polymerase. The PCR conditions consisted of 10 min at
94℃ for the initial denaturation, followed by 35 cycles
of 94℃ for 30 s, 54℃ for 60 s, and 72℃ for 60 s, and a
final elongation of 7 min at 72℃. The primer sequences
are as follows. MAGE-A1 cDNA was amplified by PCR
with MG1 RT primers; MG1 RT sense, 5’-TGTGG
GCAGGAGCTGGGCAA-3’, MG1 RT antisense, 5’GCCGAAGGAACCTGACCCAG -3’. For the MAGE-A3
cDNA, the MG3 RT primers were used; MG3 RT
sense, 5’-AAGCCGGCCCAGGCTCGGT-3’, MG3 RT
antisense, 5’-GCTGGGCAATGGAGACCCAC-3’. PCR
amplification was performed in a programmable thermal
cycler (PCR System 9700, Applied Biosystems; Foster City,
CA, USA). Primers for β -actin were used to confirm RNA
integrity. Both MAGE-A1 and MAGE-A3 and β -actin
RT-PCR reactions used the same cDNA synthesis. The
www.wjgnet.com
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amplified DNA fragments were fractionated in 2% agarose
gel and stained with ethidium bromide.
Tissue sample collection and DNA extraction
A total of 87 paired tumor and normal mucosal tissue
samples were obtained from 87 patients, who had primary
colorectal adenocarcinoma. The normal mucosal tissue
specimens were collected from each patient 10 cm or more
away from the tumor areas. Approximately 2 g of the
surgically removed tissues were frozen immediately and
then stored in liquid nitrogen. The remaining sections of
the samples were fixed with formalin and used for further
histological examination in order to confirm the diagnosis
postoperatively. Genomic DNA was isolated from the
frozen-tissue biopsies with the standard SDS-proteinase K
procedure.
Methylation specific PCR
With respect to the MS-PCR, the sodium bisulfite
modification of genomic DNA was perfor med as
reported previously[16]. A total of 2 µg of genomic DNA
obtained from colorectal cancer cell lines, was denatured
with NaOH and hydroquinone. Then, 3 mmol/L sodium
bisulfite was added and the mixture was incubated at 55℃
for 16 h. Following the bisulfite modification, the DNA
was purified with a Wizard DNA purification system
(Promega; Madison, WI, USA), ethanol precipitated,
dried, and resuspended in 100 µL distilled water. The
PCR was performed using the PCR primers that were
described previously[12]. The amplified DNA fragments
were fractionated in 2% agarose gel that was stained with
ethidium bromide and visualized under UV light.
5-aza-2’-deoxycytidine treatment and RT-PCR
For 5-aza-2’-deoxycytidine treatment, the cells were seeded
in two 2 × 105 cells/75 cm2 culture flasks on d 0. The cells
were treated with and without 1-5 µmol/L of 5-aza-2’
-deoxycytidine (Sigma Chemical Co.) for 24 h on d 2 and
5, and the medium was changed 24 h after addition of
5-aza-2’-deoxycytidine. The cells were harvested on d 8
for the analysis of the MAGEs expression. Subsequently,
the RNA was prepared, and RT-PCR was performed to
detect MAGE-A1 and MAGE-A3 expression with the
MAGE-A1 and MAGE-A3 RT-PCR primers as described
above.

RESULTS
Expression of MAGE-A1 and MAGE–A3 in colorectal
cancer cell lines
Expression of MAGE-A1 and MAGE-A3 mRNA in 32
colorectal cancer cell lines was analyzed by RT-PCR, and
MAGE-A1 and MAGE-A3 expressions were observed
in 19 (59%) and 21 (66%) of the cell lines, respectively
(Figure 1 and Table 1). PCR for β -actin confirmed the
integrity of the RNA.
Clinico-pathological features
Of the 87 colorectal carcinomas, 57 (66%) were obtained
from the proximal colon (cecum to splenic flexure), and
30 (34%) from the distal colorectum (splenic flexure to
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Table 1 Methylation status of the promoter region of MAGE-A1 and MAGE-A3 genes in 32 colorectal cancer cell lines
MAGE s expression

MS-PCR

MAGE-A1

MAGE-A3

MAGE-A1

-5-aza/+5-aza

- 5-aza/+5-aza

M/U

Cell line

MAGE-A3
M/U

1

SNU-61

-

++

±

++

+

+

-

2

SNU-81

-

++

-

+++

+

-

+

+
-

3

SNU-175

++

++

+++

+++

+

+

+

+

4

SNU-283

+++

NT

+++

NT

+

+

+

-

5

SNU-407

+++

+

+++

++

+

-

+

+

6

SNU-503

++

NT

-

NT

+

+

+

+

7

SNU-769A

+++

++

+++

+++

-

+

-

+

8

SNU-769B

+++

+++

+++

+++

-

+

-

+

9

SNU-1033

++

+

++

+++

+

+

+

+

10

SNU-1040

-

-

±

++

+

-

+

-

11

SNU-1047

+++

++

++

++

+

-

-

+

12

SNU-1197

++

+++

++

+++

+

+

+

+

13

SNU-C1

±

NT

++

NT

+

+

-

+

14

SNU-C2A

++

NT

+++

NT

+

+

+

+

15

SNU-C4

-

NT

-

NT

+

-

+

+

16

SNU-C5

±

++

-

+++

+

+

+

-

17

Caco-2

-

++

++

+++

+

+

+

+

18

COLO201

-

++

-

+++

-

+

-

+

19

COLO205

-

-

-

++

+

+

+

+

20

COLO320

+++

NT

+++

NT

+

+

-

+

21

DLD-1

-

+++

-

+++

+

+

+

+

22

HCT-8

-

++

-

+++

+

-

+

-

23

HCT-15

-

++

-

+++

+

+

+

+

24

HCT-116

+++

NT

+++

NT

+

+

+

+

25

HT-29

+++

++

+++

+++

+

+

+

+

26

Lovo

+++

+++

+++

+++

+

+

+

+

27

LS174T

+++

NT

+++

NT

+

+

-

+

28

NCI-H716

+++

+++

+++

+++

+

+

-

+

29

SW403

+++

++

+++

+++

+

+

+

+

30

SW480

+++

NT

+++

NT

+

+

+

-

31

SW1116

-

NT

++

NT

+

+

-

+

32

WiDR

++

+++

+++

+++

+

+

-

+

5-aza: 5-aza-2’-deoxycytidine; NT: Not tested; M: The amplified product with primers recognizing methylated sequence; U: The amplified product with
primers recognizing unmethylated sequence; +: Amplified product; -: Not amplified product.

rectum). Randomly selected patients aged 16-81 years,
including 55 males and 32 females. Of the 32 colorectal
cancer cell lines, 7 originated from the proximal colon and
8 from the distal colorectum. The origin of the remaining
17 colorectal cancer cell lines was unknown.
Analysis of MAGE-A1 and MAGE-A3 methylation by MSPCR
By using primers for unmethylated MAGE-A1 DNA
amplification on bisulfite modified DNA, amplified
DNA fragments were observed in 26 (81%) cell lines
(SNU-61, SNU-175, SNU-283, SNU-503, SNU-769A,
SNU-769B, SNU-1033, SNU-1197A, SNU-C1, SNUC2A, SNU-C5, Caco2, COLO201, COLO205, COLO320,
DLD-1, HCT-15, HCT-116, HT-29, Lovo, LS174T,
NCI-H716, SW403, SW480, SW1116, and WiDR) (Figure
2 and Table  1). And by using primers for unmethylated
MAGE-A3 DNA amplification on bisulfite modified
DNA, amplified DNA fragments were found also in 26
(81%) cell lines (SNU-61, SNU-175, SNU-407, SNU-503,
SNU-769A, SNU-769B, SNU-1033, SNU-1047, SNU-

1197A, SNU-C1, SNU-C2A, SNU-C4, Caco2, COLO201,
COLO205, COLO320, DLD-1, HCT-15, HCT-116,
HT-29, Lovo, LS174T, NCI-H716, SW403, SW1116,
and WiDR) (Figure 2 and Table  1 ). By using primers
for amplification of unmethylated or methylated DNA,
amplified DNA fragments were found in all 32 cell lines.
MAGE-A1 unmethylated DNA products were observed
in 37 out of 87 tumor tissue samples (43%; Figure 3).
In the normal tissue samples, the methylated DNA was
amplified in all 87 samples. However, the unmethylated
DNA was amplified in 2 normal tissues (2%). MAGE-A3
unmethylated DNA products were observed in 67 out of
87 tumor tissue samples (77%; Figure 3). In the normal
tissue samples, the methylated DNA was amplified in all 87
samples. However, the unmethylated DNA was amplified
in 5 normal tissues (6%).
Reexpression of MAGE-A1 and MAGE-A3 after treatment
with 5-aza-2’-deoxycytidine
We investigated whether MAGE-A1 mRNA was reexpressed after 5-aza-2’-deoxycytidine treatment in 22 cell
www.wjgnet.com
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Figure 1 RT-PCR analysis of the MAGE-A1 and MAGE-A3 genes in 32 colorectal cancer cell lines. β-actin was amplified as an internal control. The MAGE-A1 gene was
significantly expressed in 19 colorectal cancer cell lines (Lanes, 3, 4, 5, 6, 7, 8, 9, 11, 12, 14, 20, 24, 25, 26, 27, 28, 29, 30 and 32). The MAGE-A3 gene was expressed
in 21 colorectal cancer cell lines (Lanes, 3, 4, 5, 7, 8, 9, 11, 12, 13, 14, 17, 20, 24, 25, 26, 27, 28, 29, 30, 31 and 32). Lane numbers 1 to 34 show cell lines SNU-61,
SNU-81, SNU-175, SNU-283, SNU-407, SNU-503, SNU-769A, SNU-769B, SNU-1033, SNU-1040, SNU-1047, SNU-1197, SNU-C1, SNU-C2A, SNU-C4, SNU-C5, Caco-2,
COLO201, COLO205, COLO320, DLD1, HCT-8, HCT-15, HCT-116, HT-29, LOVO, LS174T, NCI-H716, SW403, SW480, SW1116, WiDr, SNU-1, and SNU-5 respectively.
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Figure 2 Methylation analysis of the MAGE-A1 and MAGE-A3 genes in colorectal cancer cell lines. The promoter region of the MAGE-A1 gene was unmethylated in 26 cell
lines (SNU-61, SNU-175, SNU-283, SNU-503, SNU-769A, SNU-769B, SNU-1033, SNU-1197A, SNU-C1, SNU-C2A, SNU-C5, Caco2, COLO201, COLO205, COLO320,
DLD-1, HCT-15, HCT-116, HT-29, Lovo, LS174T, NCI-H716, SW403, SW1116, and WiDR cell lines). Unmethylated MAGE-A3 DNA amplifications were found in 26 cell
lines (SNU-61, SNU-175, SNU-407, SNU-503, SNU-769A, SNU-769B, SNU-1033, SNU-1047, SNU-1197A, SNU-C1, SNU-C2A, SNU-C4, Caco2, COLO201, COLO205,
COLO320, DLD-1, HCT-15, HCT-116, HT-29, Lovo, LS174T, NCI-H716, SW403, SW1116, and WiDR cell lines). Lane M denotes product amplified by primers recognizing a
methylated sequence and Lane U denotes the product amplified by primers recognizing an unmethylated sequence, respectively.

lines, including 10 cell lines (SNU-61, SNU-81, SNU-1040,
SNU-C5, Caco-2, COLO201, COLO205, DLD1,
HCT-8, and HCT-15) that did not express MAGE-A1
mRNA. After an RT-PCR analysis, we observed that all
of the MAGE-A1 mRNAs were re-expressed, except
for the SNU-1040 and COLO205 cell lines (Table 1).
www.wjgnet.com

This sug gested that the inactivation of MAGE-A1
expression was caused by another mechanism. Further,
we investigated whether MAGE-A3 mRNA was reexpressed after 5-aza-2’-deoxycytidine treatment in 22 cell
lines, including 9 cell lines (SNU-61, SNU-81, SNU-1040,
SNU-C5, COLO201, COLO205, DLD1, HCT-8, and
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Figure 3 Methylation analysis of the MAGE-A1 and MAGE-A3 genes in colorectal cancer tissues and corresponding normal tissues. Methylation-specific PCR product
amplified by primers recognizing methylated and unmethylated sequence. The promoter region of the MAGE-A1 and MAGE-A3 genes was unmethylated in colorectal
cancer tissues, not normal tissues. Numbers represent each colorectal tissue and T denotes colorectal tumor tissues and N denotes corresponding normal tissues.

Figure 4 RT-PCR analysis after treatment
with 5-aza-2’-deoxycytidine. The MAGE-A1
and MAGE-A3 genes were reactivated.

MAGE-A3

Beta-actin

HCT-15) that did not express MAGE-A3 mRNA. After an
RT-PCR analysis, we observed that all of the MAGE-A3
mRNAs were re-expressed (Table 1 and Figure 4).

DISCUSSION
Genome-wide hypomethylation and site-specific
hypermethylation are common features of cancer cells.
DNA hypomethylation in cancer cells is accompanied
by the activation of germ line-specific genes, such as the
MAGE-A1 gene, the repression of which, in normal
somatic tissues, is dependent upon DNA methylation[17].
Recent studies have reported the presence of very high
MAGE-A1 and MAGE-A3 expressions in colorectal
carcinomas[18,19]. Although previous reports have shown
the expression of MAGE genes, the mechanism of
MAGE genes expression in colorectal carcinomas was
unclear. This led us to question whether it could be
associated with decreased genomic methylation. It has
been reported that MAGE-A1 and MAGE-A3 expression
was related to gene hypomethylation in gastric carcinoma,
hepatocarcinoma, and melanoma[12,20,21]. However, such
a relationship has still not been confirmed in colorectal

carcinoma. Accordingly, we analyzed the methylation
status of the promoter region on the MAGE-A1 and
MAGE-A3 genes in 32 colorectal cancer cell lines and
estimated its association with MAGE-A1 and MAGE-A3
mRNA expression. We first examined the expression
pattern of the MAGE-A1 and MAGE-A3 genes in these
cell lines by an RT-PCR and observed that MAGE-A1 and
MAGE-A3 were over-expressed significantly in 19 (59%)
and 21 (66%) cell lines, respectively. This expression ratio
of MAGE-A1 and MAGE-A3, obtained by an RT-PCR
in colorectal cancer cell lines, is similar to that observed
in gastric cancer cell lines[12]. On the other hand, previous
reports have revealed a much lower expression of MAGE
in colorectal carcinomas ranging between 5%-39%[18,19,22].
In the literature, the expression of the MAGE genes
was studied in colorectal carcinoma tissues; however, we
have tested that in cancer cell lines. We assume that the
major discrepancy of expression rates of MAGE genes
between other reports and our findings might result from
this. Since RNA or DNA was extracted from surgically
removed frozen tissue biopsies, the tumor tissues may have
been contaminated with normal stromal cells, therefore,
masking the true levels of hypomethylation or expression
www.wjgnet.com
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Table 2 Summary of expressions, promoter methylation status
and clinical associations of the MAGE-A1 and MAGE-A3 genes
in 32 colorectal cancer cell lines and 87 colorectal cancer
tissues
% of expression

MAGE-A1
Cancer cell lines
Cancer tissues
Normal tissues2

59
NT1
NT

MAGE-A1 hypomethylation
+

-

% of hypomethylation

MAGE-A3

MAGE-A1 MAGE-A3

66
NT
NT

P

81
43
2

81
77
6

MAGE-A3 hypomethylation
+

-

Location						
Proximal 14 (31.1%) 31(68.9%)
34 (75.6%) 11 (24.4%)
Distal
17 (56.7%) 13(43.3%) 0.028 26 (86.7%) 4 (13.3%)
Sex						
Male
17 (30.9%) 38(69.1%)
38 (69.1%) 17 (30.9%)
Female 20 (62.5%) 12(18.4%) 0.004 29 (90.6%) 3 (9.4%)

P

0.239

0.021

Not tested; 2Corresponding normal tissues of cancer tissues; +: Represent
hypomethylation of MAGE genes; -: Represent no hypomethylation of MAGE
genes.
1

of the MAGE genes in cancer tissues [6] . For further
analysis of the methylation status of the MAGE genes
in colorectal cancer tissues, laser capture microdissection
techniques would allow more precise isolation of cancer
cells and normal cells. It has already been reported that
cancer cell lines have much higher levels of CpG island
hypermethylation than corresponding malignant tissues,
which may explain our lower incidence of hypomethylation
in tissues versus cell lines. Moreover, cancer cells might
be clonally selected with growth advantages over cancer
cell lines. However, cancer cell lines often preser ve
hypermethylation or hypomethylation from the tumors
they originate, thus they are indeed useful tools to study
methylation status.
We a n a l y z e d p r o m o t e r u n m e t hy l a t i o n o f t h e
MAGE-A1 and MAGE-A3 genes with a methylationspecific PCR after sodium-bisulfite modification and by
direct sequencing analysis. Of the 32 cell lines analyzed,
the promoter hypomethylation of MAGE-A1 and
MAGE-A3 was observed in both at 26 cell lines each.
Further, 23 cell lines (SNU-61, SNU-175, SNU-503,
SNU-769A, SNU-769B, SNU-1033, SNU-1197A,
SNU-C1, SNU-C2A, Caco2, COLO201, COLO205,
COLO320, DLD-1, HCT-15, HCT-116, HT-29, Lovo,
LS174T, NCI-H716, SW403, SW1116, and WiDR) were
simultaneously unmethylated in both the MAGE-A1 and
MAGE-A3 genes. With exception, there were two cell
lines (SNU-61, COLO201) with negative gene expression
for either MAGE-A1 or MAGE-A3, but unmethylated
MAGE-A1 or MAGE-A3 promoter was detected. On the
contrary, there were four cell lines (SNU-283, SNU-407,
SNU-1047 and SW480) in which MAGE genes were
strongly expressed, although no unmethylated MAGE
promoter could be detected, suggesting the activation or
inactivation of MAGE expression by another mechanism.
In our study, the rates of hypomethylation of the
MAGE-A1 and MAGE-A3 genes in colorectal cancer
cell lines were 81% in both and those in colorectal cancer
tissues were 43% and 77%, respectively. The DNA was
extracted from the surgically removed frozen-tissues;
www.wjgnet.com
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however, the tumor tissues might have been contaminated
with some normal stromal cells. Therefore, the levels of
hypomethylation of MAGE-A1 and MAGE- A3 genes in
cancer tissues might be affected by the DNA from normal
cells. To obtain a better understanding of the promoter
hypomethylation status of the MAGE-A1 and MAGE-A3
genes in colorectal cancer tissues, expression analysis of
MAGE-A1 and MAGE-A3 (such as, in situ hybridization
or immunostaining) and the more precise methylation
analysis method (such as, laser capture microdissection
techniques) to isolate cancer cells from normal cells need
to be performed. The hypomethylation of the MAGE-A1
and MAGE-A3 genes in corresponding normal tissues was
detected in only 2 and 5 samples (2% and 6%), respectively
(Table 2).
To evaluate the association between the clinical
parameters and MAGE expression, the Pearson c2 test
was used to evaluate differences in tumor location (proximal
or distal) or gender, and significance was determined using
95% confidence intervals. In our study, unmethylated
MAGE-A1 DNA expression was significantly different
in respect of tumor location and gender. Unmethylated
MAGE-A1 DNA expression was significantly higher in
distal location (P = 0.028) and in females (P = 0.004).
However, unmethylated MAGE-A3 DNA expression was
not significantly associated with tumor location (P = 0.239),
while it was only related to female gender (P = 0.021).
Our results supported the role of the promoter
methylation in maintaining a silent phenotype of the
MA GE-A1 and MA GE-A3 g enes, as the MA GE
gene was re-expressed after treatment with 5-aza-2'deoxycytidine. This agent reactivates gene expression
when methylation of CpG islands is the cause of reduced
gene expression. We demonstrated that the MAGE-A1
and MAGE-A3 mRNAs were re-expressed after 5-aza-2'deoxycytidine treatment in all 8 and 9 cell lines that did not
express MAGE-A1 and MAGE-A3 mRNAs, respectively.
However, the SNU-1040 and COLO 205 cell lines did
not show re-expression, suggesting the inactivation of
MAGE-A1 expression by another mechanism.
In conclusion, we obser ved hypomethylation in
the promoter region of both the MA GE-A1 and
MAGE-A3 genes in 23 of 32 colorectal cancer cell
lines. This methylation was confir med by MS-PCR,
treatment with 5-aza-2’-deoxycytidine, and bisulfite direct
sequencing analysis. Hypomethylation of the promoter
region appears to be a frequent phenomenon in human
colorectal cancers and upregulates transcription of the
MAGE-A1 and MAGE-A3 genes in colorectal cancer
cells. In addition, out of 87 colorectal cancer tissues, we
observed hypomethylation in the promoter regions of
the MAGE-A1 and MAGE-A3 genes in 37 (43%) and 67
(77%) tissues, respectively. This suggests that promoter
hypomethylation of MAGE-A1 and MAGE-A3 genes upregulates its expression in colorectal carcinomas as well
as in gastric cancers, and might play a significant role in
the development and progression of human colorectal
carcinomas.
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Abstract
AIM: To examine the relationship between H pylori and
gastro-oesophageal reflux disease (GORD) in Iran.
METHODS: In this study 51 GORD patients (referred to
endoscopy at Taleghani hospital) were compared with
49 age-sex matched controls. Diagnosis of H pylori was
made by gastric mucosal biopsy and rapid urease test
(positive if the result of one or both diagnostic methods
was positive). Updated Sydney system was used to
report histopathological changes.
RESULTS: The frequency of H pylori infection based
on rapid urease test and histology was 88.2% (45) in
patients and 77.6% (38) in controls, which showed
no significant difference. The frequency of H pylori
infection was significantly higher in the antrum than in
the corpus and cardia. The mean activity, inflammation,
and gastritis scores were also higher in the antrum of
patients than in the antrum of controls. The mean scores
were significantly higher in the corpus of controls than
in the corpus of patients. Diffuse active gastritis was
observed in a significantly larger number of controls,
while the frequency of diffuse chronic gastritis was
higher in patients. There was no significant difference
in the frequency of other histological findings between
patients and controls.
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CONCLUSION: H pylori infection cannot prevent GORD
in this region.
© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Hear tbur n is a common symptom in the g eneral
population[1,2] and is associated with the development of
adenocarcinoma of the oesophagus and cardia[3]. Gastritisassociated hypochlorhydria may protect against gastrooesophageal reflux disease (GORD)[4,5]. It has hypothesized
that the declined H pylori infection results in a decline in
peptic ulcer and a concomitant increase in reflux disease
and associated oesophageal adenocarcinoma[6,7]. However,
the relationship between H pylori infection and GORD has
not been established[8-11]. It was reported that prospective,
large studies are needed to explore the H pylori-gastrooesophageal disease relationship further and to avoid
confusing potential benefits with known risks[9-12].
The main of this study was to investigate whether there
is a difference between the frequencies of H pylori infection in
cases and controls, and the possible relationship between
H pylori infection and GORD.

MATERIALS AND METHODS
Patients
In this study, patients with a history of heartburn, at least
two times a week for a period of more than 3 mo, referred
for gastrointestinal endoscopy at Taleghani Hospital,
Shaheed Beheshti University of Medical Sciences, between
March 2001 and February 2002, were enrolled. The reflux
oesophagitis group included 51 patients (31 men and 20
women, mean age, 54.1 ± 17.2 years, range 17-80 years)
with endoscopically diagnosed erosive reflux oesophagitis.
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Table 1 Frequency of H pylori infection in two groups n (%)
H pylori

Group
Case
L.A. classification
A
B
C
D
Control
Total

Rut

Diagnosis
of H pylori

Total

37 (72.5)

23 (45.1)

45 (88.2)

51 (100.0)

12 (23.5)
17 (33.4)
7 (13.7)
1 (1.9)
31 (63.3)
68 (68.0)

9 (17.7)
12 (23.5)
2 (3.9)
0
22 (44.9)
45 (45.0)

16 (31.4)
21 (41.2)
7 (13.7)
1 (1.9)
38 (77.6)
83 (83.0)

17 (33.3)
24 (47.1)
9 (17.7)
1 (1.9)
49 (100.0)
100 (100.0)

Cardia

Corpus

Antrum

27 (52.9)

25 (49.0)

11 (21.6)
11 (21.6)
4 (7.8)
1 (1.9)
28 (57.1)
55 (55.0)

8 (15.7)
11 (21.6)
5 (9.8)
1 (1.9)
27 (55.1)
52 (52.0)

Patients with a history of upper gastrointestinal (GI)
surgery, malignancy, oesophageal varices, and antibiotics
or bismuth consumption during the last 6 mo, together
with those using H 2 blockers, proton pump inhibitors
(PPIs), alcohol, or non steroidal anti inflammatory drugs
(NSAIDs) during the last 4 wk, were excluded from the
study. The control group comprised: 49 asymptomatic
patients (29 men and 20 women, mean age, 52.2 ± 17.1
years, range 18-80 years) without reflux oesophagitis, any
symptom of upper GI diseases, and any lesion in their
endoscopy, which was performed for other reasons (work
up for iron deficiency, possible malignancy, and ERCP,
sphincterotomy, or stone extraction candidates). Two cases
of control group were missed during the study. The cases
and controls were sex and age matched with a maximum
difference of less than 3 years. Written informed consent
was obtained for all upper endoscopy and biopsy
procedures. This study was approved by the Ethics
Committee of the Research Center of Gastroenterology
and Liver Diseases, Shaheed Beheshti University of
Medical Sciences.
Endoscopy and gastric biopsies
Endoscopy was performed for both case and control
groups, by two endoscopists blinded to the status of
the controls and patients. The presence and grading of
reflux oesophagitis were determined according to L.A.
classification, from A (least severe) to D (most severe)[13].
During endoscopy, two biopsies were taken from the
antrum, corpus, and cardia, and stained with standard
haematoxylin/eosin and Geimsa to identify H pylori and
histopathological changes. Rapid urease test was performed
on the biopsy specimens from antrum, corpus, and cardia.
The urease test was considered positive when the urea
solution changed from yellow to pink at room temperature
within 24 h. The diagnosis of H pylori infection was made
by positive findings on either histology or urease test.
Patients were considered to be H pylori-positive if the
result of one or both diagnostic methods was positive and
H pylori-negative if both methods revealed negative results.
For histopathological analysis, biopsy specimens were
fixed in 40 g/L neutral-buffered for maldehyde and
embedded in paraffin. Five-micron thick sections were cut
from each paraffin block and stained with haematoxylin
and eosin for routine histology. Two pathologists blinded
to the clinical infor mation of subjects assessed the
histopathological changes independently. Updated Sydney

system was used to report histopathological changes[14].
The degrees of inflammation and activity were scored
from 0 (absent) to 3 (most severe). The inflammation
score and activity score were summed and expressed as
the gastritis score. The predominance for the anatomic
regions in gastritis was determined based on the degree
of inflammation in the different anatomic parts of the
stomach. If the degree of inflammation was higher, the
anatomic place with a higher grade of inflammation was
stated as the predominant region. For the diagnosis of
multifocal atrophic gastritis, we determined intestinal
metaplasia or significant mucosal atrophy. Because of the
low reproducibility for routine grading of mucosal atrophy,
atrophy score was not used as a marker for grading[14].
Statistical analysis
Results were expressed as mean ± SD. Odd’s ratios (95%
CI) were calculated to evaluate the differences in the
frequency of H pylori infection and other histological
findings between patient and control groups. Cochran’s Q test
was used to compare the frequency of H pylori infection in
the cardia, corpus, and antrum. Mann-Whitney U test was
used to analyze the differences in activity, inflammation,
and gastritis scores between the two groups and Friedman
test was used to analyze the different scores in the cardia,
corpus, and antrum. P < 0.05 was considered statistically
significant.
A sample size of about 50 for patient and control
groups was considered to have an 80% detecting rate (at
the two-sided 5% level) with at least a 25% difference in
the prevalence of H pylori between the two groups.

RESULTS
Among the 51 reflux oesophagitis patients, 17 (33.3%)
were in grade A, 24 (47.1%) in grade B, 9 (17.6%) in grade
C, and 1 (1.9%) in grade D (Table 1). Hiatal hernia was
observed in 30 (58.8%) patients. The prevalence of H pylori
infection is shown in Table 1. The frequency of H pylori in
the antrum was significantly higher than that in the corpus
and cardia of the patients (P < 0.01), while the differences
were not significant in different regions of stomach of
the controls, which might be due to the inadequate sample
size. We were not able to find any significant difference in
the frequency of H pylori infection between the two groups
(OR: 2.2, 95% CI: 0.7-7.4) as shown in Table 2.
The different histological findings in patients and
www.wjgnet.com
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Table 2 Different histological findings in two groups n (%)
Histological finding
H pylori infection1
Chronic inflammation in cardia
Chronic inflammation in corpus
Chronic inflammation in antrum
Overall gastritis categorization (Sydney classification)
Diffuse chronic active gastritis
Cardia predominant chronic active gastritis
Corpus predominant chronic active gastritis
Antrum predominant chronic active gastritis
Multifocal metaplastic or atrophic gastritis
Chronic carditis
Diffuse chronic gastritis
Normal
Total

Case

Control

Total

OR (95% CI)

45 (88.2)
14 (27.5)
8 (15.7)
28 (54.9)

38 (77.6)
18 (36.7)
22 (44.9)
30 (61.2)

83 (83.0)
32 (32.0)
30 (30.0)
58 (58.0)

2.2 (0.7-7.4)
0.7 (0.3-1.7)
0.2 (0.1-0.6)
0.8 (0.3-1.8)

15 (29.4)
1 (2.0)
0
3 (5.9)
1 (2.0)
1 (2.0)
10 (19.6)
20 (39.2)
51 (100.0)

26 (53.1)
1 (2.0)
1 (2.0)
5 (10.2)
1 (2.0)
2 (4.1)
2 (4.1)
11 (22.4)
49 (100.0)

41 (42.0)
2 (2.0)
1 (1.0)
8 (8.0)
2 (2.0)
3 (3.0)
12 (12.0)
31 (31.0)
100 (100.0)

0.4 (0.2-0.9)
0.9 (0.0-36.3)
0.0 (0.0-16.9)
0.6 (0.1-2.9)
0.9 (0.0-36.3)
0.5 (0.0-6.9)
5.7 (1.1-40.4)
2.2 (0.9-5.8)
-

1

Based on histology and rapid urease test.

controls are shown in Table 2. The frequency of chronic
inflammation in the corpus was significantly higher in
controls than in patients (OR: 0.2, 95% CI: 0.1-0.6).
Diffuse active gastritis was also observed in controls (OR:
0.4, 95% CI: 0.2-0.9), while diffuse chronic gastritis was
observed in patients (OR: 5.7, 95% CI: 1.1-40.4). The
frequency of intestinal metaplasia and mucosal atrophy
was not significantly different between the two groups
(Table 2).
The inflammation, activity, and gastritis scores in both
groups are depicted in Table 3 and Figure 1. The mean
activity score in the cardia, corpus, and antrum of controls
was significantly higher than that of patients (P < 0.01 or
P < 0.001, Figure 1A). The inflammation score was higher
in the corpus of controls than that in patients (P < 0.01,
Figure 1B), while the inflammation score of the cardia and
antrum was not significantly different between the two
groups. Similarly gastritis score was significantly higher in
controls than in patients (P < 0.01 and P < 0.05, Figure 1C).
The mean activity score was significantly higher in the
antrum than in the corpus and cardia of controls (P <
0.001, Table 3), while the differences were not significant
in patients probably due to the inadequate sample size.
The mean inflammation and gastritis scores were also
significantly higher in antrum than in corpus and cardia
of both patients and controls (P < 0.001, Table 3). These
findings together with the higher frequency of H pylori
infection in the antrum indicated that H pylori in antrum
could induce inflammation.

DISCUSSION
Increasing attention has been paid to the relationship
between H pylori infection and reflux oesophagitis in recent
years. GORD is a common condition affecting 25%-40%
of the population [2]. The presence of hiatal hernia [15],
transient relaxation of the lower oesophageal sphincter[16,17],
and impaired clearance of regurgitated gastric contents in
the oesophagus[18] are considered possible causative factors
for GORD.
There is evidence that infection with H pylori is the
principal cause of peptic ulcer disease[10]. However, there
www.wjgnet.com

Table 3 Scores of inflammation, activity, and gastritis in two
groups
Group

Cardia

Corpus

Antrum

P

Median (range)
Case
H pylori n (%)
Activity score
Inflammation score
Gastritis score
Control
H pylori n (%)
Activity score
Inflammation score
Gastritis score

27 (52.9)
0 (0-2)
1 (0-2)
0 (0-4)

25 (49.0)
0 (0-2)
1 (0-2)
1 (0-4)

37 (72.5)
0 (0-3)
2 (0-3)
2 (0-6)

0.0051
0.0572
0.0002
0.0002

28 (57.1)
1 (0-2)
1 (0-3)
2 (0-5)

27 (55.1)
1 (0-3)
1 (0-3)
2 (0-6)

31 (63.3)
1 (0-3)
2 (0-3)
3 (0-6)

0.4651
0.0002
0.0002
0.0002

1

Cochran’s Q test; 2Friedman test.

is uncertainty about the role of this organism in GORD
and the available data do not demonstrate an evident
association between these two factors, although an
etiologic link has been found between H pylori infection
and GORD or peptic oesophagitis[10]. The prevalence of H pylori
infection in patients with GORD in our study (88.2%) was
higher than that reported in other studies[9], suggesting that
H pylori infection is more frequent in developing countries
than in industrialized countries[19].
No difference was found in the prevalence of H pylori
between patients with reflux oesophagitis and controls
in this study. Conflicting evidence about the association
of H pylori infection with GORD has been reported and
geographical location is an important determinant [9].
The pathogenic role of H pylori in reflux oesophagitis is
suspected in earlier studies [20] while other studies have
found no relationship between H pylori prevalence in
GORD patients with that reported in other patients[10,21-34].
In contrast, the possible protective role of H pylori in
reflux oesophagitis and other GORD-related diseases such
as Barrett’s oesophagus and oesophageal adenocarcinoma
has recently been suggested[35-39]. H pylori can cause chronic
gastritis in virtually all infected people. This persistent
inflammation ultimately leads to loss of the normal
architecture of gastric mucosa, disappearance of gastric
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Figure 1 Scores of activity (A), inflammation (B), and gastritis (C) in the antrum and corpus of patients and controls. aP < 0.05, bP < 0.01 vs controls.

glands and specialized cells[40]. Diffuse active gastritis was
observed in controls while diffuse chronic gastritis was
observed in patients in the present study, suggesting that
active inflammation might play a protective role in GORD.
Chronic antrum-predominant gastritis has been shown
to be associated with secretion of acid and formation
of duodenal ulcer[8,41]. In patients otherwise predisposed
to reflux disease, antrum-predominant gastritis may
therefore increase acid production and reflux disease
development[8]. On the other hand, atrophy induced by
chronic H pylori infection (chronic corpus gastritis) with
decreased gastric acid production can protect against
reflux oesophagitis[8,11,42]. As a consequence, the antrum
predominant inflammation might be considered a factor
for H pylori infection.
In conclusion, H pylori infection is not associated with
DORD. Multicentre prospective studies with a larger
sample size are needed to explore the relationship between
H pylori infection and DORD.
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Abstract
AIM: To investigate maternal H pylori infection status to
determine the potential of maternal transmission.
METHODS: In the present study, we examined these
issues in an experimental murine model, which is a
Mongolian gerbil model that has been reported as an
optimal laboratory animal model to study H pylori .
Pregnant Mongolian gerbils, infected experimentally with
H pylori , were divided into as four groups. Following
the experimental design, the stomachs of the mother
and litters were isolated and assessed for transmission
of H pylori at the prenatal period, parturition day, 1-wk
old and 3-wk old respectively. Bacterial culture and
polymerase chain reaction (PCR) were used to examine
the presence of transmitted H pylori .
RESULTS: All litters showed no transmission of H pylori
during pregnancy and at parturition day. However, they
revealed 33.3% and 69.6% at 1-wk and 3-wk of age
respectively by PCR.
CONCLUSION: These results suggested that vertical
infection during the prenatal period or delivery procedure
is unlikely as a route of mother-to-child H pylori infection.
It may be that H pylori is acquired through breastfeeding, contaminated saliva and fecal-oral transmission
during co-habitation.
© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
H pylori is a gram-negative, spiral-shaped, microaerophilic
bacterium that infects the human gastric mucosa [1] .
Chronic infection is thought to be associated with chronic
active gastritis, peptic ulcer and gastric malignancies,
such as mucosa-associated B cell lymphoma and
adenocarcinoma [2-4] . In particular, this organism has
been categorized as a classⅠcarcinogen by the World
Health Org anization [5] and previous studies have
confirmed that long-term infection with H pylori induces
adenocarcinoma in Mongolian gerbils [6,7] . In-depth
knowledge of the transmission patterns may constitute
important information for future intervention strategies.
In the absence of consistent and verified environmental
reservoirs, a predominantly person-to-person transmission
has been postulated. H pylori infection is associated with
poor living conditions, and possible transmission routes
are fecal-oral, oral-oral, or gastro-oral, but firm evidence
is lacking[8-11]. Young children are particularly vulnerable to
infection by transmission of H pylori from their infected
parents, especially infected mothers[12-15], and it is generally
believed that such transmission is influenced by socioeconomic status [16,17] . However, little is known about
how and when maternal transmission occurs during the
perinatal period, especially whether this occurs before
or after parturition. In the present study, we examined
these issues in an experimental murine model, which is
a Mongolian gerbil model that has been reported as an
optimal laboratory animal model to study H pylori in vivo[18].
The present study was designed to examine the
incidence of vertical transmission of H pylori from
their infected mother during the perinatal period in an
experimental murine model.

MATERIALS AND METHODS
Experimental design
The experimental scheme of this study was summarized
in Figure 1. Pregnant Mongolian gerbils were infected
experimentally with H pylori. The stomachs of the litters
were isolated and assessed for transmission of H pylori
during pregnancy and at parturition day, 1 wk and 3 wk
after delivery respectively. Their mother was also evaluated
for the infectious status of H pylori. To determine the
vertical transmission of H pylori, bacterial culture assay
and polymerase chain reaction (PCR) were conducted with
each sample.
Animals
Specific pathogen-free (SPF) 3-mo-old male and female
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Figure 1 Scheme of experimental vertical transmission.

Mongolian gerbils (Meriones unguiculatus) were obtained
from the SPF Animal Facilities of College of Medicine,
Seoul National University, South Korea. All animals were
kept in the inspecting facility of Wonkwang University
(Iksan, South Korea) for 1 wk before experimentation to
allow acclimation. Thereafter, they were kept in an isolated
SPF barrier room with regulated temperature (23℃ ±
1℃), humidity (50% ± 5%) and light/dark cycle (12/12
h). The animals were fed a sterilized pellet diet by 2 M rad
radiation (Purina, Korea) and sterilized water ad libitum.
All studies were performed in accordance with the Guide
for Animal Experimentation by Wonkwang University
and approved by the Institutional Animal Care and Use
Committee of Wonkwang University (Iksan, South Korea).
All efforts were made to minimize pain or discomfort of
animals used.
Preparation of H pylori & inoculation
H pylori (ATCC 43504; American Type Culture Collection,
USA) was incubated in a brain-heart infusion broth
containing 10% fetal bovine serum at 37℃ overnight
under a microaerophilic atmosphere and allowed to grow
to a density of 2.0 × 109 colony-forming units (CFU) per
1 mL of culture broth. Animals were inoculated twice at
3-d intervals by oral administration of 1.0 × 109 CFU of
H pylori suspended in 0.5 mL of broth. The challenged
animals were confirmed to be H pylori-positive by PCR
of their fecal samples as described previously[19]. H pylorinegative animals were excluded from the following study.
Maternal transmission of H pylori
One week after the challenge with H pylori, the infected
females and males were transferred to separate cages for
mating. As soon as a female was confirmed to be pregnant,
she was separated from the group and cared for until
delivery. Twelve infected pregnant females were used to
determine maternal transmission. Three mothers were
sacrificed at 2 wk after pregnancy. The gastric samples
of mother and fetuses were isolated and submitted to
determine H pylori infection. Also, another nine pregnant
gerbils were cared for until delivery and the mother and
her litters were housed in one cage per family. For 12 h
before their sacrifice, they were housed in a grated cage
and deprived diet (Figure 2). The stomachs of the mother
and litters were isolated and assessed for transmission of
www.wjgnet.com

Figure 2 The mother and her litters were housed in one cage per family. For 12 h
before their sacrifice, they were housed in grated cage and deprived diet.

H pylori at parturition day, 1 wk and 3 wk after delivery
respectively. For the negative control, an uninfected female
and her litters were sacrificed at 2 wk after pregnancy,
parturition day, 1 wk and 3 wk after delivery respectively.
Thereafter their gastric samples were submitted to examine
H pylori infection.
Isolation of H pylori
Aliquots of homogenate were cultured on M-BHM pylori
agar medium plates and the plates were incubated under
the previous described condition[19]. To confirm H pylori
infection, the remainder of the homogenate was used for
the following PCR procedure.
Polymerase Chain Reaction
B a c t e r i a l D N A s we r e e x t r a c t e d f r o m t h e a b ove
homogenate by bead beater-phenol extraction method[19].
Each sample homogenate was suspended in 200 μ L
of Tris-EDTA-NaCl buffer [10 mmol/L Tris-HCl, 1
mmol/L EDTA, and 100 mmol/L NaCl (pH 8.0)]. A
bacterial suspension was placed in a 2.0-mL screw-cap
microcentrifuge tube filled with 100 μL (packed volume)
of glass beads (diameter, 0.1 mm; Biospec Products,
USA) and 100 μL of phenol-chloroform-isoamyl alcohol
(25:24:1) (Sigma Chemical Co., USA). The tube was
oscillated on a Mini-Bead Beater (Biospec Products) for 1
min and was centrifuged (12 000 × g, 5 min) to separate the
phases. The aqueous phase was subsequently transferred
into another clean tube; 10 μL of 3 mol/L sodium acetate
and 250 μL of ice-cold absolute ethanol were added. To
precipitate the DNA, the mixture was kept at -20℃ for 10
min. The harvested DNA pellets were dissolved in 60 μL
of Tris-EDTA buffer [10 mmol/L Tris-HCl and 1 mmol/
L EDTA (pH 8.0)] and were used as a template DNA for
PCR. A set of primers (HF, 5’-ACTTTAAACGCATGAA
GATAT-3’; and HR, 5’-ATATTTTGACCTTCTGGGGT
-3’) was used to detect specific nucleic acid of H pylori[19].
The template DNA (50 ng) and 20 pmol of each primer
were added to a PCR mixture tube (Maxime PCR PreMix;
iNtRON Biotechnology, Korea) containing 1 U of Taq
DNA polymerase, 250 μ mol/L each deoxynucleoside
triphosphate, 50 mmol/L Tris-HCl (pH 8.3), 40 mmol/L
KCl, 1.5 mmol/L MgCl 2, and the gel loading dye. The
volume was adjusted with distilled water to 20 μL. The
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Table 1 Results of cultures and PCR for assessment of
transmission of H pylori during pregnancy and at parturition day
Infection
status

Infected
female

Evaluated
time

Subject

N

Mo

F1

F2

F3

F4

F5

F6

F7

Detection rate of H pylori
(No. of positive/No. of animal)
Culture

PCR

Pregnancy

Mothers
Fetuses

3/3
0/23

3/3
0/23

Delivery

Mothers
Litters

3/3
0/21

3/3
0/21

1-wk old

Mothers
Fetuses

3/3
5/21

3/3
7/21

3-wk old

Mothers
Litters

3/3
11/23

3/3
16/23

Mothers
Fetuses

0/1
0/7

0/1
0/7

Delivery

Mothers
Litters

0/1
0/9

0/1
0/9

1-wk old

Mothers
Litters

0/1
0/7

0/1
0/7

3-wk old

Mothers
Litters

0/1
0/7

0/1
0/7

Uninfected Pregnancy
female

P

5665

reaction mixture was subjected to 30 amplification cycles (5
min at 95℃, 30 s at 94℃, 30 s at 52℃, 45 s at 72℃, and 5
min at 75℃) followed by a 5-min extension at 72℃ (model
9600 Thermocycler; Perkin-Elmer Cetus, USA). The PCR
products were electrophoresed on a 1.2% agarose gel.

