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Abstract

The hepatic sinusoids are lined by a unique population
of hepatic sinusoidal endothelial cells (HSEC), which is
one of the first hepatic cell populations to come into
contact with blood components. However, HSEC are
not simply barrier cells that restrict the access of blood-
borne compounds to the parenchyma. They are func-
tionally specialised endothelial cells that have complex
roles, including not only receptor-mediated clearance of
endotoxin, bacteria and other compounds, but also the
regulation of inflammation, leukocyte recruitment and
host immune responses to pathogens. Thus understand-
ing the differentiation and function of HSEC is critical for
the elucidation of liver biology and pathophysiology. This
article reviews methods for isolating and studying human
hepatic endothelial cell populations using /7 vitro models.
We also discuss the expression and functions of phe-
notypic markers, such as the presence of fenestrations
and expression of VAP-1, Stabilin-1, L-SIGN, which can
be used to identify sinusoidal endothelium and to permit
discrimination from vascular and lymphatic endothelial
cells.

© 2006 The WIG Press. All rights reserved.

Key words: Human; Liver; Endothelium; Sinusoid; Phe-
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INTRODUCTION

The liver has a unique dual blood supply receiving
blood from both the portal vein and the hepatic artery.
Unlike other organs, which are supplied by arterial blood
through arterioles, the liver receives venous blood at low
pressures through the portal vein as well as arterial blood
via the hepatic artery. The intrahepatic portal venous
system consists of conducting and distributing systems
that ensure blood is carried throughout the parenchyma
and evenly delivered to individual hepatocytes via the
sinusoidal network!". A uniform and strict branching
pattern appears at the level of the terminal vessels and is
maintained throughout the distributing system. The first
order branches of the distributing system arise from the
terminal branches of the conducting system and give rise
to second order vessels of approximately 70 um diameter
that correspond to the terminal portal vein branches seen
in portal tracts. Third order vessels arise from these and
correspond to the septal or interlobular branches. These
exhibit a classical sinusoidal appearance, lack a connective
tissue sheath and have no basement membrane. The
distributing system then branches into the hexagonal
lobule before draining into the hepatic vein. The hepatic
artery supplies 25% of hepatic blood flow and provides
blood to both the parenchyma and the portal tracts. Axial
hepatic arterial branches run parallel to the conducting
portal veins and terminate in inlet venules, terminal portal
veins and the sinusoids, thereby supplying blood to the
parenchyma. The axial arteries also give rise to peribiliary
branches that supply the accompanying bile ducts and
portal interstitium. These arteries form the peribiliary
plexus consisting of efferent and afferent capillaries that
wrap around the surface of bile ducts. Small channels from
the peribiliary plexus drain into the sinusoids or portal vein
branches. Thus, complex anastomoses exist between the

. . oy eqe . 2
axial arteries and peribiliary arteries”.

ISOLATION AND CULTURE OF HEPATIC
SINUSOIDAL ENDOTHELIAL CELLS

Isolated cultures of hepatic sinusoidal endothelial cells
present a valuable tool for the study of liver physiology
and pathophysiology. Most published studies used cells
isolated from rodent livers and have defined the role
of fenestrations and specific receptors in uptake and

www.wjgnet.com
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processing of circulating factors including pathogens
(reviewed in"). Most investigators use a combination of
enzymatic digestion and density gradient centrifugation
to isolate HSEC from liver tissue although there is
considerable variation in the protocols used by different
groups and for cells from different species. HSEC from
rodents are commonly isolated by enzymatic digestion,
cither by perfusion of an intact organ with an enzymatic
cocktail or by mechanical disruption followed by enzymatic
digestion™". The cell suspension generated by such
methods is fractionated using differential centrifugation
techniques, including counterflow elutriation or density
gradient centrifugation. Endothelial cells are then
grown on matrix coated flasks in selective growth media
containing growth factors.