RESULTS
While culture of the bacterium is one of the gold standards
in the diagnosis of H pylori infection, in the present study,
we also used the PCR with the culture method to detect
H pylori. The culture method was not considered to be ideal
for determination of H pylori transmission because only
small amounts of bacteria were suspected to colonize the
stomach and the detection limit of the quantitative culture
assay was 1 × 102 CFU/g gastric tissue[20]. The sensitivity
of the PCR was 1 CFU/g feces and higher than those of
other assays[19].Vertical transmission was examined at 2
wk after pregnancy and at parturition day (corresponding
to the transplacental or intrauterine transmission during
prenatal period and the delivery transmission during
birth canal passage, respectively). Each stage group was
composed of three pregnant females and their litters.
As the results of assessment performed at 2 wk after
pregnancy, the mothers revealed H pylori infected status by
culture assay and PCR (Table 1). However, their fetuses
were not infected with H pylori (Figure 3). For the evaluation of delivery transmission during birth canal passage,
all litters showed no transmission of H pylori (Figure 4)
although the mothers were identified H pylori infected by
culture assay and PCR (Table 1). However, their fetuses
were not infected with H pylori (Table 1). H pylori was not
detected in any litters and their mothers of the negative
control group (Table 1).
Maternal transmission was examined at 1 wk and 3 wk
postpartum (corresponding to the transitional milk and

Figure 3 Amplification of Helicobacter DNAs. All fetuses showed no transmission
of H pylori at 2 wk after pregnancy. P: Positive control; N: Negative control; Mo:
Mother; F: Fetuses.

P

N

Mo

L1

L2

L3

L4

L5

L6

L7

Figure 4 Amplification of specific nucleic acids for H pylori. All litters showed no
transmission of H pylori at parturition day. P: Positive control; N: Negative control;
Mo: Mother; L: Litters.

P

N

Mo

F1

F2

F3

F4

F5

F6

F7

Figure 5 At 3 wk postpartum, some of litters delivered from infected mothers
revealed positive reaction. P: Positive control; N: Negative control; Mo: Mother; L:
Litters.

weaning stage, respectively). Each stage group was composed of three families. At 1 wk and 3 wk postpartum,
the mothers revealed H pylori infected status by culture assay and PCR and some of their litters were infected with
H pylori (Figure 5). The frequency of maternal transmission
was increased during the nursing period. The transmission
rate at 3 wk postpartum was significantly higher than at 1
wk postpartum (Table 1). H pylori was not detected in any
litters of the negative control group.

DISCUSSION
Half of the world's population is estimated to be infected
with H pylori and the infection is mainly acquired in early
childhood but the exact routes of transmission remain
elusive. Infected mothers are generally considered to be
the main source of the pathogen[15,21,22]. The epidemiology
of H pylori infection is variable, with prevalence being
significantly higher and incident infection occurring
earlier in developing countries compared with developed
countries[17,23,24]. There is an obvious public health impact
of H pylori infection and thus, to design targeted and
cost-effective prevention strategies, elucidation of the
mode of transmission for this bacterium is crucial[25]. It
www.wjgnet.com
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is known that H pylori infection is typically acquired in
early childhood and usually persists throughout life unless
specific treatment is applied[12,14,26]. Definitive modes of
transmission have not yet been characterized and the
principal reservoir appears to be humans. Person-toperson transmission via fecal-oral, oral-oral and gastrooral routes have been proposed[8-11]. Numerous studies
also indicate low socioeconomic status, including domestic
overcrowding in childhood, as major risk factors for higher
infection prevalence rates[16,17,23,27,28]. Little is known about
when and how often maternal transmission of H pylori
occurs during the perinatal stage. In the present study, we
examined these issues in an experimental murine model.
The results of the vertical-transmission experiment
indicated that vertical transmission of H pylori did not
occur at the pregnant and delivery stage. However,
they revealed 33.3% and 69.6% at the lactating and
weaning stage respectively. Recent epidemiological
studies in humans suggest that acquisition of H pylori
occur during childhood. For example, Rothenbacher
et al[29] reported that H pylori acquisition seems to occurs
mainly between the first and second year of life: that is,
after the age of weaning. Our results are in agreement
with this report. Also, Rothenbacher et al [22] reported
that infected parents, especially infected mothers, play a
key role in the transmission of H pylori within families.
Maternal contact behaviour during the breastfeeding
period may be responsible for the high frequency of
maternal transmission[30]. Our results also showed that the
maternal-transmission of H pylori was not observed during
pregnancy and delivery stage, but detected at lactating
and weaning stage. On the basis of these findings, vertical
infection during pregnancy or at delivery is unlikely as a
route of mother-to-child H pylori infection. We suggested
that H pylori infection by the transplacental route during
pregnancy does not occur and that H pylori transmission by
discharges of the uterine or vagina, obstetric delivery tract,
during parturition does not be occur. H pylori might be
acquired through breast-feeding, contaminated saliva and
fecal-oral transmission during co-habitation.
In conclusion, the present study provides new and
important information on maternal transmission of
H pylori. This study implied that maternal transmission
of H pylori might be developed during latency or a later
postpartum stage. Data from human children are limited,
because most H pylori-infected children have no symptoms
and it is difficult for a paediatrician to examine such
asymptomatic children invasively. In the present study, we
examined these issues in an experimental murine model,
the Mongolian gerbil model that has been reported as an
optimal laboratory animal model to study H pylori in vivo[18].
We analysed the stomachs of many infant Mongolian
gerbils directly and we believe that it is meaningful to use
our results to speculate when H pylori infection occurs
in human children. The acquisition of H pylori infection
during childhood seems to be a critical risk factor for the
later development of gastric cancer. The prevention of
transmission of H pylori during childhood could provide an
effective strategy to decrease H pylori infection and gastric
cancer.
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Abstract
AIM: To determine the mechanical properties of anastomotic colonic tissue in experimental settings and therefore give a measure of wound healing.
METHODS: Thirty-six male Wistar rats were used as experimental models of anastomotic tissue integrity. On the
th
5 post-operative day, the tensile strength was measured
by application of an axial force, providing a quantitative
measure of anastomotic dehiscence and leakage.
RESULTS: Diagrams of the load as a function of the
time [P = P (t)] and of the displacement also as a function of time [Δs = Δs (t)] were recorded for each test,
permitting the design of the load versus the displacement diagram and thus providing significant data about
the critical values of anastomotic failure. Quantitative
data were obtained concerning the anastomotic strength
of both control specimens (healthy rats), as well as specimens from non-healthy rats for comparison.
CONCLUSION: This experimental model provides an
excellent method of measuring anastomotic strength.
Despite the relative small number of specimens used,
this method provides an accurate way of measuring
wound repair. More experimental measurements need to
be performed to correlate emerging tensile strength val-
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ues to anastomotic failure.
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INTRODUCTION
Investigating wound healing and attempting to improve its
outcome necessitates process quantification[1]. Parameters
for anastomotic repair and adhesion formation[2] may be
mechanical, biochemical, or histological. Histology is not
a primary tool for quantification when comparing various
series of experimental anastomoses. Certainly it is very
useful to describe the course and eventual result of the
healing sequence at the tissue level. Also, the successive
infiltration of various cells into the wound area may be
followed, and obvious differences between anastomoses
(e.g., ileal and colonic) will certainly be demonstrated this
way. However, the measurement of choice to evaluate
anastomotic repair and the effects of variations in surgical
techniques, administration of drugs, or of any other
modification to establish procedures, will mostly be either
mechanical or biochemical or both.
The developing mechanical strength is, without doubt,
a meaningful parameter to follow while investigating
anastomotic healing. For this purpose, two fundamentally
different approaches can be chosen. First, one can choose
bursting strength, which is expressed either as bursting
pressure or bursting wall tension, which is the measure
of the resistance of the intestinal wall to increasing
intraluminal pressure. Second, one can choose breaking
strength, which reflects the resistance of the intestinal wall
to forces exerted in a longitudinal direction[3-5].
While both of these methods used to evaluate
anastomotic healing have been investigated in the
international literature, no paper has so far described
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in detail the process itself, analyzing its advantages,
disadvantages and parameters taken into consideration,
therefore establishing the need for an in-depth presentation
of the mechanical apparatus used and presenting not only
the theoretical background behind the measurements but
also the technical difficulties that arise.

F
A

MATERIALS AND METHODS
Thirty-six male Wistar rats weighing 300-350 g were used,
and were housed two per cage. They were fed a standard
diet and water ad libitum. All experiments were approved
by the Athens Prefecture, Directorate of Veterinary
Services (License No. K/355/27-1-2005), according to
the Presidential Decree No. 160/1991 (Governmental
Gazette A’ 64), with which Greece has conformed to the
86/609/EEC directive. Laparotomy [6] was performed
through a midline 2 cm incision under anesthesia induced
by ketamine (80 mg/kg) and xylazine (3 mg/kg). A colonic
segment, 1 cm in length, 5 cm distal to the ileocecal
junction was transected and the colon was re-anastomosed
end-to-end using 5-0 Vicryl (Ethicon) sutures in singlelayer interrupted fashion[7]. About 10 sutures were placed
for each anastomosis to secure an inverted anastomosis
without mucosal protrusion, which is regarded as a major
cause of perianastomotic adhesions. The abdominal
muscle wall was then closed with 5-0 Vicryl (Ethicon)
sutures, followed by skin closure with 4-0 Silk (Medipac)
sutures.
To obtain the test specimen, the rats were sacrificed
with an overdose of ether, on the 5th post-operative day.
The previous abdominal incision was reopened, and the
anastomotic site identified and inspected for possible adhesions and leakage. An 8 cm segment of the colon with
the anastomosis in the middle was resected. Care was
taken not to detach adhesions from the anastomosis, but
to dissect the surrounding tissues. The resected specimen
was gently irrigated with saline to remove feces and was
mounted on a table.
The basic purpose of the present experimental protocol is the determination of the mechanical behavior of
intestinal anastomoses and more specifically the response
to tensile loading and the determination of the respective
tensile strength. One can define the ratio of the applied
force at the moment of failure, Fcr, over the surface, Α,
upon which the force acts normally[8], as tensile strength
(Figure 1). The ratio of the force over the respective area
is known in engineering science as stress and therefore the
tensile strength is the respective tensile stress at the moment of failure.
In the international scientific literature the mechanical
behavior under tension, of specimens like the ones of
the present protocol, has been studied in two ways: (1)
By applying an internal hydraulic pressure, p,[9-12]. In this
case (and for points relatively far from the borders of the
specimens) a stress state equivalent to the so-called biaxial
tension appears on the surface of the concave cylindrical
specimen. Assuming that the thickness of the specimens is
much smaller in comparison to its diameter, the principal
tensile stresses at the moment of failure are given by the

P

Figure 1 Typical forces applied on a standard specimen.

σT
σL

σL
σT

Figure 2 The application of hydraulic pressure creating a two-dimensional stress
field.

relations (Figure 2)[13]:

σL =

pcr r
p r
, σ T = cr
2t
t

where pcr is the value of the hydraulic pressure at the
moment of the first failure, r the radius of the intestine
and t its wall thickness. The stress system is characterized
as principal since no shear stresses can be generated by a
pure hydraulic pressure.
(2) By applying directly an axial force, F,[14,15]. In this
case the critical value of the tensile strength is expressed
as:

σcr =

Fcr
2πrt

T he procedures described above present both
advantages and disadvantages. More specifically, the
application of hydraulic pressure, although relatively easily
realizable in the laboratory, creates a two-dimensional stress
field, as shown in Figure 2. Therefore the conclusions
drawn are not directly comparable to the respective ones
of the experiments with uniaxial loading. Especially in the
case of anisotropic materials (like the ones of the present
study), it is impossible to define which one of the two
stresses is responsible for the failure and therefore it is not
possible to determine the critical value, since the direction
at which failure will appear is not a priori known.
On the contrary, the application of an axial force is
especially difficult from a practical point of view (as it will
be seen in the next paragraph), but the results obtained
are directly usable without reductions and additional
assumptions.
Experimental difficulties of the direct tension experiment
In the present study the second procedure (direct tension)
was adopted. The most important difficulties stated above
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are summarized as following: (1) The nature of the materials under study renders the gripping of the specimens,
with the aid of conventional friction grips through compression loads, extremely difficult. In fact, since it is impossible to form “gripping heads” to the specimens (“dogbone” specimens), it is given that the failure will appear in
the portion of the specimen which is inside the grips or
in their immediate vicinity. However, in this area the stress
field is strongly triaxial and therefore the results obtained
are invalid and should be rejected. On the other hand, the
limited chances to obtain long specimens in combination
with the low friction coefficient between the external surfaces of the specimens (intestines) do not allow the use of
pulley-shaped grips, in which the holding force emanates
from the friction of a number of successive layers of the
material rolled around the periphery of the pulley. (2) The
extremely low force which is necessary for the fracture
of even intact and healthy specimens, which according to
international literature is estimated at the value of a few
tenths of Newton[14], renders the conventional arrangements of applying axial tension practically useless. (3) The
nature of the specimens under study, which are twisted
and bended around different axes, due to adhesion formation around the anastomotic area, renders the measurements of length changes and therefore of reduced deformations (strains, ε) almost impossible. (4) Finally, the nature of the intestines once again, which under torsion are
“self-configured” into the form of plane plates, results in
an interaction between the walls of the specimens, making
difficult the reduction of the external loads into stresses (σ).
Another factor making the situation more difficult is the
non-constant thickness of the specimens throughout their
length and their perimeter, which does not allow us to calculate the effective area of the loaded intestine.
In order to confront these difficulties in the present experimental study, the following procedures were adopted.
Gripping the specimens
A specific gripping system was designed, consisting of a
pair of light metallic pins of cylindrical cross-section of
diameter equal to 5 mm, with rounded head which permits
easy entrance of the intestine in the pin, without injuring
the specimen walls, reducing thus the time required for the
in-situ preparation of the specimens (Figure 3). The pins
are grooved at their mid-length and a suture which holds
the specimens in place is rolled up in this groove. Τhe upper part of the pins is drilled through the thickness and the
specimen is suspended through this hole from the upper
plate of the loading frame. At the same time, the second
pin is fixed to the immobile plate of the frame.
The suspension and fixing of the pins is achieved
with the aid of circular rings. In this way the maximum
possible number of degrees of freedom is given to the
specimen making possible the self-alignment and the “untwisting” of the intestine during tension without external
limitations and therefore without, as much as possible, the
development of parasitic tensions and disfigurations.
Despite the low total weight of the specimens gripping system (about 0.12 N), it was deemed appropriate
to add the weight of the lower half, which is suspended
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Figure 3 The gripping system consisting of a pair of light metallic pins. The
grooves at which the intestine is gripped are indicated by the arrows.

and therefore sustained by the specimen, at the value of
the final failure load, taken into consideration that these
values are relatively comparable (the mean value of the
failure load, as it was obtained from a series of preliminary
experiments is equal to about ranges between 1.00 Ν and
2.20 Ν).
The load application system
After the rejection of loading through the application of
dead weights (water or lead grains), due to the induction
of vibrations and oscillations, a special load cell of capacity of 5 Ν and sensitivity of 10-3 Ν was used attached in
a stiff electrical loading frame (Instron). This frame was
selected, apart from its robustness, because it provides the
ability of choosing the load application speed between
wide ranges (from 0.5 mm/min to 500 mm/min). This
characteristic of the frame is very important in case biological materials are to be studied, since their mechanical
behavior exhibits viscoelastic nature, which is strongly dependent on the strain rate induced (dε/dt).
In the first phase of the experimental project an
especially low tension speed (1 mm/min) was selected, and
therefore the loading can be considered as static or at least
quasi-static. As a result the overall duration of each test
usually exceeds 10 min. It is planned, in a second phase, to
study the effect of loading rate by employing dynamic or
quasi-dynamic protocols.
Calibration of the apparatus
Before starting the main series of experiments, a number
of preliminary tests were carried out, in order to define the
range of the expected values of both the failure load and
the elongation of typical specimens, and to calibrate the
apparatus in the specific range of values.
The calibration of the loads was achieved with the
safest method of the suspension of standardized (certified)
weights from the load cell. Both the absolute reading
values of the load cell as well as their linearity at the
range of the expected loads were checked. The deviations
detected for the absolute values of the loads did not
exceed in any case the limit of 0.2% set by the “Quality
Assurance System” of the Laboratory of Testing and
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Figure 4 Load versus time and displacement diagrams for characteristic tests.
A: Load versus displacement for a typical test of the preliminary series; B: Load
versus time using intact specimens from healthy rats; C: Load versus time using
specimens from healthy rats after colonic anastomosis; D: Load versus time using
specimens from non-healthy rats after colonic anastomosis.
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(Ntua/ltm), as it is described in the respective “Quality
Assurance Manual” according to ISO9000/2000 system.
On the other hand, the linearity of the values of
the loading cell in relation to the respective ones of the
standard weights exceeded 99.8% for the whole range of
interest, as it was concluded from a linear interpolation in
the experimental data, using the least square method.
The calibration of the readings of the load frame
for the displacements was achieved with the aid of three
LVDT’s (Linear Voltage Displacement Transducers), which
have been verified with a standard micrometric vernier of
an accuracy of 1 μm. Apart from the absolute values of
the displacements, the parallel of the motion of the loading frame was also checked. The deviations detected did
not exceed in any case the limits set by “Quality Assurance
System” of the Ntua/ltm. Finally, the time recording
device of the data acquisition and storage system was also
calibrated with the aid of a prototype chronometer. The
deviations were not measurable.
Data acquisition and storage system
The data to be recorded during the experiments include
the values of the load as a function of the time [P = P (t)]
and the values of the displacement of the moving plate of
the loading frame also as a function of time [Δs = Δs (t)].
The data acquisition system includes a special multi channel “bridge” (National Instruments, type SCXI-1000), with
the ability of adjusting the sampling rate. The system includes, also, a personal computer with suitable commercial
software (LabVIEW-8). From the functions F = F (t) and
Δs = Δs (t) recorded, one can eliminate the time obtaining the function of the applied force as a function of the
displacement induced and therefore as a function of the
elongation of the intestine, i.e. F = F (Δs).
After the preliminary experiments, it was deemed appropriate to add to the data acquisition system a video
device, in order to monitor the specimen during the experiment in a mode synchronous to the recording of the
values of the load and the displacement. This was considered necessary, since the records of the load versus presented oscillations, due to two different reasons: (1) The
“un-twisting” of the twisted parts or the “un-folding” of
the folded parts of the intestine, which lead to a sudden
length increase of the specimen, and therefore to instantaneous unloading, that is to a fall in the recorded load, as
it is shown characteristically in the diagram of Figure 4A.
(2) Local failures of parts of the specimen and especially
in the case of anastomosed intestines failure of the anastomotic area itself or of directly neighboring areas, due to
the tearing of the material from the anastomotic suture.
Since one cannot distinguish between these two
discontinuities of the F = F (t) diagram, the synchronous
video-recording of the experiment was considered
necessar y. In this way it is possible to locate the
discontinuities of the diagram due to the “un-twisting” or
to the “un-folding” of the specimen, until the discontinuity
due to the anastomotic failure or failure of its immediate
neighboring area. Therefore the loading corresponding to
this discontinuity can be safely considered as the crucial
anastomotic failure load.
www.wjgnet.com
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RESULTS

DISCUSSION

Three different classes of specimens were tested using the
system described in the previous paragraphs.
The first one included a number of “intact” specimens,
i.e. specimens from healthy rats without anastomoses.
The results of these tests are to be used as a measure
that will permit the characterization of the quality of the
anastomosis, at least from the point of view of mechanical
strength. Two characteristic examples of these tests are
shown in Figure 4B. The data obtained from these tests for
the failure force exhibited very small scattering (as it was
perhaps expected) and the average value was of the order
of:
Fcrintact = 2.09 N ± 0.6 N
Taking into account that the thickness of the wall of
the intestine of the rats after the 8th week of their life is
stabilized to about 1.1 mm while its perimeter varies in the
range 9-12 mm[16] , it is concluded that the tensile failure
strength of the “intact” specimens ranges between:
160 kPa ≤ σfailintact ≤ 210 kPa
The second class of experiments included the control
tests, namely it was carried out using specimens obtained
from healthy rats but after having been subjected to
colon anastomoses. The scattering of this series of tests
was obviously higher compared to that of the “intact”
specimens and it was considered necessary to study the
acceptability of the results based on statistical experiments.
The Chauvenet criterion was adopted and a number
of tests were excluded from the analysis. In Figure
4C the results of three tests of this series are shown,
corresponding to the ones with the lowest and highest
acceptable failure forces and to a third one with failure
force almost equal to the average value. The average value
for the failure force was determined equal to:
Ffailcontrol = 1.35 N ± 0.42 N
Similarly the failure strength ranges between:
100 kPa ≤ σfailcontrol ≤ 135 kPa
It can be concluded that the present procedure for
the anastomotic operation results in a decrease of the
mechanical strength of the colonic segments under study
of the order of only 35% in comparison to the intact
specimens.
As a final step, a third series of tests was carried out
with specimens obtained from non-healthy rats after
having been subjected to colon anastomotic surgery. It
was strange to observe that the scattering of the results
was rather lower in this case and the application of
the Chauvenet criterion yielded the exemption of only
one test. A number of characteristic tests of this class
experiments is shown in Figure 4D. The average value for
the failure force, for this series of tests was determined
equal to:
Ffailnon-healthy = 1.09 N ± 0.19 N
In this case failure strength ranges between:
82 kPa ≤ σfailnon-healthy ≤ 110 kPa
The decrease of the mechanical strength compared to
the intact specimens is of the order of about 50%, while
if the comparison is carried out on the basis of the results
of the control tests, is of the order of about 19%.

Wound leakage, the major concern for every surgeon
perfor ming intestinal anastomosis, is considered a
multifactorial process, upon which many factors act,
accelerating or inhibiting its metabolic pathway [17,18] .
Numerous clinical entities and metabolic abnormalities
can alter the course of tissue repair. Amongst them
diabetes mellitus, hypothyroidism, immunocompetence,
infection and other diseases are proven to be detrimental
to anastomotic healing, while other factors like the surgical
technique, advanced age, malnutrition, obesity, inadequate
perfusion and/or oxygenation are considered risk factors
for impaired wound healing[19-22].
Taking the 5 th post-operative day as a crucial time
point upon which anastomotic failure is mostly recognized
in clinical practice, the authors tried to give a measure
of the anastomotic strength by taking advantage of its
mechanical behavior. While both bursting pressure and
tensile strength are used to describe the mechanical
properties of viscoelastic materials like the ones under
study, the authors preferred to evaluate the second and
correlate it to the healing of colonic anastomosis. This is
because tensile strength appears to be a better standard to
evaluate the biological aspects of healing. Tensile strength
is an important determinant of anastomotic strength, in
contrast to the bursting pressure, which can evaluate the
overall anastomotic integrity, but may reflect healing less
accurately.
The authors in this paper described not only a system
for gripping the specimens, the load application, the data
acquisition and storage system, but also a detailed view of
the theoretical background behind the forces applied in
the tissues under study, as well as the experimental difficulties of the direct tension experiment.
The values of the load as a function of the time [P = P
(t)] and the values of the displacement of the moving plate
of the loading frame also as a function of time [Δs = Δs
(t)] were recorded, giving the load versus the displacement
curve for each measurement and therefore providing the
recorded discontinuities due to the anastomotic failure.
While the tests performed were used only for a preliminary series of measurements, since the number of specimens was relatively small, significant conclusions can be
made regarding wound strength and tissue regeneration.
The decrease of the axial force required causing mechanical failure from 2.09 N in case of the “intact” specimens
to about 1.35 N for the control tests and to 1.09 N for
the specimens from non-healthy rats is an excellent index
of the quality of the anastomotic operation. Of course, a
larger number of measurements need to be carried out, so
as to provide a more rigid approach to tissue leakage, its
quantative expression through the tensile strength experiments, and its clinical correlations with pathological entities that delay wound healing or with factors that promote
anastomotic integrity and repair.
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in the gastric mucosa. EC synthesize ANP. There is
a close relationship between ANP-synthesizing cells
and microvessel density in gastric mucosa of rats.The
distribution density of ANP-synthesizing cells is largest in
the gastric cardiac region.
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Abstract
AIM: To study the morphological positive expression of
antrial natriuretic peptide (ANP)-synthesizing cells and
ultrastructural localization and the relationship between
ANP-synthesizing cells and microvessel density in the
stomach of rats and to analyze the distribution of the
three histologically distinct regions of ANP-synthesizing
cells.
METHODS: Using immunohistochemical techniques, we
studied positive expression of ANP-synthesizing cells in
rat stomach. A postembedding immunogold microscopy
technique was used for ultrastructural localization of
ANP-synthesizing cells. Microvessel density in the rat
stomach was estimated using tannic acid-ferric chloride
(TAFC) method staining. Distribution of ANP-synthesizing
cells were studied in different regions of rat stomach
histochemically.
RESULTS: Positive expression of ANP-synthesizing cells
were localized in the gastric mucosa of rats. Localization
o f A N P - s y n t h e s i z i n g c e l l s i d e n t i f i e d t h e m to be
enterochrochromaffin cells (EC) by using a postembedding
immunogold electron microscopy technique. EC cells
were in the basal third of the cardiac mucosa region.
ANP-synthesizing cells existed in different regions of rat
stomach and its density was largest in the gastric cardiac
region, and the distribution order of ANP-synthesizing
cells in density was cardiac region, pyloric region and
fundic region in mucosa layer. We have also found a
close relationship between ANP-synthesizing cells and
microvessel density in gastric mucosa of rats using TAFC
staining.
CONCLUSION: ANP-synthesizing cells are expressed
www.wjgnet.com

INTRODUCTION
Since antrial natriuretic peptide (ANP) was isolated from
atrium by de Bold et al in 1981[1-3], brain natriuretic peptide
(BNP), C-type natriuretic peptide (CNP), dendroaspis
(DNP), micr ur us natriuretic peptide (MNP), and
ventricular natriuretic peptide (VNP) have been found in
succession. They distribute not only in the heart but all
over the body[4-10]. ANP regulates a variety of physiological
functions, including natriuresis, diuresis and vasodilation.
Three types of natriuretic peptide receptors for ANP, BNP
and CNP have been identified, for example, natriuretic
peptide receptor type A (NPR-A), type B (NPR-B) and
type C (NPR-C). NPR-A has guanylate cyclase activity and
mediates the biological functions of ANP through the
synthesis of cGMP[2]. NPR-A preferentially binds ANP
and BNP, but has a low affinity for CNP. Although ANP
is synthesized primarily in the heart as a cardiac hormone,
in fact ANP and its receptor are expressed in numerous
extracardiac tissues, e.g., lung, thymus, gastrointestinal tract,
suggesting a possible role as a regional regulator acting
as an autocrine and/or paracrine regulatory peptide[11,12].
Our previous study indicated that NPR existed in different
regions of gastric mucosa and its density was the largest
in rat gastric antrum, and NPR significantly inhibited
spontaneous contraction of gastric smooth muscles in rats,
guinea-pigs and humans[13-16]. However, the distribution of
ANP-synthesizing cells and the relationship between the
distribution of ANP-synthesizing cells and microvessel
density in gastric tissues have not been identified. It is also
not clear about the ultrastructural localization of ANPsynthesizing cells in rat stomach. Therefore, in the present
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study, the morphological distribution and ultrastructural
localization of ANP-synthesizing cells were identified
under postembedding immunoelectron microscopy. The
relationship between distribution of ANP-synthesizing
cells and microvessel density was investigated using
histochemical techniques in rat stomach.

Esophagus

Pylorus
R

A

MATERIALS AND METHODS
Animals
Wistar rats (obtained from the Experimental Animal
Center of Yanbian University College of Medicine) of
either sex weighing 300-350 g were anaesthetized by a
lethal dose of abdominal cavity injection of pentobarbital
sodium (30 mg/kg), and the abdomen of each rat was
opened along the midline. Because the rat stomach
demonstrates significant regional differences in structure,
we separated the stomach into three regions: the fundic
or fundus, the cardiac, and the pyloric region or antrum
(Figure 1).
Immunohistochemistry
Freshly excised atria and stomach were fixed in 40 g/L
foermaldehyde fixative and embedded in paraffin. Sections
(5 μ m) were deparaffinated, rehydrated and incubated
with 3 mL/L hydrogen peroxide in methanol for 15 min
at room temperature to block endogenous peroxidase
activity. After washing twice with phosphate-buffered
saline (PBS) for 5 min, tissue sections were incubated at
37℃ for 20 min with blocking solution. Sections were
incubated at 37℃ for 2 h with primary antibody: rabbie
anti-rat ANP (sc-20158, Santa Cruz Biotechnology, Inc)
1:100. After washing twice with PBS (0.01 mol/L, pH7.4)
for 10 min, tissue sections were incubated at 37℃ for
30 min with biotin-anti-rabbit IgG. After washing two
times in PBS for 5 min, the sections were incubated
with streptavidin-HRP for 30 min. Then the sections
were washed two times in PBS for 5 min, and they were
incubated with metal-enhanced 3,3-diaminobenzidene
solution for 15 min, then they were washed two times
in distilled water and counterstained with hematoxylin.
Negative control sections were incubated with normal
rabbit serum instead of primary antibody. The positive
staining for ANP-synthesizing cells was expressed as
red brown granules, which were mainly located in cell
cytoplasm under microscopy. At least 5 high-power (×
400 field) fields were chosen randomly for cell counting.
The ratio of the positive distribution of ANP-synthesizing
cells was calculated by dividing the number of positive
cells over the total number of cells, and was expressed as
percentage, counted , analyzed under the CMIAS image
analysis system (Beihang, China), and photomicrographed
(Olympus PM-10AD).
Immunoelectron microscopy
Freshly excised stomach mucosal and atrial myocyte blocks
of 1 mm3 were fixed in 100 mL/L paraform fixative, then
dehydarated and embedded in Epon-812 resin. Sections (70
nm) were incubated with 100 mL/L hydrogen peroxide in
methanol for 30 min at room temperature. After washing

F

Duodenum

Figure 1 Different histological regions of rat stomach. R: Cardic region or cardia; F:
Fundic region or fundus; A: Pyloric region or antrum.

twice with distilled water for 10 min, tissue sections were
incubated at room temperature for 1h with blocking
solution, then tissue sections were incubated at 4℃ for 36
h with primary antibody: rabbit anti-rat ANP (sc-20158,
Santa Cruz Biotechnology, Inc) 1:90. Negative control
sections were incubated with normal rabbit serum instead
of primary antibody. After washing twice with PBS for 5
min, tissue sections were incubated at room temperature
for 1h with protein A-10 nm colloidal gold labeled (Product
Number P 6730, Sigma). After washing twice with distilled
water for 5 min, sections were stained with urenyl acetate
and lead citrate each for 5 min and were observed under a
JEM-1200EX, 80 kv electron microscope (JEOL, Japan).
Histochemistry
Freshly excised rat stomach tissues were fixed with
paraformaldehyde fixative (formaldehyde: potassium
= 1:4) for 36 h at 4℃. The tissues were then fixed in
3% potassium bichromate fixative for 12 h at room
temperature, and embedded in paraffin. Histochemical
staining for ANP-synthesizing cells were performed by
the chromaffin staining method. After washing twice with
distilled water for 20 min, the tissues were stained at room
temperature for 20 min with 10 g/L toluidine solution,
and after washing twice with distilled water for 10 min, the
sections were stained at room temperature for 15 min with
1% saffron solution. Chromaffin staining was made for
enterochromaffin cells. The positive cells were expressed
as brown granules, which were mainly located in cell
cytoplasm under microscopy. At least 5 high-power (× 400
field) fields were chosen randomly for cell observation.
The area density of the distribution of positive cells was
calculated under light microscopy (Olympus BH-2, Japan)
and with CMIAS image analysis system (Beihang, China).
Tannic acid-ferric chloride method
The gastric microvessels in density and distribution were
investigated in different regions of stomach. After the
experimental rats (Wistar rats) were perfused with 20 g/L
compound fixative tannic acid solution, the stomachs were
taken out and cut into frozen sections, then these sections
were immersed in 20 g/L ferric chloride solution at room
temperature for 20 min to reveal the microvessels. The
blood vessels were revealed distinctively by TA-Fe staining
www.wjgnet.com
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method, and observed under the light microscope, the
density and distribution of the vessels were measured and
analyzed by CMIAS image analysis system. Density and
distribution of microvessels in rat stomach was determined
according to the KONG Xiang-yu et al method[13], and was
photomicrographed (Olympus PM-10AD, Japan).
Statistical analysis
Data were expressed as mean ± SD. The two-tailed χ2
test was used to examine the correlation between ANPsynthesizing cells and microvessel density. Statistical
significance was estimated by t test. Differences were
considered significant when P < 0.05. All the calculations
were performed using SPSS11.0.

RESULTS
Expression of ANP-synthesizing cells in rat stomach
Immunohistochemical positive expressions of ANPsynthesizing cells were exhibited in paraffin sections of
atria and stomach. As a positive control, ANP-synthesizing
cells showed intense positive expression in atrial myocytes
cytoplasma (as red brown granules, Figure 2A). ANPsynthesizing cells also were positively expressed in gastric
mucosa and the positive granules localized to cytoplasm
in the basal portion of cardiac region glands (Figure
2B and C). In negative controls, complete absence of
positive staining for ANP-synthesizing cells was observed
when normal rabbit serum was substituted for primary
antiserum (Figure 2D). The morphological shape of the
individual ANP-synthesizing cells was variable, exhibiting
round, pyramidal, flask shapes, etc. The general epithelial
morphology of these cells was typically endocrine in
appearance, and most immunoreactivety was localized to
the basal portion of the stomach of rats. Negative staining
for ANP-synthesizing cells was detected in the lamina
propria, submucosa, and smooth muscle. Expression of
ANP-synthesizing cells was exhibited in different regions,
and its density was the largest in gastric cardiac region, and
the density order of ANP-synthesizing cells was cardiac
region (cardia) > pyloric region (antrum) > fundic region
(fundus) in mucosal layer.
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Figure 2 A: As a positive control, atrial myocytes show intense positive
cytoplasmic staining for ANP (IHC × 200); B: Positive staining for ANP is localized
to cytoplasm of mucosal cells in cardiac glands (IHC × 200); C: Positive staining
for ANP is localized to cytoplasm of mucosal cells in cardiac glands (IHC × 400);
D: As a negative control, complete absence of staining is observed when normal
rabbit serum is substituted for ANP (IHC × 400).
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C

B

Figure 3 A: localization of immunogold labeled in the endocrine granule of the
enterochromaffin cell (TEM × 20 000, bar = 200 nm); B: Negative control,complete
absence of immunogold labeled in the endocrine granule of enterochromaffin cells
when normal rabbit serum was substituted for anti-ANP antiserum (TEM × 20 000,
Bar = 200 nm); C: Normal enterochromaffin cells in gastric mucosa (TEM × 15 000,
Bar = 500 nm).

Identification of ANP-synthesizing cells in rat stomach
The gastric mucosa was cut into ultra-thin sections, and
situs ultrastructural detection of ANP-synthesizing cells
was carried out using a post-embedding immunogold
labeling technique under electron microscope. The
localization of immunogold labeling was displayed in the
endocrine granule of the enterochromaffin (EC) cell of
DNES (disperse or diffuse neuroendocrine system, DNES)
in gastric gland of rat (Figure 3A). These results indicate
that the EC cell synthesizes and secretes ANP in gastric
mucosa of rat. In negative control, complete absence of
positive staining was observed when normal rabbit serum
was substituted for anti-ANP antiserum (Figure 3B and C).

technique in rats. It has been identified that EC cell is only a
chromaffin cell in the rat gastric mucosa. Consecutive serial
sections were stained for chromaffin and the chromaffin
granules (brown granules) were localized in EC cell
cytoplasm. Negative staining for chromaffin granules were
detected in the lamina propria, submucosa, smooth muscle
and in negative control. The distribution of EC cells in
gastric mucosa was further examined using chromaffin
staining. There were three histologically distinct regions
(cardia, fundus and antrum) in the distribution of EC cells
in rats. EC cells existed in mucosal layer, and its density was
the largest in gastric cardia, and the density order of EC
cells (mean ± SD) was cardiac region > pyloric region >
fundic region in mucosal layer (Figure 4, n = 18).

Distribution of ANP-synthesizing cells in rat gastric mucosa
The distribution of ANP-synthesizing cells
(enterochromaffin cell, EC cells) in the different regions
of gastric mucosa was detected using a histochemical

Relationship between ANP-synthesizing cells and
microvessel density
The microvessels were stained successfully with tannic
acid-ferric chloride[13,14]. Microvessel of gastric mucous

www.wjgnet.com
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Figure 4 The distribution of ANP synthesizing cells in different regions of stomach
in rats. Mean ± SD. aP < 0.05 vs fundic region.

were in wriggled way and cut into different cross-sections,
it could be clearly observed in distinct three-dimensions
(Figure 5A). Some microvessels could be found scattering
among antral mucosa, some branch arteries from the large
vessels ran into the basal glands of the gastric mucosa
(Figure 5B). The density of microvessels varies from
position to position, the more basal glands were found, the
more microvessel were distributed in rat gastric mucous.
In order to study the relationship between the positive
rate of ANP-synthesizing cells and microvessel density
in rat gastric mucosa, the data were analyzed by statistical
analysis system of SPSS11.0. There was a positive
significant relationship between the positive rate of ANPsynthesizing cells and microvessel density in antral mucosa
of rats (r = 0.53, P < 0.05, Figure 5C).

DISCUSSION
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Figure 5 A: Microvessels of gastric mucous were in wriggled way and cut into
different cross-sections, it could be clearly observed in distinct three-dimensions
(arrow) (TA-Fe × 400); B: Some branch arteries from the large vessels run into
the basal glands of the gastric mucosa (arrow) (TA-Fe × 400); C: There is positive
significant relationship between the positive rate (%) of ANP-synthesizing cells
and microvessel density (%) in cardiac region mucosa of rats (r = 0.53, P < 0.05,
n = 18).

In the present study, the ANP-expressing myoendocrine
cells are most concentrated in the right atrium, to a lesser
extent in the left atrium, and almost absent in the left
ventricle[15,16].We have demonstrated that morphological
distribution and ultrastructural localization of ANPsynthesizing cells in rat stomach. ANP may have tissuespecific functions within the stomach. Gower et al[17-19]
and Vuolteenaho et al[20-24]earlier found that the rat antrum
contains ANP-synthesizing cells coupled with our present
results that similar immunostaining patterns are produced
when antibodies are directed to antral mucosal cells,
however we have also found positive cells in cardiac and
fundus. EC cells are an abundant type of enteroendocrine
cells that contain serotonin and occur throughout the
gastrointestinal tract[25-28]. On the basis of differences in
the ultrastructural appearance of the secretary granules, it
has been suggested that EC cells are comprised of several
subpopulations and store different peptides. Three types
of EC cells for EC1, EC2, and ECn have been identified.
EC cells have two types of open-type enterochromaffin
cell and close-type enterochromaffin cell. Opentype enterochromaffin cells have a large basolateral
compartment in contact with the basal lamina and a
narrow apical process that allows access to the lumen.
Results from our present immunohistochemical studies
demonstrate that at least some of the ANP-synthesizing
cells in the gastric mucosa are exposed to both basal
lamina and lumen, and under immunoelectron microscopy
they were identified as EC cells that synthesized ANP.
Guo HS et al [29] using a radioautograph technique,
detected the distribution of NPR (NPR-A) in different
regions of rat stomach. NPR-A existed in both the mucosal
layer and muscle layer, and the distribution order of NPR-A
in density being antrum > body > fundus in muscle layer.
Rambotti et al[30] found that NPR-A extensively distributed
in many tissues, for example, the bladder of the toad,
bullfrog brain, in fetal ovine pulmonary vascular and in
the porcine coronary. The present study confirmed that
NPR-A also existed in the stomach of rat and the density
was largest in gastric antrum in rats, demonstrating the
presence of NPR-A transcripts in the extracts of gastric
fundus and natriuretic peptide-induced cGMP production
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localized to the parietal, mucus secreting cells in the
fundus, and pyloric glands, as well as gastric smooth
muscle cells[29]. Because ANP is known to stimulate gastric
acid secretion and relaxes gastric smooth muscle, the effect
of atrial natriuretic factor (ANF) on exocrine pancreatic
secretion and the possible receptors and pathways
involved were studied in vivo[29,31]. These findings suggest
that these effects of ANP may be direct. Rambotti et al[31]
demonstrated the presence of ANP-induced guanylate
cyclase activity on both apical and basolateral surfaces of
mucosal cells within the pyloric glands of rat stomach,
ANP released locally into the gastric lumen could target
luminally directed receptors, suggesting that ANP may
help control a “negative feedback” system within the
stomach of increasing acid secretion and simultaneously
enchance mucus production to protect the lining of the
stomach from the effects of acid. This would provide for
a regulatory mechanism to ensure that the acid produced
after a meal does not injure the mucosal surcosal surface
of the stomach. Previous studies also indicated that vagus
nerve regulated many functions of NP, for example, ANP
promoted gastric acid secretion[32], ANP and endothelin-1
(ET-1) might prevent renal dysfunction during the
progression of congestive heart failure(CHF) through
the cGMP pathway in dogs [33,34], ANP can reduce the
pre-load and after-load in normal and failing hearts[35-37].
ANP each inhibited the growth of the human pancreatic
adenocarcinomas in vivo and three of the four peptide
hormonesed the volume of the tumors (up to 49%)[10,38,39].
The intestinal tract is a target organ for ANP, characterized
by various biologic activities, immunoreactivity, as well as
specific binding sites for ANP[40,41].
In conclusion, our result demonstrated that ANPsynthesizing cells exist in gastric mucosa of rats, and
its density was largest in gastric cardiac region,and the
distribution order of ANP-synthesizing cells in density
was cardiac region > antrum > fundic region in mucosa
layer. This result shows that it is the EC cells in the gastric
mucosa that synthesize ANP. This basolateral plasma
membrane is juxtaposed to microvessel via ANP which
could enter the circulation from the stomach. The density
of microvessel varies from position to position at the
EC cell concentrating area, and the relationship between
distribution of ANP-synthesizing cells and microvessel
density was investigated in the stomach of rats.
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Abstract
AIM: To determine the prevalence of osteoporosis
in a cohort of patients with Crohn’s disease (CD) and
to identify the relative significance of risk factors for
osteoporosis.
METHODS: Two hundred and fifty-eight unselected
patients (92 M, 166 F) with CD were studied. Bone
mineral density (BMD) was measured at the lumbar
spine and hip by dual X-ray absorptiometry. Bone
formation was assessed by measuring bone specific
alkaline phosphatase (BSAP) and bone resorption by
measuring urinary excretion of deoxypyridinoline (DPD)
and N-telopeptide (NTX).
RESULTS: Between 11.6%-13.6% patients were
osteoporotic (T score < -2.5) at the lumbar spine
and/or hip. NTX levels were significantly higher in the
patients with osteoporosis (P < 0.05) but BSAP and DPD
levels were not significantly different. Independent risk
factors for osteoporosis at either the lumbar spine or
hip were a low body mass index (P < 0.001), increasing
corticosteroid use (P < 0.005), and male sex (P < 0.01).
These factors combined accounted for 23% and 37%
of the reduction in BMD at the lumbar spine and hip
respectively.
CONCLUSION: Our results confirm that osteoporosis is
common in patients with CD and suggest that increased
bone resorption is the mechanism responsible for the
www.wjgnet.com

bone loss. However, less than half of the reduction
in BMD can be attributed to risk factors such as
corticosteroid use and low BMI and therefore remains
unexplained.
© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Osteoporosis is now recognised as a common
complication of inflammatory bowel disease (IBD)
and in particular Crohn’s disease (CD). Estimates of
prevalence vary but those studies employing the World
Health Organisation[1] diagnostic criteria (a bone density
2.5 or more standard deviation units below the mean
value for young adults) report rates of 13%-42%[2-4]. The
pathogenesis of osteoporosis in patients with CD is likely
to be multifactorial. Most, but not all studies, have found
an association with current or cumulative corticosteroid
use [5-11] but other factors such as disease duration [3,4,12]
low body weight or body mass index[4,10,13] calcium and
vitamin D deficiency [12,14] small bowel involvement or
resection[10] smoking[15] gender and increasing age[13] have
been implicated. At the molecular level in vitro studies
have demonstrated that serum from children with CD can
inhibit bone formation suggesting that pro-inflammatory
cytokines such as IL-6 may be involved[16].
The mechanism of bone loss is poorly understood.
Normal bone in healthy adults is in a state of equilibrium,
the rate of osteoblastic bone formation equaling the rate
of bone resorption by osteoclasts. Biochemical markers
of bone turnover such as deoxypyridinoline (DPD) and
cross-linked N-telopeptides of type 1 collagen (Ntx), both
markers of bone resorption, and osteocalcin and bone
specific alkaline phosphatase (BSAP), markers of bone
formation, are now available and have been used in several
studies examining the possible mechanisms of bone loss
in patients with IBD. Consistent findings are raised levels
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of either DPD or Ntx [2,4,12,17,18] suggesting increase in
bone resorption, although there is also evidence that bone
formation is reduced[7].
The aim of this cross sectional study was to determine
the prevalence of osteoporosis in an unselected group of
patients with CD and to identify the relative importance of
possible risk factors and the mechanism of bone loss.

MATERIALS AND METHODS
Patients were recruited from the IBD register at the
Freeman Hospital and additionally from the Royal Victoria
Infirmary, also in Newcastle-upon-Tyne, and the Queen
Elizabeth Hospital, Gateshead. Patients were under the
care of either surgical or medical gastroenterologists and all
fulfilled at least two of four diagnostic criteria (histological,
radiographic, endoscopic and surgical)[19]. Patients were
contacted by letter inviting them to participate in the study
and were then seen at the Freeman Hospital by either SB
or NT. Those who did not attend were sent one further
letter reminding them to do so. We included patients aged
between 25 and 70 years only and excluded women who
were pregnant or planning a pregnancy because of the
potential risk from exposure to ionizing radiation during
bone densitometry.
A questionnaire was completed with the patient
detailing age, tobacco and alcohol consumption, fracture
history, and in women, reproductive and menstrual history.
Details of duration and site of disease, corticosteroid
use (expressed as number of months on corticosteroids),
relevant surgical history and drug history were obtained
at interview and by careful scrutiny of the medical notes.
Height and weight was measured immediately prior to
bone densitometry and these figures were used to calculate
body mass index [weight/height 2, (kg/m 2)]. The study
was approved by the Newcastle-upon-Tyne Joint Ethics
Committee.
Bone mineral density measurements
Bone mineral density (BMD) was measured at the lumbar
spine (L1-L4) and left hip (total hip) by dual X-ray
absorptiometry (Hologic Inc. QDR 2000, Waltham, MA.).
The coefficient of variation (CV) is 0.7% at the lumbar
spine and 1.0% at the hip[20]. BMD results are expressed
as an areal density in g/cm2, but have been compared with
the manufacturer’s mean value for young adults and for
normal people of the same age and sex to give T scores
and Z scores respectively. The T score is the number of
standard deviation units above or below the mean value
for young adults of the same sex, whilst the Z score is the
number of standard deviation units above or below the age
related mean value. The WHO has defined osteopenia as a
T score of < -1 but > -2.5, whilst osteoporosis is defined
as a T score of -2.5 or lower. These diagnostic criteria are
not necessarily thresholds for intervention, particularly for
patients on oral corticosteroids, where a higher T score of
-1.5 would be more appropriate[21].
Biochemical measurements
Serum and urine samples were taken between 2 pm
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and 4 pm. The serum was immediately centrifuged and
all samples were stored at -30℃. Serum calcium and
phosphate levels were measured using standard methods
on an Olympus 600 automated system, (interassay CVs for
calcium and phosphate are < 1% and < 2% respectively).
Bone resorption was assessed by measurement of
the urinary excretion of free DPD and Ntx with values
expressed as a fraction of urinary creatinine excretion.
Free DPD was measured by competitive immunoassay
(Chiron Diagnostics Corporation, MA) (interassay CV
< 8%). The reference range (manufacturer’s data), is
3.0-7.4 nmol DPD/mmol creatinine for females aged
25-44 years and 2.3-5.4 nmol DPD/mmol creatinine for
males aged 25-55 years. Ntx was measured by enzymelinked immunoabsorbant assay (“Osteomark”, Ostex
International, Seattle, WA) with results expressed as
bone collagen eqivalents (BCE). The reference ranges for
men and women (manufacturer’s data) are 3-51 and 5-65
nm/mmol creatinine respectively (interassay CVs < 9%).
Bone formation was assessed by measurement of serum
BSAP using enzyme-linked immunoabsorbant assay (Metra
BioSystems, Southampton, UK) (interassay CV < 6%).
Patients with a T score of -1.5 or less at either the
lumbar spine were investigated further to look for other
secondary causes of osteoporosis, such as vitamin D
deficiency with secondary hyperparathyroidism, thyroid
disease and, in men, hypogonadism.
Intact parathyroid hormone (PTH) levels, reference
range 12-72 ng/L, were measured by immunometric assay
(Immulite Intact PTH, Diagnostics Products Corporation,
Los Angeles, CA.) (interassay CV < 5%). Vitamin D levels
(25 OH Cholecalciferol and 25 OH Ergocalciferol), normal
range 10-50 nmol/L, were assayed by high performance
liquid chromatography performed at the Department of
Clinical Biochemistry, Royal Victoria Infirmary, Newcastleupon-Tyne (interassay CV < 12%). Thyroid stimulating
hormone (TSH), reference range 0.3-4.1 Mu/L, was
measured with a two site immunoassay using direct
chemiluminometric detection and monoclonal/polyclonal
antibodies (interassay CV < 4.0%). Testosterone, reference
range 9-20 nmol/L, was measured with a competitive
immunoassay using direct chemiluminometric detection
and a polyclonal antibody (interassay CV < 5.2%) and Sex
Hormone Binding Globulin (SHBG) was measured with a
non-competitive immunoradiometric assay (interassay CV
< 5%). The free androgen index (FAI), reference range >
3 nmol/nmol, was calculated after dividing the total serum
testosterone by the SHBG level.
Statistical analysis
The results are expressed as means ± SD. Comparison
between group means was anlaysed using Student’s
unpaired t-test or, where data was not normally distributed,
the Mann-Whitney U-test. Multiple regression analysis
was performed to determine independent risk factors
for osteoporosis and the adjusted χ2 value was calculated
to determine the proportion of the variability in BMD
attributable to these factors. The chi-squared test was used
to compare incidences. A P value of < 0.05 was taken
to be statistically significant. Analyses were made with
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Figure 1 Scatterplot of T score values at the lumbar spine and hip. Dotted lines
represent thresholds for diagnosis of osteopenia and osteoporosis.

258 (166 F, 92 M)

Age (yr)
Postmenopausal women
Fractures
BMI (kg/m2)
Disease duration (yr)
Small bowel involvement
Small bowel resection
Large bowel involvement
Current CS use
Previous CS use
Duration CS use (mo)
Current smokers

44.5 (± 11.5)
67 (25.9%)
28 (10.8%)
24.7 (± 4.6)
14.3 (± 9.5)
192 (74.4%)
135 (52.3%)
173 (67.1%)
77(29.8%)
152 (58.9%)
51.0 (± 68.4)
83 (32.2%)

CS: Corticosteroids.

Table 2 Bone mineral density measurements (means ± SD)

GraphPad Prism (GraphPad Software Inc) and Minitab
(Version 12.1, Minitab Inc).

RESULTS
Two hundred and sixty five patients responded to the
correspondence inviting them to participate in the study,
7 of whom subsequently declined a DXA scan and were
excluded from the study. The remaining 258 patients who
completed the study comprised 92 men and 166 women.
One patient was of Asian descent, the remainder were
white. Table 1 summarizes the clinical characteristics of
the group.
Fractures
Twenty-eight patients (10.9%) reported a low trauma
fracture in adulthood, 12 of whom had osteoporosis.
The fractures comprised wrist[9], forearm[5] and vertebral[3]
fractures, and 2 each of metatarsal, rib and ankle fractures,
1 patella fracture and 1 femoral fracture. Two patients had
more than 1 fracture and in 5 cases the fracture site was
not documented.
Site of disease
One hundred and ninety two (74.4%) had small bowel
disease, of which 70 (27.1%) had small bowel involvement
alone and 88 (34.1%) had small bowel involvement with
colonic disease. Forty-nine (18.9%) had isolated colonic
disease. At least one partial small bowel resection had been
performed in 135 (52.3%) of the study group, whilst 92
(35.7%) had undergone partial or total resection of their
large bowel.
Drug treatment
Seventy-seven patients (29.8%) were currently taking oral
corticosteroids and 152 (58.9%) had previously taken
corticosteroids to treat complications of their Crohn’s
disease. Forty-five patients (17.4%) were currently taking
bone active treatment (calcium supplementation with
or without vitamin D, bisphosphonates or hormone
replacement therapy).

www.wjgnet.com

Site

BMD
2
(g/cm )

Z score

T score

Osteopenia Osteoporosis

Lumbar 0.975 ± 0.15 -0.308 ± 1.39 -0.795 ± 1.39 77 (29.8%)
spine

30 (11.6%)

Total hip 0.860 ± 0.15 -0.675 ± 1.19 -1.181 ± 1.21 67 (25.9%)

35 (13.6%)

Osteopoenia defined as a T score of < -1 but > –2.5; Osteoporosis defined as a
T score of < -2.5.

Tobacco and alcohol consumption
Eighty-three patients (32.2%) were current cigarette
smokers and 78 (30.2%) previous smokers. The mean
alcohol intake was 8.8 units/week among the 160 patients
who drank alcohol.
Bone mineral density measurements
Measurements at the lumbar spine were available in
257 patients, one was excluded because of the presence
of surgical metal rods. Measurements at the hip were
available in all 258 patients. Details of the mean BMD
measurements, mean Z and T scores and numbers with
osteopenia or osteoporosis are presented in Table 2 and
Figure 1. Employing the WHO definitions for osteoporosis
18 (6.9%) were osteoporotic at both the lumbar spine and
hip. Considering each site separately, 30 (11.6%) patients
were osteoporotic at the lumbar spine (16 men, 14 women)
and 35 (13.6%) were osteoporotic at the hip (15 men,
20 women) whilst a further 77 (29.8%) and 67 (25.9%)
fulfilled the criteria for osteopenia at the lumbar spine and
hip respectively.
Risk factors
Table 3 shows the characteristics of those patients with
and without osteoporosis. At the lumbar spine patients
with osteoporosis had a significantly lower BMI and had
taken corticosteroids for longer, there was a trend towards
longer disease duration although this did not achieve
statistical significance. Patients with osteoporosis at the
hip were also likely to have a lower BMI, a longer disease
duration and have taken corticosteroids for longer. Gender,
small bowel resection and current tobacco use were not
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Table 3 Comparison of those patients with and without
osteoporosis and the presence of risk factors (mean ± SD)
Osteoporosis at Osteopenia/
lumbar spine
normal bone
and/or hip
mineral density
( n = 47)
(n = 211)

Risk factor

2

Table 4 Biochemistry and markers of bone formation and
resorption in patients with osteoporosis at either the lumbar
spine and/or hip compared with those patients with osteopenia
or normal bone density (mean ± SD)

P

BMI (kg/m )
Corticosterid use (mo)
Disease duration (yr)

22.3 ± 0.6
92.3 ± 16.7
18.9 ± 1.5

25.2 ± 0.3
34.9 ± 3.2
13.2 ± 0.6

< 0.0001
< 0.0001
< 0.005

Age (yr)

46.8 ± 11.4

44.1 ± 11.5

NS

Small bowel resection (Y/N)

10/37

105/106

NS

Current smokers (Y/N)
Gender (M/F)

11/36
22/25

72/139
69/142

NS
NS
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Biochemistry
(normal range)
Total calcium
(2.12-2.55 mmol/L)
Phosphate
(0.65-1.3 mmol/L)
BSAP
(11.6-30.6 μg/L)
DPD/creat
(2.3-7.4 nmol/mmol)
Ntx/creat
(3.0-65.0 BCE)

Analysis was made using Student’s unpaired t-test or the chi-squared test
where appropriate; NS: not significant.

Osteoporosis at
lumbar spine
and/or hip
(n = 47)

Osteopenia/
normal bone
mineral density
(n = 211)

2.30 ± 0.03

2.31 ± 0.01

NS

1.11 ± 0.03

1.11 ± 0.03

NS

19.7 ± 1.4

18.6 ± 0.6

NS

5.8 ± 1.0

5.6 ± 0.4

NS

63.7 ± 9.5

40.6 ± 3.6

P < 0.05

P

significant factors at either site. One hundred and fifteen
patients (44.6%) had T scores < -1.5 at the lumbar spine
and/or hip respectively. The T score within individual
patients was significantly lower at the hip compared with
the lumbar spine (-0.80 ± 1.4 vs -1.19 ± 1.2, P < 0.0001).
Postmenopausal women had significantly lower T
scores at the lumbar spine and hip compared to the rest
of the study group (-1.30 ± 0.16 vs -0.63 ± 0.10 and -1.5 ±
0.14 vs -1.09 ± 0.09 respectively, P < 0.0001). This group
accounted for 11/29 patients with osteoporosis at the
spine and 12/34 at the hip.
Multivariate analysis was used to determine independent
predictors for the presence of osteoporosis. Variables
included in the analysis were age, sex, disease duration,
BMI, length of corticosteroid use and small bowel
resection. Of these, decreasing BMI (P < 0.001), length
of corticosteroid use (P = 0.003) and male sex (P = 0.009)
were the significant predictors at the lumbar spine whilst
at the hip decreasing BMI (P < 0.001), number of months
treatment with corticosteroids (P < 0.001), increasing age
(P = 0.003) and male sex (P = 0.005) were significant. The
adjusted r2 value was calculated using sex, age, sex-age
interaction, corticosteroid use, BMI, disease duration and
small bowel resection (Yes/No) as variables. These factors
accounted for 22.9% and 37.2% in the variability in BMD
at the lumbar spine and hip respectively.

BSAP: Bone specific alkaline phosphatase; DPD: Deoxypyridinoline; Ntx:
N-telopeptides of type 1 collagen; BCE: Bone collagen eqivalents; NS: not
significant.

Biochemical measurements
The mean levels of total calcium and phosphate were
normal (Table 4). There was no difference in the means
between those with and those without osteoporosis.
Patients with a T score < -1.5 at either site (n = 115)
were investigated further and in these patients mean
levels of TSH and 25 OHD were nor mal (Table 5).
Five patients had abnormal thyroid function tests. Two
patients had low TSH levels, one of these patients was
on thyroid replacement therapy. Of the three with above
normal TSH levels, none had abnormal tri-iodothyrine
or thyroxine levels. Two patients had biochemically low
25 OHD levels (defined as < 10 mol/L) but neither was
associated with a secondary hyperparathyroidism or with
small bowel resection. Mean PTH levels were normal.
PTH levels were raised (defined as twice the upper limit

Markers of bone formation and bone resorption
Mean levels of BSAP and DPD were normal, there was
no significant difference between those with and without
osteoporosis (Table 4). Ntx levels, although also within
the normal range, were significantly higher in patients with
osteoporosis.

Table 5 Results of further bone biochemistry carried out in
patients with a T score of -1.5 or less at either the lumbar
spine and/or hip (n = 115) (mean ± SD)
Biochemistry (normal range)
TSH (0.3-4.1 Mu/L)
25 OHD (10-75 nmol/L)
PTH (10-72 ng/L)
1
Testosterone (9-20 nmol/L)
2
FAI (> 0.3 nmol/nmol)

T score < -1.5 at lumbar
spine and/or hip (n = 115)
1.7 ± 1.1
45.1 ± 22.3
46.9 ± 62.7
13.5 ± 6.7
0.4 ± 0.1

1

Testosterone and SHBG only measured in men (n = 46). 2Free Androgen
Index (Testosterone/SHBG).

of normal) in 4 patients (range 153-613 ng/L) including
one patient with severe nutritional deficiency (BMI < 19,
anaemia, hypoalbuminaemia) and severe osteoporosis
who nevertheless had normal 25 OHD levels because of
treatment with vitamin D metabolites prior to inclusion
into the study. Three men (6.5%) were hypogonadal (FAI
< 3 nmol/nmol).

DISCUSSION
We have shown that between 11%-13% of a large group
of unselected patients with CD are osteoporotic. A low
BMI, increasing exposure to corticosteroids and male sex
appear to be the main predictors of osteoporosis which,
however, only explain between 23%-37% of the variability
in BMD described. Biochemical abnormalities such as
25 OHD deficiency and secondary hyperparathyroidism,
www.wjgnet.com
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thyroid disease and male hypogonadism are unusual but
our results suggest that increased bone resorption, assessed
by measuring urinary excretion of DPD and Ntx, may be
the mechanism responsible for the accelerated bone loss.
As far as we are aware this is the largest and most
complete study to date of the prevalence of osteoporosis
in patients with CD. Our group of patients are unselected
and we consider a reasonable representation of the larger
population with CD in terms of age and sex composition,
duration and site of disease and disease management.
Between 11%-13% of our patients are osteoporotic. This
is perhaps lower than we expected given the unselected
nature of our patient group, although broadly in keeping
with other studies using the same diagnostic criteria.
However, there is considerable discrepancy among
prevalence rates reported. This may be accounted for by
differences in the site and the methods used to measure
BMD and in the patient groups studied, some for example
including those not only with CD but also ulcerative
colitis (UC), where there is evidence that osteoporosis
is less common[9,22]. Other groups have studied patients
with CD only and have selected further to exclude for
example those currently taking corticosteroids or at risk of
metabolic bone disease[2].
We found that the BMD at the hip was significantly
lower compared with the lumbar spine. This has previously
been reported in other studies of patients with IBD[2-4,8,23]
and is also the pattern of bone loss seen in other chronic
inflammatory conditions such as rheumatoid arthritis. It
may reflect a degree of degenerative change at the lumbar
spine in some of the older patients which would spuriously
elevate the density at that site, however we attempted to
minimise this effect by excluding patients over the age of
70.
The clinical significance of osteoporosis is the increased
susceptibility to fracture and the resulting morbidity and
mortality. Eleven percent of our patients reported low
trauma fractures, mostly of the upper limb. We did not
perform radiography in our patients and, as many vertebral
fractures are asymptomatic, the true prevalence is likely to
be higher. Relatively few studies have examined fracture
incidence and prevalence in adult patients with CD. In
retrospective studies, fracture prevalence, calculated from
plain radiography of symptomatic areas or self reported
fracture, varies between 7% and 27%[7,9,12]. Vestergaard et al,
in a study of over 800 patients with IBD[24] conducted via
a postal questionnaire, reported an increased relative risk
of low trauma fractures in women with CD of 2.5. The
increase in fracture risk was seen mostly in premenopausal
women but men with CD or patients of either sex with
UC were not at increased risk of fracture. The authors
speculated that their findings were due to a number
of factors including the increased use of continuous
corticosteroids and more severe systemic inflammation in
CD compared to UC, and possible hypogonadism in the
female patients.
A low BMI, increasing corticosteroid use, male sex and
increasing age were independent risk factors in predicting
those with osteoporosis although these factors together
only accounted for between 20%-40% of the variability in
BMD. Low body weight or a low BMI have been reported
www.wjgnet.com
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in other studies of patients with IBD to be significant
risk factors for osteoporosis, particularly at the peripheral
sites[4-6,9-11]. Within the context of IBD a low BMI may
merely reflect severe inflammator y disease and/or
malabsorption although there is also good evidence that
low body mass per se is a significant factor in determining
BMD[25,26].
In our study male sex was a significant independent risk
factor for osteoporosis at both sites. Most groups have
reported no significant differences between the sexes and
only one study has looked specifically at men with IBD.
Robinson et al studied the hormone profile of 48 men with
CD[27] and found biochemical evidence of hypogonadism
in only 3 patients, 2 of whom had osteopenia. Three
of our male patients (6.5%) with reduced BMD were
hypogonadal. This is lower than we might expect given the
number of our patients taking corticosteroids which might
lead to suppression of gonadotrophin, testosterone and
SHBG levels.
The role of corticosteroids in the pathogenesis of
osteoporosis in patients with IBD is complex. Whilst some
studies have shown a clear relationship between lifetime
corticosteroid dose and vertebral fracture rate[5] or low
BMD other studies have suggested that BMD is unrelated
to corticosteroid use [2,3,6,10] . There have been several
prospective studies examining the role of corticosteroids
in the rate of bone loss[22,28,29]. The largest of these[28], a
longitudinal study of over 100 patients with IBD and
bowel resection who were followed up for a mean period
of over 5 years found no relationship between bone loss
and corticosteroid use. The conflicting results are probably
a reflection of the heterogeneity of patient groups studied
and the complex relationship between disease severity,
systemic inflammation and treatment with corticosteroids.
We found a very low prevalence of biochemical
abnormalities in our patients and in particular no evidence
of 25 OHD deficiency and secondary hyperparathyroidism
or of a correlation with small bowel resection. The
relationship between 25 OHD levels and BMD in patients
with IBD is not clear cut. Andreassen[14] reporting one
of the higher prevalences of 25 OHD deficiency (44%)
in a study of 115 patients with CD nevertheless found
that this, in combination with PTH levels, only accounted
for 4% of the variation in BMD. Croucher[30] described
the histomorphometric findings in a study of 19 patients
with IBD, all of whom had osteoporosis and 16 of whom
had undergone bowel resection. Despite only one patient
having a low 25 OHD level, there was evidence of a mild
mineralisation defect in the patient group compared with
the control group, although none had the classical changes
associated with osteomalacia.
Biochemical markers of bone formation and resorption
are now widely available and have been used to predict
bone loss[31,32] and response to treatment of osteoporosis
with bisphosphonates and hormone replacement therapy
(HRT) in postmenopausal women [33,34]. Several studies
have now used these markers in exploring the mechanisms
of bone loss in patients with IBD. Most studies have
demonstrated an increase in bone resorption without
a corresponding increase in bone formation [2,4,12,17,18].
Our results, which show that patients with osteoporosis
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have significantly higher levels of Ntx (but not DPD),
would support the results of these studies. It should be
noted however that the mean value, even in patients with
osteoporosis, was within the normal range and their role in
predicting those patients with IBD at risk of losing bone
is not clear. Pollak et al has reported that increased levels
of Ntx predicted rates of bone loss in a prospective study
of 36 patients with IBD over a period of 2 years[35] whilst
Schulte[29] found that they did not discriminate between
those with accelerated bone loss and those without.
Despite this they may be useful in targeting those patients
to treat more aggressively with anti-resorptive agents such
as HRT and the bisphosphonates.
Management of patients with IBD and osteoporosis
remains problematic although recent guidelines for the
management and prevention of osteoporosis in IBD have
been published in the United Kingdom[36]. The guidelines
recommend, amongst other measures, that all patients
currently taking corticosteroids and with a T score of <
-1.5 should be prescribed a bisphosphonate in addition
to vitamin D supplementation. This study highlights
the potential clinical implications of this strategy, as
approximately 20% of our patients would require
bisphosphonates if these guidelines were implemented.
We have also established that although there are several
significant risk factors for osteoporosis, these combined
explain less than 40% of the variability in BMD. A
genetic predisposition to osteoporosis complicating other
chronic conditions such as rheumatoid arthritis has been
described[37]. This may be of significance in our population
and merits further investigation.
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Abstract
AIM: To investigate the role that the hedgehog (Hh)
signaling pathway, which includes sonic hedgehog (Shh),
Patched (Ptc), Smoothened (Smo) and Gli-1, plays in human gastrointestinal stromal tumors (GISTs).
METHODS: Surgically resected specimens from patients with GISTs, leiomyomas and schwannomas were
examined by immunohistochemical staining for aberrant
expression of hedgehog signaling components, Shh, Ptc,
Smo and Gli-1, respectively.
RESULTS: In GISTs, 58.1% (18 of 31), 77.4% (24 of
31), 80.6% (25 of 31) and 58.1% (18 of 31) of the
specimens stained positive for Shh, Ptc, Smo and Gli-1,
respectively. In leiomyomas, 92.3% (12 of 13), 92.3% (12
of 13), 69.2% (9 of 13) and 92.3% (12 of 13) stained
positive for Shh, Ptc, Smo and Gli-1, respectively. In
schwannomas, 83.3% (5 of 6), 83.3% (5 of 6), 83.3%
(5 of 6) and 100% (6 of 6) stained positive for Shh,
Ptc, Smo and Gli-1, respectively. Immunohistochemistry
revealed that the expressions of Shh and Gli-1 were significantly higher in leiomyomas than in GISTs (P < 0.05,
respectively). Shh expression strongly correlated with the
grade of tumor risk category and with tumor size (P <
0.05, respectively). However, the expressions of Ptc and
Smo did not correlate with histopathological differentiation.
CONCLUSION: These results suggest that the Hh signaling pathway may play an important role in myogenic
differentiation and the malignant potential of human in-

testinal stromal tumors.
© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are rare
mesenchymal tumors of the gastrointestinal tract that
occur from the esophagus to the anus, including in the
omentum, mesentery and retroperitoneum[1]. Small GISTs
are often detected during surgery for other conditions,
gastroscopy or routine X-ray[1,2]. Some GISTs present with
bleeding, perforation, pain, obstruction or a combination
of these symptoms[3,4]. These tumors have a wide clinical
spectrum from benign, incidentally detected nodules to
malignant tumors[1] categorized into four risk groups: very
low, low, intermediate and high[5]. Traditionally, primary
mesenchymal spindle cell tumors of the gastrointestinal
(GI) tract have been uniformly classified as smooth
muscle tumors (e.g., leiomyomas, cellular leiomyomas,
or leiomyosarcomas). Tumors with epithelioid cytologic
features have been designated as leiomyoblastomas or
epithelioid leiomyosarcomas [6] . Recently it has been
postulated that GISTs originate from Cajal cells in the
gastrointestinal tract, which are thought to be pacemaker
cells that regulate intestinal motility [7,8]. Thus, GISTs
differ from leiomyomas and schwannomas, which are of
mesenchymal cell origin. Further, GISTs are characterized
by th e fr equen t ex p r essi o n o f th e b o n e mar row
leukocytic progenitor cell antigen CD34[9] and c-kit protooncogene[8]. They also show a remarkable variability in
their differentiation, and can be roughly divided into four
major categories according to the phenotypic features of
the tumors: smooth muscle type, neural type, combined
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type and uncommitted type[10]. Although there are many
studies about GISTs, their mechanisms of tumorigenesis,
progression and differentiation remain unknown.
The Hedgehog (Hh) gene was initially isolated from
Drosophila embryonic segments, and it controls patterning
of imaginal disc-derived adult structures such as the eye,
the appendage and the abdominal cuticle[11-13]. The mammalian Hh gene, Sonic hedgehog (Shh), is important in the
patterning of many tissues and structures such as gastrointestinal epithelium, neurons, smooth muscle tissue, and
bone[14-16]. Shh also plays a role in the development of the
endoderm, mesoderm and ectoderm[17,18]. The response
to the Hh signal is controlled by two transmembrane proteins, the tumor-suppressor Patched (Ptc) and the protooncogene Smoothened (Smo)[13]. Smo is a member of the
seven transmembrane-receptor family[11] and its activity
is suppressed by the twelve-span transmembrane Ptc. Hh
stimulation releases this inhibition, leading to Smo activation of a transcriptional response[13]. Downstream targets
of the pathway in vertebrates include Gli-1, which is associated with development of basal cell carcinomas and
medulloblastomas[19].
There is ample evidence suggesting that the Hh signaling pathway is involved in tumor growth and differentiation. However, there are no studies that examine the
expression of Hh pathway components in stromal tumors
of the GI tract or the role of the Hh signaling pathway in
the etiology of these tumors. Therefore, the purpose of
this study is to investigate the expression of Hh pathway
signaling proteins in intestinal stromal tumors.

MATERIALS AND METHODS
Tumor classification and selection
A total of 31 GISTs (all cases of stomach), 13 leiomyomas
(5 cases of oesophagus, 6 of stomach and 2 of large
intestine), and 6 schwannomas (5 cases of stomach and 1
of large intestine) were obtained from patients at Nagasaki
University Hospital between 1997 and 2004. The tumor
sizes of GISTs were 0.8-8.0 cm in diameter, leiomyomas
were 0.1-2.5 cm, and schwannomas were 0.6-4.0 cm.
In this study, GISTs were defined and selected as those
tumors expressing both c-kit and CD34 surface antigens.
Further, we classified smooth muscle actin expressing
tumors into smooth muscle (M) type GISTs, S-100 protein
expressing tumors into neurogenic (N) type GISTs, both
smooth muscle actin and S-100 protein expressing tumors
into committed type GISTs, and those expressing only
c-kit and CD34 into uncommitted (UN) type GISTs[10].
And we classified histomorphologically tumors with
epithelioid cell form into epithelioid cell (EP) type GISTs,
spindle cell form into spindle cell (SP) type GISTs, both
epithelioid and spindle cell form tumors into mixed (MIX)
type GISTs [20].
We also categorized GISTs into four groups according
to their malignant potential [5]. The number of mitoses
was determined by counting 50 high-power fields (×
400) under Nikon (Tokyo, Japan) E400 microscope.
Leiomyomas were defined and selected as tumors
expressing smooth muscle actin and not expressing c-kit
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and CD34. Schwannomas were defined and selected as
tumors expressing S-100 protein and not expressing c-kit
and CD34. Tumor identification and classification were
determined by two independent pathologists (T. Nakayama
and I. Sekine), and cases of questionable diagnosis were
omitted from this study.
Immunohistochemical staining
Formalin-fixed paraffin-embedded tissues were cut into
4-μm sections, deparaffinized in xylene, and rehydrated
in PBS. Deparaffinized sections were preincubated with
normal bovine serum to prevent non-specific binding and
then incubated overnight at 4℃ with an optimal dilution
(0.1 mg/L) of a primary polyclonal goat antibody against
human Shh (N-19), Ptc (C-20), Smo (N-19) and Gli-1
(C-18). Each antibody was from Santa Cruz Biotechnology,
Inc. (Santa Cruz, CA, USA). The slides for Shh, Ptc, Smo
and Gli-1 were then sequentially incubated with an alkaline
phosphatase-conjugated donkey anti-goat immunoglobulin
antibody, and the reaction products were visualized using a
mixture of 5-bromo-4-chloro-3-indolyl phosphate and nitroblue tetrazolium chloride (BCIP/NBT; BRL, Gaithersburg, MD, USA). Primary antibodies preabsorbed with excess antigen peptides or recombinant protein were used as
negative controls. Basal cell carcinoma tissue served as the
internal positive control for Shh, Ptc, Smo and Gli-1 immunoreactivity. Immunohistochemical analyses were performed independently by two investigators (T. Nakayama
and A. Yoshizaki). Shh, Ptc, Smo and Gli-1 expression was
classified into two categories depending on the percentage
of cells stained: -, 0%-15% positive tumor cells; +, > 15%
positive tumor cells.
Statistical analysis
The Stat View II program (Abacus Concepts, Inc.,
Berkeley, CA, USA) was used for statistical analyses.
Analyses comparing the levels of Shh, Ptc, Smo and Gli-1
expression were performed using the Mann-Whitney,
Kruskal-Wallis and Spearman’s tests. P < 0.05 was taken as
significant.

RESULTS
The results from the immunohistochemical analysis of
Hh pathway components in human intestinal stromal
tumors are summarized in Table 1. Shh expression was
heterogenous and localized to the cytoplasm of cells in
GISTs (Figure 1A). Ptc and Smo were localized to the
cytoplasm and cell membrane, and Gli-1 was localized to
the cytoplasm and nucleus of GIST tumor cells (Figure
1B-D). Immunohistochemical stainings of Hh pathway
components in leiomyomas and schwannomas are shown
in Figures 2 and 3, respectively. The four proteins of
the Hh pathway that we examined showed patterns of
expression similar to that observed in GISTs. While only
58.1% (18 of 31) of the GISTs were positive for Shh,
nearly all leiomyomas and schwannomas were positive
(92.3%, 12 of 13, P < 0.05). The following results were
observed for the other proteins: 77.4% (24 of 31), 92.3%
(12 of 13), 83.3% (5 of 6) of the GISTs, leiomyomas
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Table 1 Aberrant expression of Hedgehog pathway signaling proteins in intestinal stromal tumors n (%)
			
		

n

GIST		
I
GIST, M
GIST, N
GIST, UN
II
GIST, EP
GIST, MIX
GIST, SP
Leiomyoma
Schwannoma

31
7 (22.6)
8 (25.8)
16 (51.6)
5 (16.1)
3 (9.7)
23 (74.2)
13
6

Shh
+
18 (58.1)
4 (57.1)
5 (62.5)
9 (56.3)
3 (60.0)
2 (66.7)
13 (56.5)
12 (92.3)
5 (83.3)

Ptc
13 (41.9)
3 (42.9)
3 (37.5)
7 (43.8)
2 (40.0)
1 (33.3)
10 (43.4)
1 (7.7) a
1 (16.7)

+

Smo
-

24 (77.4)
5 (71.4)
5 (62.5)
14 (87.5)
4 (80.0)
2 (66.7)
17 (73.9)
12 (92.3)
5 (83.3)

7 (22.6)
2 (28.6)
3 (37.5)
2 (12.5)
1 (20.0)
1 (33.3)
6 (26.1)
1 (7.7)
1 (16.7)

+
25 (80.6)
6 (85.7)
4 (50.0)
15 (93.8)
3 (60.0)
3 (100)
19 (82.6)
9 (69.2)
5 (83.3)

Gli-1
-

+

6 (19.4)
1 (14.3)
4 (50.0)
1 (6.3) c
2 (40.0)
0 (0.0)
4 (17.4)
4 (30.8)
1 (16.7)

18 (58.1)
4 (57.1)
3 (37.5)
11 (68.8)
2 (40.0)
2 (66.7)
14 (60.9)
12 (92.3)
6 (100)

13 (41.9)
3 (42.9)
5 (62.5)
5 (31.3)
3 (60.0)
1 (33.3)
9 (39.1)
1 (7.7) a
0 (0.0)

n (%): Tumor cases followed by percentage (%) of total cases. aP < 0.05 between Leiomyoma and GIST in Shh or Gli-1; cP < 0.05 between GIST, UN and GIST, N.

A

B

C

D

Figure 1 Immunohistochemical staining of Hh signaling components. Alkaline phosphatase reaction products demonstrating Shh (A), Ptc (B), Smo (C) and Gli-1 (D)
expression. Shh is expressed in the cytoplasm, Ptc and Smo are expressed in both the cytoplasm and cell membrane, and Gli-1 is expressed in both the cytoplasm and
nucleus of GIST cells (x 200).

A

B

C

D

Figure 2 Immunohistochemical staining of human intestinal leiomyomas. Alkaline phosphatase reaction products demonstrating Shh (A), Ptc (B), Smo (C) and Gli-1 (D)
expression (x 200).

A

B

C

D

Figure 3 Immunohistochemical staining of human intestinal schwannomas. Alkaline phosphatase reaction products demonstrating Shh (A), Ptc (B), Smo (C) and Gli-1 (D)
expression (x 200).

and schwannomas were positive for Ptc, respectively;
80.6% (25 of 31), 69.2% (9 of 13), 83.3% (5 of 6) of
the GISTs, leiomyomas and schwannomas were positive
for Smo, respectively; and 58.1% (18 of 31), 92.3% (12
of 13), 100.0% (6 of 6) of the GISTs, leiomyomas and

schwannomas were positive for Gli-1, respectively. Though
schwannomas expressed high levels of each protein
examined, they had no statistical correlation with GISTs or
leiomyomas.
Immunohistochemical analyses of Hh pathway com-
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Table 2 Expression of Hedgehog pathway components in various categories of intestinal stromal tumors n (%)
			
		

n

Shh
+

GIST		
31
Risk categories 		
High		
4
Intermediate
6
Low		
16
Very low		
5
Tumor size (cm in diameter)
8
n ≤ 2		
18
2 < n ≤ 5		

18 (58.1)
P < 0.05
1 (25.0)
3 (50.0)
9 (56.3)
5 (100)
P < 0.05
7 (87.5)
10 (55.6)

5 < n		
5
Mitosis counts1		
0-5		
23
6-10		
3
11-28		
5

1 (20.0)
NS		
13 (56.5)
2 (66.7)
3 (60.0)

Ptc
-

Smo

+

-

13 (41.9)
		
3 (75.0)
3 (50.0)
7 (43.8)
0 (0.0)
		
1 (12.5)
8 (44.4)

24 (77.4)
NS
3 (75.0)
5 (83.3)
11 (68.8)
5 (100)
NS
7 (87.5)
14 (77.8)

7 (22.6)
		
1 (25.0)
1 (16.7)
5 (31.3)
0 (0.0)
		
1 (12.5)
4 (22.2)

25 (80.6)
NS		
3 (75.0)
4 (66.7)
13 (81.3)
5 (100)
NS		
8 (100)
13 (72.2)

4 (80.0)

3 (60.0)
NS
17 (73.9)
3 (100)
4 (80.0)

2 (40.0)
		
6 (26.1)
0 (0.0)
1 (20.0)

4 (80.0)
NS		
18 (78.3)
3 (100)
4 (80.0)

10 (43.5)
1 (33.3)
2 (40.0)

+

Gli-1
6 (19.4)
1 (25.0)
2 (33.3)
3 (18.8)
0 (0.0)
0 (0.0)
5 (27.8)
1 (20.0)
5 (21.7)
0 (0.0)
1 (20.0)

+

-

18 (58.1)
NS
3 (75.0)
2 (33.3)
9 (56.3)
4 (80.0)
NS
6 (75.0)
8 (44.4)

13 (41.9)

4 (80.0)
NS
14 (60.9)
2 (66.7)
2 (40.0)

1 (25.0)
4 (66.7)
7 (43.8)
1 (20.0)
2 (25.0)
10 (55.6)
1 (20.0)
9 (39.1)
1 (33.3)
3 (60.0)

n (%): Tumor cases followed by percentage (%) of total cases; NS: Not significant; 1Numbers per 50 areas in high-power field (× 400).

ponents in GISTs classified by cellular differentiation are
shown in Table 1. In this study there was no case where a
GIST was composed of combined types of cellular differentiation. The following results were observed: Shh was
detected in 56.3% (9 of 16), 57.1% (4 of 7) and 62.5% (5
of 8) of UN, M and N type of GISTs; Ptc was detected
in 87.5% (14 of 16), 71.4% (5 of 7) and 62.5% (5 of 8),
respectively; Smo was detected in 93.8% (15 of 16), 85.7%
(6 of 7) and 50.0% (4 of 8), respectively; and Gli-1 was
detected in 68.8% (11 of 16), 57.1% (4 of 7) and 37.5%
(3 of 8), respectively. The expression of Smo was significantly lower in UN type than in N type of GISTs (P < 0.05).
And immunohistochemical analyses of Hh pathway components in GISTs classified histomorphologically by cellular form are shown in Table 1, also. In all GISTs, 16.1%
(5 of 31) of EP cell type, 9.7% (3 of 31) of MIX cell
type and 74.2% (23 of 31) of SP cell type were included,
respectively. Each Hh pathway component was detected
variably in different cellular type of GISTs. However, there
was no correlation between the expression of Hh pathway
components and cellular subtype of GISTs.
The results from immunohistochemical analysis of Hh
pathway components with regard to the malignant potential of GISTs are summarized in Table 2. There were no
correlations between mitosis counts and the expression
levels of Hh pathway components. In contrast, the results
suggested that lower levels of Shh expression correlated
with lower risk GIST categories (P < 0.05) and smaller tumor sizes (P < 0.05).