Similar methods can be used to isolate HSEC from
human liver samples®'” and between 10°-10° cells
have been isolated from whole livers unsuitable for
transplantation'”. However, the limited access to intact
human liver means that most groups use diseased tissue
removed at transplantation or surgical resection or biopsy
specimens that generate low numbers of cells pet isolation.
Nevertheless, successful isolation is aided by the large
numbers of HSEC relative to other vascular endothelial
cells present in the liver. Some researchers further reduce
the potential of contaminating vascular endothelium by
excising visible large vascular structures from the liver
tissue prior to enzymatic digestion. Although several
different isolation procedures have been described these
are not all equally effective in our hands. Our experience,
and that of other groups, suggests that counterflow
elutriation alone is not useful for selection of human
HSEC from a mixed non-parenchymal cell preparation
as most of the cells have similar centrifugal densities™".,
This led us to routinely include a step of immunomagnetic
depletion to remove common contaminating cell
populations, such as biliary epithelial cells, followed by
positive selection of endothelial cells using antibody
against CD31 (sce later)!"”. Similar methods using magnetic
beads coated with Evonymus ecuropacus agglutinin
have been used to isolate HSEC from the liver of other
primates'” and there are now commercial antibody-based
magnetic kits for isolation of rodent HSEC. Despite these
refinements there is considerable vatiability in the yield and
viability of cells obtained from diseased human liver tissue.
Thus, although there are compelling reasons to study
human HSEC 7 vitro low cell yields mean that it is difficult
to use primary cells without passage.

PROBLEMS WITH EXISTING PHENOTYPIC
MARKERS AND USE OF HSEC IN MONO-
CULTURE

As scientific technology advances it is possible to
carry out increasingly complex genetic, proteomic and
functional analyses on cells grown in culture. However
such techniques require highly purified populations
of cells of defined phenotype. Some of the methods
previously used to confirm HSEC purity and phenotype,
such as AcLDL uptake!” and binding of Ulex lectin®, are

www.wjgnet.com

not specific. For example, other hepatic cell populations,
including dendritic cells, take up AcLDL and Ulex lectin
binds to fucosylated receptors on both Kupffer cells
and HSEC", Similarly, endothelial cells share many
cell surface receptors with leukocytes, including CD31,
CD4" CD11b, and CD11c"", which may contaminate
endothelial cell preparations in culture. Care also needs
to be taken when using antibody staining to define HSEC
phenotype because HSEC express high levels of FeyR!™
allowing them to bind antibodies non-specifically. In light
of such problems, it has been suggested that the presence
of open fenestrations arranged in sieve plates is the only
true marker of hepatic sinusoidal endothelial cells"".
These pores are indeed classic features of liver sinusoidal
endothelial cells iz vivo but present problems when used to
identify cells iz vitro (see below).

All of these problems are compounded by the fact
that HSEC are most commonly cultured as a monolayer
of cells on matrix-coated tissue culture plates 7z vitro. This
petrturbs the normal morphology of the cells and they
become flattened and rapidly lose fenestrations. Part of
this effect may be the loss of paractine signals from other
cells of the sinusoid that maintain the phenotype and
differentiation of HSEC i vive. For example, crosstalk
between hepatic sinusoidal endothelial cells and closely
juxtaposed hepatocytes is essential for the maintenance
of sinusoidal endothelial cell growth and differentiation.
This is demonstrated by studies where implantation of
foetal liver fragments into quail chorioallantoid membrane
resulted in the acquisition of a sinusoidal phenotype by
the chorioallantoid microvessels' ' and also 7 vitro studies
where co-culture of HSEC with other liver cells resulted
in a more stable endothelial phenotype and function”
Thus, markers used to determine phenotypes of HSEC
must take into account alterations in phenotype as a
consequence of culturing cells in isolation in the absence
of local paracrine signals.