DISCUSSION
Recent studies have shown that the Hh pathway plays
important roles in cell differentiation, tissue patterning
and embryonic development [16,19,21]. However, the role
of the Hh pathway in human intestinal stromal tumors
is still unclear. We investigated the expression of Shh,
Ptc, Smo and Gli-1 in three types of intestinal stromal
tumors (GISTs, leiomyomas and schwannomas) using
immunohistochemical techniques. Our data demonstrated
www.wjgnet.com

that Shh and Gli-1 were expressed at higher levels in
leiomyomas than in GISTs. It suggested that Shh and Gli-1
expressions were correlated with myogenic differentiation.
However, in the subclassification of GISTs, myogenic
differentiation did not show expression of Shh or Gli-1.
Moreover, the consequence of low expression of Smo in
neuronal GISTs is not clear yet. Thus, future studies will
address the role of the Hh pathway in the differentiation
of intestinal stromal tumors.
Abrogation of the Hh pathway can also lead to
tumorigenesis. In this pathway, Gli-1, which is involved
in controlling cell proliferation and angiogenesis, is a
key target of oncogenic action [3,13,22]. Loss of function
Ptc mutations and gain of function Smo mutations
are mechanisms of tumorigenesis in many types of
tumors such as basal cell carcinomas, medulloblastomas,
astrocytomas, small cell lung carcinomas and pancreatic
cancers[19,23-25].
In this study, the expression of Shh correlated with
low risk categories and small tumor sizes. It suggests that
expression of Shh reduces the risk of malignant GISTs.
Normally, Shh releases Smo from Ptc suppression to
induce Gli-1 expression and activation [11,13,19]. Then by
a negative feedback mechanism, Gli-1 suppresses the
expression of Shh, which results in decrease of Gli-1.
However, our data did not show a concomitant decrease
in Gli-1 expression in tumors that expressed low levels of
Shh. In fact, we observed high Gli-1 levels in larger tumors
of high risk categories when Shh expression was low. We
hypothesize that Gli-1 may be up-regulated by pathways
other than the Hh pathway, or mutation of an Hh pathway
component could disrupt the feedback mechanism in high
risk GISTs. Thus, future studies will examine Hh pathway
components in high risk GIST tumors. In conclusion, our
study suggests that the Hh pathway may play important
roles in myogenic differentiation and the malignant
potential of human intestinal stromal tumors.
In recent studies, mutations affecting c-kit that cause
constitutive tyrosine kinase activation have been shown to
be important for the pathogenesis of GIST [26,27]. Joensuu
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et al [28] reported a patient in whom Imatinib(STI-571,
Gleevec), a tyrosine kinase inhibitor, was effective against
a GIST. And Imatinib has been proven to be remarkably
efficacious in heavily pretreated GISTs patients with
advanced disease in phase Ⅲ clinical trials [29] . The
expression of the Hh pathway is upregulated by the
activation of tyrosine kinase through the epidermal growth
factor pathway[30], and may be upregulated by the c-kit/
tyrosine kinase pathway.
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Abstract
AIM: To evaluate pegylated interferon alpha2a (PegIFNα2a) in Egyptian patients with HCV genotype 4, and the
impact of pretreatment viral load, co-existent bilharziasis
and histological liver changes on response rate.
METHODS: A total of 73 naïve patients (61 with history
of bilharziasis) with compensated chronic HCV genotype
4 were enrolled into: group A (38 patients) who received
180 mg PegIFN-alpha2a subcutaneously once weekly for
a year and group B (35 patients) received IFN alpha-2a 3
MU 3 times weekly. Ribavirin was added to each regimen
at a dose of 1200 mg. Patients were followed for 72 wk
and sustained response was assessed.
RESULTS: Significant improvement in both end of
treatment response (ETR) (P < 0.002) and sustained
response (SR) (P < 0.05) was noted with pegylated
interferon, where ETR was achieved in 29 (76.3%) and
14 patients (40%) in both groups respectively, and 25
patients in group A (65.8%) and 9 (25.7%) in group B
could retain negative viraemia by the end of follow up
period. Sustained virological response (SVR) showed
a significant negative correlation with age and positive
correlation with pretreatment inflammation in patients
receiving PegIFN. Viral clearance after 3 mo of therapy
was associated with high incidence of ETR and SR (P <
0.001), but without significant difference between both
forms of interferon. Significant improvement in response
was achieved in patients with high grade fibrosis (grade
3 and 4) with PegIFN-α2a, where SR was seen in 5 out
of 13 patients in group A, but none in group B. There
was no significant difference in response between
www.wjgnet.com

bilharzial and non-bilharzial patients in both groups. In
terms of safety and tolerability, neutropenia was the
predominant side effect; both drugs were comparable.
CONCLUSION: PegIFN-α2a combined with ribavirin
results in improvement in sustained response in HCV
genotype 4, irrespective of history of bilharzial infestation.
© 2006 The WJG Press. All rights reserved.

Key words: Hepatitis C virus; Genotype 4; Pegasys;
Bilharziasis
Derbala MF, Al Kaabi SR, El Dweik NZ, Pasic F, Butt MT,
Yakoob R, Al-Marri A, Amer AM, Morad N, Bener A. Treatment
of hepatitis C virus genotype 4 with peginterferon alfa-2a:
Impact of bilharziasis and fibrosis stage. World J Gastroenterol
2006; 12(35): 5692-5698
http://www.wjgnet.com/1007-9327/12/5692.asp

INTRODUCTION
Hepatitis C is comparable to a ‘viral time bomb’. The
WHO estimates that about 200 million people, 3% of
the world’s population, are infected with hepatitis C virus
(HCV) and 3 to 4 million persons are newly infected
each year. The striking genetic heterogeneity of RNA
genome of HCV is well recognized. Six major genotypes
and over 50 subtypes and minor variants referred to as
"quasispecies" are described[1]. HCV genotype differences
seem to be of considerable clinical significance because
they affect the responses to antiviral therapy [2]. HCV
genotype 4 appears to be prevalent in the Middle East
and Central Africa, where almost 13% of HCV carriers
around the world live in the Eastern Mediterranean region.
Prevalence rates of HCV genotype 4 ranges from 60% in
Saudi Arabia to 90% in Egypt where it has been reported
to be frequently associated with cirrhosis and a poor
response to interferon (IFN)[3,4].
Concurrent HCV-genotype 4 infection and schistosomiasis result in a much more severe liver disease than
that seen with either disease alone. Luckily, the activity of
HCV infection seems to be partially suppressed in such
patients [5]. The effect of such co-infection on hepatic
fibrosis and in turn on response to treatment in HCV
patients is however, conflicting. While Helal et al in 1989[6]
and Shiha et al in 2002[7] reported a lack of enhancement
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of hepatic pathology in the schistosomal patients, Hassan
et al in 2002 [8] sug gested that schistosomiasis is an
important risk factor involved in enhancement of nitric
oxide levels and virus replication, which in turn may
aggravate liver cell injury and hence the development of
cirrhosis.
It has been reported that treatment with conventional
IFN is less effective in patients with genotypes 1 and 4
than in patients with genotypes 2 and 3[9]. The high rate
of HCV turnover coupled with the short half–life of the
drug, limits the efficacy of conventional IFN therapy[10].
Pegylated IFN- α 2a [Peg-IFN- α 2a (40 kDa); Pegasys,
Hoffmann-La Roche] is produced by attachment of a 40
kDa branched polyethylene glycol moiety to IFN- α 2a
by a stable amide bond. It is characterized by prolonged
absorption half-life, restricted volume distribution, and
decreased clearance compared to standard interferon,
which thus increase its therapeutic efficacy with less
frequent doses[11]. Recent clinical trials have shown that
the response to pegylated interferon α2a plus ribavirin
(RBV) therapy for chronic HCV infection is superior to
that achieved with standard interferon α2a plus ribavirin
therapy or peginteferon-α2a alone with a rapid decline
in viral load in the first 12 wk, for all HCV genotypes[12].
Hematological adverse effects in the form of anaemia,
neutropenia and thrombocytopenia are the primary
laboratory abnormalities experienced during IFN plus
RBV combination therapy and may necessitate dose
modification and thus potentially impact outcome. This
anemia is attributed to both ribavirin dose-dependent
hemolysis and direct suppressive effect of interferon on
erythropoiesis[13]. Hematopoietic growth factors may be
useful in the management of these side effects.
The purpose of this prospective analysis is to compare
the effectiveness and safety of Pegasys (40 kDa) IFNα2a once weekly with IFN-α2a, in compensated HCV
genotype 4, in combination with ribavirin. The effect of
pretreatment viral load, histological liver changes and
schistosomiasis co-infection on response to treatment is
also assessed.

MATERIALS AND METHODS
Patients
Adult patients with chronic active he patitis C as
evidenced by positive serological test for HCV-Ab using
enzyme linked immunosorbent assay (ELISA) (Ortho
Diagnostics, Neckargmun, Germany), detectable serum
HCV-RNA by RT-PCR (Amplicor Molecular System,
Hoffmann-La Roche, Basel, Switzerland), elevated
serum alanine transaminases (ALT) activity more than
twice the normal value and histopathological criteria of
chronic active hepatitis. Liver histology was classified
according to Scheuer score system from 0-4 for both
grades (necroinflammation) and stage (degree of fibrosis).
Hepatocellular carcinoma was excluded by testing of
α-fetoprotein and by ultrasound scanning. None of the
female patients was pregnant as evidenced by negative
serum pregnancy test. Breast feeders were excluded. All
patients had normal serum direct and indirect bilirubin,
albumin and creatinine. All patients were genotype 4
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detected by the Inno LiPA HCV Ⅱ assay (Innogenetics
Inc., GA, USA). Patients were excluded if co-infected
with HBV, HIV. Hemochromatosis, Wilson disease or
other causes for chronic liver disease were also ruled out.
Other exclusion criteria included neutrophil count < 1.5 ×
109 /L, platelet count < 90 × 109/L or haemoglobin (Hb)
< 100 g/L for female and < 110 g/L for male, positive
auto-antibodies including antinuclear antibody (ANA),
antimitochondrial antibody (AMA), anti-smooth muscle
autoantibody (ASMA), patients with a history of severe
psychiatric disease, seizure disorder, organ transplantation,
or severe cardiac or pulmonary disease. All patients had
normal thyroid function prior to the study and all were
either non-diabetics or with controlled blood glucose level
with hemoglobin A1C < 8.5%. Patients were excluded if
they had clinically significant retinal abnormalities, clinical
gout, were a substance abuser (alcohol or I.V. drugs) or
showed any medical condition requiring systemic steroids.
Safety assessment
Patients were reviewed in the Hepatology Outpatient
Clinic weekly during the first month and monthly
thereafter along the course of therapy to check for safety,
and then followed for at least 6 mo after discontinuation
of treatment to assess for sustained response. Epoetin beta
(Recormon®. Roche) at a dose of 4000 U/weekly for 2 wk
was given when Hb level decrease > 30 mg/L or > 25%
from baseline levels. Also Filgrastim (Neupogen®. Amgen.
Inc. F. Hoffmann-La Roche Ltd. Basel) 5 μg/kg was given
once or twice weekly if neutrophils < 0.7 × 103/μL, while
drug was discontinued completely for any patient showing
Hb level < 85 g/L, neutrophils < 0.5 × 109/L, platelet <
50 × 109/L, abnormal thyroid function tests, creatinine
> 177 μ mol/L or ALT/AST double baseline levels.
Patients requiring modification of more than 4 doses were
excluded.
Efficacy assessment
The primary efficacy end point was sustained response (SR),
defined as undetectable HCV RNA and normal ALT level
at the end of follow up (24 wk after discontinuation of
treatment). The relapse rate was calculated as percentage
of patients with an end-of-treatment response in whom
HCV RNA was detectable at wk 72. End of treatment
response (ETR) was defined as normalization of ALT
and loss of detectable serum HCV RNA at the end of
treatment.
Study design
This randomized, controlled clinical trial was conducted
from Febr uary 2002 to November 2004. The study
consisted of a screening phase, which began 2 mo prior to
the first dose of the drug under evaluation. Examination
established eligibility of patients according to inclusion/
exclusion criteria. After a written informed consent was
obtained in accordance with the Helsinki Declaration of
1979, 80 patients were randomly assigned at a 1:1 ratio
to receive either, subcutaneously, once weekly 180 μ g
of peginterferon-α2a (Pegasys, Hoffmann-LaRoche) or
IFN α2a (Roferon®, Hoffmann-LaRoche) 3 MU 3 times.
Ribavirin 1200 mg at a daily oral dose was added to both
www.wjgnet.com
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Table 1 Demographic data of the hepatitis C patients
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Table 2 Comparison of response of hepatitis C in both groups

Variable

Group B
Group A
(PEG-IFN+RBV) (IFN+RBV)
n = 35
n = 38

Age (yr) (mean ± SD)

45.5 ± 6.1

45.4 ± 5.8

31 (81.6)

33 (94.3)

7 (18.4)

2 (5.7)

Before treatment

81.9 ± 12.0

73.6 ± 7.7

0.001

Sustained response

After Treatment

78.9 ± 12.5

71.1 ± 7.4

0.002

Relapser

2.9 ± 4.3

2.6 ± 2.7

NS1

0-1

7 (18.4)

8 (22.9)

NS1

2-3

31 (81.6)

27 (77.1)

Mild (0-2)

25 (65.8)

23 (65.7)

Severe (3-4)

13 (34.2)

12 (34.3)

Bilharzial co-infection No.

31 (81.6)

30 (5.7)

P
NS1

Gender

Variable

Female

Non-responders

Group B
(IFN+RBV)
n = 35

29 (76.3)

14 (40.0)

9 (23.7)

21 (60.0)

25 (86.2)

9 (64.3)

4 (13.8)

5 (35.7)

P

< 0.002

After 72 wk

Body mass (mean ± SD)

Weight reduction

Group A
(PEG-IFN+RBV)
n = 38

After 48 wk
Responders

Male

Number 35

Among responders
0.124

Inflammation stage

Grade of fibrosis
NS1

1

Not significant.

regimens. Throughout the study, patients were monitored
for vital signs, weight, adverse events, medication
compliance, thyroid function, haematologic parameters,
blood chemistry and serum HCV- RNA levels.
Statistical analysis
The data were coded, and processed on an IBM-PC
compatible computer using Statistical Packages for
Social Sciences (SPSS). Data were expressed as mean and
standard deviation (SD) unless otherwise stated. Studentt-test was used to ascertain the significance of difference
between mean values of two continuous variables
and Mann-Whitney test was used for non-parametric
distribution. Chi-Square analysis was performed to test
for differences in proportions of categorical variables
between 2 or more groups. In 2 × 2 tables, the Fisher
exact test (two-tailed) was used instead of Chi-Square, in
particular, when sample size was small. One-way analysis
of variance (ANOVA) and non-parametric Kruskal Wallis
one-way analysis of variance (ANOVA) was employed for
comparison of several group means and to determine the
presence of significant differences between group means.
The Pearson’s correlation coefficient was used to evaluate
the strength association between two variables. The level P
< 0.05 was considered as the cut-off value for significance.
Multivariate logistic regression analysis was performed.

RESULTS
Seventy-three patients out of 80 completed the study and
follow up periods, and were classified into 2 groups: 38
patients received pegylated IFN and ribavirin (group A)
and 35 received non-pegylated IFN and ribavirin (group
B). Seven patients (2 in group A and 5 in group B) could
not continue the study because of severe side effects or
intolerability to treatment. Thyroid dysfunction in one
patient in each group, intolerability of the drug’s side
effect in another one in group A and in 2 patients from
www.wjgnet.com

group B, in addition to increase of transaminases and
thrombocytopenia in 2 patients with cirrhosis in group
B were the causes of drug discontinuation. Male gender
was predominant in both groups, 31 and 33 respectively.
Baseline demographic data and disease characteristics
were similar in both g roups (Table 1). Thir ty-one
patients in group A and 30 in group B had a history of
bilharziasis treated with either tarter emetic (44 patients)
or praziquentel (17 patients). Among these, one had
histological pattern of bilharzial granuloma in liver tissue,
but none had active bilharziasis prior to treatment.
Patients who received pegylated IFN (29, 76.3%)
showed a significant ETR in comparison to those receiving
non-peg-IFN (14, 40%) (P < 0.002). A significant (P < 0.05)
improvement in SR was noticed with Peg-IFN, where 25
patients in group A (65.8% of total number of patients
who completed the study) and 9 (25.7 %) in group B could
retain negative viraemia at the end of follow up period
(Table 2). A significant negative correlation between age
and sustained response was noted in both groups (P =
0.015) without a significant difference between both drugs.
There was no correlation between gender, pre-treatment,
viraemia or body weight and response rate (Table 3).
There was a significant positive correlation between pretreatment ALT and ETR in patients receiving Peg-IFN but
not in patients receiving IFN. Also, a significant positive
correlation (P < 0.05) was found between stage of hepatic
inflammation and response rate in patients treated with
peg-IFN, but not with IFN (Table 3). Intent to treat (ITT)
analysis showed significant improvement in both of ETR
and SR with peg-IFN therapy, where ETR was 72.5% and
35%, respectively, while SR was 62.5% and 22.5% (P <
0.002).
Regarding viraemia, there was no significant difference
between responders and non-responders in both groups
and within the same group. Viral clearance after 12 wk of
therapy was associated with high incidence of ETR and
SR (P < 0.001), but also, without significant difference
between both groups. By studying the relation between
histopathological activity and response, treatment with
peg-IFN showed a significant improvement in response
and sustained response in patients with severe fibrosis
(grade 3 and 4). Only one patient out of 11 with severe
fibrosis showed ETR with conventional IFN therapy and
unfortunately relapsed after discontinuation of treatment,
while 8 patients out of 13 showed ETR with peg-IFN
therapy and 5 of them could retain negative viremia at
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Table 3 Comparison between responders and non-responders in both hepatitis C groups (mean ± SD)
Group A (PEG-IFN+RBV) n = 38

Variable
R

1

2

Group B (IFN+RBV) n = 35

NR

SR

3

R

1

2

NR

SR

3

Age (yr)

44.7 ± 5.4

47.8 ± 7.9

44.2 ± 5.8

45.23 ± 5.2

45.6 ± 6.2

42.9 ± 4.6

Body mass (kg)

82.6 ± 10.2

79.7 ± 17.0

82.7 ± 9.8

74.6 ± 9.5

73.1 ± 6.6

77.3 ± 9.6

Before treatment

2.559 ± 1.564

1.524 ± 0.082

2.757 ± 1.607

1.494 ± 0.432

1.810 ± 0.570

1.524 ± 0.515

After 3 mo

1.065 ± 0.980

1.095 ± 0.767

1.084 ± 1.039

0.405 ± 0.112

1.135 ± 0.741

0.487 ± 0.263

473 934 ± 373 542

496 256 ± 667 356

472 444 ± 402 109

312 786 ± 185 583

361 857 ± 339 942

  346 667 ± 207 364

ALT (µkat/L)

Baseline HCV RNA (MU/L)
1

Responders; 2Non responder; 3Sustained response.

Table 4 Comparison of response in both hepatitis C groups according to histopathological changes n (%)
Variable

n

Responders

Non responders

Among responders
Sustained response

Relapse

Severe Fibrosis
A1

13

8 (61.5)

5 (38.5)

5 (62.5)

3 (37.5)

B2

11

1 (9.1)

10 (90.9)

0 (0.0)

1 (100.0)

A1

25

21 (84.0)

4 (15.0)

20 (95.2)

1 (4.8)

B2

24

13 (54.2)

11 (45.8)

9 (69.2)

4 (30.8)

A1

31

22 (71.0)

9 (29.0)

18 (81.8)

4 (18.2)

B2

27

7 (25.9)

20 (74.1)

4 (57.1)

3 (42.9)

A1

7

7 (100.0)

0 (0.0)

7 (100.0)

0 (0.0)

B2

8

7 (87.5)

1 (12.5)

5 (71.4)

2 (28.6)

Mild fibrosis

Severe inflammation

Mild inflammation

1

Group A = PEG-IFN+RBV; 2Group B = IFN + RBV.

72 wk (Table 4). There was no significant difference in
response in bilharzial and non-bilharzial patients in both
groups, where SR was achieved in 27 patients co-infected
with bilharziasis (60.7%) and in 7 cases of HCV alone
(58.3%) (Table 5).
With respect to safety and tolerability, peg-IFN was
comparable to conventional IFN. Weight reduction was
similar in both groups, where the mean reduction was 2.9
± 4.3 kg and 2.6 ± 2.7 kg respectively. After flu-like picture,
hematological side effects represented the commonest
encountered problem (Table 6). Although anemia was
seen in 71.1% and 65.7% in both groups respectively, only
39.5% and 37.1% in both groups developed Hb drop more
than 30 mg/L or > 30% of baseline level and required
growth stimulating factors (These figures were related only
to those patients who completed the study). Two patients
from group B with cirrhotic changes were withdrawn
because of thrombocytopenia. The proportions of
patients withdrawn from treatment because of laboratory
abnormalities or other adverse effects were similar in both
groups and no new or unexpected adverse effects specific
to peginterferon were presented. On multivariate logistic
regression analysis, no significant predictive values were
noted.

DISCUSSION
Hepatitis genotype is now recognized as the most

important baseline characteristic determining treatment
regimen and the most useful predictor of response [14].
Slow viral dynamics, particularly second-phase decay[15]
and limited effectiveness of IFN in blocking the virion
have been implicated in poor response to IFN therapy
in hepatitis C genotype 4 patients[16], which genotype has
been described as a difficult-to-treat one. Unfortunately,
this is the predominant genotype in the Middle East where
large numbers of affected individuals are reported. A
great improvement in response has recently been noted
in all genotypes after the introduction of pegylated forms
of IFN, whether as monotherapy or combined with
ribavirin. Data presented in this study further reinforce
the superior efficacy of PegIFN/Ribavirin combination
therapy in terms of ETR and SVR in HCV genotype
4 infection. This is in accordance with earlier reports
(Thakeb et al 2004[17]; Shobokshi et al 2004[18]; and Diago
et al 2004 [19] ). The lower SR noted compared to that
reported by Diago et al[19] for western genotype 4 cases
(65.8% vs 79%) may reflect a difference in sensitivity
of genotype 4 subtypes to PegIFN-α2a. The improved
response to PegIFN- α 2a in genotype 4 compared to
conventional IFN and PegIFN-α2a previously reported
by us[20,21] can be attributed, at least in part, to a high and
persistent trough serum level of PegIFN-α2a in the first 4
wk of treatment which led to rapid viral eradication[22,23], or
the recently reported third phase decay with PegIFN-α2a
in the first 1-4 wk of therapy[24]. Other causes also include
www.wjgnet.com
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Table 5 Comparison between responders and non-responders in
both hepatitis C groups

September 21, 2006 Volume 12

Table 6 Comparison of side effects in both hepatitis C groups
Variable

Variable

Responders
n =43

Non
Responders
n =30

Flu-like symptoms
Discontinuation of drug

P

Thyroid dysfunction
Discontinuation of drug

Gender
Male
Female

38 (88.4)

26 (86.7)

5 (11.6)

4 (13.3)

1

NS

Psychological upset and drug
intolerability
Discontinuation of drug
Hematological
Anemia (30% from baseline)
Neutropenia (< 0.9 × 109/L)
Thrombocytopenia (< 50 × 109/L)

Body mass (kg, Mean ± SD)
Before treatment

80.1 ± 10.6

75.1 ± 10.9

NS1

After treatment

76.9 ± 10.6

72.9 ± 11.5

NS1

141.1 ± 88.9

101.2 ± 41.0

NS1

12 wk

56.2 ± 55.0

67.1 ± 44.0

NS1

48 wk

38.1 ± 22.7

65.0 ± 30.6

NS1

ALT
Pre treatment

NS1

Number 35

Group A

Group B

P

40 (100.0)
0 (0)

40 (100.0)
0 (0)

NS1

2
1

3
2

NS1

1

1

NS1

1

1

13 (26.0)
21 (42.0)
None

12 (24.0)
19 (38.0)
2 (4)

NS1
NS1
NS1

1

Not significant.

PCR (No. of viruses in BL; mean ± SD)
Pre treatment

416 328 ± 341 106

337 321 ± 482 826 0.036

Liver fibrosis
Grade 1

17 (39.5)

3 (10.3)

Grade 2

17 (39.5)

11 (37.9)

Grade 3

8 (18.6)

8 (27.6)

Grade 4

1 (2.4)

7 (24.1)

37 (84.1)

24 (82.8)

7 (15.9)

5 (17.2)

0.009

HCV vs HCV and Bilharziasis
Co-infected
Non Bilharzial

NS1

Drug used
Pegasus

29 (67.4)

9 (30.0)

Non-pegylated IFN

14 (32.6)

21 (70.0)

0.002

1

Not significant.

the improved patients’ adherence to treatment and the use
of erythropoietin and G-CSF, thus overcoming anaemia
and neutropenia that have commonly led to halting
therapy.
The significant correlation noted in the present study
between viral clearance at wk 12 and SVR, regardless of
the type of IFN used, confirms a consistent relationship
between the rapidity of HCV-RNA suppression and
the likelihood of achieving SR[25,26]. Conversely, patients
showing positive PCR at wk 12, all failed to achieve SR
regardless of ETR seen in 2 of them. This suggests that
a positive PCR at wk 12 in genotype 4 cases might be
considered as a strong negative predictor of response.
In terms of pretreatment predictors, only patient’s age
showed a negative correlation with response rate. This
is probably not related to age per se, but rather to the age
of infection, or in other words, the duration of infection,
since older patients are known to develop a higher rate
of liver fibrosis[27]. The presence of cirrhosis has been
shown to be independently associated with decreased
SVR in HCV infected patients[28]. In this respect we could
demonstrate a superior SR with PegIFN-α2a over nonpegylated IFN (25.7% vs 0%) in both advanced fibrosis
and compensated cirrhosis genotype 4 patients. Similar
results were reported by Heathcote et al in 2000[29] and
Marcellin et al in 2004[30].
In agreement with Tsubota et al [31] and contrary to
Picciotto et al[32], we could not find any correlation between
pretreatment viral load and SR, which implies that HCVwww.wjgnet.com

RNA levels per se are less influential compared to the major
impact of genotype that generally determines the rate of
SR.
HCV patients co-infected with schistosomiasis
exhibited a unique clinical, virological and histological
pattern manifested by an increased incidence of viral
persistence with high HCV-RNA titers and accelerated
fibrosis. This may be attributed to the fact that patients
with schistosomiasis have a down regulated immune
response to HCV in the form of reduced IFNγ, IL-4 and
IL-10 secreted by HCV-specific T cells[33]. In spite of this,
we did not find any significant difference in response to
either IFN forms in cases of combined infections. This
might be explained by the recent observation of El Rafei
and colleagues[34] that Schistosoma mansoni by targeting
a specific subset of memory CD8 cells, reduces the late
differentiated memory T cell population in HCV coinfected individuals. This implies that patients infected
with the genotype 4 can still mount HCV-specific T
cell responses, despite the prevalence of concomitant
schistosomiasis.
As for safety and tolerability, both IFN for ms
were comparable. As in previous reports, anemia and
thrombocytopenia were the commonest haematological
adverse events of the combination therapy[35]. Nevertheless, none of our patients experienced bleeding tendency
or uncontrolled infection throughout the study period. The
use of Epoietin α and G-CSF helped improve patients’
adherence to treatment, and minimize dose reduction
and discontinuation of treatment in the first 12 wk.
Adherence to therapy is increasingly recognized as a key
determinant in the outcome of antiviral therapy in chronic
hepatitis[36] and although erythropoietin stimulates both
erythropoiesis and thrombopoiesis[37], the latter effect was
not demonstrated in our patients and 4 had to discontinue
treatment because of thrombocytopenia.
We can conclude that concomitant HCV-genotype
4 and bilharzial infections do not seem to affect the
improved responses achieved with pegylated interferon
α 2a plus ribavirin combination therapy. Also, in spite
of the improved response in advanced fibrosis and
compensated cirrhosis, advanced histopathological
changes, coupled with positive viremia after 12 wk of
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therapy, still remain the most important negative predictive
factor for response in genotype 4 patients. A non-stop
and extensive work is still needed to win the battle against
HCV. Each new pharmacological modification carries
with it more hope for better control of this complicated
disease and tells that the difficult to treat genotype 4 will
eventually be conquered.
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Abstract
AIM: To report the endoscopic treatment of large
hyperplastic polyps of the esophagus and esophagogas t r ic junc t ion (EGJ) associated with Barrett’s
esophagus (BE) with low-grade dysplasia (LGD), by
endoscopic mucosal resection (EMR).
METHODS: Cap fitted EMR (EMR-C) was performed in
3 patients with hyperplastic-inflammatory polyps (HIPs)
and BE.
RESULTS: The polyps were successfully removed in the
3 patients. In two patients, with short segment BE (SSBE)
(≤ 3 cm), the metaplastic tissue was completely excised.
A 2 cm circumferential EMR was performed in one patient
with a polyp involving the whole EGJ. A simultaneous
EMR-C of a BE-associated polypoid dysplastic lesion
measuring 1 cm x 10 cm, was also carried out. In the
two patients, histologic assessment detected LGD in BE.
No complications occurred. Complete neosquamous reepithelialization occurred in the two patients with SSBE.
An esophageal recurrence occurred in the remaining one
and was successfully retreated by EMR.
CONCLUSION: EMR-C appears to be a safe and
effective method for treating benign esophageal mucosal
lesions, allowing also the complete removal of SSBE.
© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Benign esophageal tumors are rare, representing less
than 1% of all esophageal tumors [1]. They are usually
asymptomatic and often discovered incidentally[2]. Many
classifications have been proposed for benign esophageal
tumors: by histological cell types, which are divided into
epithelial and non-epithelial tumors, or by the location
in the esophageal wall, categorized as intramural and
extramural tumors[3,4].
Epithelial polypoid lesions of the esophagus and
esophagogastric junction (EGJ) are uncommon [5-8] .
Among them, hyperplastic-inflammatory polyps (HIPs)
often occur in combination with gastroesophageal reflux
disease (GERD) [9-13] . Endoscopic mucosal resection
(EMR) is a promising therapeutic option for the removal
of superficial carcinomas throughout the gastrointestinal
tract. This technique permits resection of the mucosa
and submucosa, exposing the muscularis propria[14]. The
authors report the outcome of EMR in three patients
with large hyperplastic polyps of the EGJ associated with
Barrett’s esophagus (BE).

MATERIALS AND METHODS
Endoscopy
Upper gastrointestinal endoscopy (UGIE) was performed
w i t h s t a n d a r d f o r wa r d - v i e w i n g v i d e o e n d o s c o p e
(GIF-Q145, Olympus Optical Co. Ltd., Tokyo, Japan).
Before EMR, endoscopic ultrasonography (EUS) (GFUMQ 130, 7.5-20 MHz, Olympus Optical Co. Ltd., Tokyo,
Japan) was performed to assess lesion depth and lymph
node status.
Endoscopic resection technique
EMR was performed with the “cap” technique (EMR-C).
A 13 mm diameter transparent plastic cap (MH-594,
Olympus Co. Ltd., Tokyo, Japan) was preloaded on the
tip of a standard diagnostic forward-viewing endoscope
www.wjgnet.com
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Figure 1 A sessile villous-like
polyp extending for the whole
length of BE.

(GIF-Q145, Olympus Optical Co. Ltd., Tokyo, Japan). Inside the distal end of the cap is a gutter that
positions the opened monofilament polypectomy snare
(SD-221U-25, Olympus Co. Ltd., Tokyo, Japan). After
submucosal injection of diluted epinephrine (1:200 000),
with methylene blue, the cap was pressed against the
mucosa and suction applied. The polypectomy snare
was closed around the tissue and resection performed
by endocut mode only, using the ERBE-ICC 200
cautery device (ERBE Elektromedizin Gmgh, Tubingen,
Germany).
After each resection the endoscope was withdrawn to
collect the tissue specimen.
Deep sedation with propofol was used to perform the
endoscopic procedures.

RESULTS
All resected fragments were fixed in 40 g/L neutral
formaldehyde, embedded in paraffin and serially sectioned.
The sections were stained with hematoxylin and eosin;
in addition all specimens were stained with periodic acidSchiff/Alcian blue stain at pH 2.5 for evaluation of
intestinal metaplasia (IM).
Immunohistochemical staining for p53 was performed
in all cases (clone DO-7, BioGenex, San Ramon, CA; final
dilution 1:20 000).
Case 1
A 72-year old man complained of gastroesophageal reflux
symptoms since the age of 25, which became worse in
the last five years, occurring also during the night. He was
taking over-the-counter drugs (ranitidine) for his reflux
symptoms, with poor control. He never complained of
dysphagia. The past medical history of the patient was
unremarkable. Endoscopy showed a 3 cm hiatal hernia,
and a circumferential BE 10 cm long. A sessile villouslike polyp, 10 mm wide, extending for the whole length
of BE, was observed (Figure 1). The colour of the lesion
was similar to BE, and at the EGJ became wider, involving
the entire circumference of the junction for a length of 15
mm.
EUS demonstrated a lesion confined to the mucosa. No
pathologic lymph nodes were detected. Multiple biopsies
from BE showed incomplete IM with low-grade epithelial
dysplasia (LGD), rare pancreatic pits and positivity for
p53; biopsies from the EGJ polyp showed proliferation
www.wjgnet.com
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Figure 2 Hyperplastic polyp
from the gastroesophageal
junction was comprised of
cardiac type mucosa with
foveolar hyperplasia and
cystic dilatation of gastric
pits (HE x 100).

Figure 3 Sessile lesion arising in the Barrett’s esophagus: the adenomatous
villous-type polyp is composed of low grade dysplastic epithelium (HE x 250).

of hyperplastic cardiac-type epithelium with some cystic
dilatation of gastric pits, rare goblet cells, rare parietal cells
(Figure 2) and some groups of cells with LGD. Additional
features included oedema and inflammation in the lamina
propria.
Biopsies from the sessile lesion in BE showed fragments of adenomatous villous-type with incomplete IM,
epithelial LGD (Figure 3) and over expression of p53.
The patient was hospitalised and EMR-C performed.
Both lesions (the long esophageal one, 1 cm × 10 cm,
and its 2 cm of circumferential expansion at the EGJ),
were completely removed in one endoscopic session. No
intraprocedural or delayed complications occurred. On
histology, the EGJ lesion was a hyperplastic polyp, and the
lesion arising in BE was a villous adenomatous polyp with
LGD (also named BE-associated polypoid dysplastic lesion).
Intravenous omeprazole was administered during the
following 24 h. Then 40 mg of rabeprazole were given.
The patient was kept fasting for 24 h. Then a liquid diet
was started, and solid foods were reintroduced five days
later. He was dismissed after four days on long term
rabeprazole 40 mg.
UGIE was not repeated until 18 mo later, as the
patient refused earlier endoscopic examinations. He was
asymptomatic, and still taking 40 mg of rabeprazole.
Endoscopy showed a 10 cm long area of neosquamous reepithelialization where EMR had been performed. Three
areas of mucosal abnormality (average size: 12 mm) were
detected in the lower esophagus (Figure 4), and EMR was
repeated, with resection of larger areas of metaplastic
epithelium to favour neosquamous re-epithelialization. No
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the hospital three days later. He was advised to assume 40
mg of rabeprazole indefinitely. Histology confirmed that
the polyp consisted of hyperplastic squamous epithelium
and inflammatory infiltrate. The resected BE showed
incomplete IM without dysplasia. Immunohistochemical
stain for p53 was negative. Endoscopy 3 and 6 mo later
showed complete neosquamous re-epithelialization of the
lower esophagus, with minimal scarring.

DISCUSSION
Figure 4 Areas of neosquamous re-epithelialization coexisting with tiny mucosal
abnormalities.

complications occurred and the patient left the hospital
three days later. Histology showed both hyperplastic
cardiac-type and cystic hyperplastic gastric fundic polyps.
The resected associated BE showed incomplete IM
without dysplasia.
A further endoscopy performed 3 mo later, revealed
large areas of re-epithelialization and no mucosal
abnormalities in the residual BE. Multiple biopsies were
taken from the residual BE, that showed IM without
dysplasia.
Case 2
A 66-year old woman underwent endoscopy for recurrent
mild epigastric pain during the previous three months,
without gastroesophageal reflux symptoms. The past
medical history was unremarkable. Endoscopy showed a
3 cm hiatal hernia, a short segment BE (SSBE-20 mm),
and a 25 mm sessile polyp at the EGJ. Multiple biopsies
showed hyperplastic squamous epithelium. EUS showed
a lesion confined to the mucosa, without lymph node
involvement. Biopsies of the BE showed incomplete IM
with LGD, and p53 negativity.
The patient was hospitalised and EMR-C performed.
The polyp and BE were both excised. No early or delayed
complications occurred. The patient left the hospital three
days later, and rabeprazole 40 mg was advised. The first repeat endoscopy was scheduled after 3 mo, when histology
revealed proliferative hyperplastic squamous epithelium
and chronic inflammatory cells in the lamina propria. Endoscopy 3 and 6 mo later showed complete neosquamous
re-epithelialization of the lower esophagus, without stricture.
Case 3
A 72-year old man underwent endoscopy for recurrent
epigastric pain occurring over the previous five years,
without reflux symptoms. Endoscopy showed a 30 mm
tongue of metaplastic epithelium in the distal esophagus, a
3 cm hiatal hernia, and a 30 mm sessile polyp at the EGJ.
Biopsies from the BE and polyp showed incomplete IM
and squamous epithelial hyperplasia. EUS showed a lesion
confined to the mucosa. No pathologic lymph nodes were
detected.
Both polyp and BE were completely removed by
EMR-C. No complications occurred and the patient left

We were able to remove large polyps of the esophagus and
EGJ by EMR in 3 patients with BE, without complications.
In the two patients with a SSBE, the metaplastic tissue was
completely removed, allowing complete neosquamous reepithelialization.
At histology, inflammatory polyps are characterized
by hyperplastic epithelium with variable amounts of
inflamed stroma [5] . Occasionally, esophageal polyps
containing stroma and granulation tissue, without an
epithelial component, have been reported[5-7]. Other types
of polyps are the inflammatory pseudotumors, also known
as inflammatory polyps with pseudomalignant erosion.
They usually occur in the distal esophagus, arise from the
mucosal layer and contain inflamed granulation tissue with
bizarre stromal cells. Pseudomalignant erosion has been
found in 14.3% of inflammatory polyps of the EGJ[15].
Inflammatory esophagogastric polyps are thought to be
a complication of gastroesophageal reflux[6,16]. They have
also been reported in patients with hiatal hernia (88%)
and/or reflux esophagitis (91%)[6,17]. The association of
hyperplastic polyps and BE is infrequent, and to our
knowledge, only Abraham et al[5] has reported it previously.
In fact, adenoma is more frequently associated with BE.
It has been suggested that the use of the term “adenoma”
in BE may be misleading, because it carries a “benign”
connotation [18]. The appropriate term for these lesions
should be “BE-associated polypoid dysplastic lesion”,
because they share similar clinical, pathological and
molecular features as those of flat dysplasia[19].
In a series of 27 patients with a total of 30 hyperplastic
esophageal and EGJ polyps, 80% of them were composed
of cardiac-type mucosa, 17% of squamous mucosa, and
3% contained both cardiac and squamous mucosa. IM
was present in only two polyps (7%)[5]. The location of
HIPs was the EGJ region (67%), distal esophagus (30%)
and mid-esophagus (3%), in accordance with other data
reported in the literature[16,17].
Only four cases of hyperplastic polyps in the cervical
esophagus have been reported[20-23], all arising from ectopic
gastric mucosa[24,25].
Less often, polyps are located at the end of a
prominent inf lamed g astric fold ver y close to the
squamocolumnar junction, also known as “the sentinel
fold”, seen in reflux esophagitis[26].
Histologically similar polyps have been reported
in von Recklinghausen’s [27] , and Crohn’s disease [28,29] ,
protracted vomiting [5,30] , and infectious esophagitis
(Candida, Cytomegalovirus, Herpes simplex virus)[5]. Other
esophageal injuries, due to drugs (K-dur, alendronate
sodium and ibuprofen)[5], sclerotherapy for esophageal
www.wjgnet.com
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varices[12], polypectomy, and photodynamic therapy[5], can
result in hyperplastic polyp occurrence. Their pathogenesis
is similar to that of gastric and colonic hyperplastic polyps
that frequently seem to occur in response to mucosal
injury[31,32]. However, there are cases in which the etiology
cannot be defined[5,33]. Malignant transformation has been
occasionally reported in gastric and colonic hyperplastic
polyps[32,34], but not in those arising in the esophagus or
EGJ.
In the study of Abraham et al[5], 4 of 27 patients with
esophageal hyperplastic polyps also had BE. IM within
cardiac-type mucosa was present in two polyps (6.7%): one
contained goblet cells, and the other one was surrounded
by Barrett’s mucosa. Only the latter polyp (3%) showed
LGD. Three out of 4 patients with BE had previous,
concomitant, or subsequent development of dysplasia in
the non-polypoid esophagus. Furthermore, the frequency
of dysplasia within esophageal hyperplastic polyps is low
and it has been reported only in those cases associated
with dysplastic Barrett’s esophagus[5].
In our patients, histological evaluation showed
hyperplastic epithelium and inflamed stroma in the
polyps located at EGJ. Histological assessment of the 10
cm long polyp arising in BE showed a “BE-associated
polypoid dysplastic lesion”. The treatment of HIPs of
the esophagus and EGJ has changed over the years. In the
past open surgical resection was considered standard care
in the management of all significant esophageal lesions[2,33].
Transabdominal Nissen fundoplication operation to
prevent reflux has also been used in cases where the
correlation between HIPs and GERD was documented[11].
More recently thoracoscopic approaches have been
performed for mucosal or submucosal lesions > 30
mm[2]. Endoscopic polypectomy for HIPs is the current
treatment for lesions ≤ 30 mm [15,16,27]. Oguma et al [21]
reported the successful removal of a pedunculated
hyperplastic polyp (size: 9.0 mm × 4.5 mm × 4.0 mm)
arising in the ectopic gastric mucosa in the cer vical
esophagus[23]. Two of our patients had LGD in the BE. In
patients with BE, cancer can develop through several steps
encompassing LGD, high-grade dysplasia (HGD) and
invasive adenocarcinoma[35]. However, adenocarcinomas
have also been detected in patients whose previous
biopsies revealed only low-grade or even no dysplasia[36-39].
The information on the natural history of LGD is limited.
Moreover, the diagnosis of LGD is highly subjective and
associated with interobserver variability[40]. In three articles,
the reported rate of progression from LGD to HGD or
adenocarcinoma was 10%[41], 12%[42], and 28%[37]. In these
studies the agreement among pathologists in diagnosing
LGD was associated with an increased risk of progression
to HGD or cancer.
At present, patients with HGD are advised to undergo
surgical treatment due to the reported frequency of
undetected synchronous cancers[43,44]. However, surgery
carries substantial morbidity and mortality[45]. EMR could
become a therapeutic alternative to esophagectomy in
selected patients[46-50].
Some authors suggest EMR in patients with BE and
LGD to improve the histologic accuracy[46,51]. However,
complications can occur during this procedure. Bleeding
www.wjgnet.com
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and perforation have been reported in a median 10%
of patients and less than 1% of cases, respectively [50].
Esophageal stenosis is a late complication, and may occur
in 0%-30% of cases [50] . Larger EMR resections may
increase the risk of stenosis. In a study encompassing
137 patients, stenosis occurred only when EMR involved
more than two-thirds of the esophageal circumference[52].
However, in one report of circumferential EMR, only two
of 12 patients developed stenosis[53]. Overall, complications
seem fewer for EMR than for surgical resection[54].
We were able to remove the large sessile lesions with
EMR-C, in one session, without complications. In two
of our patients, with non-circumferential SSBE, the
metaplastic epithelium was completely removed. The
patient with a 10 cm long BE showed a large neosquamous
re-epithelialization, involving half of the BE surface. In
the same patient the 20 mm circumferential EMR at the
EGJ level did not cause any stricture.
In conclusion, our experience indicates that esophageal
and EGJ hyper plastic polyps could re present an
exuberant epithelial regeneration following mucosal injury,
particularly GERD. The presence of BE in all of them
seems to confirm the hypothesis of GERD in causing
inflammatory reaction. The malignant transformation of
these polyps is rare, but possible[5]. Also, the presence of
dysplasia within a segment of BE is patchy, and random
biopsies may fail to detect it[55].
We performed EMR to remove the large hyperplastic
polyps and the surrounding areas of BE, as EMR provides
greater diagnostic precision than endoscopic biopsy. In
the study of Conio et al[50] reclassification of the histology
after EMR occurred in 26% in a series of 39 patients with
BE. Other authors have reported reclassification of the
histologic diagnosis after EMR in 0% to 75% of cases[53,56].
We can conclude that EMR is minimally invasive and a low
risk method in treating large benign esophageal mucosal
lesions.
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Abstract
AIM: To assess the levels of antioxidant capacity and
oxidative damage in blood of chronic pancreatitis (CP)
patients in comparison with those in healthy control subjects, by using several different analytical techniques.
METHODS: Thirty-five CP patients and 35 healthy control subjects were investigated prospectively with respect to plasma levels of thiols, ferric reducing ability of
plasma (FRAP, i.e. antioxidant capacity), levels of protein
carbonyls and thiobarbituric acid reactive substances
(TBARS). Additionally, we evaluated the production of
reactive oxygen species (ROS) in whole blood.
RESULTS: The antioxidative thiols including cysteine,
cysteinylglycine and glutathione were significantly lower
in CP patients. In addition, the non-enzymatic antioxidant capacity was significantly lower in CP patients,
which correlated with the amount of oxidative protein
(protein carbonyls) and the extent of lipid damage
(TBARS), both were significantly higher in CP patients.
The ROS production in whole blood after stimulation with
phorbol 12-myritate 13-acetaat, demonstrated a strong
tendency to produce more ROS in CP patients.
CONCLUSION: Oxidative stress may contribute to the
pathogenesis of chronic pancreatitis by decreasing antioxidant capacity and increasing oxidative damage in CP
patients may be a rationale for intervention with antioxidant therapy.
© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Chronic pancreatitis (CP) is a progressive irreversible inflammatory disease that eventually leads to an impaired exocrine and/or endocrine function of the pancreas[1-4]. Although most cases have been attributed to alcohol abuse,
the underlying causes of CP appear to be multi-faceted,
including environmental as well as genetic factors. Chronic
pancreatitis shares risk factors with pancreatic cancer
such as smoking and alcohol abuse, but itself is also a risk
factor for pancreatic adenocarcinoma[5]. A genetic predisposition to pancreatitis is supported by the identification
of sequence alterations in the genes encoding cationic
trypsinogen (PRSS1), the cystic fibrosis transmembrane
conductance regulator (CFTR), and the serine protease inhibitor, Kazal type 1 (SPINK1) in patients with hereditary
or idiopathic chronic pancreatitis[1,6-8]. Additionally, an increased frequency of SPINK1 mutations been reported in
patients with alcohol-related chronic pancreatitis[3,9]. So far
we have not completely understood the pathogenesis of
CP[10]. Different hypotheses have been proposed, including
the contribution of oxidative stress of endogenous origin
or chemical stress by environmental or lifestyle-related xenobiotics[11-15]. There is growing recognition that an imbalance between reactive oxygen species (ROS) producing and
ROS scavenging processes leads to the damage of pancreatic acinar cells, initiating auto-digestion of the entire pancreas. This insight is suggested by data from experimental
and clinical studies[16-19]. Oxidative stress may be important
in the pathogenesis of ethanol-induced pancreatic injury,
although radiation, exposure to cigarette smoke, medication or trauma may stimulate the generation of free radicals, which subsequently may result in damage of lipids,
proteins or nucleic acids. Activation of (enzymatic) antioxidative defence has been described in pancreatic disease
independent of its origin[20]. Glutathione and cysteine are
important mediators in the defence against oxidative stress
and both molecules play a key role in the maintenance of
cellular thiol redox status. Therefore, in the present study
the concentrations of glutathione, cysteine and other thiols were measured in blood plasma of patients with CP
www.wjgnet.com
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and healthy control subjects. In addition, we also measured
the non-enzymatic antioxidant capacity by applying the
ferric reducing ability of plasma (FRAP) assay in patients
with CP and healthy controls. Further assessment of the
level of oxidative stress was performed by measuring the
concentrations of protein carbonyls in plasma in order to
determine the amount of oxidative protein damage. As an
indicator of lipid peroxidation we established the concentrations of thiobarbituric acid-reactive substances (TBARS).
Finally, we investigated the generation of ROS by chemiluminescence in whole blood of both patients and controls.

MATERIALS AND METHODS
Subjects
The study was approved by the local medical ethical review
committee and all subjects gave their written informed
consent. This study was conducted at the Department
of Gastroenterology of the University Medical Centre
Nijmegen, the Netherlands and all subjects studied were
Caucasians of Dutch extraction. A total of 35 consecutive CP patients were recruited between January 2004 and
June 2004 at the out-patient clinic of the department.
In 29 patients an alcohol-related etiology was indicated
(ACP), the remaining 6 CP patients had a family history
of CP (HCP). The clinical diagnosis of CP was based on
one or more of the following criteria: presence of typical complaints (recurrent upper abdominal pain, radiating
to the back, relieved by leaning forward or sitting upright
and increased after eating), suggestive radiological findings such as pancreatic calcifications or pseudocysts, and
pathological findings (pancreatic ductal irregularities and
dilatations) revealed by endoscopic retrograde pancreaticography or magnetic resonance imaging of the pancreas
before and after stimulation with secretin. ACP was diagnosed in patients who consumed more than 60 g (females)
or 80 g (males) of ethanol per day for more than two years
before they were diagnosed, during their treatment they
all gave up drinking alcohol. HCP was diagnosed based
on the presence of two first-degree relatives or three or
more second-degree relatives in two or more generations,
suffering from recurrent acute pancreatitis or chronic pancreatitis for which there was no precipitating factor. For
comparison, we collected a control group consisting of
35 healthy subjects. We recruited our healthy controls by
advertisement in a local paper and did not apply any monetary incentive for the controls to participate.
Analysis of thiols
Samples of blood were taken by venapuncture into EDTA
tubes. Whole blood was centrifuged at 1500 × g for 10
min within 1 h after collection and plasma was stored at
-30℃ until analysis. Concentrations of the thiols including
cysteine, homocysteine, cysteinylglycine and glutathione
(the sum of reduced-, oxidised- and protein-bound thiols)
in plasma were quantified using high performance liquid
chromatography (HPLC) with fluorescent detection, essentially as described by Fortin et al[21] and modified by
Raijmakers et al[22]. Thiol levels were calculated using fourpoint calibration curves for each thiol, which were run in
www.wjgnet.com
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parallel with the samples, and values were expressed in
μmol/L.
Analysis of FRAP
The antioxidant capacity in blood plasma was measured
using the ferric reducing ability of plasma (FRAP) assay,
according to the method of Benzie and Strain [23]. The
reduction of ferric to ferrous ion at low pH formed a
coloured ferrous-tripyridyltriazine complex. Absorbance
changes were linear over a wide concentration range with
antioxidant mixtures, including plasma. FRAP values were
obtained using a seven-point calibration curve of known
amounts of Fe2+ and expressed in mmol Fe2+/L.
Analysis of protein carbonyls
The amount of oxidative protein damage, as a marker for
oxidative stress, was determined using an enzyme linked
immunosorbent assay (ELISA) for estimation of protein
carbonyls in body fluids, as essentially described by Buss
et al[24] and adapted by Zusterzeel et al[25]. Samples were
incubated with dinitrophenylhydrazine and then adsorbed
to wells of an ELISA plate before probing with a commercial antibody raised against protein-conjugated dinitrophenylhydrazine. The binding of biotin-conjugated
primary antibody was then quantified after incubation with
streptavidin-biotinylated horseradish peroxidase and staining with o-phenylenediamine. Calibration took place using
oxidised and fully reduced albumin, and carbonyl levels
were expressed in μmol/g protein.
Analysis of TBARS
Thiobarbituric acid-reactive substances (TBARS), mainly
malondialdehyde (MDA) in plasma were evaluated by recording the fluorescence spectrum between 500 and 600
nm on a Shimadzu RFF-5000 spectrofluorometer, of the
thiobarbituric acid-malonaldehyde complex, as described
by Conti et al[26]. Levels of TBARS were expressed in μmol
MDA/L.
Analysis of ROS
ROS production in whole blood was evaluated using luminol- enhanced chemiluminescence, as measured in an
automated LB96V Microlumat Plus Luminometer (EG
& G Berthold, Belgium). Briefly, the signal-amplifying
molecule luminol reacts with oxygen species (mainly superoxide anion) generated by neutrophils in whole blood,
to produce an excited state intermediate that emits light
as it returns to its ground state. ROS production was determined in the absence of a cellular stimulator, as well as
in the presence of either a receptor-dependent (serumtreated zymosan, STZ) or a receptor-independent stimulus
(phorbol 12-myritate 13-acetaat, PMA). Freshly obtained
heparinized blood was 1:100 diluted in HBSS containing 1
mmol/L calcium. Two hundred μL of this diluted blood
was added to each well of a 96-well plate. In addition, reaction mixtures contained 0.45 g/L bovine serum albumin
(BSA), 0.83 mmol/L luminol and either 1 g/L STZ, 0.4
mg/L PMA or no stimulating agents. As an internal positive control for the luminescence process, samples of 1
g/L ammonium persulphate (APS) in phosphate-buffered
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solution (PBS) were run simultaneously. Chemiluminescence was monitored every 60 s for 1 h. EDTA blood,
taken together with the heparinized blood samples, was
tested for leukocyte counts and differentiation, in order to
adjust the chemiluminescence produced during one hour
(‘area under the curve’) in relative light units (RLU) per cell
for neutrophil counts. All measurements were performed
in quadruplicate and corrected for background values (absence of a stimulus). Opsonized zymosan particles were
prepared by incubation of STZ with pooled human serum
for 30 min at 37℃, as previously described[27]. These particles were then washed twice in PBS and finally suspended
at 12.5 g/L in PBS.

Table 1 Main characteristics of patients with chronic
pancreatitis and healthy controls
Characteristic

CP patients

Controls

n

35

35

Gender
17/18

18/17

Mean age (yr) (range)

Male/Female

51(25-74)

45 (27- 68)

Smoking
Yes/No

23/12

22/13

Table 2 Thiol plasma concentrations, FRAP antioxidant
capacity, protein carbonyl plasma levels, TBARS plasma levels
and ROS production in whole blood of patients with CP and
controls mean (range)

Statistical analysis
Data were analysed using SPSS version 12.0. Differences
in the baseline characteristics of patients and controls were
estimated with Fisher’s exact test and Student’s t-test. The
Mann-Witney U-test was used to estimate differences in
biochemical parameters between the patient and control
population in a non-parametrical manner. Differences were
considered significant if P < 0.05. Finally, we examined the
correlation between the non-enzymatic antioxidant capacity with the amount of oxidative protein and lipid damage
in CP patients, using Spearman rank correlation test.

Measure for oxidative stress
1

Cys (μmol/L)

CP patients
225 (124-314)

Controls
a

249 (212-328)

Hcys2 (μmol/L)

13.6 (5.0-38.2)

12.7 (0.2-27.8)

CGS3 (μmol/L)

34.8 (23.5-124)a

39.3 (25.2-56.7)

GSH4 (μmol/L)

7.5 (2.4-18.5)a

8.9 (3.5-16.1)

FRAP5 (mmol Fe2+/L)

0.75 (0.31-1.73)a

0.99 (0.69-1.57)

Carbonyls (nmol/mg protein)

0.32 (0.02-1.47)a

0.04 (0.01-0.07)

TBARS6 (μmol/L)

4.98 (0.23-27.79)a

0.35 (0.04-0.68)

ROS7 production (RLU/104 cells)
PMA8-stimulated
STZ9-stimulated

RESULTS
The characteristics of patients with CP and healthy controls are denoted in Table 1. The mean age of the CP
patients was 51 years (range 25 to 74 years) and was not
significantly different from that of the healthy controls (45
years; range 27 to 68 years). There was no significant difference in the distribution of gender between CP patients
and healthy control subjects. Smoking habits between CP
patients and healthy controls were not different; 66% of
the patients and 63% of the control subjects smoked or
stopped smoking within the last 5 years.
The oxidative stress was measured in CP patients and
healthy controls. The plasma concentrations of cysteine (Cys), homocysteine (Hcys), cysteinylglycine (CGS)
and glutathione (GSH), the plasma antioxidant capacity
(FRAP) as well as the plasma levels of protein carbonyls
and TBARS and chemoluminescense in whole blood are
depicted in Table 2.
The plasma concentrations of antioxidative thiols
including cysteine, cysteinylglycine and glutathione were
significantly lower in the CP patients than in the controls (P = 0.021, P = 0.003 and P = 0.048, respectively).
The plasma levels of homocysteine were similar in both
groups. The antioxidant capacity as measured by the FRAP
assay was also significantly lower in the CP patients than
in the healthy control subjects (P < 0.001). The levels of
both carbonyls and TBARS were significantly higher in the
CP patients than in the healthy controls (P < 0.001). The
chemiluminescence of diluted whole blood of CP patients
and controls was not different, although there was a strong
trend towards an increased ROS production after stimulation with PMA (P = 0.058). As expected, spontaneous
generation of ROS in the absence of a stimulus was less

40 (1-83)
124 (11-266)

33 (1-87)
111 (9-2130)

1

Cysteine; 2 Homocysteine; 3 Cysteinylglycine; 4 Glutathione; 5 Ferric
reducing ability of plasma; 6 Thiobarbituric acid-reactive substances;
7
Reactive oxygen species; 8Phorbol 12-myritate 13-acetate; 9Serum treated
zymosan. aP < 0.05 vs control.

than 10% of the amount of ROS measured in response to
the stimuli of PMA and STZ. The leukocyte counts and
differentiation within the ranges were considered normal
at our hospital. The values obtained with either assay were
not different in patients with ACP and HCP.
In addition, the correlation between the non-enzymatic
antioxidant capacity with the amount of oxidative protein
and lipid damage in CP patients was examined and a negative correlation was found between the non-enzymatic
antioxidant capacity and the amount of oxidative protein
damage (rs = -0.44, P = 0.013), as well as between the nonenzymatic antioxidant capacity and the amount of lipid
damage (rs = -0.39, P = 0.004). Finally, we found a positive
correlation between oxidative protein and lipid damage (rs
= 0.67, P = 0.001).

DISCUSSION
Alcohol abuse is regarded as a major risk factor for the development of CP. However, the exact mechanism behind
the effect of alcohol remains unknown. Some evidence
obtained by animal studies, suggests that metabolism of
ethanol catalysed by cytochrome P4502E1 (CYP2E1) may
contribute to oxidative stress in the pancreas during chronic alcohol consumption[19]. Trauma, exposure to radiation,
cigarette smoke, medication or other toxins generating free
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radicals also may increase the amount of oxidants. In the
present study, we assessed the antioxidant capacity and levels of oxidative damage in CP patients as compared with
healthy controls by means of several analytical techniques
that are known to measure various components that together constitute oxidative stress. The major observations
were that plasma concentrations of some thiols, having
antioxidant properties, were significantly lower in CP patients. Likewise the non-enzymatic antioxidant capacity
as measured by the FRAP assay, was significantly lower in
CP patients than in healthy control subjects. This inferior
antioxidant capacity in CP patients parallels significantly
increased amounts of oxidative protein and lipid damage,
whereas the generation of ROS in whole blood did not
show a statistically significant difference between CP patients and healthy control subjects, with a similar age and
gender distribution and smoking habits. Our results clearly
indicate that oxidative stress is present in patients with CP
and that this eventually might contribute to the initiation
and maintenance of inflammation in CP patients, as has
been previously suggested[17,19,28-31]. Thiols such as cysteine
and glutathione play an essential role as antioxidants, and
are involved in protein synthesis, redox sensitive transduction signalling, cell growth and proliferation, xenobiotic
metabolism and immune regulation[32]. Glutathione is conjugated to many xenobiotics and essential for the optimal
functioning of numerous enzymes and hence crucial for
cell viability. Decreased levels of glutathione in plasma
have been reported, but paradoxically also increased glutathione levels may be found as a result of outshoot after
enhanced synthesis due to oxidative stress or conjugation of toxic compounds, as has been shown in different
disorders[33-35]. We found significantly lower plasma concentrations of cysteine, cysteinylglycine and glutathione
in CP patients as compared to healthy controls, whereas
the control values measured here can be considered normal for the Dutch population[36]. We found no elevated
concentrations of homocysteine in CP patients, however homocysteine does not always act as an antioxidant,
moreover elevated plasma concentrations of homocysteine
are positively associated with an increased risk of cerebral,
coronary or peripheral vascular diseases[36]. In parallel with
the lower plasma concentrations of the antioxidative thiols, the FRAP assay also demonstrated a significantly lower
antioxidant capacity in CP patients. Since the FRAP assay
does not measure sulfhydryl (SH)-containing antioxidants
such as the thiols glutathione and cysteine, this indicates
that other non-thiol related antioxidants are decreased in
CP patients also. In patients with acute pancreatitis very
low ascorbate concentrations in plasma have been described before [37,38].
Protein carbonyl derivates are generated by direct
oxidative attack of proteins or by indirect lipid peroxidation products and therefore represent a good biomarker
for general oxidative stress[39,40]. The lower FRAP levels in
CP patients are accompanied with high protein carbonyl
concentrations, indicating that increased oxidative damage occurs as a result of the lower protective capacity as
measured by FRAP. Former studies have demonstrated
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elevated plasma protein carbonyls in experimental animal
models[41,42] and humans with acute pancreatitis[43]. Unless
properly scavenged, ROS may lead to lipid peroxidation,
which represents an important manifestation of oxidative
stress. Lipid peroxidation is initiated when free radicals
interact with polyunsaturated fatty acids. For instance, in
cell membranes this may result in a chain reaction forming
lipid hydroperoxides. Analysis of TBARS in plasma is a
widely used method for the estimation of lipid peroxidation. In accordance with the elevated levels of protein
carbonyls and lower antioxidant capacity, we found significantly increased plasma concentrations of TBARS in CP
patients. The production of ROS, as measured in whole
blood by chemiluminescence assay, was not significantly
higher in CP patients than in healthy controls, although
there was a strong trend to generate higher amounts of
ROS after stimulation with PMA. We used luminol-enhanced chemiluminescence assay in 100-fold diluted whole
blood to study ROS generation of peripheral blood cells
in a non-disturbed system. As expected, ROS generation
in the absence of a stimulus in CP patients was low, and
not significantly different from the values in the healthy
control group. Chemiluminescence measurements did not
demonstrate a significantly increased ROS generation in
CP patients, while the other analytical techniques applied
here showed increased oxidative stress and damage in CP
patients as compared to healthy control subjects, demonstrating that the oxidative damage in CP patients is caused
by other reactive (oxygen) species rather than by leucocytes. Since most of the CP patients included in this study
were alcoholics, the cause of oxidative damage might be
mainly of exogenous origin. However, a contribution of
oxidative stress of endogenous origin might also be possible, since we detected a strong tendency to produce ROS
in CP patients after stimulation with PMA. This PMAinduced respiratory burst is receptor-independent and not
absolutely dependent on priming[44], whereas priming does
moderately influence the STZ-induced respiratory burst[45].
We measured the ROS production in whole blood and it is
known that during isolation of neutrophils, these cells often become primed[46]. The clinical importance of oxidative
stress in human pancreatic disease was first suggested by
Braganza et al[47], and subsequently supported by data from
other groups, showing increased levels of lipid hydroperoxides in pancreatic juice[14] and increased spontaneous
production of ROS by neutrophils[27,48]. The assessment of
oxidative stress in CP patients corroborates the hypothesis
that oxidative stress leads to damage of pancreatic acinar
cells, initiating auto-digestion of the entire pancreas as has
been shown in the present study.
In summary, significantly higher levels of products of
oxidative damage (protein carbonyls and TBARS), correlating with decreased levels of cysteine, cysteinylglycine,
glutathione and non-enzymatic antioxidant capacity (FRAP)
can be found in CP patients. Oxidative stress, defined as
the imbalance between prooxidant and antioxidant capacity, is higher in CP patients, which may justify further studies on intervention with antioxidant therapies for this serious disease.
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Abstract
AIM: To investigate reactivated Epstein-Barr virus (EBV)
infection as a cause for chronic hepatitis.
METHODS: Patients with occasionally established
elevated serum aminotransferases were studied. HIV,
HBV and HCV-infections were excluded as well as any other
immunosuppressive factors, metabolic or toxic disorders.
EBV viral capsid antigen (VCA) IgG and IgM, EA-R and
EA-D IgG and Epstein-Barr nuclear antigen (EBNA) were
measured using IFA kits. Immunophenotyping of whole
blood was performed by multicolor flow cytometry.
+
CD8 T cell responses to EBV and PHA were determined
according to the intracellular expression of IFN-γ.
RESULTS: The mean alanine aminotransferase (ALT)
and gamma glutamyl transpeptidase (GGTP) values
exceeded twice the upper normal limit, AST/ALT ratio <
1. Serology tests showed reactivated EBV infection in all
patients. Absolute number and percentages of T, B and
NK cells were within the reference ranges. Fine subset
+
analysis, in comparison to EBV healthy carriers, revealed
a significant decrease of naive T cells (P < 0.001),
accompanied by increased percentage of CD45RA (P
< 0.0001), and terminally differentiated CD28 CD27
+
CD8 T cells (P < 0.01). Moderately elevated numbers
+
of CD38 molecules on CD8 T cells (P < 0.05) proposed
a low viral burden. A significantly increased percentage
+
of CD8 T cells expressing IFN-γ in response to EBV and
PHA stimulation was registered in patients, as compared
to controls (P < 0.05). Liver biopsy specimens from
5 patients revealed nonspecific features of low-grade
hepatitis.

CONCLUSION: Chronic hepatitis might be a
manifestation of chronic EBV infection in the lack of
detectable immune deficiency; the expansion of CD28
+
CD27 and increase of functional EBV-specific CD8 T
cells being the only surrogate markers of viral activity.
© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Epstein-Barr virus (EBV) infects more than 90% of
humans by the time of adulthood and persists as a lifelong latency, suggesting sophisticated mechanisms for
effective immune evasion. Primary EBV infection is usually
asymptomatic or results in infectious mononucleosis,
which resolves spontaneously after the emergence of
EBV-specific immunity. Similar to other herpes viruses,
EBV persists in the infected immunocompetent organism,
without causing apparent disease. CD8+ T cell-mediated
responses control the virus both during primary infection
and the following carrier state[1,2].
So far, studies on the interaction between the immune
system and EBV have focused mostly on congenital or
acquired immune deficiency states, which can lead to
viral reactivation. Rare cases of fulminant chronic EBV
infection have been described and termed severe chronic
active EBV infection (SCAEBV or CAEBV)[3,4]. Criteria
of CAEBV include severe infection lasting more than
6 mo, histologic evidence of major organ involvement,
abnormal EBV antibody titers, and increased quantities of
EBV in affected tissues in apparently immunocompetent
hosts[5]. However, congenital or acquired defects of cellmediated immune mechanisms in CAEBV patients are
very probable, associated with signalling defects, reduced
T-cell or NK cell activity, or reduced perforin levels[6].
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While hepatitis is a common feature of primary EBV
infection[7,8], the role of EBV in chronic liver disease is less
obvious. Bertolini et al showed typical histopathological
lesions of chronic hepatitis without involvement of other
organs after inoculation of normal human bone marrowderived B cell, carrying an endogenous EBV line in vivo in
nu/nu mice[9]. Single cases of persistent hepatitis related
to EBV infection were reported in immunocompromised
persons[10]. Liver injury may be one of the manifestations
of CAEBV[11-13]. However, only limited knowledge exists
about EBV-related hepatitis in immunocompetent patients.
We analyzed the clinical and laboratory findings in 15
patients with chronic hepatitis and no data of immune
deficiency. Based on the serological profile of reactivated
EBV infection and the absence of other major etiological
agents, we propose reactivated EBV infection as a cause
for the chronic liver disease. Furthermore, we demonstrate
that the only significant changes at the level of peripheral
blood lymphocytes were the prevalence of CD45RA- T
cells, combined with expansion of CD8+ T cells lacking
CD27 and CD28 expression, and an increased percentage
of lytic EBV epitope-specific CTL.

MATERIALS AND METHODS
Patients
Fifteen Caucasian HLA-A2+ patients (11 males, 4 females,
mean age 40.6 years (range 19-55) with chronic hepatitis,
referred to the Clinic of Gastroenterology, Medical
Institute, Ministry of Interior, Sofia between Sep 2004 and
Mar 2005, were included in this study. Chronic liver injury
was detected during routine prophylactic examination and
was defined as an elevation of serum aminotransferases of
more than 6 mo duration. All patients were HIV-1, HBV
and HCV-negative, had normal serum protein levels, and
had no evidence of metabolic, or alcohol-related disorders,
or drug toxicity (Table 1). Furthermore, they had no
history of prior immune deficiency or of any other recent,
recurring or chronic infection, or immunosuppressive
factors that might explain the observed pathological
changes.
A control g roup included 15 HLA-A2 + EBV +
sex- and age-matched healthy volunteers with normal
aminotransferase levels. All samples were obtained after
informed consent.
Serological and routine laboratory tests
EBV viral capsid antigen (VCA) IgG and IgM, EA-R and
EA-D IgG and Epstein-Barr nuclear antigen (EBNA)
were measured, using immunofluorescent assay (IFA
FDA Atlanta kits). HIV-1, HBsAg, anti-HBc and antiHCV were tested with ELISA method. Serum aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
gamma-glutamyl transpeptidase (gamma-GT, GGTP),
creatinine, bilirubin, glucose levels, serum proteins
and coagulation were measured according to standard
laboratory procedures.
Immunophenotypic studies
Whole blood was obtained in heparinized vacutainer tubes.
Lymphocyte subset absolute counts were determined
www.wjgnet.com
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Table 1 Exclusion criteria
Alcohol consumption > 40 mL per day
Diabetes or impaired glucose tolerance
(including hyperinsulinaemia, OGTT and fasting blood glucose)
Under- or overweight (BMI < 18 or > 26 kg/m2)
Dyslipidaemia
Hyper- or hypothyroidism
Gluten enteropathy
Autoimmune hepatitis or PBC/PSH
Viral hepatitis B or C
Hereditary hemochromatosis or Iron overload
Wilson disease
Anamnesis for hepatotoxic drugs use (including herbal and over-thecounters in the last 12 mo)
Hereditary muscular disorders

Table 2 T cell subsets analyzed in this study
mAb combination Subset

Phenotype

CCR7/CD45RA/ Naïve CD8
CD8+CD45RA+CCR7+
CD8/CD4
Antigen-primed/memory CD8 CD8+CD45RAEffector CD8

CD8+CD45RA+CCR7-

Naïve CD4

CD4+CD45RA+CCR7+

Antigen-primed/memory CD4 CD4+CD45RACD27/CD28/CD8 Early CD8
Intermediate CD8

CD8+CD27+CD28+

Terminally differentiated CD8 CD8+CD27+CD28-

by a lysis/no wash procedure with TruCOUNT tubes
and CD3/CD4/CD45/CD8 MultiTest; T cell subsets
were evaluated by multicolor immunophenotyping and a
standard lysis/wash technique (Table 2). The quantitative
expression of CD38 on CD8+ T cells (CD38 ABC) was
assessed by the QUANTIBRITE PE fluorescence quantitation kit, according to the manufacturer’s instructions and
analyzed with QUANTIBRITE software. All reagents were
products of BD Biosciences (B-D, San Jose, CA). At least
5000 lymphocytes were collected per sample and analysed
using FACSCalibur flow cytometer and CellQuest software
(B-D).
Intracellular cytokine analysis
The HLA-A2 restricted epitope GLCTLVAML from the
EBV lytic cycle protein BMLF1 was synthesized according
to the standard Fmoc protocol[14]. EBV peptide (10 mg/L)
or PHA (Sigma) were used for overnight stimulation of
250 μL whole blood (at 37℃ and humidified 5% CO2 atmosphere). Two hours later 12.5 mg/L Brefeldin A (BD)
was added. Cells were further washed in cold phosphate
buffered saline (PBS), incubated with EDTA for 10 min,
washed again and processed according to the protocol for
surface and intracellular staining. For intracellular staining,
100 μL of stimulated blood was lysed with 1 mL FACSTM
Lysing solution (BD) followed by permeabilization with
0.5 mL 1 × FACS permeabilizing solution (BD) for 10
min. After washing with PBS containing 0.5% BSA, a
simultaneous staining for IFN-γ/CD69/CD8/CD4 was
performed for 30 min at room temperature in the dark.
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Table 3 Characteristics of the patients with chronic hepatitis related to Epstein-Barr virus infection
Age (yr)

Sex

Duration of
illness (mo)

1

40

m

2

60

3
4

Pt No.

Serology EBV (IFA)

AST

ALT

ALP

GGT

VCA IgG

VCA IgM

24

52

90

300

200

320

10

80

80

0

m

6

50

187

280

70

160

0

160

160

40

27

m

6

31

107

200

20

640

0

160

160

40

40

m

6

30

60

300

40

160

0

160

160

40

5

57

f

24

66

84

280

110

320

0

160

160

40

6

55

f

6

66

85

850

171

160

0

80

80

40

7

28

m

6

40

96

200

60

160

10

80

80

20

8

38

m

12

60

60

150

130

640

0

80

80

20

9

30

m

6

50

125

250

180

640

0

80

80

20

10

25

m

6

20

60

225

90

160

0

80

80

20

11

35

m

6

40

80

136

180

160

0

80

80

40

12

31

m

6

50

80

310

80

320

0

160

160

40

13

43

m

10

60

100

300

100

320

10

160

160

0

14

50

f

6

100

200

130

200

640

0

160

160

40

15

50

f

6

80

120

400

200

320

0

160

160

40

For analysis of intracellular staining at least 25 000 CD8high
cells were collected. Detection of at least 0.05% IFN+
+
high
γ CD69 CD8 cells, after subtraction of non-stimulated
control values was considered as significant response.
Liver biopsy and imaging
All patients underwent conventional abdominal ultrasonography. Liver biopsy specimens were obtained from 5
patients.
Statistical analysis
Man-Witney non-parametric test was used to evaluate
differences between patient and control groups. P values
less than 0.05 were considered statistically significant.

RESULTS
Clinical findings
The clinical characteristics of each patient are summarized
in Table 3. The estimated mean disease duration before
the prophylactic examination was 10.8 (min 6, max 36) mo.
At the time of diagnosis of the chronic liver disease none
of the 15 patients had an infectious mononucleosis-like
illness or any other significant complaints except for one,
who reported periods of sub-febrile temperature. None
of the patients reported previous opportunistic infections
or other significant chronic diseases, or congenital
immunodeficiency, or immunosuppressive treatment.
The average score of Karnofski performance status was
95%[15].
Laboratory tests showed normal blood counts. Mean
values (95% CI) are as follows: white blood cell count,
6.61 × 10 9/L (5.945 to 7.281); red blood cells 5.08 ×
106/L (4.7893 to 5.3707); platelets, 243 × 109/L (207.31
to 277.89). The mean range of serum ALT at the time
of diagnosis was 103 UI/mL (UNL = 40) (SD 40.9, SE
10.57), AST/ALT ratio < 1, gamma-GT 122 UI/mL
(UNL = 48) (SD 62.41, SE 16.12). Normal serum protein
and albumin levels were established in all patients, and

EA-R IgG

EA-D IgG

EBNA

no hyperbilirubinaemia or coagulation disturbances were
found. Fasting glucose levels, as well as the glucose load
test were within the reference ranges. A serum insulin level
in 12 patients was below upper limit, while 3 patients were
not tested. The abdominal ultrasonography series revealed
normal liver and spleen image.
EBV-serology at the time of diagnosis
The EBV-specific antibody titers of each patient are
shown in Table 2. Serology tests indicated a reactivated
EBV infection in all 15 patients. The average EBV VCA
IgG titer was 320 UA/mL (160-640), EBNA average
titer was 20 UA/mL (10-40), and EA-R and EA-D were
elevated (80-160). EBV VCA IgM was not detected in any
patient. All controls were EBV VCA IgM-negative.
Lymphocyte subset analysis
The percentage and absolute counts of total lymphocytes,
T, B and NK cells, CD4 + T cells as well as the CD4/
CD8 ratio were within the established reference ranges
for healthy age-matched controls. Using the mAb
combinations CD45RA/CCR7/CD8/CD4 and CD27/
CD8/CD28, naïve, central and effector memory, as well
as terminally differentiated effector T cells (CTL) were
defined (Table 2). The fine subset analysis of T cells
revealed a significant decrease of naïve (CD45RA+CCR7+)
CD4+ (P < 0.05) and CD8+ (P < 0.01) T cells accompanied
by an increased percentage of memory (CD45RA-) CD4+
(P < 0.01) and CD8+ T cells (P < 0.001), as well as of the
terminally differentiated (CD28-CD27-) CTL subset (P <
0.01) (Figure 1A-E). A moderately increased number of
CD38 molecules on CD8+ T cells was established (mean,
2150; min, 1090; max, 4413) as compared to controls (mean,
1522; min, 510; max, 2210; P < 0.05), most probably
corresponding to a low level viral replication.
Circulating CD8+ T cells, expressing IFN-γ in response
to the lytic BMLF1 epitope were registered in all patients,
and their percentage was significantly increased (15/15;
mean, 0.39%), as compared to EBV-seropositive donors
www.wjgnet.com
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Figure 1 Significant differences detected between patients and control group by immunophenotyping. Patients were characterized by a decreased absolute number of naive
CCCR7+CD45RA+CD4+ (A) and CD8+ (C) T cells, increased absolute number of memory CD45RA-CD4+ (B) and CD8+ (D)T cells, increased absolute number of effector
CD28-CD27-CD8+ T cells (E), as well as by increased percentage of IFNγ+CD69+CD8+ T cells after stimulation with EBV peptide GLCTMVL (F) and with PHA (G). Box-andwhiskers indicate the 25-75 percentile and min-max values for each group. Mean values are designated on all plots by a horizontal line. Man-Witney. P values are indicated
for each comparison.

(6/15; mean, 0.06%; P < 0.05). The percentage of PHAresponding CD8+ T cells was also significantly increased
in the patients group in comparison to controls (14.5% vs
7.8%, P < 0.05) (Figure 1F and G).
Histopathology
Liver biopsy specimens revealed non-specific histopathologic features of low-grade hepatitis. On routine HE
slides mild portal and periportal mononuclear infiltrates
were seen, composed of small lymphocytes lacking
significant cytologic atypia. According to the METAVIR
system all patients were staged as A2. No fibrosis was
found in any patient except in one which was graded F1
(Figure 2).

DISCUSSION
EBV infects the majority of the human population and
persists in the host organism for life. CD8+ T lymphocytes
specific for lytic and latent EBV antigens control the virus
both during primary infection and the long-term carrier
state and almost no symptoms indicate these events[2,16].
Therefore, the development of cellular immune deficiency,
related to HIV-infection, transplantation, prolonged
immunosuppressive therapy, or even psychological/
physical stress is often combined with complications
www.wjgnet.com

due to EBV reactivation [17]. A broad array of clinical
entities has, therefore, been related to EBV infection
in immunocompromised host, including persistent and
necrotizing hepatitis [18,19]. CAEBV, characterized by a
specific pattern of serological and clinical findings, may
also induce liver injury[11,12].
We reported the clinical and laboratory features of
15 Caucasian non-related patients with chronic hepatitis
in the settings of reactivated EBV infection that had no
apparent immune deficiency and did not meet the classical
criteria for CAEBV infection. The serological evidence for
EBV reactivation was the presence of EBV-NA and EA-R
antibodies, combined with elevated but not extreme titers
of IgG anti-VCA[20]. None of the patients had significant
clinical manifestation of the infection, except for one.
Although we did not determine plasma and tissue viral
load, the moderately elevated CD38 expression on CD8+ T
cells suggested rather a low-level of viral replication[21]. In
fact, reactivated EBV infection cases have been reported
with mild to moderate clinical presentation, and without
extreme EBV-specific Ab titers or viral load[3]. Our data
further suggest that the reactivation of EBV infection in
the settings of a functional immune system may be more
frequent than previously assessed.
Since the latency of EBV infection depends almost
entirely on efficient cellular immune responses, phenotypic
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Figure 2 Liver biopsy, showing lymphocyte infiltrate within the lobule and some
hepatocyte injury, with mild steatosis displayed in some cells.

and functional changes in the lymphocyte compartment
might be expected in case of reactivation. CAEBV is
usually characterized by oligoclonal expansions of either
T or NK cells[22,23]. Although we detected no significant
changes in the main circulating lymphocyte populations,
the fine subset analysis revealed a significant prevalence of
antigen-primed (CD45RA-) over naïve (CD45RA+CCR7+)
CD4 + and CD8 + T cells, combined with increased
percentage of terminally differentiated (CD28 -CD27 -)
CD8+ T cells. In general, the activation and differentiation
state of the circulating T cell pool reflects any major
antigen-driven process in the organism. T-cell activation
induces a shift from CD45RA to CD45RO expression,
while long-lasting chronic viral infections like HIV-1 or
CMV are characterized with prevalence of terminally
differentiated non-proliferating effectors in the CD8+ T
cell compartment[24,25], similar to the natural age-related
senescence of cellular immunity[26]. Moreover, particular
viruses may be associated with specific phenotypic
changes in latency, as the CMV-driven expansion of
CD45RA + CD27 - CD8 + T cells [27] . Logically, such a
phenotypic shift must involve both virus-specific and nonspecific by-stander activation and differentiation.
The EBV-specific memory pool in asymptomatic
carriers is reported to be heterogeneous: CD8+ T cells
specific for latent epitopes being mostly CD45RA-CD28+,
while those, specific for lytic epitopes, CD45RA + /
CD45RA - CD28 - CD27 +[28] . CD27 is a co-stimulatory
molecule promoting the survival of activated CD8+ T cells
in the absence of CD28[29], with a limited reexpression
capacity. CD27 probably enhances EBV-specific responses,
as most of the EBV-specific cytotoxic activity was reported
in the CD27+ subpopulation[30]. In our patients group we
established a significant expansion of CD8+ T cells lacking
both CD28 and CD27. We may speculate that in case of
long lasting or repeated low-level EBV reactivation, the
CD27+ pool would be gradually replaced by CD27- CD8+
T cells, less efficient in controlling the persistent EBV
infection.
EBV-specific cells detected by tetramer staining in
latency account for 1%-3% of the circulating CD8+ T cell
pool[31]. Again by tetramer staining, a similar detection rate
of lytic epitope-specific CD8+ T cells has been reported in
CAEBV and asymptomatic EBV carriers[16]. In our series,
patients with EBV-related hepatitis had a significantly
higher lytic epitope-specific CTL response, as compared to
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controls, combined with a higher response to non-specific
stimulation, as estimated by IFN- γ expression. These
results indicate that the identification of functional EBVspecific CD8+ T cells may better differentiate between
asymptomatic carriers and clinically unapparent but active
infection.
Several viruses have been implicated in the development of chronic liver disease, either as single agents or via
cross-activation of T cells. A close association between
liver lesions and a previous EBV infection has been
demonstrated, as well as the presence of EBV-positive
cells in affected livers in the settings of continuous low
level EBV replication[32,33]. Sugawara et al[34-36] linked EBV
to HCV-related hepatocellular cancerogenesis, supporting
the EBNA-1 promoted HCV replication hypothesis.
EBV was suggested to be involved in the hepatocellular
carcinogenesis, although this role is still controversial[37].
Our patients had serological evidence for EBV reactivation
and, on the other hand, immunophenotypic evidence
for persisting low-level cellular immunity activation and
chronic liver inflammation. As the mechanism of EBVrelated liver damage remains unclear, indirect, cytokineinduced hepatocellular injury is being discussed [38,39] .
Despite the lack of typical mononucleosis characteristics,
liver lymphocyte infiltrates in our cases might be involved
in the EBV-provoked immune response.
Although based mostly on exclusion criteria, our data
suggest that chronic liver disease could be a manifestation
of chronic EBV infection, with persistent low-level virus
replication or in case of frequent reactivations. It remains
to elucidate the underlying mechanisms of inefficient viral
control in these immunocompetent patients and whether
such patients may further revert to a fulminant course of
the infection.
In conclusion, a reactivated EBV infection might
be the possible reason for a chronic elevation of serum
aminotransferases without a detectable immune deficiency.
The prevalence of memory (CD45RA -) and terminally
differentiated (CD28-CD27-) CD8+ T cells together with
the increased frequency of functionally active EBV-specific
CD8+ T cells in the circulating CD8+ T cell compartment
might be the only surrogate markers of reactivated viral
infection. The identification and follow-up of such
patients may help the prevention of classic CAEBV or
other severe manifestations of chronic EBV infection.
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Abstract
AIM: To investigate whether single-nucleotide polymorphisms in the promoter regions of endotoxin-responsive
genes CD14 C (-159) T is associated with chronic hepatitis B.
METHODS: We obtained genomic DNA from 80 patients
with established diagnosis of chronic hepatitis B and 126
healthy subjects served as a control population. The CD
14 C (-159) T polymorphism was investigated using an
allele specific PCR method.
RESULTS: Twenty seven percent of chronic hepatitis B
patients and 75% of controls were heterozygous for CT
genotype. The difference between the chronic hepatitis
B and control groups was statistically significant [P <
0.0001; Odds ratio (OR) = 2.887; 95% CI: 1.609-5.178].
Twenty four point six percent of chronic hepatitis B and
patients 12.3% of the control group were heterozygous
for TT genotype. The difference between groups was not
statistically significant (P = 0.256; OR = 0.658; 95% CI:
0.319-1.358). Forty eight point four percent of chronic
hepatitis B patients and 12.7% of control were homozygote for CC genotype (P < 0.004; OR = 0.416; 95% CI:
0.229-0.755). The frequency of allele C was 61.9% and
allele T was 38.1% in hepatitis B patients group. The
frequency of allele C was 55.2% and allele T was 44.8%
for the control group (P = 0.179; OR = 1.319; 95% CI:
0.881-1.977).
CONCLUSION: The TT heterozygous genotype was
not a risk factor for chronic hepatitis B. CC homozygote
genotype is protective for hepatitis B. Lack of heterozygosis of genotype CT is a risk factor for chronic hepatitis B.
Alleles C or T were not risk factors for chronic hepatitis B.
These findings show the role of a single-nucleotide
polymorphism at CD14/-159 on the development of

chronic hepatitis B. Endotoxin susceptibility may play a
role in the pathogenesis of chronic hepatitis B.
© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
An estimated 350 million persons worldwide are infected
with hepatitis B virus (HBV). Hepatitis B carriers are
at risk for development of cirrhosis and hepatocellular
carcinoma. Persons with chronic hepatitis B infection
need life-long monitoring to determine when intervention
with antiviral therapy is needed and to observe for serious
sequels[1].
The mechanism by which HBV establishes a persistent
infection is at present still unclear. Evidence suggests that
the clinical manifestations and outcomes after acute liver
injury associated with viral hepatitis are determined by the
immunologic responses of the host[2]. CD14, a key gene
of the innate immune system, functions as a receptor for
lipopolysaccharide (LPS), a constitutive element of the
bacterial cell wall. CD14 cannot bind to LPS directly. A
protein termed LBP (lipopolysaccharide binding protein)
must first bind to LPS. The LPS-LBP complex then binds
to CD14 and the receptor-ligand complex is internalized.
In addition, CD14 is associated with a protein known as
Toll-like receptor 4 (TLR-4). As a consequence of the
CD14-LPB/LPS interaction at the level of the membrane,
TLR-4 becomes activated. TLR-4 plays an important role
in signal transduction. Importantly, TLR-4 is now known
to activate a transcription factor known as NFkB. Viruses
have targeted cellular cytokine production and cytokine
receptor-signaling pathways, apoptotic pathways, cell
growth and activation pathways, MHC-restricted antigen
presentation pathways and humoral immune responses[3].
This study tested whether genetic factors, CD14 C
(-159) T, has any role in molecular pathogenesis of chronic
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hepatitis B and influences the individual susceptibility for
chronic hepatitis B.

MATERIALS AND METHODS
Subjects
We analyzed 80 Iranian patients with chronic hepatitis B
and 126 sex-matched control subjects. All chronic hepatitis
B patients had visited at a liver clinic in Tehran for regular
follow-up examinations. All participants signed the informed
consent.
Chronic hepatitis B was based upon biochemical,
virologic, histological activity and included patients still on
interferron or lamivudine treatment; those who finished
treatment course and nonresponders to treatment (lack
of virologic and or histologic response by first treatment
course in which sustained response was unlikely).
Asymptomatic carrier state defined as: chronically HBsAg
positive patients who have anti-HBc in serum, antiHBs is either undetected or detected at low titer against
the opposite subtype specificity of the antigen regarded
as inactive or asymptomatic carriers, HBV DNA load
less than 10 5 copies/mL, HBeAg (+, -), serum liver
transaminases of normal range. Inactive hepatitis B surface
antigen (HBsAg) carriers were monitored with periodic
liver chemistries as liver disease may become active even
after many years of quiescence. Controlled subjects had no
evidence of hepatitis B infection. The serum of control
subjects were evaluated for HBsAg, HBsAb, AST and
ALT. Those who had negative HBsAg and HBsAb as well
as normal AST and ALT were selected for control groups.
CD14 C (-159) T Genotype Determination
Ten milliliters were collected from each subject into tubes
containing 50 mmol/L EDTA, and genomic DNA was
isolated from anti-coagulated peripheral blood Buffy coat
using Miller’s salting-out method[4].
Total genomic DNA from peripheral blood leukocytes
was extracted by standard methods. T he CD14 C
(-159) T polymorphism was investigated using an allele
specific PCR method [5]. PCR products were visualized
by electrophoresis in 2% (w/v) agarose gel stained with
ethidium bromide. The assay thus yields a 381-bp band for
T allele and 227-bp band for C allele.
Statistical analysis
The differences in the frequencies of the CD14 genotypes
and alleles and other risk factors were analyzed by the
2
χ test. For comparing mean stage of liver pathology
in different genotypes, Kruskal-Wallis test was used.
Associations and differences with probability value less
than 0.05 were considered significant. Statistical data
was expressed as mean ± SD. All statistical analyses were
performed with the use of SPSS software, version 11.05.

RESULTS
The mean age in hepatitis B group was 36.10 ± 13.78
and in control group was 43.60 ± 16.47. In the hepatitis
B group 71.3% of patients were male and 28.8% were
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female. In the control group 62.7% were male and 37.3%
were female. The two groups were matched by sex. In the
hepatitis B group, 12% were HBeAg positive, 85% were
HBeAg negative, 85% were HBeAb positive and 15%
were HBeAb negative. Serum aspartate aminotransfease
(AST) levels in 75.9% of hepatitis B patients were < 40
IU/mL and in 24.1% were ≥ 40 IU/mL. Serum alanine
aminotransfease (ALT) in 68.4% of hepatitis B patients
was < 40 IU/mL and in 31.6% was ≥ 40 IU/mL. The
state of hepatitis B disease at the time of sampling was
as follows: 53.8% were asymptomatic carriers, 31.3%
were still on antiviral treatment, 6.3% again returned to
treatment, 7.5% were in chronic state and 1.3% were
cirrhotics. Liver biopsy was performed in 36 patients of
hepatitis B group. Histological classification was measured
by Modified Histological activity index (HAI) by Ishak
score[6]. Mean stage, grade and pathologic score were 1.85
± 0.97, 5.28 + 1.84, and 7.17 ± 2.58, respectively.
Twenty seven percent of hepatitis and 75% of control
subjects were heterozyg ous for CT genotype. The
difference between CT genotype was statistically significant
(P <0.0001; OR = 2.887; 95% CI: 1.609-5.178). The lack
of heterozygosis for genotype CT was a risk factor for
hepatitis B. 24.6% of hepatitis and 12.3% of control group
subjects were heterozygous for the TT genotype. The
difference between groups was not statistically significant
(P = 0.256; OR = 0.658; 95% CI: 0.319-1.358). The TT
homozygote genotype was not a risk factor for hepatitis B.
48.6% of hepatitis and 12.7% of control group subjects
were heterozygous for the CC genotype (P < 0.004; OR
= 0.416; 95% CI: 0.229-0.755). The CC homozygote
genotype was protective for hepatitis B.
The frequency of allele C was 61.9% and allele T was
38.1% in the hepatitis B group.
The frequency of allele C was 55.2% and allele T was
44.8% for control group (P = 0.179; OR = 1.319; 95% CI:
0.881-1.977). So alleles were not a risk factor for hepatitis B.
There were no statistically significant associations between
allele frequencies and genotypes frequencies in the
hepatitis B group with state of disease; ALT (< 40, ≥40)
IU/mL, mean stage of liver pathology, HBeAg (+, -). Mean
stage of liver pathology was not statistically significant in
different genotypes (CC, CT, CT) by Kruskal-Wallis test.

DISCUSSION
In a previous study[7], the effect of recombinant HBsAg
(rHBsAg) on LPS- and IL-2-induced activation of
monocytes was investigated. It showed that recombinant
HBsAg particles, which contain the S protein only, bind
almost exclusively to monocytes. Further it showed that
recombinant HBsAg (rHBsAg) particles not only inhibit
LPS-induced secretion of IL-1 β and TNF α , but also
inhibit IL-2-induced secretion of IL-8. Their results
sug gested that monocytes express a receptor that is
recognized by HBsAg and that HBV produces HBsAg in
excess amounts to interfere with the normal function of
antigen-presenting cells.
In our population, HBeAg negative chronic hepatitis
B is more common than HBeAg positive. But difference
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in associations of frequency of alleles and genotypes
in HBeAg negative versus positive chronic hepatitis B
patients were not statistically significant. Besides the
viral role, we aimed to investigate the CD14 C (-159) T
polymorphism as a host factor, which deteriorates the
hepatitis course and outcome in our population.
The CD14 promoter genotype may affect inflammatory
processes and be involved in atherogenesis, and it is
therefore possible that this genotype might also be
associated with other major forms of thrombotic disease,
such as ischemic cerebrovascular disease, coronary artery
disease. LPS is a structural component of gram-negative
bacteria and is bound in plasma by the LPS binding
protein[8]. The LPS binding protein complex then binds
to a glycosylphosphatidylinositol-anchored membrane
protein, membranous CD14 (mCD14), on monocytes
and macrophages and activates these cells. The activated
phagocytes in turn secrete inflammatory cytokines through
which LPS indirectly activates endothelial cells. Soluble
CD14 (sCD14), which lacks a glycosylphosphatidylinositol
anchor, can also be found in plasma. Endothelial cells
and smooth muscle cells, lacking their own mCD14, are
directly activated by LPS-sCD14 complex[9,10]. Directly and
indirectly activated endothelial cells express cell adhesion
molecules and increased procoagulant activity, and they
release free radicals, thereby mediating the initiation and
development of atherosclerosis.
A previous study[11], demonstrated T allele frequency was
significantly higher in myocardial infarction survivors and
that the density of monocyte mCD14 was higher in T/T
homozygotes than in other genotypes.
In another study[12], the possible association between the
C (-260)→T polymorphism in the CD14 promoter and
the occurrence of symptomatic ischemic cerebrovascular
disease (CVD) was tested. They concluded that the C
(-260)→T polymorphism in the CD14 promoter is not
associated with an increased risk for CVD.
A previous study [13] mentioned activated Kupffer
cells release proinflammatory cytokines, a process that
is regulated by the CD14 endotoxin receptor (CD14).
Also, both clinical and experimental data suggest that
Kupffer cell activation by gut-derived endotoxins and
other bacterial products is an important pathogenic
factor. In that study, the association of CD14 promoter
polymorphism with different forms of alcoholic liver
damage (ALD) was examined in 3 separate autopsy series.
The overall age-adjusted risk for cirrhosis was 3.08 for the
carriers of the CT genotype, and 4.17 for the homozygous
TT genotype. Their results suggested that in the relatively
isolated Finnish population, the T allele and in particular,
TT homozygotes confers increased risk of alcoholic liver
damage and are at a high risk to develop cirrhosis.
Another study[14] investigated whether single-nucleotide
polymorphisms in the promoter regions of endotoxinresponsive genes CD14 and tumor necrosis factor-α (TNFα) were associated with biliary atresia (BA) and idiopathic
neonatal cholestasis (INC) in 90 patients with established
diagnosis of BA and 28 patients with INC. Also, forty-two
adult patients with hepatitis B-related cirrhosis and 143
healthy children served as control populations. According
to that study the single-nucleotide polymorphism at
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CD14/-159 is associated with the development of BA and
INC. They concluded that endotoxin susceptibility might
play a role in the pathogenesis of infantile cholestasis.
In the present study, we did not compare risk factors
of hepatitis B infection, its routs of exposure and
transmission in hepatitis B and control groups. Although
determining the exact time of hepatitis B infection was
impossible. Whether specific polymorphisms of CD14
C (-159) T has any correlation with progression of liver
pathology or whether it indirectly produces needs further
study and a larger sample size.

Conclusions
Our study demonstrated that the role for CD14 C (-159)
T polymorphism on the development of chronic hepatitis
B. Although the number of subjects in the chronic
hepatitis B subtypes was relatively small, differences in the
genotype distributions for chronic hepatitis B subtypes was
significant.
Lack of heterozygosis of genotype CT is a risk factor
for chronic hepatitis B.
TT homozygote genotype was not a risk factor for
chronic hepatitis B. CC homozygote genotype is protective
for chronic hepatitis B.
These findings show a role for single-nucleotide
polymorphisms at CD14/-159 C (-159) T on development
of chronic hepatitis B. Endotoxin susceptibility may play a
role in the pathogenesis of chronic hepatitis B.
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Abstract
AIM: To explore the anti-hepatitis B virus (HBV) effects
of Boehmeria nivea (B. nivea) root extract (BNE) by
using the HepG2 2.2.15 cell model system.
METHODS: Hepatitis B surface antigen (HBsAg),
hepatitis B virus e antigen (HBeAg), and HBV DNA
were measured by using ELISA and real-time PCR,
respectively. Viral DNA replication and RNA expression
were determined by using Southern and Northern blot,
respectively.
RESULTS: In HepG2 2.2.15 cells, HBeAg (60%, P < 0.01)
and particle-associated HBV DNA (> 99%, P < 0.01)
secretion into supernatant were significantly inhibited
by BNE at a dose of 100 mg/L, whereas the HBsAg was
not inhibited. With different doses of BNE, the reduced
HBeAg was correlated with the inhibition of HBV DNA.
The anti-HBV effect of BNE was not caused by its
cytotoxicity to cells or inhibition of viral DNA replication
and RNA expression.
CONCLUSION: BNE could effectively reduce the HBV
production and its anti-HBV machinery might differ from
the nucleoside analogues.
© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) has infected more than 4 million
people worldwide. About 20% of patients infected with
HBV may lead to chronic hepatitis, liver cirrhosis, and
hepatocarcinoma. HBV, belonging to the Hepadnaviridae
family, is a non-cytopathic DNA virus with an icosahedral
capsid that replicates via reverse transcription of an RNA
intermediate[1]. Although the molecular biology aspects
of the HBV genome have been described in detail, the
mechanisms of viral packaging and transport remain to
be elucidated[2]. Nevertheless, HBV-DNA-transfected cells
and virus infection animal models have aided the efforts to
reveal the mechanism behind the HBV replication cycle.
These results led to the identification of the first antiviral
agents targeting the reverse transcription process[3].
Chronic hepatitis type-B patients are clinically treated
with interferon alpha (INF-α) and nucleoside analogue
lamivudine (3TC), adefovir or entecavir [4,5], which are
analogues of reverse-transcriptase inhibitors[6,7]. INF-α
inhibits viral replication and acts as an immuno-modulator.
However, its disadvantages include limited effectiveness
(40% response rate) [8] , low efficacy with respect to
cost, and serious side effects. For 3TC, its inhibition is
reversible, and continuous treatment often leads to the
development of drug-resistant HBV variants (70% of
patients after 4 years of treatment)[9]. Both adefovir and
entecavir are used against 3TC-resistant viruses; however,
resistances to these two drugs have been reported in
lamivudine-resistant patients[10-12]. The use of combination
therapy, such as INF-α plus 3TC, 3TC plus adefovir and
3TC plus entecavir, may yield additive or synergistic effects
or reduce the emergence of resistance, though serious side
effects and unsatisfactory efficacy still present problems.
Undeniably, there is a demand for new and improved
therapies.
The large repertoire of herbal compounds may show
potential in developing new ways to combat previously
considered “incurable” diseases, provided that these
compounds (or often, mixtures of compounds) could
satisfy current government regulations. At present,
alternative or traditional medical resources are used by
more than 80% of the population in developing countries
and by an increasing number of people in other parts of
www.wjgnet.com
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the globe[13,14]. Complementary and alternative therapies for
chronic hepatitis are also intensively explored and the results
appear promising[15]. Patients with chronic liver diseases are
treated with some medicinal herbs exhibiting strong antiviral activities[16], including daphnoretin from Wikstroemia
indica [17], costunolide and dehydrocostus lactone from
Saussurea lappa Clarks[18], osthole from Angelica pubescens[19],
and the extracts of genus Phyllanthus of the Euphobiaceae
family[20]. Furthermore, genus Phyllanthus exhibited a positive
effect on the clearance of serum HBsAg in clinical trials
conducted on chronic HBV infections, and a synergistic
effect when administered with IFN-α[20]. B. nivea has been
distributed and used therapeutically in China and Taiwan
for diuretic, antipyretic, and hepatoprotective purposes.
Recently, it has been reported that root extracts of B. nivea
exhibited hepatoprotective activities against CCl4-induced
liver injuries, and anti-oxidant effects on FeCl2-ascorbateinduced lipid peroxidation in rat liver homogenate[21].
To investigate the anti-viral mechanism of B. nivea
extract (BNE), HBV-producing hepatoma HepG2 2.2.15
cells, which secrete HBsAg, HBeAg and complete Dane
particles[22], were chosen for the evaluation of the antiHBV effect of BNE. Here, we assess anti-HBV activities
of BNE by measuring HBsAg, HBeAg, HBV DNA in
supernatant, and replication intermediate HBV DNA and
HBV RNA within the cells.

MATERIALS AND METHODS
Preparation of BNE
To prepare the B. nivea plant extract utilized in our
experiments, the roots of the plants were collected and
dried. One hundred gram of the dried roots was cut into
pieces approximately 0.5 cm in length before boiling them
in 1 L of 200 mL/L ethanol (1:10 ratio) under reflux for
3 h. The decoction was filtered through a 0.22-µm filter
and lyophilized. The lyophilized powder was dissolved in
normal PBS and adjusted to stock concentration (100 g/L)
prior to application to the cells.
Cell lines and culture
The HepG2 2.2.15 cell line was kindly provided by Dr. Ho
MS (Academia Sinica, Taipei, Taiwan, China), and Human
hepatoma HepG2 cells were obtained from American Type
Culture Collection (ATCC). These cells were maintained
in MEM (Eagle) plus 100 mL/L fetal bovine serum
(FBS) supplement with 1.5 g/L sodium bicarbonate, 0.1
mmol/L non-essential amino acids, 1.0 mmol/L sodium
pyruvate, and 100 units/mL penicillin G and 100 mg/L
streptomycin. A final concentration of 200 mg/L G418
was contained in the medium for the maintenance of
HepG2 2.2.15 cells. Before the experiment, the cell count
was adjusted to 1 × 106/mL, and cell viability to higher
than 85% by trypan blue exclusion test.
Drug treatment protocols
For drug treatment, 1 × 105 cells of HepG2 2.2.15 were
seeded in a 12-well plate and allowed to grow for 3 d before
treatment with different concentrations of BNE. Cells were
refed with drug-containing fresh medium every 3 d for up
to 12 d in time-dependent experiment. In Southern and
www.wjgnet.com
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Northern blot assay, the culture condition was the same as
described above (10 mg/L 3TC were also added), and in
which time of drug treatments were only for 1 d.
Analysis of cytotoxicity
HepG2 2.2.15 cells were used for determining cytotoxicity
of BNE. Cells were inoculated onto a 96-well plate at a
density of 1 × 104 cells per 100 µL prior to drug treatment.
BNE was added at concentrations of 0.1, 1, 10, and 100
mg/L and the cells were refed with drug-containing fresh
medium every 3 d for up to 12 d. After drug treatment, the
cytotoxicity was measured based on the reduction of MTT
(Sigma, St. Louis, USA) in mitochondria[23].
Determination of HBsAg and HBeAg levels by ELISA
Conditioned medium was collected and the HBsAg and
HBeAg levels were determined semi-quantitatively using
ELISA assay [SURASE B-96 (TMB), General Biologicals
corp., Taiwan, China] according to the manufacturer’s
instructions.
Supernatant HBV DNA extraction and analysis by
quantitative real-time PCR
T he super natant HBV DNA was extracted from
conditioned medium as previously described[24] and stored
in -20℃ prior to real-time PCR analysis. The quantity of
HBV DNA in culture medium was quantified with the
ABI 7500 Sequence Detection System by using HBV
RealQuant PCR kit (General Biologicals Corp., Taiwan,
China) according to the manufacturer’s instructions.
Briefly, the PCR programming was performed with an
initial denaturing steps at 50℃ for 2 min and 95℃ for 10
min, followed by 45 amplification cycles at 95℃ for 15 s
and annealing/extending at 58℃ for 1 min.
The 50% effective concentration (EC50), defined as the
drug concentration that reduces the level of HBV DNA
in the culture medium by 50%, was calculated by four
parameter logistic curve equation.
Southern and Northern blot detection of HBV DNA and
mRNA in HepG2.2.15 cell
HepG2 2.2.15 cells were cultured in MEM medium and
treated with 0.1, 1, and 10 mg/L BNE for 1 d. Cells were
lysed with 0.8 mL of 0.01 mol/L Tris-HCl (pH 8.0), 0.05
mol/L NaCl, 5 mL/L NP-40, 1 mmol/L EDTA at room
temperature for 10 min as previously described[25]. For the
Southern hybridizations, 20 µg of total DNA was digested
with HindⅢ, electrophoresed on a 14 g/L agarose gel,
and then transferred to nylon membrane. The probe for
hybridization was synthesized from PCR amplification of
a plasmid containing the full-length HBV genome (kindly
provided by Dr. Ho MS, Academia Sinica, Taipei, Taiwan,
China), and then the probe was labeled with digoxigenindUTP (DIG) by the DIG-high Prime DNA labeling and
Detection Starter kitⅡaccording to the manufacturer’
s protocol (Roche, Basel, Switzerland). The membrane
was hybridized with HBV probe at 50℃ overnight. For
Northern blot analysis, total RNA was isolated from
BNE-treated and untreated HepG2 2.2.15 cells by using
the TRIZOL kit (Invitrogen, CA, USA). A total of 20 µg
of RNA was resolved in 12 g/L denatured gel and then
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Statistical analysis
Data were expressed as mean ± SE of three independent
experiments. Statistical analysis was performed using
Student’s t-test. A P value less than 0.05 was considered
statistically significant.

A

0.1 mg/L BNE
1 mg/L BNE
10 mg/L BNE
100 mg/L BNE

160
140
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transferred onto the nylon membrane and the membrane
was hybridized with DIG-labeled HBV DNA fragment
described above. For hybridization of glyceraldehyde-3phosphate dehydrogenase (G3PDH), the full-length HBV
DNA probe was removed from the membrane by washing
twice at 37℃ in 0.2 mol/L NaOH containing 1 mL/L
sodium dodecyl sulfate (SDS) solution for 15 min and then
re-hybridized with DIG-labeled probe for G3PDH.
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Cytotoxic effects of BNE on HepG2 2.2.15 cells
Suppression of HBV production by BNE might be a
result of its cytotoxicity, and this possibility was examined
in HepG2 2.2.15 cells by using MTT assay. No apparent
cytotoxicity was detected in HepG2 2.2.15 cells up to
12 d after exposure to BNE at different concentrations
(0.1, 1, 10 and 100 mg/L) (Figure 2), suggesting that the
suppression of supernatant viral DNA levels by BNE was
not caused by its cytotoxicity.
Determination of the effective concentration of BNE antiHBV activity
The effective concentration of BNE to suppress 50%
of secreted HBV DNA (EC 50 ) was determined with
various concentrations of BNE on d 1. The suppression
of secreted HBV DNA was shown in a dose-dependent

120
100

a

a

b

80

b

b

40

aa

a

b

60

a

a

20
0

C

1

3

6

t /d

9

12

Control
10 mg/L BNE
100 mg/L BNE

9

10

8

10

7

HBV DNA (copies/mL)

Effects of BNE on secreted HBsAg, HBeAg and HBV DNA
from HepG2 2.2.15 cultures
Anti-HBV activity of BNE was investigated by using
HepG2 2.215 cells, which can secrete HBV particles.
When HepG2 2.2.15 cells were treated with various
concentrations of BNE, secretion of HBeAg, but not
HBsAg, was significantly suppressed compared to vehicle
controls (Figure 1A and B). The suppression of HBeAg
was dose-dependent and approximately 20% of inhibition
was obser ved in cells treated with 10 mg/L BNE.
Moreover, a significant suppression of HBeAg secretion
(approximately 60%) was observed in cells treated with
100 mg/L BNE (Figure 1B).
We also measured the amount of viral DNA secreted
in the medium (supernatant HBV DNA) by using real-time
PCR. As shown in Figure 1C, supernatant HBV DNA
was dramatically decreased compared to vehicle control,
since the first day of treatment, in 10 and 100 mg/L
BNE-treated culture medium. Although the amounts of
supernatant HBV DNA increased while cells continued to
grow during the experiment, approximately 95% inhibition
of DNA secretion was observed in the 12-d culture treated
with BNE (10 mg/L) (Figure 1C). Notably, these results
showed that the production of HBsAg and HBeAg was
only slightly suppressed by 10 mg/L BNE, but supernatant
HBV DNA levels were dramatically suppressed by BNE at
the same dose.

HBeAg (% of control)
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Figure 1 Effects of BNE on secreted HBsAg, HBeAg and HBV DNA from HepG2
2.2.15 cell cultures. A: HBsAg level; B: HBeAg level; C: Viral DNA. The dotted line
presents the limitation of this kit (3000 copies/mL). Data are expressed as mean
± SE of three independent experiments. aP < 0.05; bP < 0.01 vs the corresponding
controls (Student’s t-test).

manner with BNE treatment (70% at 0.1 mg/L and 100%
at ≥ 10 mg/L) (Figure 3); accordingly, the EC50 was 0.0462
mg/L. Here, the concentration of BNE (10 mg/L) used
for the study of anti-HBV activity was about 200-fold of
EC50.
Effects of BNE on intracellular HBV DNA replication and
transcription in HepG2 2.2.15 cells
To address the mechanism of inhibition by BNE in
HepG2 2.2.15 cells, we analyzed the viral mRNA after 24 h
exposure to BNE by Northern blot using full-length HBV
genome as a probe (Figure 4A) and intracellular relaxed
circular (RC) and single-stranded (SS) forms of HBV
DNA by Southern blot in parallel (Figure 4B). The levels
www.wjgnet.com
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of viral mRNA were not affected in either BNE-treated
or 3TC-treated cells (Figure 4A). Moreover, Southern blot
results indicated that BNE did not suppress intracellular
RC and SS forms of HBV DNA. In Contrast, an apparent
inhibition of intracellular RC and SS forms of HBV DNA
was observed in 3TC-treated cells, which was significantly
different from the BNE group (Figure 4B). These results
suggested that BNE did not apparently decrease viral
DNA replication and viral mRNA expression in HepG2
2.2.15 cells, and that the anti-HBV mechanism of BNE
seemed to be different from that of 3TC.

DISCUSSION
In this study, we first demonstrated that BNE had antiHBV activity of inhibiting the supernatant HBV DNA
levels in a dose-dependent manner in HepG2 2.2.15
cells without blocking HBsAg secretion. This inhibition
was caused neither by the toxicity of BNE to HepG2
2.2.15 cells, nor by blocking HBV gene expression and
replication. The significant inhibition of supernatant HBV
DNA levels was observed at a concentration greater than
10 mg/L of BNE in HepG2 2.2.15 cells. In addition,
BNE could also dose-dependently inhibit the secretion
of HBeAg. Although BNE had higher inhibitory ability
on HBeAg secretion at 100 mg/L than that at 10 mg/L,
it still could efficiently inhibit secreted HBV DNA at the
latter concentration. This result might be due to the fact
that BNE comprise multiple compounds, and the effective
concentration of those compounds to inhibit secreted
HBV DNA was lower than that of the compounds
required for inhibition of HBeAg.
Currently, 3TC and other nucleoside analogues have
been shown to inhibit HBV replication both in vitro and
in vivo[24,26,27]. A previous study had reported that 3TC, a
viral polymerase inhibitor, reduced episomal DNA (RC
and SS form), whereas HBV-specific RNAs were not
affected in HepG2 2.2.15 cells[24]. In this study, we could
not find any apparent reduction of HBV-specific RNAs
or intracellular SS and RC DNA in response to BNE, and
that these data revealed that the anti-HBV mechanism of
BNE might be different from 3TC that targeted the viral
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Figure 2 Cytotoxic effects of BNE on HepG2 2.2.15 cells. Data are expressed as
mean ± SE of three independent experiments (MTT assay).
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Figure 3 Determination of the effective concentration of BNE anti-HBV
activity. Cells were treated for 24 h. Data are expressed as mean ± SE of three
independent experiments. aP < 0.05, bP < 0.01 vs the corresponding controls
(Student’s t-test).
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Figure 4 Effects of BNE on intracellular HBV DNA replication and transcription in
HepG2 2.2.15 cells. Cells were treated for 1 d. A: Northern analysis; B: Southern
analysis.

polymerase. Since the HBV mRNAs were transcribed
from the integrated DNA, it was not unexpected that
HBV-specific transcripts were not affected by BNE
treatment. The finding that supernatant HBV DNA rather
than HBsAg and HBeAg was dramatically inhibited by
10 mg/L BNE after 24-h treatment might come from
the possibility that exported virions have outer protein
coats or HBsAg without packaging DNA. Though the
mechanism of anti-viral effects by BNE remains unclear,
we deduced that BNE might block coating and secretion
of HBV containing nucleocapsids or destabilize HBV
DNA containing nucleocapsids.
Whether the HBV-inhibiting effects of BNE could be
contributed to a single component, or multiple components,
is currently unknown. In order to explore the active
compound for anti-HBV activity, we have attempted to
analyze the chemical composition of BNE by HPLC. Very
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little, if any, nucleotide analogues were detected (data not
shown). Fractionation experiments of BNE are currently
being executed in our laboratory. Recently, Herteroaryldihy
dropyrimidines (HAP)[28], Bis-ANS[29], and alkylated imino
sugars[30,31] have been found to block the viral production
by interference with either nucleocapsid assembly or
nucleocapsid maturation, and these compounds might
have the potential to be developed as non-viral polymerase
targeting antiviral drugs.
In conclusion, the BNE, together with other medicinal
herbs that exploit different action modes to inhibit
HBV, could be administered in combination with other
polymerase inhibitors or cytokines, providing possibly a
novel HBV treatment strategy to the current therapies.
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Abstract
AIM: To report the outcome of Chinese patents with
non-cystic adenocarcinoma in pancreatic body and tail
(NCAPBT) after resection and to discuss its surgical
strategy.
METHODS: Resection of NCAPBT was performed in
eight Chinese patients with complete clinical-pathological
data in our hospital from January 2000 to May 2004. The
surgical strategy was explored by analyzing the results of
these patients.
RESULTS: The resection rate of NCAPBT in patients
without back pain was higher than that in patients with
back pain (66.67% vs 20%, 2/3 vs 1/5). The prognosis
in the group receiving palliative resection was poorer
than that in the group receiving curative resection. The
median survival time was 12 mo in the curative resection
group and 6 mo in the palliative resection group,
respectively.
CONCLUSION: The overall survival time of the Chinese
patients with NCAPBT is dismal. The Chinese patients
after curative resection of NCAPBT have a longer survival
time. The Chinese NCAPBT patients with back pain trend
to have a lower curative resection rate, but back pain
should not be considered a contraindication for curative
resection.
© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
The prognosis of pancreatic body and tail cancer is
dismal[1-10]. Its curative resection is rarely performed, only
a few reports are available[4-10]. The outcome of 8 Chinese
patients with non-cystic adenocarcinoma in pancreatic
body and tail (NCAPBT) after resection is reported and
the clinical-pathological characteristics and surgical strategy
of NCAPBT are discussed in this paper.

MATERIALS AND METHODS
Resection of NCAPBT was performed in eight Chinese
patients with complete clinical-pathological data from
January 2000 to September 2004 in our hospital. The
outcome of all the patients is summarized in Tables
1 and 2. The average age of the patients was 67 years
(range, 53-79 years) and the ratio of male to female was
1:1. Abdominal pain was found in 87.5%, weight loss in
75% and back pain in 62.5% patients, respectively. No
patient had jaundice. The mean tumor size was 5.04 cm
(range, 2.3-8 cm). Curative distal pancreatectomy and
splenectomy were performed in 3 patients, palliative distal
pancreatectomy and splenectomy in 4 patients, palliative
segmental pancreatectomy in 1 patient. Curative resection
was defined as resection with all gross tumor tissues
removed and negative microscopic margins. Resection
with gross residual tumor and/or distal metastasis was
considered palliative resection. All the 8 patients had
histology-verified NCAPBT. Seven of 8 NCAPBTs were
ductal adenocarcinoma. No.4 NCAPBT was mucinous
non-cystic adenocarcinoma (Tables 1 and 2). No cystic
adenocarcinoma and other rare adenocarcinomas
such as adenosquamous carcinoma, undifferentiated
adenocarcinoma and primary cancer were found. All the
8 patients were followed up. The log-rank test was used
for comparison of differences in survival. Chi-square test
or Fisher’s exact test was used to evaluate the correlation
between categorical data. P < 0.05 was considered
statistically significant.

RESULTS
The outcome of the 8 patients is summarized in Tables
1 and 2. Intra-abdominal abscess was found in 1 patient
and no major postoperative complications were found in
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Table 1 Clinical data of NCAPBT
Patient No.

Gender

Age (yr)

Abdominal pain

Back pain

Weight loss (kg)

Location

Size (cm)

Survival (mo)

1

M

79

2

F

62

Y

Y

NA

BT

5

6

Y

N

5

BT

5

3

F

6

66

Y

Y

7.5

BT

6

4

4
5

M

65

Y

Y

NA

B

5

8

M

53

Y

Y

5

BT

NA

6

6

F

71

Y

N

4.5

2.3

12

7

F

68

Y

Y

5

BT

4

28

8

M

72

N

N

3

T

8

8

B

NA: Not available; BT: Pancreatic body and tail; B: Pancreatic body; T: Pancreatic tail; Y: Yes; N: No.

Table 2 Data of surgery and pathology of NCAPBT
Patient
No.

pT

pN

pM

Histological
differentiation

Resection

Blood loss (mL)

1

4

x

0

Moderate

Palliative

600

140

Invasion of super mesenteric artery

2

4

1

0

Well

Palliative

600

235

Adhesion of abdominal aorta

3

4

x

0

Well

Palliative

200

110

Invasion of celiac trunk and abdominal aorta

4

4

x

0

Poor

Palliative

400

185

Invasion of super mesenteric artery

5

4

x

1

Well

Palliative

600

165

Liver metastasis

6

2

0

0

Poor

Curative

100

165

7

2

0

0

Moderate

Curative

2300

225

8

2

1

0

Moderate

Curative

600

205

the other 7 patients. Major complications were defined as
those threatening the life potentially. Neither re-operation
was performed nor death of patients occurred during
operation. None of the 8 patients was treated in ICU. The
curative resection rate of the patients without back pain
was higher than that of those with back pain (66.67%
vs 20%, 2/3 vs 1/5). The median survival time was 6 in
the palliative resection group and 12 mo in the curative
resection group, respectively. The latter group had a longer
survival time than the former group, while the former
group had a higher 1-year survival rate than the latter
group (66.7% vs 0%).

DISCUSSION
The prognosis of pancreatic body and tail cancer is poor
even after surgical resection[1-10]. Due to the absence of
painless obstructive jaundice and earlier symptoms, most
patients with pancreatic body and tail cancer are found
in an advanced stage, which results in a low resection
rate[1-10]. The 5-year survival rate of pancreatic body and
tail cancer patients after surgical resection ranges from
0% to 25%, and the median survival time is 10 to 15.9
mo[4-10]. In our study, no NCAPBT patient survived longer
than 5 years, the median survival time of the patients
after curative resection was comparable with that of other
reports [5-10], but the median survival time of the patients
after palliative resection was much shorter than that of
those after curative resection (Table 2). The portal vein
and/or superior mesenteric vein resection combined

Operative
Reason for non-curative resection
duration (min)

with pancreatectomy can be successfully performed[9,10],
preoperative CT scan or other image analysis should be
emphasized on the relationship between the tumor and
its major adjacent vessels, such as superior mesenteric
artery, abdominal aorta and celiac trunk, because they help
surgeons to more precisely judge the resectability of the
tumor before operation.
Bathe et al[11] reported that old NCAPBT patients have
a higher ratio of major postoperative complications and
a significantly shorter survival time, and need to receive
radical resection. An interesting finding in our study is
that three old patients (≥ 70 years of age) had no major
postoperative complications, however, 1 of 5 patients (<
70 years of age) had major postoperative complications.
No patient received re-operation. Furthermore, 2 patients
in the older patient group (≥ 70 years of age) after curative resection had a longer survival time than those after
palliative resection, suggesting that surgical resection of
NCAPBT in old patients might not result in more major
postoperative complications than in younger patients.
Pancreatic cancer patients with back pain have a low
resection rate and poor prognosis [12]. In our study, the
patients without back pain trended to have more chances
of curative resection, however, the longest survivors were
those with back pain, indicating that back pain should not
be considered a contraindication, though the patients with
back pain had less chance of curative resection.
Metastasis occurs in most patients with adenocarcinoma of the body and tail of the pancreas[3,10,13,14]. In our
study, one patient with liver metastasis had a comparable
www.wjgnet.com
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survival time with the other 4 after palliative resection,
suggesting that the prognosis of patients with liver metastasis after palliative resection of NCAPBT is not poorer
than that of patients without distal metastasis.
Sboup et al[10] reported that the survival rate is correlated
with histological differentiation. An interesting finding in
our study is that three patients with poorly- or moderatelydifferentiated tumor in the curative resection group had
a longer survival time than the other three patients with
well-differentiated tumor in the palliative resection group,
indicating that though histological differentiation is related
with survival, curative resection of NCAPBT is a more
important prognostic factor.
Segmental pancreatectomy is mainly performed for
benign or low malignant tumor in the pancreatic body
and leads to more postoperative complications than distal
pancreatectomy[15]. In our study, one patient after palliative segmental pancreatectomy had no major complications and was discharged ten days after the operation. The
survival time was a little longer than that of the other 4
patients after palliative resection, suggesting that segmental pancreatectomy is a feasible surgery and can preserve
more pancreatic tissues.
Sboup et al[10] reported that if extended resection is
considered necessary for curative resection of the tumor,
the resection is justified in patients with NCAPBT. Fabre
et al[4] found that only patients with tumor not more than
4 cm in diameter, but without lymph involvement and
metastasis have a significant longer survival time after resection. In our study, the patients in the curative resection
group had a longer survival time than those in the palliative resection group. The median survival time of the latter group was only half of the former group. No patients
survived more than 1 year in the palliative resection group.
The data showed that curative resections of NCAPBT
should be recommended. Furthermore, in the curative
resection group, one patient with a tumor over 4 cm in diameter and lymph involvement, survived only 8 mo which
was a little longer than the median survival time of those
in the palliative resection group, while survival time of the
two patients with tumor not more than 4 cm in diameter
but without lymph involvement and metastasis was not
less than 1 year, indicating that the theory of Fabre et al[4]
seems to fit for the Chinese patients.
In conclusion, the overall sur vival of Chinese
NCAPBT patients is dismal. Chinese NCAPBT patients
after curative resection may have a longer survival time.
Chinese NCAPBT patients with back pain, trend to have
a lower curative resection rate, but back pain should not
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be considered a contraindication for curative NCAPBT
resection.
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INTRODUCTION
Abstract
Hepatocellular carcinoma (HCC) recurs with a reported
frequency of 12%-18% after liver transplantation.
Recurrence is associated with a mortality rate exceeding
75%. Approximately one-third of recurrences develop
in the transplanted liver and are therefore amenable
to local therapy. A variety of treatment modalities have
been reported including resection, transarterial chemoembolization (TACE), radiofrequency ablation (RFA),
ethanol ablation, cryoablation, and external beam
irradiation. Goals of treatment are tumor control and the
minimization of toxic effect to functional parenchyma.
Efficacy of treatment is mitigated by the need for
ongoing immunosuppression. Yttrium-90 microspheres
have been used as a treatment modality both for primary
HCC and for pre-transplant management of HCC with
promising results.
Twenty-two months after liver transplantation for
hepatitis C cirrhosis complicated by HCC, a 42-year
old man developed recurrence of HCC in his transplant
allograft. Treatment of multiple right lobe lesions with
anatomic resection and adjuvant chemotherapy was
unsuccessful. Multifocal recurrence in the remaining liver
allograft was treated with hepatic intra-arterial infusion
of yttrium-90 microspheres (SIR-Spheres, Sirtex Medical
Inc., Lake Forest, IL, USA). Efficacy was demonstrated
by tumor necrosis on imaging and a decrease in
alpha-fetoprotein (AFP) level. There were no adverse
consequences of initial treatment.

S t r i c t c r i t e r i a d e ve l o p e d t o s e l e c t p a t i e n t s w i t h
hepatocellular carcinoma (HCC) for liver transplantation
have increased the survival and decreased the recurrence
of tumor after transplantation [1] . However, tumor
recurrence and subsequent mortality continue to be
observed. Tumor recurrence is reported to occur with a
frequency of 12%-18%[2-4]. Seventy percent of recurrences
are observed within the first year after transplantation[3].
Unfortunately, recurrence-related mortality is high and
exceeds 75%[2]. Extra-hepatic recurrence is encountered
most commonly, with an estimated incidence of 67%[2].
Recurrence isolated to the transplant liver is relatively
infrequent, yet, it represents an opportunity for targeted
treatment. Local therapies include resection, trans-arterial
chemoembolization (TACE), radiofrequency ablation
(RFA), ethanol ablation, cryoablation, and external
beam irradiation. Treatment efficacy varies according to
tumor characteristics such as location, size, and number.
Efficacy also varies with the degree of underlying hepatic
dysfunction. Hepatic arterial infusion of microspheres
impregnated with the beta-radiation emitter yttrium-90 has
been successfully employed in the palliative treatment of
unresectable HCC and most recently to down-stage HCC
to allow liver transplantation[5]. Results for the treatment
of primary HCC reveal a 38%-65% partial response rate,
and a median survival of 23 mo which is 2.6-4.7 times the
length of median survival seen in historic controls[6].
The following case report describes a 42-year old
man who underwent liver transplantation for hepatitis C
www.wjgnet.com
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cirrhosis with stage II HCC and 22 mo later developed
recurrent HCC isolated to the liver allograft. When
conventional treatment modalities failed, hepatic arterial
infusion of yttrium-90 beads (SIR-Spheres, Sirtex Medical
Inc., Lake Forest, IL, USA) was safely employed to treat
the HCC recurrence in the liver allograft.
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CASE REPORT
This hispanic man was diagnosed at 38 years of age
with end-stage liver dysfunction secondary to hepatitis
C infection (genotype 1a) and listed with UNOS for
transplantation in 2001 (UNOS status 3, MELD score
12). Nine months after being listed, serial CT examination
of the liver suggested a new 1.5 cm lesion in segment IV.
Follow-up imaging five months later showed the lesion to
have grown in size to 3 cm consistent with HCC (stage
Ⅱ, T2NxMx). AFP level at this time was 38.7 µg/L. He
underwent percutaneous RFA of the lesion while awaiting
transplantation with a slight decrease in the AFP level to
32.9 µg/L and no residual tumor on CT after treatment.
He received the standard MELD exception score at the
time of 29 for his stage Ⅱ HCC. A deceased donor
liver transplant became available 5 mo after receiving his
exception score (3.5 mo after RFA and 23 mo after being
originally listed for transplant). The donor was a 52-year
old CMV-positive man. Standard caval interposition
technique without veno-venous bypass was used and the
total graft ischemic time was 7 h and 40 min. Induction
immunotherapy consisted of 20 mg of basiliximab, 300
mg of azathioprine and 1 g of methylprednisolone.
Contrary to the post-RFA CT scan from 10 wk earlier,
pathologic evaluation of the hepatic explant was notable
for the presence of three foci of HCC in the right lobe
of the liver. The lesions measured 2.8 cm, 2.7 cm and 1.5
cm each, in maximum dimension. The largest was 60%
necrotic as a result of RFA treatment. Each tumor was
moderately or well differentiated and demonstrated no
angiolymphatic invasion.
Following transplantation, steroid doses were tapered
to 15 mg/d by postoperative day seven. Azathioprine was
discontinued on postoperative day seven and maintenance
immunosuppression with tacrolimus was begun. His first
allograft biopsy three weeks after transplant revealed only
mild ischemia-reperfusion changes and no evidence of
rejection or recurrent HCV infection. The tacrolimus
dose was adjusted to achieve a trough of 10-15 µ g/L
for the first three months after transplant. After three
months, transaminases were elevated and a liver biopsy
done at this time revealed recurrent HCV with grade 1
(0-4) inflammation and steatosis without fibrosis (stage
0, 0-4). Prednisone dose was tapered and subsequently
discontinued. Tacrolimus doses were further decreased
to achieve a target trough level of 6-10 µg/L. A one-year
liver biopsy, however, demonstrated progression to fibrosis
(stage 2, 0-4). Transaminases remained mildly elevated and
new hyperbilirubinemia (total bilirubin 29.1 µmol/L) was
also noted. Quantitative HCV RNA testing revealed highlevel viremia with viral tiers of 5.8 GU/L. HCV treatment
with pegylated interferon and ribavirin was begun. After a
15 wk course of interferon-based anti-viral therapy, he had
www.wjgnet.com
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Figure 1 Pre-treatment magnetic resonance imaging of the liver demonstrating
multifocal recurrent tumor within liver allograft (A) and paired post-treatment image
showing central necrosis of lesions after treatment with yttrium-90 microspheres (B).

only a transient decrease in transaminases and bilirubin
with persistently high HCV RNA levels. HCV treatment
was discontinued.
HCC sur veillance with serial imaging and AFP
levels remained negative for the first 18 mo following
transplantation. An elevated AFP level of 16 µ g/L
was noted at 22 mo post transplant. A CT scan of the
liver revealed a 3 cm nodule in segment VI not seen
on the imaging five months earlier. Recurrent HCC
was confirmed by needle biopsy, bone scan and chest
CT were negative for distant metastatic disease. The
patient was offered a segmental resection of the tumor
and underwent laparotomy. No extra-hepatic tumor
was identified. Intraoperative ultrasound revealed two
additional 1 cm lesions in segments Ⅲ and Ⅳ. These and
the initial segment Ⅵ lesion were segmentally resected.
The patient’s post-operative course was uncomplicated.
Post-operative AFP level decreased to 7 µg/L. One month
after surgery, maintenance immunotherapy was switched
from tacrolimus monotherapy to sirolimus monotherapy
with target trough levels of 5-8 µ g/L and adjuvant
chemotherapy with systemic doxorubicin (200 mg/m 2
over 20 wk) was begun. Chemotherapy was complicated
by the development of diabetes mellitus and anemia. AFP
level increased to 820 µg/L despite chemotherapy. A CT
scan done 3 mo into his course of doxorubicin showed
vague hyper-enhancement in segment Ⅷ and magnetic
resonance imaging (MRI) scan of the liver obtained at the
completion of treatment revealed uniformly enhancing,
multifocal nodules consistent with HCC in the remaining
liver allograft with the largest nodule measuring 3.8 cm
(Figure 1A).
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Figure 2 Pre-treatment screening by injection of macroaggregated albumin to
determine shunt fraction to lungs.

After presentation at a multidisciplinary tumor board it
was decided to proceed with a trial of hepatic intra-arterial
radiotherapy with yttrium-90 microspheres (SIR-Spheres).
Pre-procedure evaluation with hepatic arteriography
was notable for the absence of collateral vessels to the
allograft, given that the liver was supplied by the donor
vessels and the native gastroduodenal artery was ligated at
the time of transplantation. Injection of macroaggregated
albumin to determine the degree of hepato-pulmonary
shunting revealed a radioactive shunt fraction of 7.3%
(Figure 2). CT volumetry of the affected liver allowed
calculation of a targeted tumor volume of 120.6 cm3. He
underwent yttrium-90 intra-hepatic arterial injection 32 mo
after liver transplantation. The patient received a dose of 1.5
GBq of isotope. The procedure was uncomplicated and
he was discharged to home six hours after the procedure
was completed. The patient experienced only minimal
symptoms related to the treatment, including mild right
upper quadrant abdominal pain and intermittent nausea.
Follow-up MRI of the liver was done two months posttreatment. Pre- and post treatment MRI images (Figure 1A
and B) demonstrated loss of uniform arterial enhancement
and development of peripheral enhancement consistent
with tumor necrosis and treatment response. The number
of lesions remained stable. Post-procedure AFP levels
decreased to 20 µg/L at 2 mo following the procedure.
Liver function, both clinical and biochemical, was
unaffected by the treatment.

DISCUSSION
Following liver transplantation, recurrence of HCC
that is isolated to the liver occurs with a frequency of
around 3%-5% with the current liver transplant candidate
selection criteria[2-4]. Most recurrences occur within the first
two years of transplantation and the two-year mortality
after recurrence is high, approaching 75%[4]. Recurrent
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HCC may be heralded by impairment in graft function
and elevation of AFP levels. Treatment measures usually
include reduction of immunosuppression and local tumor
therapy. Hepatic recurrence is multifocal in 60% of cases
and tumor grade is T3 or greater in up to 90% of cases[3].
As a result, impaired hepatic function along with multifocal
disease often limits the potential for surgical resection.
Local ablative techniques such as RFA, cryoablation
or percutaneous ethanol ablation require repeated
administrations and also have limited efficacy when there
is extensive or diffuse tumor burden. TACE has evolved
as a useful tool for treatment of HCC recurrence because
it can be utilized for treatment of bilateral, multifocal
lesions with efficacy and limited repeated administration[6].
However, treatment requires infusion of chemotherapy
and embolization of the selected hepatic artery. Systemic
and local toxicity as a result of chemotherapy and hepatic
ischemia is not rare[6].
This is the first known report of hepatic intra-arterial
brachytherapy with yttrium 90 microsphere (SIR-Spheres)
for the treatment of HCC in a liver transplant recipient.
Intrahepatic yttrium 90 microsphere (SIR-Spheres)
has been used for the treatment of unresectable HCC
and metastatic hepatic tumors [7,8]. Yttrium-90 isotopes
incorporated into a resin sphere slightly larger than the
size of the capillary in the liver arterial system are delivered
intra-arterially. Yttrium 90 emits beta-radiation and the
permanently implanted spheres deliver a therapeutic
dose radiation with an effective mean range of about 2.5
mm. The half-life of the isotope is 64 h with 95% of the
dose given in the first 11 d. Higher doses of radiation are
able to be delivered selectively than with external beam
radiation therapy (EBRT). In addition, large segments of
liver are not rendered ischemic because embolization is not
a feature of the therapy. Therefore, there is less toxicity to
functioning parenchyma than seen with EBRT or TACE.
Therapy is typically administered in one cycle, with
a range of one-to-three cycles. Suitable candidates for
treatment include patients with unilobar or bilobar disease
and preserved liver function with bilirubin < 34.2 µmol/L[7].
Contrast enhanced CT imaging of the liver serves to
determine tumor volume and allow calculation of radiation
dose requirement. In order to minimize treatment-related
toxicity, hepatic arteriography is necessary to determine
arterial anatomy and administer 99 mTc-macro-aggregated
albumin to calculate the shunt fraction delivered to the
lungs. In most patients, arteries that arise from the hepatic
arteries and supply the stomach or intestines must be
embolized to prevent radiation necrosis. If the hepatic
arterial supply cannot be isolated, then the patient is
generally considered not to be a candidate for therapy.
Because of the isolated arterial supply of the liver allograft
in our patient, this was not an issue. Pulmonary shunt
fraction greater than 15% on 99 mTc-macro-aggregated
albumin scan predisposes to radiation pneumonitis and
precludes safe treatment with yttrium 90.
The median radiation dose for a treatment is 134
Gy which is delivered in a range of 50-150 Gy [7]. The
dose of yttrium 90 equates to 5-10 GBq or 2-4 million
microspheres. Treatment is typically provided on an
outpatient basis and does not require patient isolation
www.wjgnet.com
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because yttrium 90 is a beta emitter. Local response to
treatment is demonstrated by decrease in size and tumor
vascularity. Thirty-eight percent of patients experience
partial response demonstrated by a decrease in tumor
size[7]. In 65% of patients, response is demonstrated by
substantial decrease in tumor vascularity[7]. Monitoring
of tumor markers such as AFP may also be of benefit
in determining response to therapy[8]. Impact on survival
varies according to the severity of underlying hepatic
disease but the median survival time after yttrium 90
microsphere (Theraspheres, MDS Nordion, Ottowa,
Canada) treatment was 23 mo in one study of 65 patients
with unresectable HCC[7]. This represents an increase in
survival of 2.6-4.7 times that of historic control. One
multicenter review of treated patients reported that death
resulting from therapy-induced liver failure is responsible
for half of the treatment-related deaths and occurs in 5%
of all patients[9]. All of these liver failure deaths attributed
to the yttrium 90 therapy are occurred in patients felt
to be at high risk for the procedure. When compared
to TACE, quality of life measures is higher at 12 mo[10].
Toxicities of yttrium-90 include worsening ascites, lower
extremity edema, nausea, vomiting, fever, abdominal pain,
hyperbilirubinemia and lymphopenia [7,8]. Mild adverse
effects include nausea, vomiting fatigue, abdominal
pain, fever[7,8]. Serious adverse effects include tumor lysis
syndrome, transient elevations in liver enzymes, gastritis,
gastric or duodenal perforation, cholecystitis, and radiation
induced pneumonitis[7,8].
A recent multicenter review of low risk patients treated
with yttrium 90 microspheres reported that liver toxicities
including elevation of bilirubin and serum transaminase
levels and ascites occur after treatment in 42% of patients,
fifty percent of these adverse events are thought to be
related to treatment, and toxicities are resolved in 78%
of patients on short term follow-up [11]. Development
of toxicity is associated with pretreatment bilirubin >
17.2 µmol/L and radiation dose > 137 Gy. There are no
occurrences of radiation-induced liver disease or death
related to treatment[11]. Another multicenter review on the
use of intrahepatic yttrium 90 microspheres has reported
a three-month post-treatment mortality of 18%. Ten
percent of deaths are thought to be related to treatment
and occur in association with at least one or more of the
following risk factors: presence of infiltrative tumor, tumor
bulk > 50%, albumin < 30 g/L, bilirubin ≥ 34.2 µmol/L,
AST or ALT > five times the upper limit of normal, and a
lung radiation dose of > 30 Gy[9]. The results of these and
other reports suggest that treatment in carefully selected
patients is safe and efficacious.
Hepatic intra-arterial yttrium-90 microsphere treatment
was safely and effectively used in this patient with
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recurrent multifocal HCC after liver transplantation.
Clearly, further prospective investigation is needed to
determine whether this therapy can be applied with similar
safety and efficacy to other patients with recurrent HCC
after liver transplantation. The availability of this treatment
modality in the post-transplant setting may help to prolong
patient and graft survival in those recipients unfortunate
enough to develop recurrent HCC who are not amenable
to other treatment options.
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Abstract
A 41-year old alchoholic male with a history of chronic
p a n c r e a t i t i s w a s admit t e d f or naus e a, vomit ing
and weight loss. Angiogram was performed and
demonstrated an aneurysmal sac with a narrow
neck originating from the inferior aspect of the distal
portion of the proper hepatic artery. The origin of the
pseudoaneurysm was covered with a 5 mm × 2.5
cm Viabahn cover stent (Gore). A repeat angiogram
showed some leak and a second stent (6 mm × 2.3 cm)
was deployed and overlapped with the first stent by
3 mm. Contrast was injected and a repeat angiogram
demonstrated complete exclusion of the aneurysm. A
repeat computerized axial tomography (CAT) scan of the
abdomen after 24 h showed successful stenting. The
patient had an uneventful post-operative course.
© 2006 The WJG Press. All rights reserved.

CASE REPORT
A 41-year old male with a history of chronic alchohol
consumption and chronic recurrent pancreatitis presented
to the emergency department with abdominal pain, nausea
and weight loss. Physical examination revealed remarkable
ascites. No bruit was present. Serum upper gastrointestinal
(GI) endoscopy revealed grade 1 esophageal varices.
Abdominal ultrasonog raphy (USG) demonstrated
dilated pancreatic ducts. Abdominal MRI/MRA showed
a lesion in the porta hepatis measuring 5 cm × 5 cm.
Contrast-enhanced CAT scan of the abdomen showed
a 6 cm × 6 cm pseudoaneurysm of the proper hepatic
artery (Figure 1). Stenting of the pseudoaneurysm was
done. The technique could selectively catheterize the
proper hepatic artery by using a 5 French RC-1 catheter
(Angiodynamic-Queensbur y-NY). Angiog ram was
performed and demonstrated an aneurysmal sac with a
narrow neck originating from the inferior aspect of the
distal portion of the proper hepatic artery (Figure 2).
The origin of the pseudoaneurysm was covered with a
5 mm × 2.5 cm Viabahn cover stent (Gore). A repeat
angiogram showed some leak and a second stent (6 mm ×
2.3 cm) was deployed and overlapped with the first stent
by 3 mm. Contrast was injected and a repeat angiogram
demonstrated complete exclusion of the aneurysm (Figure 3).
A repeat computerized axial tomography (CAT) scan of
the abdomen after 24 h showed successful stenting (Figure
4). The patient had an uneventful post-operative course.

Key words: Hepatic artery; Aneurysm; Stents
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INTRODUCTION
Hepatic artery pseudoaneurysm (HAP) is a serious
complication of acute or chronic surgical injury to the
hepatic artery. It is also seen following blunt and penetrating
abdominal injury as well as in patients with chronic
pancreatitis and after orthotopic liver transplantation[1].
Transcatheter embolization has been considered the
treatment of choice but we report a case of HAP
successfully treated by stenting of the pseudoaneurysm.

DISCUSSION
Hepatic artery pseudoaneurysms are rare. However,
rupture is common and occurs in 76% of patients. The
mortality of patients requiring operative intervention is
75%[1]. Psudoaneurysm formation in pancreatitis is thought
to occur because of autodigestion of pancreatic enzymes,
especially elastase, liberated due to pancreatitis. Although
angiography remains the gold standard for detection of
pancreatitis, USG and CAT scan are often diagnostic
and may provide an early mechanism for identifying
patients with pseudoaneurysms occurring consequently
to pancreatitis [2]. Otherwise diagnosis is usually made
late in the course of disease when severe or even fatal
hemorrhage has occurred.Transcatheter embolization is
the standard of care.
Literature search revealed one case report of a
60-year old female with HAP as a complication of
surgical treatment of Klatskin tumor treated with a
www.wjgnet.com
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Figure 3 Repeat angiogram demonstrating complete exclusion of the aneurysm.

←

Figure 1 Contrast-enhanced CAT of the abdomen showing a 6 cm × 6 cm
pseudoaneurysm of the proper hepatic artery.

←
Figure 2 Angiogram showing an aneurysmal sac with a narrow neck originating
from the inferior aspect of the distal portion of the proper hepatic artery.

Figure 4 A repeat CAT scan of the abdomen after 24 h showing successful
stenting.

coronary stent-graft via transfemoral approach[3]. Two
other cases have been reported, one being stenting
of HAP secondary to liver transplantation following
unsuccessful coil embolization [4] and the other being
stenting of HAP secondary to therapeutic management
of a choledochol cholangiocarcenoma, following failed
arterial embolization [5]. In our case HAP developed as
a complication of chronic alchoholic pancreatitis with
symptoms of abdominal pain. Early diagnosis with CAT
scan followed by stenting resulted in complete occlusion
of the pseudoaneurysm.
The long-ter m data regarding the use of this or
other stent-grafts in the visceral vessels are extremely
limited, and consequently we cannot recommend stentgrafts as the primar y treatment option for visceral
artery pseudoaneurysms. However, we expect that, with
continued follow-up of cases such as these, further
refinements in stent-graft design, greater availability, and
increased operator experience, these devices will become
an increasingly valuable therapeutic option. Early diagnosis
and intervention with stenting, which is a reasonable

alternative to embolization, can result in excellent longterm outcome.
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Abstract
Hepatobiliary cystadenomas (HBC) and cystadenocarcinomas are rare cystic lesions. Most patients with these
lesions are asymptomatic, but presentation with obstructive jaundice may occur. The first patient presented
with intermittent colicky pain and recurrent obstructive
jaundice. Imaging studies revealed a polypoid lesion in
the left hepatic duct. The second patient had recurrent
jaundice and cholangitis. Endoscopic retrograde cholangiopancreatography (ERCP) showed a cystic lesion at the
confluence of the hepatic duct. In the third patient with
intermittent jaundice and cholangitis, cholangioscopy revealed a papillomatous structure protruding into the left
bile duct system. In the fourth patient with obstructive
jaundice, CT-scan showed slight dilatation of the intrahepatic bile ducts and dilatation of the common bile duct of
3 cm. ERCP showed filling of a cystic lesion. All patients
underwent partial liver resection, revealing HBC in the
specimen. In the fifth patient presenting with obstructive
jaundice, ultrasound examination showed a hyperechogenic cystic lesion centrally in the liver. The resection
specimen revealed a hepatobiliary cystadenocarcinoma.
HBC and cystadenocarcinoma may give rise to obstructive jaundice. Evaluation with cross-sectional imaging
techniques is useful. ERCP is a useful tool to differentiate
extraductal from intraductal obstruction.
© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatobiliary cystadenomas (HBC) are rare neoplasms of
the liver or extrahepatic bile ducts, accounting for less than
5% of all the cystdenomas found in the liver. These lesions
are mainly seen in middle-aged females[1,2] and can show
malignant degeneration to hepatobiliary cystadenocarcinoma. Most of these patients are asymptomatic, because
these lesions usually are incidental findings on abdominal
diagnostic imaging for evaluation of other complaints. If
there are presenting symptoms, these are right upper quadrant pain or discomfort. Obstructive jaundice only rarely
occurs as a presenting symptom[3]. We describe here the diagnostic evaluation, surgical management and pathological
characteristics of four patients with HBC and one patient
with hepatobiliary cystadenocarcinoma who presented
with obstructive jaundice.

CASE REPORT
Case 1
A 50-year old woman underwent laparoscopic cholecystectomy because of symptomatic cholecystolithiasis 3 years
prior to presentation. She was admitted for intermittent
colicky pain and recurrent biliary obstruction. Physical examination showed no abnormalities. Routine liver function
tests revealed elevated plasma levels of alkaline phospatase
(AP) of 118 U/L (normal range, 40-120 U/L) and gamma-glutamyltransferase (GGT) of 260 U/L (normal, < 40
U/L). Serum bilirubin level was normal. Endoscopic retrograde cholangiopancreatography (ERCP) demonstrated
a polypoid lesion inside the left hepatic duct. Helical computed tomography (CT) of the liver revealed a cystic lesion
measuring 10 cm in diameter located in the left lobe of the
liver with protrusion into the left hepatic duct. Calcifications were present in the wall of the lesion and septations
were visible inside the cyst (Figure 1A). ERCP showed the
image of an extrinsic mass proximal to the polypoid lesion, creating a compression on the intrahepatic ducts of
the left biliary system (Figure 1B). These findings suggested that the episodes of colicky pain and cholestasis were
caused by a cystic lesion with a polypoid protrusion into
the left bile duct, giving rise to intermittent obstruction.
Distinction between hepatobiliary cystadenoma and cystadenocarcinoma could not be made on the basis of imaging
studies. The patient underwent left hemihepatectomy and
www.wjgnet.com
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Figure 1 Abdominal CT-scan showing a large cystic mass in the left liver lobe
with internal septations and calcifications in the cyst wall (A) and ERCP showing a
polypoid lesion in the left hepatic duct (arrow) in case 1 (B).

Case 2
A 46-year old woman underwent cholecystectomy with
common bile duct exploration because of gallstones 6
years prior to presentation. During cholecystectomy, fenestration of a presumed simple intraluminal cyst at the confluence of the hepatic duct was performed. Microscopic
examination of the cyst wall showed biliary epithelium
without mesenchymal stroma. She had recurrent jaundice
and cholangitis. Initial investigations revealed elevated levels of serum bilirubin level of 79 µmol/L (normal, < 17
µmol/L), AP of 311 U/L (normal range, 40-120 U/L),
GGT of 448 U/L (normal, < 40 U/L), AST of 96 U/L
and ALT of 142 U/L (normal, < 45 U/L). ERCP showed
filling of a cystic lesion at the confluence of the hepatic
duct. Brush cytology revealed no malignancy. A plastic
stent was placed for decompression of the biliary system.
Abdominal ultrasonography (US) and CT-scan revealed
multiple cystic lesions involving segment 4 of the liver
with dilatation of the left central and peripheral intrahepatic
bile ducts and the right central intrahepatic bile ducts. At
laparotomy, multiple cysts in segment 4 of the liver were
found with a dominant cystic lesion of 2.5 cm located in
the area of hepatic hilum. Hilar resection in combination
with left hemihepatectomy was performed. Microscopically, the cyst wall was composed of cylindrical epithelium.
The features of the subepithelial stroma were typical for
the diagnosis hepatobiliary mucinous cystadenoma. The
complaints resolved after operation. The patient was still
alive 103 mo after operation.
Case 3
A 40-year old woman underwent laparoscopic cholecystectomy for symptomatic cholecystolithiasis 4 mo ago. She
had intermittent complaints of jaundice and cholangitis.
Liver function tests showed slightly elevated AP levels of
103 U/L and GGT level of 44 U/L. The serum bilirubin
and alanine transaminase levels were normal. ERCP revealed a filling defect in the left hepatic duct (Figure 2A).
www.wjgnet.com
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the histopathological diagnosis of hepatobiliary mucinous
cystadenoma was made. The postoperative course was
uneventful and the complaints resolved after operation.
The patient died 56 mo after operation because of other
reasons not related to the initial disease.
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Figure 2 ERCP showing a filling defect due to an intraluminal lesion (arrow)
in the left hepatic duct (A), CT-scan showing a cystic lesion with internal
septations measuring 3.6 cm located in segment 4 (arrow) (B), specimen after
left hemihepatectomy showing macroscopic features of a large lesion (arrow)
inside the left bile duct filling up the entire lumen (C), macroscopical cut sections
of a multicystic lesion (arrows) encapsulated by a thick fibrous capsule arising
from the left hepatic duct (D), microscopical features showing columnar mucinous
epithelium with underlying dense-cellular stroma resembling ovarian stroma (arrow)
(HE X 200) (E) in case 3.

A stent was placed for decompression of the biliary system. The second ERCP at our hospital suggested that
the filling defect was caused by an intraductal tissue mass.
Subsequent cholangioscopy showed a papillomatous structure protruding into the left bile duct system from the bile
duct wall. CT scan showed a cystic lesion with septations
located in segment 4 of the liver. It was unclear if there
was a connection between the lesion and the left hepatic
duct. The lesion was 3.6 cm in diameter (Figure 2B). The
patient underwent a left hemihepatectomy. Macroscopically, a tumour with smooth surface was seen protruding
inside the bile duct and filling up the entire lumen (Figure 2C).
Cut sections revealed a multicystic lesion encapsulated by
a thick fibrous capsule arising from the left hepatic duct
(Figure 2D). The cystic lesion was surrounded by stroma
containing spindle-shaped cells, resembling ovarian stroma
(Figure 2E). The diagnosis of hepatobiliary mucinous cystadenoma was made. No signs of malignancy were seen.
The patient remained alive 19 mo after operation.
Case 4
A 43-year old woman with an unremarkable previous medical history presented with progressive obstructive jaundice
three weeks ago. Abdominal US showed dilatation of in-
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Figure 3 Abdominal coronal CT-scan showing dilated intrahepatic bile ducts and
common bile duct (arrow) (A), ERCP showing filling of a cystic lesion (arrow)
connected to the common bile duct, initially diagnosed as a duplicate gallbladder
or choledochal cyst (B) in case 4.

tra- and extra-hepatic bile ducts and a collapsed gallbladder
without a clear cause. ERCP showed a normal pancreatic
duct but the common bile duct could not be visualized. CT
showed slight dilatation of the intrahepatic bile ducts and
dilatation of part of the common bile duct with a diameter
of 3 cm (Figure 3A). Subsequent MRCP showed the same
images as obtained with CT. ERCP showed filling of a
cystic lesion connected to the common bile duct (Figure 3B).
A diagnosis of a duplicate gallbladder or choledochal cyst
at the level of the common hepatic duct was considered.
A cystic lesion was detected during laparotomy and a decision was made to resect the common bile duct and the
gallbladder. Continuity of the bile duct was restored using
a hepaticojejunostomy. Histopathological examination of
the resection specimen revealed a multilocular hepatobiliary cystadenoma with necrotizing inflammation. The patient was still alive 46 mo after operation.
Case 5
A 39-year old woman presented with obstructive jaundice,
nausea and weight loss which began three months before
presentation. Liver function tests showed elevated bilirubin
levels of 128 µmol/L, AP of 1053 U/L, GGT of 500
U/L, AST of 172 U/L and ALT of 142 U/L. The alphafetoprotein level was normal. Because of failure of ERCP,
percutaneous transhepatic drainage (PTD) was preformed
for biliary decompression via the right intrahepatic bile
ducts (Figure 4A). Complete obstruction at the level of the
proximal bile duct was seen. US showed a well defined hyperechogenic cystic lesion of 4.4 cm, centrally in the liver.
A solid calicification of 1 cm was situated inside the lesion.
CT showed a cystic lesion with irregularly thickened wall,
in conjunction with dilatated intrahepatic bile ducts (Figure 4B).
Preoperative differential diagnosis of hepatobiliary cystadenoma, cystadenocarcinoma or choledochal cyst was made.
The patient underwent hilar resection combined with extended right hemihepatectomy and biliary reconstruction
using a hepaticojejunostomy. The diagnosis of hepatobiliary cystadenocarcinoma was made microscopically. The
lesion was completely resected with microscopically free
margins. The patient was still alive 59 mo after operation.
Follow-up imaging showed no signs of local or distant tumor recurrence.

DISCUSSION
HBC are rare cystic neoplasms that may occur in the liver

P

Figure 4 Percutaneous transhepatic drainage (PTD) showing complete
obstruction at level of the proximal bile duct (A), abdominal CT showing a cystic
lesion with irregularly thickened wall in conjunction with dilatated intrahepatic bile
ducts (arrow) (B) in case 5.

or in the extrahepatic biliary system. It is estimated that
these cystic liver neoplasms comprise 5% of all cystic liver
lesions[1]. Only a minority of patients with HBC develop
symptoms, the most commonly reported symptoms are
right abdominal pain, abdominal swelling, anorexia or nausea. Rarely, patients present with colicky pain or jaundice
caused by obstruction of the biliary system. The differential diagnosis of HBC without symptoms includes simple
cysts, choledochal cysts, hepatobiliary cystadenocarcinoma,
hydatid cysts, abscess or haematoma. Obstructive jaundice
is usually a presenting symptom of choledocholithiasis or
malignant cholangiocarcinoma.
In the past 14 years, 13 patients have been diagnosed
with HBC or cystadenocarcinoma in our institution.
Five of these patients (38.5%) presented with biliary
obstruction, which is usually caused by external biliary
compression or by internal obstruction due to a mass
inside the bile duct. Mucus hypersecretion in case of
HBC or cystadenocarcinoma communicating with the
bile ducts may also give rise to obstruction symptoms[4].
Three patients in this series presented with intermittent
obstruction jaundice and two patients had continuous
jaundice. In contrast, continuous biliary obstruction
usually is the presenting symptom of patients with hilar
cholangiocarcinoma.
Typically elevated cholestatic parameters in the blood
are secondary to obstruction or compression of the biliary
system. Some authors have suggested that serum CA-19-9
levels can be used for diagnosis or as a parameter of tumor
activity during follow-up after resection[5,6]. CA-19-9, a
serum marker normally synthesized by normal pancreatic
and biliary ductal epithelium, is elevated both in benign
biliary lesions and in malignant pancreatic carcinomas[7].
These serum markers, however, may be elevated in the
presence of cholestasis and are therefore less reliable in
the diagnosis of bile duct lesions. On imaging studies,
distinction between HBC and simple cysts can be made
by the presence of septations and irregularly thickened
cyst walls with or without calcifications [8] . The most
accurate imaging methods for detecting cystadenomas are
abdominal ultrasound and CT-scan[9].
ERCP is useful, apart from establishing the diagnosis, in
stenting the bile duct and decompressing the biliary system
as was done in our patients. It can also help to differentiate
between extraductal and intraductal obstr uctions.
www.wjgnet.com
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However, it still remains difficult to differentiate between
cystadenoma and cystadenocarcinoma by imaging
methods[10]. In patients with cystic lesion at the hepatic
hilum, diagnosis of choledochal cyst should be considered
as well[11,12]. Liver hydatid disease, caused by Echinococcus
granulosis, is usually asymptomatic and should also be
considered as rupture of a hydatid cyst into the biliary
tract, a well know complication, which also may give rise
to colicky pain, cholangitis and obstructive jaundice. In
these patients, ERCP is useful in detecting communication
between the cystic lesion and the biliary system[13].
The use of percutaneous biopsy for preoperative
diagnosis has no additional value considering the fact
that it rarely produces a definitive diagnosis. There is also
the additional risk of peritoneal dissemination in case of
malignancy. Histopathological examination is required for
definitive diagnosis. Microscopically, the linings of HBC
are composed of a biliary type, mucus-secreting cuboidal
or columnar epithelium. The underlying stroma shows
presence of ovarian stroma in 85%-90% of HBC [14] .
Distinction with simple liver cysts is made among other
features, on the basis of the presence of subepithelial
ovarian stroma in HBC. Simple liver cysts are composed
of an outer layer of fibrous tissue and an inner lining of
single columnar or cuboidal epithelium.
In the past, different treatment strategies such as partial
resection, percutaneous aspiration or application of
sclerosant agents inside the lesions have been applied to
HBC. Patients treated with these techniques have shown
high recurrence rates when compared to those who have
undergone radical partial liver resection[15]. Another reason
for resection is the possibility of malignant degeneration,
although the precise risk remains unknown. In our
series, cystadenocarcinoma was only seen in 2 of the 13
patients (15.4%) with HBC, which is comparable with
the incidence in literature ranging from 5% to 25%[3,16].
The mean age of patients with cystadenocarcinomas has
been reported to be approximately 17 years which is older
than that of those without malignant degeneration [14].
The risk of malignant degeneration is also supported by
the presence of benign epithelium in the wall of most
cystadenocarcinomas[1]. Therefore, the treatment of choice
should be radical surgical resection. The 5-year survival
rate for cystadenocarcinomas after surgical resection
ranges from 25% to 100%[17,18]. We observed no recurrence
of cystadenocarcinomas during a mean follow-up of 56
mo (range 19-103 mo) by abdominal ultrasound or CT.
In conclusion, he patobiliar y cystadenoma or
cystadenocarcinoma should be considered in patients with
obstructive jaundice in the presence of a cystic liver lesion.
ERCP and cross-sectional imaging techniques have a great
value for establishing the diagnosis.
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Abstract
Benign multicystic peritoneal mesothelioma (BMPM)
is a rare tumor that occurs mainly in women in their
reproductive age. The pathogenesis of BMPM is unclear
and a controversy regarding its neoplastic and reactive
nature exists.
The biological behavior of BMPM is characterized by
its slowly progressive process and high rate of recurrence
after surgical resection. In addition this lesion does not
present a strong tendency to transform into malignancy.
Today approximately 130 cases have been reported.
We here report a 62-year-old woman who had
diffuse abdominal pain, nausea and vomiting. Physical
examination revealed a painful mass in her upper
abdomen. She reported a mild dehydration, but the vital
signs were normal. Peristaltic rushes, gurgles and highpitched tinkles were audible. Upright plain abdominal
film revealed small bowel loops with air-fluid levels.
She was diagnosed having an incarcerated incisional
hernia that resulted in intestinal obstruction. The patient
underwent surgery during which a cystic mass of the
right ovary measuring 6 cm x 5 cm x 4 cm, four small
cysts of the small bowel (1 cm in diameter) and a cyst
at the retroperitoneum measuring 11 cm x 10 cm x 3 cm
were found. Complete resection of the lesion was
performed. The patient had an uneventful recovery and
had no recurrence two years after surgery.
© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Benign multicystic peritoneal mesothelioma (BMPM),
also known as multilocular peritoneal inclusion cysts, is an
uncommon lesion arising from the peritoneal mesothelium
that covers the serous cavity. This lesion occurs most
frequently in women during their reproductive years[1-3]
and is associated with a history of previous abdominal
surger y [4] , endometriosis [5,6] or pelvic inflammator y
disease[4]. However, there are reports concerning men[7-9] or
children[10-11], as well as rare extra-abdominal cases[12-14]. To
date, approximately 130 cases have been reported[1,6,8,15-18].
While the origin of the disease is known, the pathogenesis
and pathological differential diagnosis remain unclear and
controversial. We here report a case of BMPM admitted to
our department with a review of the literature.

CASE REPORT
A 62-year-old woman was refer red to the Surgical
Outpatient Department due to diffuse abdominal pain,
nausea and vomiting for 24 h. On physical examination a
painful mass in the upper part of a median subumbilical
incision was palpated. She re por ted a histor y of
hysterectomy five years earlier. A mild dehydration was
noted, but the vital signs were normal. Peristaltic rushes,
gurgles and high-pitched tinkles were audible. An upright
plain abdominal film revealed small bowel loops with airfluid levels. She was diagnosed having an incarcerated
incisional hernia that resulted in intestinal obstruction.
The patient underwent an emergency surgery during
which a cystic mass of the right ovary measuring 6 cm ×
5 cm × 4 cm, four small cysts of the small bowel (1 cm
in diameter) and a cyst at the retroperitoneum measuring
11 cm × 10 cm × 3 cm were revealed. Complete resection
of the lesion was performed. The pathology report was
benign multicystic mesothelioma of the ovary, bowel and
peritoneum (Figure 1). The patient had an uneventful
recovery and was closely followed-up by US and CT. She
remained free of symptoms and had no recurrence two
years after surgery.

www.wjgnet.com

5740

ISSN 1007-9327

CN 14-1219/R

A

B

C

D

World J Gastroenterol

Figure 1 Histological and immunohistochemical findings in benign multicystic
mesothelioma (A-C) and in ovary adenomatoid tumor (D) within collagenous
stroma (A: HE x 20; B: HE x 400; C: AE1/AE3 x 100; D: HE x 400).

DISCUSSION
BMPM was first described in 1979 by Menemeyer and
Smith[19]. Since then approximately 130 cases have been
reported [20] and the information regarding BMPM is
derived from a small number of patients from one
institution or from isolated case reports. There are larger
series reported from pathologist consultation files with
patients from different institutions with incomplete clinical
information and lack of long-time follow-up data [1,17].
Therefore, this disease is classified as an exceedingly rare
medical entity, which challenges its origin, pathogenesis,
diagnosis and therapy.
Origin
BMPM, a localized tumor arising from the epithelial and
mesenchymal elements of the mesothelial cells, does not
metastasize. It has a strong predilection for the surface
of the pelvic viscera. When the tumor is found in the
peritoneal cavity, lesions are found intimately attached to
serosal surfaces of the intestine and omentum or in the
retroperitoneal space, spleen and liver[21].
Pathogenesis
The pathogenesis of BMPM is a controversial entity. Some
authors believe that the lesion is neoplastic, while others
favor a reactive process[1,15-17,22]. The close relationship with
inflammation, a history of prior surgery, endometriosis
or uterine leiomyoma suggests that BMPM is probably a
peculiar peritoneal reaction to chronic irritation stimuli,
with mesothelial cell entrapment, reactive proliferation and
cystic formation. Microscopic examination of the lesion
reveals an inflammatory component in many cases. The
close association of BMPM with familial Mediterranean
fever characterized by periodic fever and peritonitis
reinforces this assumption[23].
Other authors have proposed a neoplastic origin based
on a slow but progressive growth of the untreated lesions,
a marked tendency to recur after surgical resection, a low
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incidence of previous abdominal infection and a high
disease-related mortality[1,15]. Malignant transformation
of BMPM, an unusual occurrence, indicating a neoplastic
nature underscoring the necessity of long-term follow-up
has also been reported[20].
BMPM is rarely associated with adenomatoid tumor,
another benign mesothelial lesion with its neoplastic and
hyperplastic pathogenesis still argued [24]. Tumors with
mixed histological features of multicystic mesothelioma
and adenomatoid tumor have also been reported [24,25].
These facts indicate that a histogenetic relationship has led
some authors to suggest that BMPM represents possibly
a borderline lesion between an adenomatoid tumor and a
malignant mesothelioma.
Pathological differential diagnosis
Pathological differential diagnosis includes a number of
benign and malignant lesions that present as cystic or
multicystic abdominal masses. Benign lesions include
cystic lymphangioma (cystic hygroma)[8,15], cystic forms
of endosalpingiosis[26,27], endometriosis[28], mullerian cysts
involving the retroperitoneum [29], cystic adenomatoid
tumors [30] and cystic mesonephric duct remnants [1] .
Malignant lesions include malignant mesothelioma[17] and
serous tumors involving the peritoneum[17]. Among the
benign lesions, the most important differential diagnosis
is BMPM from cystic lymphangioma and adenomatoid
tumor. Cystic lymphangioma is restricted to the
mesentery, omentum, mesocolon and retroperitoneum
but rarely reported in the ovary. On gross examination
the cystic component is often chylous and microscopic
examination reveals bounds of smooth muscle and
aggregates of lymphoid tissue. The cystic spaces are lined
by a single layer of flattened endothelial cells which are
immunoreactive to vascular markers (CD31, CD34, factor
VIII, and VEGFR3). Cystic adenomatoid tumors are easily
confused with BMPM on macroscopic and histological
examination. However, the cystic component is usually
accompanied with a recognizable solid component.
Occasionally short papillae lined by mesothelial cells are
seen. There are cases of tumors with mixed features of
both adenomatoid tumor and BMPM[24,25], indicating that
the two lesions are probably pathogenetically related.
Cystic forms of endosalpingiosis differ from BMPM
by the presence of a tubal type epithelium that may
include peg cells, ciliated cells and/or secretory type cells.
Blunt papilae and psammoma bodies may also present.
The so-called “florid cystic endosalpingiosis” with
multicystic involvement of either uterine or extrauterine
sites appears to represent the extreme examples of this
process[26,27]. Endometroid cysts typically containing dark
chocolate-brown materials are composed histologically of
endometrial stroma lined by endometrial-type epithelium.
Commonly there is evidence of old or recent hemorrhage.
Mullerian cyst is another benign condition that may be
confused with BMPM. Nevertheless, as its name implies,
it is composed of mullerian-type serous or mucinous
epithelium containing smooth muscle fibers in the wall.
The malignant conditions that mimic BMPM can be easily
differentiated on the basis of malignant features including
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cellular atypia, increased mitotic count, abnormal mitoses
and destructive infiltration of the underlying stroma.
Diagnosis
In most cases, BMPM remains silent in abdominal cavity
and may invade several underlying organs, and more rarely
the retroperitoneum[31]. Sometimes BMPM is manifested
as acute abdomen. In the case described here the first
sign of the lesion was revealed only during surgery, which
was performed on an emergency basis. In fact, most
patients are diagnosed incidentally during examination
or laparotomies for other reasons. The available modern
imaging techniques, such as ultrasonography, computerized
tomog raphy and magnetic resonance imaging, can
demonstrate the lesion. However a differential diagnosis
is difficult to be made from other cystic neoplastic or
inflammatory lesions arising from these anatomical
areas[32-34]. From a clinical point of view, the differential
diagnosis of BMPM from cystic tumors of ovaries is most
important, since BMPM may be treated by local excision
with preservation of the ovaries. Preoperative fine-needle
aspiration biopsy of cystic lesions may help the differential
diagnosis[35-37]. The diagnosis can be confirmed by electron
microscopy and immunohistochemistry[38]. Benign cystic
neoplasm with which BMPM is most likely confused is
cystic lymphangioma, which occurs more commonly in
males and may develop in children as well[17], but rarely
recurs[8].
Therapy
Surgery is the only effective treatment for BMPM.
Complete removal of the cystic lesion if possible,
remains the mainstay of treatment and the only hope to
avoid local recurrence. Aggressive surgical approaches
including cytoreductive surgery with peritonectomy are
recommended [39] . However, some investigators who
support more conservative methods particularly claim that
treatment options and timing of surgery should be made
individually based on the benign morphologic pattern
of the lesion [40] . The laparoscopic approach has also
been attempted[41,42]. Recurrences occur more frequently
in women and can be shown by CT guided cystic
aspiration[43], and treated by hormonal therapy with antioestrogens[44] and gonadotrophin-releasing analogues[45],
hyperthermic intraperitoneal chemotherapy [46,47], and
sclerotherapy with tetracycline[48]. In any case the degree
of success following these procedures varies. Adjuvant
chemotherapy and radiotherapy are not indicated because
these tumors have a prevailing benign character.
In conclusion, BMPM is a rare benign cystic tumor.
Although its recurrence is high after surgical resection, it
does not present a tendency to transform into malignancy.
Two cases of malignant transformation[20,49] out of the
approximately reported 130 cases cannot establish the
incidence of this change, even if its neoplastic nature is
supported. Finally, a prolonged systematic follow-up of
these patients, perhaps for life, is required since the lesion
usually reappears and further resection or other therapy
may be indicated. Moreover, this strategy may lead the
investigators to have a definite aspect concerning the
biological behavior of the disease.

5741

REFERENCES
1
2
3
4

5
6

7
8
9

10
11
12
13
14
15
16
17
18

19

20
21
22

23

Weiss SW, Tavassoli FA. Multicystic mesothelioma. An
analysis of pathologic findings and biologic behavior in 37
cases. Am J Surg Pathol 1988; 12: 737-746
O'Neil JD, Ros PR, Storm BL, Buck JL, Wilkinson EJ. Cystic
mesothelioma of the peritoneum. Radiology 1989; 170: 333-337
Szöllósi A, Ferenc C, Pintér T, Erényi A, Nagy A. [Benign
cystic mesothelioma, a rare tumor of the peritoneum]. Magy
Seb 2005; 58: 35-37
Tangjitgamol S, Erlichman J, Northrup H, Malpica A,
Wang X, Lee E, Kavanagh JJ. Benign multicystic peritoneal
mesothelioma: cases reports in the family with diverticulosis
and literature review. Int J Gynecol Cancer 2005; 15: 1101-1107
Groisman GM, Kerner H. Multicystic mesothelioma with
endometriosis. Acta Obstet Gynecol Scand 1992; 71: 642-644
Urbańczyk K, Skotniczny K, Kuciński J, Friediger J.
Mesothelial inclusion cysts (so-called benign cystic
mesothelioma)--a clinicopathological analysis of six cases. Pol J
Pathol 2005; 56: 81-87
Moore JH Jr, Crum CP, Chandler JG, Feldman PS. Benign
cystic mesothelioma. Cancer 1980; 45: 2395-2399
Carpenter HA, Lancaster JR, Lee RA. Multilocular cysts of the
peritoneum. Mayo Clin Proc 1982; 57: 634-638
Sienkowski IK, Russell AJ, Dilly SA, Djazaeri B. Peritoneal
cystic mesothelioma: an electron microscopic and
immunohistochemical study of two male patients. J Clin Pathol
1986; 39: 440-445
Hanukoglu A, Gewurtz G, Zaidel L, Krispin M, Fried D.
Benign cystic mesothelioma of the peritoneum: the occurrence
of an adult entity in a child. Med Pediatr Oncol 1992; 20: 169-171
McCullagh M, Keen C, Dykes E. Cystic mesothelioma of the
peritoneum: a rare cause of 'ascites' in children. J Pediatr Surg
1994; 29: 1205-1207
Ball NJ, Urbanski SJ, Green FH, Kieser T. Pleural multicystic
mesothelial proliferation. The so-called multicystic
mesothelioma. Am J Surg Pathol 1990; 14: 375-378
Tobioka H, Manabe K, Matsuoka S, Sano F, Mori M.
Multicystic mesothelioma of the spermatic cord. Histopathology
1995; 27: 479-481
Lane TM, Wilde M, Schofield J, Trotter GA. Benign cystic
mesothelioma of the tunica vaginalis. BJU Int 1999; 84: 533-534
Katsube Y, Mukai K, Silverberg SG. Cystic mesothelioma
of the peritoneum: a report of five cases and review of the
literature. Cancer 1982; 50: 1615-1622
McFadden DE, Clement PB. Peritoneal inclusion cysts with
mural mesothelial proliferation. A clinicopathological analysis
of six cases. Am J Surg Pathol 1986; 10: 844-854
Ross MJ, Welch WR, Scully RE. Multilocular peritoneal
inclusion cysts (so-called cystic mesotheliomas). Cancer 1989;
64: 1336-1346
Sawh RN, Malpica A, Deavers MT, Liu J, Silva EG. Benign
cystic mesothelioma of the peritoneum: a clinicopathologic
study of 17 cases and immunohistochemical analysis of
estrogen and progesterone receptor status. Hum Pathol 2003;
34: 369-374
Mennemeyer R, Smith M. Multicystic, peritoneal
mesothelioma: a report with electron microscopy of a case
mimicking intra-abdominal cystic hygroma (lymphangioma).
Cancer 1979; 44: 692-698
González-Moreno S, Yan H, Alcorn KW, Sugarbaker PH.
Malignant transformation of "benign" cystic mesothelioma of
the peritoneum. J Surg Oncol 2002; 79: 243-251
Flemming P, Becker T, Klempnauer J, Högemann D, Kreft A,
Kreipe HH. Benign cystic mesothelioma of the liver. Am J Surg
Pathol 2002; 26: 1523-1527
Scucchi L, Mingazzini P, Di Stefano D, Falchi M, Camilli
A, Vecchione A. Two cases of "multicystic peritoneal
mesothelioma": description and critical review of the
literature. Anticancer Res 1994; 14: 715-720
Curgunlu A, Karter Y, Tüfekci IB, Tunckale A, Karahasanoglu
T. Benign cystic mesothelioma: a rare cause of ascites in a case
with familial Mediterranean fever. Clin Exp Rheumatol 2003; 21:
S41-S43
www.wjgnet.com

5742
24

25

26

27
28
29

30
31
32
33
34
35
36
37

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Chan JK, Fong MH. Composite multicystic mesothelioma and
adenomatoid tumour of the uterus: different morphological
manifestations of the same process? Histopathology 1996; 29:
375-377
Zámecník M, Gomolcák P. Composite multicystic
mesothelioma and adenomatoid tumor of the ovary:
additional observation suggesting common histogenesis of
both lesions. Cesk Patol 2000; 36: 160-162
Clement PB, Young RH. Florid cystic endosalpingiosis with
tumor-like manifestations: a report of four cases including
the first reported cases of transmural endosalpingiosis of the
uterus. Am J Surg Pathol 1999; 23: 166-175
Heatley MK, Russell P. Florid cystic endosalpingiosis of the
uterus. J Clin Pathol 2001; 54: 399-400
Bell DA, Scully RE. Benign and borderline serous lesions of
the peritoneum in women. Pathol Annu 1989; 24 Pt 2: 1-21
de Peralta MN, Delahoussaye PM, Tornos CS, Silva
EG. Benign retroperitoneal cysts of müllerian type: a
clinicopathologic study of three cases and review of the
literature. Int J Gynecol Pathol 1994; 13: 273-278
Bisset DL, Morris JA, Fox H. Giant cystic adenomatoid
tumour (mesothelioma) of the uterus. Histopathology 1988; 12:
555-558
Villaschi S, Autelitano F, Santeusanio G, Balistreri P. Cystic
mesothelioma of the peritoneum. A report of three cases. Am J
Clin Pathol 1990; 94: 758-761
Romero JA, Kim EE, Kudelka AP, Edwards CL, Kavanagh JJ.
MRI of recurrent cystic mesothelioma: differential diagnosis of
cystic pelvic masses. Gynecol Oncol 1994; 54: 377-380
Ozgen A, Akata D, Akhan O, Tez M, Gedikoglu G, Ozmen
MN. Giant benign cystic peritoneal mesothelioma: US, CT,
and MRI findings. Abdom Imaging 1998; 23: 502-504
Abdullahi H, Fawzi H. Gynaecological presentation of benign
multicystic mesothelioma. J Obstet Gynaecol 2003; 23: 576
Tao LC. Aspiration biopsy cytology of mesothelioma. Diagn
Cytopathol 1989; 5: 14-21
Bhandarkar DS, Smith VJ, Evans DA, Taylor TV. Benign cystic
peritoneal mesothelioma. J Clin Pathol 1993; 46: 867-868
van Ruth S, Bronkhorst MW, van Coevorden F, Zoetmulder

38
39
40

41
42
43
44
45
46

47

48
49

September 21, 2006 Volume 12

FA. Peritoneal benign cystic mesothelioma: a case report and
review of the literature. Eur J Surg Oncol 2002; 28: 192-195
Petrou G, Macindoe R, Deane S. Benign cystic mesothelioma
in a 60-year-old woman after cholecystectomy. ANZ J Surg
2001; 71: 615-618
Sethna K, Mohamed F, Marchettini P, Elias D, Sugarbaker PH.
Peritoneal cystic mesothelioma: a case series. Tumori 2003; 89:
31-35
Meister T, Birkfellner T, Poremba C, Becker JC, Menzel J,
Domschke W, Lerch MM. Papillary mesothelioma of the
peritoneum in the absence of asbestos exposure. Z Gastroenterol
2003; 41: 329-332
Ricci F, Borzellino G, Ghimenton C, Cordiano C. Benign cystic
mesothelioma in a male patient: surgical treatment by the
laparoscopic route. Surg Laparosc Endosc 1995; 5: 157-160
Vara-Thorbeck C, Toscano-Mendez R. Peritoneal cystic
mesothelioma. Surg Endosc 2002; 16: 220
Inman DS, Lambert AW, Wilkins DC. Multicystic peritoneal
inclusion cysts: the use of CT guided drainage for symptom
control. Ann R Coll Surg Engl 2000; 82: 196-197
Letterie GS, Yon JL. The antiestrogen tamoxifen in the
treatment of recurrent benign cystic mesothelioma. Gynecol
Oncol 1998; 70: 131-133
Letterie GS, Yon JL. Use of a long-acting GnRH agonist for
benign cystic mesothelioma. Obstet Gynecol 1995; 85: 901-903
Ma GY, Bartlett DL, Reed E, Figg WD, Lush RM, Lee
KB, Libutti SK, Alexander HR. Continuous hyperthermic
peritoneal perfusion with cisplatin for the treatment of
peritoneal mesothelioma. Cancer J Sci Am 1997; 3: 174-179
Park BJ, Alexander HR, Libutti SK, Wu P, Royalty D,
Kranda KC, Bartlett DL. Treatment of primary peritoneal
mesothelioma by continuous hyperthermic peritoneal
perfusion (CHPP). Ann Surg Oncol 1999; 6: 582-590
Benson RC Jr, Williams TH. Peritoneal cystic mesothelioma:
successful treatment of a difficult disease. J Urol 1990; 143:
347-348
Hejmadi R, Ganesan R, Kamal NG. Malignant transformation
of a well-differentiated peritoneal papillary mesothelioma.
Acta Cytol 2003; 47: 517-518
S- Editor Wang J

www.wjgnet.com

Number 35

L- Editor Wang XL

E- Editor Bi L

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World J Gastroenterol 2006 September 21; 12(35): 5743-5745
World Journal of Gastroenterology ISSN 1007-9327
© 2006 The WJG Press. All rights reserved.

LETTERS TO THE EDITOR

Activation of c-Yes in hepatocellular carcinoma: A preliminary
study
Han Feng, Tsutomu Masaki, Takako Nonomura, Asahiro Morishita, Gong Jian, Seiji Nakai, Akihiro Deguchi,
Naohito Uchida, Takashi Himoto, Hisakazu Iwama, Hisashi Usuki, Hisao Wakabayashi, Kunihiko Izuishi,
Hitoshi Yoshiji, Kazutaka Kurokohchi, Shigeki Kuriyama
Han Feng, Tsutomu Masaki, Takako Nonomura, Asahiro
Morishita, Gong Jian, Seiji Nakai, Akihiro Deguchi, Naohito
Uchida, Takashi Himoto, Shigeki Kuriyama, Third Department
of Internal Medicine, Kagawa Medical University, 1750-1
Ikenobe, Miki-cho, Kita-gun, Kagawa 761-0793, Japan
Hisakazu Iwama, Information Technology Center, Kagawa
Medical University, 1750-1 Ikenobe, Miki-cho, Kita-gun, Kagawa
761-0793, Japan
Hisashi Usuki, Hisao Wakabayashi, Kunihiko Izuishi, Department of Gastroenterological Surgery, Kagawa Medical
University, 1750-1 Ikenobe, Miki-cho, Kita-gun, Kagawa
761-0793, Japan
Hitoshi Yoshiji, Third Department of Internal Medicine, Nara
Medical University, 840 Shijo-cho, Kashihara, Nara 634-8522,
Japan
Kazutaka Kurokohchi, Department of Gastroenterology, KKR
Takamatsu Hospital, 4-18 Tenjinmae, Takamatsu, Kagawa
760-0018, Japan
Supported by Grants-in Aid for Scientific Research (C-17590649)
from the Ministry of Education, Culture, Sports, Science and
Technology of Japan, and Alumni Association of Faculty of Medicine, Kagawa University
Correspondence to: Dr. Shigeki Kuriyama, Third Department of
Internal Medicine, Kagawa Medical University, 1750-1 Ikenobe,
Miki-cho, Kita-gun, Kagawa 761-0793,
Japan. skuriyam@med.kagawa-u.ac.jp
Telephone: +81-87-8912156 Fax: +81-87-8912158
Received: 2006-03-31
Accepted: 2006-04-24

© 2006 The WJG Press. All rights reserved.

Key words: Hepatocellular carcinoma; Tyrosine kinase;
c-Yes; Oncogene
Feng H, Masaki T, Nonomura T, Morishita A, Jian G, Nakai
S, Deguchi A, Uchida N, Himoto T, Iwama H, Usuki H,
Wakabayashi H, Izuishi K, Yoshiji H, Kurokohchi K, Kuriyama
S. Activation of c-Yes in hepatocellular carcinoma: A
preliminary study. World J Gastroenterol 2006; 12(35):
5743-5745

http://www.wjgnet.com/1007-9327/12/5743.asp

TO THE EDITOR
Hepatocellular carcinoma (HCC) is thought to develop
through a multistep process [1]. A long history of viral

hepatitis or prolonged exposure to environmental toxins
predisposes liver cells to mutations of the genes critical
in the control of hepatocyte growth. In fact, both activation of cellular oncogenes and inactivation of tumorsuppressor genes are involved in the development of
HCC. Activation of oncogenes by hepatitis virus integration has been shown in the woodchuck animal model[2],
although the significance of this finding in human hepatocarcinogenesis is still under investigation. Tyrosine kinases,
though a minor class of cellular protein, represent a major
class of oncogenes. These tyrosine kinases are classified into two major groups[3,4]. The first is receptor-type
protein tyrosine kinases, the second is non-receptor type
tyrosine kinases. The main representatives of the latter
group are non-receptor-linked and membrane-associated
Src family tyrosine kinases. At least nine Src-related tyrosine kinases have been identified thus far, including c-Yes,
c-Src, c-Lck, c-Fyn, c-Hck, c-Lyn, c-Blk, c-Fgr and c-Yrk
protooncogene products. The cellular oncogene c-Yes,
a member of the Src family, encodes a 62-kilodalton,
cytoplasmic and membrane-associated protein-tyrosine
kinase[5]. c-Yes expression and its kinase activity have been
shown to be increased in colorectal cancer[6,7], melanoma[8]
and metastatic liver cancer[9]. However, the activation of
c-Yes in human HCC has not yet been investigated at all.
In the present study, we determined the activity of c-Yes
both in the normal liver (NL) tissues and in chronic hepatitis (CH), tumorous (T) and adjacent nontumorous (N)
cirrhotic liver tissues. This is the first report on the activity
of c-Yes in various liver diseases including HCC.
Tissue samples, including the tumorous and surrounding nontumorous cirrhotic tissues, were obtained during
surgery from 9 patients with HCC (7 males and 2 females;
mean age, 68.2 ± 4.4 years; range, 59-73 years). All the
patients were positive for hepatitis C virus (HCV), as determined by the reverse-transcriptase polymerase chain
reaction method (Amplicor, Roche Diagnostics Ltd). The
number of patients with well-, moderately- and poorlydifferentiated HCC was 2, 5 and 2, respectively. The fibrosis stage of the surrounding liver tissues was assessed as
cirrhosis in all the HCC cases. Liver tissue samples from
three patients with HCV-induced CH were obtained by liver biopsy. During surgery, two normal liver tissue samples
were also obtained from patients with liver metastases of
colon cancer. The serum samples of these patients with
NL were negative for HCV and hepatitis B virus (HBV).
www.wjgnet.com
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Figure 1 Activities and levels of c-Yes kinase in different liver tissues. A: Activity
of c-Yes in normal liver (NL), chronic hepatitis (CH), nontumorous cirrhotic (N)
and tumorous (T) tissues. The arrow indicates the band corresponding to c-Yes
autophosphorylation; B: Relative levels of total c-Yes activity (mean ± SE, Student’s
t-test, bP < 0.001); C: Levels of c-Yes in the NL, CH, N, and T portions of HCC.
The arrow and arrowhead indicate the bands corresponding to c-Yes protein and
the heavy-chain of the c-Yes antibody, respectively; D: Level of α-tubulin in lysate
containing 100 μg of cellular protein used in the immunoprecipitation (arrow); E:
Relative levels of c-Yes protein in T and N tissues (mean ± SE, Student’s t-test,
d
P < 0.01).
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ic for c-Yes [MAb (3H9), Wako Pure Chemical Co, Tokyo],
and measured the autophosphorylation of c-Yes using an
in vitro protein kinase assay described previously[6,8]. Activities of c-Yes in the representative results of NL (patient 1),
CH (patient 2), N and T tissues (patients 3-5), respectively,
are shown in Figure 1A. When the kinase level of N tissues was used as a reference level (n = 1), c-Yes activity ratio in the T tissues (n = 9) was 5.0 ± 3.7 times higher than
that in the N tissues, as measured by autophosphorylation
(Student’s t-test, P < 0.001) (Figure 1B). Patients 3-5 were
classified as well–differentiated, moderately-differentiated
and poorly-differentiated HCC, respectively. In addition,
the c-Yes activity in all NL and CH tissues used in this
study was very low as measured by autophosphorylation of
c-Yes. Thus, c-Yes activity was notably high in human liver
tissues with malignancy. In addition, our results showed
that although the kinase activity of c-Yes was very low in
NL and CH, it was already activated in liver cirrhosis (nontumorous cirrhotic tissues). Because the kinase activity of
c-Yes was already activated at the preneoplastic stage (cirrhosis), i.e., before the development of HCC, these data
suggest that HCV-induced liver cirrhosis is a precancerous
condition.
Protein levels of c-Yes were determined by Western
blot analysis. Immunoprecipitates used for the protein
kinase assays were also applied to sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) before
transfer to nitrocellulose membranes. As shown in Figure
1C, two proteins were detected in each lane. The upper
protein was c-Yes, and the lower one was the heavy chain
of the c-Yes monoclonal antibody. Although the level of
c-Yes was very low in NL and CH, it was elevated in N
and T tissues of HCC (Figure 1C). As an internal control,
the amount of α-tubulin in lysate containing 100µg of cellular protein used in the immunoprecipitation was almost
the same in each lane (Figure 1D). When the protein level
of N tissues was used as a reference level (n = 1), the level
of c-Yes protein in T tissues (n = 9) was 2.1 ± 0.84 times
higher than that in the surrounding N tissues from the
same patients (Student’s t-test, dP < 0.01) (Figure 1E). The
ratio (T tissue vs surrounding N tissue) of the protein level
of c-Yes was smaller than that of the kinase activity. These
data suggest that the high c-Yes kinase activity in the HCC
is probably caused not only by an increase of c-Yes protein
but also by an increase of the enzyme activity.
In conclusion, activation of the protooncogene
product c-Yes may play a significant role in the malignant
transformation of hepatocytes. The suppression of c-Yes
kinase activity may offer a novel strategy for overcoming
the development and invasion of HCC. Further studies are
necessary to investigate such processes.
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there was no edema in the scrotum.
The patient was initially subjected to duplex ultrasonography of his right leg, which turned negative for deep
venous thrombosis. Subsequently, a CT scan of the right
thigh and abdomen was performed, revealing an enormous
fluid collection within the peritoneal cavity (Figure 2A)
and a notable fluid collection within the lateral aspect of
the right thigh (Figure 2C). The fluid in the right thigh
exhibited approximately the same density with ascitic fluid
(Figure 2A and C). No masses were detected in the pelvis.
Figure 1 Significant edema of the right
leg without signs of inflammation in our
cirrhotic patient with tense ascites.
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TO THE EDITOR
A 61 year old man with cirrhosis and hepatocellular
carcinoma developed on the background of chronic
hepatitis B was admitted because of acute and gradually
intensified right thigh pain and swelling, which, within a
few hours, was expanded to his right foot. The patient,
due to ascites refractory to diuretics, was almost weekly
subjected to large volume paracentesis of ascitic fluid for
the last six months; meanwhile he has developed a left
inguinal, a right femoral and an umbilical hernia. It should
be noted that 48 h before admission, the patient was
referred to the emergency room because of dyspnoea and
5 L of ascitic fluid were removed.
Physical examination was notable of tense ascites and
his right lower extremity was profoundly more edematous
(thigh, calf and foot) compared to his left leg (Figure 1),
without signs of inflammation. Inguinal lymph nodes were
not enlarged, Homan’s sign was absent, and peripheral
arteries were palpable. There was also a left inguinal hernia
and an umbilical hernia containing fluid in the sac, while
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Figure 2 A: Enormous fluid collection within the peritoneal cavity. The fluid
density was measured to be 11.5 Hounsfield Units; B: No masses were detected
in the pelvis, whereas there was fluid collection into the left inguinal canal and no
evidence of fluid collection into the right inguinal canal; C: Fluid collection within
the lateral aspect of the right thigh with a density of 10.06 Hounsfield Units.

In addition, fluid was also seen in the left inguinal canal,
but not in the scrotum, while no hernia was seen in the
right femoral ring (Figure 2B). What could be the etiology
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of the patient’s right lower extremity edema?
According to the diagnostic evaluation performed, the
possibility of deep venous thrombosis of the right leg was
practically excluded based on negative duplex, increased
international normalized ratio (INR) (2.2) and low platelet
count (70 000/mm3) that our patient exhibited in the text
of his cirrhosis. Also any mechanical reasons that could
induce unilateral venous or lymphatic stasis were ruled out.
However, according to the CT scan findings, it seemed
that the patient’s lower extremity edema was caused by
accumulation of ascitic fluid, which somehow passed
from the peritoneal cavity to the right thigh. Interestingly,
the known right femoral hernia was detected neither
by physical examination, nor by CT scan, tempting us
to speculate that drainage of fluid contained within the
femoral hernial sac to the thigh might have occurred.
Asking in more detail the patient’s history we were
informed that in his prior admission to the emergency
room (48 h ago), he was subjected to right femoral vein
puncture for blood sampling. A potential mechanism of
ascitic fluid accumulation in the right thigh could be the
injury of the right femoral hernial sac during femoral vein
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puncture. The femoral hernial sac and its content pass
through the femoral ring and are generally localized between the external femoral vein and Gimbernat’s lacunar
ligament medially. These hernias, having penetrated Scarpa’
s triangle, through stretching of the cribrate lamina, are
visible subcutaneously in the thigh. Reasonably, perforation of the femoral hernial sac would permit the drainage
of ascitic fluid to the subcutaneous tissue of the right
thigh, forced by the high intraabdominal pressure, whereas
the scrotum would remain unaffected (unlike the case of
an inguinal hernia perforation). The patient was subjected
to repeated large volume paracentesis and along with
ascites improvement his right leg edema was significantly
decreased.
This case presents a rare complication of femoral
vein puncture in a patient with tense ascites, which raised
diagnostic dilemmas and led to expensive diagnostic
evaluation. Clinicians handling cirrhotic patients should be
aware of this potential complication and perform femoral
vein or artery puncture with caution or ideally under scan
control in case of coexistence of ascites and femoral or
inguinal hernias.
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TO THE EDITOR
I have read with great interest the very recent article titled
“Intestinal Behçet’s disease with pyoderma gangrenosum:
A case report” of Nakamura T et al that was published
in your journal. The authors stated that they presented a
very rare case of intestinal Behçet’s disease with pyoderma
gangrenosum in a 16-year old patient. However, I would
like to make some important contributions and suggestions
to the presented case and have a few questions to ask the
authors.
First, the exact diagnosis of Behçet disease in a single
case depends first on the recognition of a characteristic
set of sufficient symptoms and/or signs to allow the
physician to diagnose with various levels of certainty from
“complete or definitive” Behçet disease to “suspected
or possible” Behçet disease[1] based on the clinical sign
constellation in Japanese Behçet Disease Research
Committee Criteria, the preferred diagnostic criteria before
1989[2]. According to the criteria, such a “complete” or
“definitive” diagnosis of Behçet disease needs either at
least three major criteria or two major criteria (one of
which is ocular disease) or two major criteria associated
with 2 minor criteria. This means that the cor rect
diagnosis of Behçet disease can be established only on
www.wjgnet.com

the basis of aforementioned strict rules that need the
complete fulfillment of the criteria with careful differential
diagnosis from other etiologies. Therefore, the authors’
statement that “she was diagnosed with intestinal Behçet’
s disease by the presence of cutaneous pathergy together
with two major criteria (oral and genital aphthoses) and
one minor criterion (gastrointestinal manifestations) in
1984” cannot be accepted as the presented case does
not fulfill the requirements of “Japanese Behçet Disease
Research Committee Criteria”, the preferred diagnostic
criteria in that period, in which cutaneous pathergy is not
included in the major or minor criteria. Although oral
aphthous and genital ulcerations with a positive pathergy
test of the presented case meet the diagnostic criteria of
International Study Group[3], published in 1990, however,
diagnosis and surgical intervention of the presented case
with “incomplete diagnosis” were made in 1989. In other
words, the case can be accepted as “suspected” Behçet
disease according to the Japanese criteria, provided that
other etiologies for these manifestations have been strictly
ruled out including inflammatory bowel disease (IBD).
Therefore, the authors should first clarify this diagnostic
confusion.
Second, the presented case was stated to have colitis
involving the entire colon demonstrated by colonoscopy.
However, typical intestinal involvement in Behçet
disease is characterized mainly by changes in the small
intestine or ulcerative lesions at the ter minal ileum
or cecum, resulting in various digestive symptoms [4] .
I think the differential diagnosis was not performed
strictly enough in this single case as the aforementioned
symptoms are seen in IBD, namely Crohn’s disease and
ulcerative colitis that need careful evaluation. Although
the resected specimen demonstrated severe inflammation
with neutrophil accumulation, this is a general finding
in inflammatory diseases and intestinal Behçet disease
is often indistinguishable from IBD by histological
evaluation. Therefore, such a general finding cannot be
used as the histological hallmark of intestinal Behçet
disease as its diagnosis is based on the presence of deep
colonic ulcerations frequently situated in healthy mucosa
along with the presence of an adjacent non-specific
inflammatory infiltrate affecting the entire colonic wall
that is characterized by leukocytoclastic vasculitis and
perivasculitis of the arteries and veins with signs of
fibrinoid necrosis. Moreover, there is not any knowledge
in the presented article about the presence or absence
of granulomatous or non-granulomatous changes or
caseation with or without confluent (diffuse) or skipping
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(segmental) lesions (i.e., mural thickening) that strongly
need strict differential diagnosis of intestinal Behçet
disease from IBD. Indeed, ulcerative colon, for instance,
is restricted to the colon, and exhibits proximal extension
over time with full thickness involvement in case of toxic
megacolon[5]. Therefore, nothing in the article can exclude
these questions in that single case that seems to need
clarification.
Third, the authors stated that the patient received 20 mg
oral prednisolone treatment for a month, though cutaneous
and intestinal lesions of the girl were poorly controlled.
However, to our knowledge, corticosteroids (CSs) alone
are not used for the treatment[1] and management[6] of
Behçet disease at least in the used dose, and no study
has found that CSs alone are effective on any symptom
or sign as well as on any etiological factors including
cutaneous and intestinal lesions that are accused for the
pathogenesis of Behçet disease[7-13]. Moreover, CSs are of
little value for the maintenance of remission. Indeed, the
results of Mat C et al[14] are important and demonstrate
that CSs alone for about a six- month duration are not
effective even on oromucocutaneous symptoms despite
the well-known underlying vasculitic pathology of the
condition. Because most of the treatments have been
shown to work in Behçet disease or in IBD, the used dose
of CSs seems not sufficient for such a severe intestinal
involvement in the present case and therefore, the patient
should have been treated first with a higher dose of CSs
(1-2 mg/kg prednisolone per day) for a short time with
some other immunomodulating/immunosuppressive
agents or their combinations with cyclophosphamide,
chlorambucil, colchicine, dapsone, cyclosporine and
especially azathioprine that could be used in that period
for the management and treatment of complete or
incomplete Behçet disease patients with or without
intestinal findings, to induce rapid and durable remission
of intestinal attacks before the decision of an invasive
surgery (total colectomy) is made[15-21]. In other words,
whether the patient is supposed to suffer from Behçet
disease or IBD, the indication for surgical treatment can be
made upon failure of sufficient and appropriate medical
treatment or based on the severe complications such as
abscess, fistula formation and iatrogenic perforation.
Although systemic CSs may be useful in the early stages
of severe inflammatory attacks, they are of limited value
for long-term management of serious involvements
whereas sustained remission can be accomplished only by
the immunomodulatory agents. For instance, azathioprine
or chlorambucil associated with high dose CSs should
have been tried initially for the girl to obtain possible
remission with long-term steroid-sparing effects. Similarly,
cyclophosphamide- and cyclosporine-CS combinations
have also been used between 1971 and 1989 for various
symptoms of Behçet disease, even in cases resistant to
conventional therapy [22-28]. Furthermore, Sanderson [29]
has evaluated chronic IBD in children including Crohn’s
disease, ulcerative colitis, indeterminate colitis and Behçet’s
colitis in the review in that period and stated that treatment
with drugs (sulphasalazine, steroids, azathioprine) and
elemental diet are helpful and concluded that the prognosis
of chronic IBD in childhood is good. More importantly,
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sulphasalazine with or without cyclosporine and CSs has
successfully been used for the treatment of both intestinal
Behçet disease and IBD[30-32].
Fourth, the authors further stated that intractable
ulceration of the left foot surprisingly disappeared
postoperatively after total colectomy within two weeks
with no relapse of pyoderma gangrenosum for 10 years
afterwards, sug gesting a close relationship between
pyoderma gangrenosum and intestinal Behçet disease.
I do not agree with the authors on this regard and I
believe that if the patient had really had Behçet disease,
pyoderma gangrenosum or any other kind of cutaneous
manifestations might have developed in its due course
as the disease is known to be most active during the
second and third decades of life. Indeed, the authors
further stated in their paper that pyoderma gangrenosum
might respond to surgical resection of the associated
diseases, such as ulcerative colitis and Crohn’s disease (see
discussion section, second paragraph), and then stated in
the following sentences that pyoderma gangrenosum in
the present case rapidly improved after total colectomy. I
agree on this regard and fortunately, total colectomy results
in cure of IBD with reasonable long-term benefit in many
cases. Therefore, both the authors’ statements in their
paper and the literature again indicate that the girl had an
IBD with or without Behçet disease.
Although aphthous punched-out ulcerations may be
found in about one-tenth of Behçet disease patients,
they occur most frequently in the terminal ileum and
cecum[33] and this finding alone is still not sufficient for
the diagnosis of Behçet disease as the case should strictly
fulfill the whole systemic diagnostic criteria as stated
above and aphthae in the colon may be seen not only in
Behçet disease, but also, for instance, in Crohn’s disease[34].
Moreover, a very recent study has demonstrated that none
of the clinical parameters of a total of 162 consecutive
adult patients with diagnosis of IBD consisting of Crohn’s
disease and ulcerative colitis fulfill the Behçet disease
diagnostic criteria [35]. In other words, Behçet disease
was diagnosed in none of the patients even though they
had various symptoms such as intestinal involvement,
pyoderma gangrenosum, articular disease, skin lesions,
and oral ulcer with or without HLA-B51 positivity.
Further more, such case reports with identical and
perplexing clinical presentations as compared to those of
Nakamura et al, are still present in the literature, describing
association of both diseases[32,36,37].
In conclusion, although I agree that the gastrointestinal
and systemic features of Behçet disease and IBD overlap
to a considerable extent that need addressing both in
terms of increasing our understanding of pathogenesis
and improving therapy, they are generally viewed as
two distinct diseases, and oral aphthous ulcerations,
genital ulcerations, papulopustular lesions or pyoderma
gangrenosum on the leg with or without pathergy test
positivity are all encountered findings during the course
of IBD. In addition, constellation of findings for the
diagnosis of Behçet disease is applicable only in the
absence of other clinical explanations such as IBD.
Therefore, the absence of sufficient symptoms to diagnose
this young girl as “complete” or “definitive” Behçet disease
www.wjgnet.com
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along with the presence of active colitis and ulcerations
involving the entire alimentary tract, mainly colon in
that case, reaching up to the terminal ileum associated
with a rapid disappearance of intractable foot ulceration
after surgery with the lack of demonstrated thrombotic
or leukocytoclastic vasculitis (typical hallmark of Behçet
disease) on colonic histopathological examination in the
presented case, strongly indicates a diagnosis of pyoderma
gangrenosum associated with IBD characterized by Behçet
disease-like clinical presentation [38-40]. Consequently, I
suggest that the authors of the present case perform HLA
analysis in their patient. If it reveals HLA-B51 positivity,
then the very unusual diagnosis of classified or unclassified
IBD associated with Behçet disease can be made in that
case. If it reveals HLA-B27 positivity, then the patient can
be classified in that case as HLAB-27 positive IBD. Even
if the patient is still to be accepted as having intestinal
Behçet disease, it seems that the rules for the treatment of
such an involvement have not been followed before the
surgery.
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Meetings
MAJOR MEETINGS COMING
UP
First Biennial Congress of the Asian-Pacific
Hepato-Pancreato-Biliary Association
March, 2007
Fukuoka, Japan
http://www.congre.co.jp/1st-aphpba
American College of Gastroenterology
Annual Scientific
20-25 October 2006
Las Vegas, NV
14th United European Gastroenterology
Week, UEGW
21-25 October 2006
Berlin, Germany
APDW 2006: Asian Pacific Digestive Week
2006
26-29 November 2006
Lahug Cebu City, Philippines

EVENTS AND MEETINGS IN THE
UPCOMING 6 MONTHS
Falk Symposium 151: Emerging Issues in
Inflammatory Bowel Diseases
24-25 March 2006
Sydney - NSW
Falk Foundation e.V.
symposia@falkfoundation.de
10th International Congress of Obesity
3-8 September 2006
Sydney
Event Planners Australia
enquiries@ico2006.com
www.ico2006.com
Easl 2006 - the 41st annual
26-30 April 2006
Vienna, Austria
Kenes International
Prague hepatology 2006
14-16 September 2006
Prague
Foundation of the Czech Society of
Hepatology
veronika.revicka@congressprague.cz
www.czech-hepatology.cz/phm2006
12th International Symposium on Viral
Hepatitis and Liver Disease
1-5 July 2006
Paris
MCI France
isvhld2006@mci-group.com
www.isvhld2006.com
Falk Symposium 152: Intestinal Disease
Part I, Endoscopy 2006 - Update and Live
Demonstration
4-5 May 2006
Berlin
Falk Foundation e.V.
symposia@falkfoundation.de
Falk Symposium 153: Intestinal Disease
Part II, Immunoregulation in Inflammatory
Bowel Disease - Current Understanding
and Innovation
6-7 May 2006
Berlin
Falk Foundation e.V.
symposia@falkfoundation.de
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Hepatology
15-18 March 2006
Rio Grande
Office of Continuing Medical Education
cmenet@jhmi.edu
www.hopkinscme.net
World Congress on Gastrointestinal Cancer
28 June 2006-1 July 2006
Barcelona, Spain
c.chase@imedex.com
International Conference on Surgical
Infections, ICSI2006
6-8 September 2006
Stockholm
European Society of Clinical Microbiology
and Infectious Diseases
icsi2006@stocon.se
www.icsi2006.se/9/23312.asp
7th World Congress of the International
Hepato-Pancreato-Biliary Association
3-7 September 2006
Edinburgh
Edinburgh Convention Bureau
convention@edinburgh.org
www.edinburgh.org/conference
Society of American Gastrointestinal
Endoscopic Surgeons
26-29 April 2006
Dallas - TX
www.sages.org
Digestive Disease Week 2006
20-25 May 2006
Los Angeles
www.ddw.org
Annual Postgraduate Course
25-26 May 2006
Los Angeles, CA
American Society of Gastrointestinal
Endoscopy
www.asge.org/education
American Society of Colon and Rectal
Surgeons
3-7 June 2006
Seatlle - Washington
www.fascrs.org

EVENTS AND MEETINGS IN
2006
10th World Congress of the International
Society for Diseases of the Esophagus
22-25 February 2006
Adelaide
isde@sapmea.asn.au
www.isde.net
Falk Symposium 151: Emerging Issues in
Inflammatory Bowel Diseases
24-25 March 2006
Sydney - NSW
Falk Foundation e.V.
symposia@falkfoundation.de
10th International Congress of Obesity
3-8 September 2006
Sydney
Event Planners Australia
enquiries@ico2006.com
www.ico2006.com
Easl 2006 - the 41st annual
26-30 April 2006
Vienna, Austria
Kenes International

Prague Hepatology 2006
14-16 September 2006
Prague
Foundation of the Czech Society of
Hepatology
veronika.revicka@congressprague.cz
www.czech-hepatology.cz/phm2006
12th International Symposium on Viral
Hepatitis and Liver Disease
1-5 July 2006
Paris
MCI France
isvhld2006@mci-group.com
www.isvhld2006.com/

World Congress on Gastrointestinal Cancer
28 June 2006-1 July 2006
Barcelona, Spain
c.chase@imedex.com
International Conference on Surgical
Infections, ICSI2006
6-8 September 2006
Stockholm
European Society of Clinical Microbiology
and Infectious Diseases
icsi2006@stocon.se
www.icsi2006.se/9/23312.asp

Falk Seminar: XI Gastroenterology Seminar
Week
4-8 February 2006
Titisee
Falk Foundation e.V.
symposia@falkfoundation.de

5th International Congress of The
African Middle East Association of
Gastroenterology
24-26 February 2006
Sharjah
InfoMed Events
infoevent@infomedweb.com
www.infomedweb.com

European Multidisciplinary Colorectal
Cancer Congress 2006
12-14 February 2006
Berlin
Congresscare
info@congresscare.com
www.colorectal2006.org

7th World Congress of the International
Hepato-Pancreato-Biliary Association
3-7 September 2006
Edinburgh
Edinburgh Convention Bureau
convention@edinburgh.org
www.edinburgh.org/conference

Falk Symposium 152: Intestinal Disease
Part I, Endoscopy 2006 - Update and Live
Demonstration
4-5 May 2006
Berlin
Falk Foundation e.V.
symposia@falkfoundation.de

13th International Symposium on Pancreatic
& Biliary Endoscopy
20-23 January 2006
Los Angeles - CA
laner@cshs.org

Falk Symposium 153: Intestinal Disease
Part II, Immunoregulation in Inflammatory
Bowel Disease - Current Understanding
and Innovation
6-7 May 2006
Berlin
Falk Foundation e.V.
symposia@falkfoundation.de
14th United European Gastroenterology
Week
21-25 October 2006
Berlin
United European Gastroenterology
Federation
www.uegw2006.de
World Congress on Controversies in
Obesity, Diabetes and Hypertension
25-28 October 2006
Berlin
comtec international
codhy@codhy.com
www.codhy.com
Asia Pacific Obesity Conclave
1-5 March 2006
New Delhi
info@apoc06.com
www.apoc06.com/
ILTS 12th Annual International Congress
3-6 May 2006
Milan
ILTS
www.ilts.org
XXX Panamerican Congress of
Gastroenterology
11-16 November 2006
Cancun
www.panamericano2006.org.mx

VII Brazilian Digestive Disease Week
19-23 November 2006
www.gastro2006.com.br

Internal Medicine: Gastroenterology
22 July 2006-1 August 2006
Amsterdam
Continuing Education Inc
jbarnhart@continuingeducation.net

ILTS 12th Annual International Congress
3-6 May 2006
Milan
ILTS
www.ilts.org

International Gastrointestinal Fellows
Initiative
22-24 February 2006
Banff, Alberta
Canadian Association of Gastroenterology
cagoffice@cag-acg.org
www.cag-acg.org

6th Annual Gastroenterology And
Hepatology
15-18 March 2006
Rio Grande
Office of Continuing Medical Education
cmenet@jhmi.edu
www.hopkinscme.net

Internal Medicine: Gastroenterology
22 July 2006-1 August 2006
Amsterdam
Continuing Education Inc
jbarnhart@continuingeducation.net
6th Annual Gastroenterology And

Canadian Digestive Disease Week
24-27 February 2006
Banff, Alberta
Digestive Disease Week Administration
cagoffice@cag-acg.org
www.cag-acg.org

Hepatitis 2006
25 February 2006-5 March 2006
Dakar
hepatitis2006@mangosee.com
mangosee.com/mangosteen/
hepatitis2006/hepatitis2006.htm

2006 Gastrointestinal Cancers Symposium
26-28 January 2006
San Francisco - CA
Gastrointestinal Cancers Symposium
Registration Center
giregistration@jspargo.com
Society of American Gastrointestinal
Endoscopic Surgeons
26-29 April 2006
Dallas - TX
www.sages.org
Digestive Disease Week 2006
20-25 May 2006
Los Angeles
www.ddw.org
Annual Postgraduate Course
25-26 May 2006
Los Angeles, CA
American Society of Gastrointestinal
Endoscopy
www.asge.org/education
American Society of Colon and Rectal
Surgeons
3-7 June 2006
Seatlle - Washington
www.fascrs.org
71st ACG Annual Scientific and
Postgraduate Course
20-25 October 2006
Venetian Hotel, Las Vegas, Neveda
The American College of Gastroenterology
AASLD 57th Annual - The Liver MeetingTM
27-31 October 2006
Boston, MA
AASLD
New York Society for Gastrointestinal
Endoscopy
13-16 December 2006
New York
www.nysge.org

EVENTS AND MEETINGS IN
2007
9th World Congress on Gastrointestinal
Cancer
20-23 June 2007
Barcelona
Imedex
meetings@imedex.com
Gastro 2009, World Congress of Gastroenterology and Endoscopy London, United
Kingdom 2009
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used repeatedly and the abbreviation is helpful to the reader. Permissible
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Biological and Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly used
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directly without further mention.
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V volume.
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