FENESTRATIONS

Endothelial cells throughout the adult organism are
derived from common early embryological precursors and
have broadly similar functions and histological appearance.
However, there is important organ and tissue-specific
heterogeneity that results in phenotypic and functional
variations (reviewed in'"”). For example, high endothelial
venules in lymph nodes are lined by morphologically
and phenotypically distinct endothelial cells that have
the unique ability to promote the recruitment of naive
lymphocytes whereas lymphatic endothelium express
several receptors that allow uptake of macromolecules
found in lymph™. Sinusoidal endothelial cells are found
in the spleen and bone marrow, as well as in the liver, and
in all these sites they have a minimal basement membrane
and lack classical tight junctions. Hepatic sinusoidal
endothelium differs from sinusoidal endothelium in
these other beds by its discontinuous nature, being
interspersed with kupffer cells and by the presence of
open fenestrations arranged in sieve plates'™”

The vascular architecture in the human liver develops
by 17-25 wk of gestation, and the sinusoids acquire their
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Marker Extra-hepatic endothelial Sinusoidal endothelial Sinusoidal endothelial Problems with use in
expression cells /in vivo cells in vitro phenotyping?

CD31 Vascular and lymphatic Yes, but at low levels ~ Yes Widely expressed on all EC thus not specific for HSEC
endothelial cells

vWF Vascular endothelial cells Controversial, Yes Yes Widely expressed on all EC thus not specific for HSEC

Ulex lectin ~ Endothelial cells Yes Yes Widely expressed on all EC thus not specific for HSEC

binding

Uptake of Endothelial cells Yes Yes Also taken up by macrophages in liver and other EC

AcLDL

CD34 Vascular and lymphatic No Absent or low May be upregulated during capillarisation or with
endothelial cells passage in vitro

E-Selectin Vascular endothelial cells Low or absent under ~ Low, can be upregulated =~ Widely expressed on activated vascular EC, not specific

normal conditions by cytokines for HSEC

Pal-E antigen Vascular endothelial cells ~ No No? May be upregulated during capillarisation

CD105/ May be upregulated during Yes Yes Widely expressed on all EC, also by stellate cells and

endoglin capillarisation fibroblasts in liver

While many of the above markers are indeed expressed on hepatic sinusoidal endothelial cells and provide a means of confirming “sinusoidal endothelial

identity”, none is specific to sinusoidal endothelial cells.

distinctive fenestrated phenotype by wk 20 (reviewed
in®). The fenestrations act as a ‘dynamic filter” allowing
macromolecules in blood controlled access to parenchymal
cells®. Evidence from animal studies suggests that
fenestrations constitute up to 40% of the cell and that the
size, distribution and clustering of the pores in sieve plates
varies with the zonal distribution of the endothelium™’
and across the endothelial surface. Although normal
hepatic sinusoidal cells in most mammals are characterised
by the presence of fenestrations (reviewed in"), caution
must be exercised when translating these observations
to human cells. Studies of fenestrations in human liver
samples are rare, and suggest that the number and size
of fenestrations differs from that observed in other
mammals”. Furthermore, the number of fenestrations
per endothelial cell decreases in disease™* following viral
infection™ or with ageing[%]. During cirrthosis and chronic
hepatitis, HSEC develop a more vascular morphology
and produce a basement membrane in a process known
as “capillarisation’ (reviewed in"). This is associated with
increased expression of CD31 and VCAM-1 and loss of
fenestrations”’. These changes may impede the transfer
of materials to and from the parenchyma and contribute
towards regional hepatocyte hypoxia. Fenestrations are
not unique to hepatic EC but are found in endothelium
in endocrine glands, kidney, gastrointestinal tract, choroid
plexus, lymphatic organs such as the spleen and are
sometimes observed in tumour vasculature. Many studies
have implicated VEGF as an essential factor for regulation
of fenestrations in these organs (reviewed i),

Thus considerable variations in the number, size
and localisation of fenestrations are seen among species
and also in health and disease. The situation becomes
more complex when cells are removed from the hepatic
microenvironment and cultured 7z vitro. The fenestrations
documented in freshly isolated rat HSEC begin to
disappear within 48 h of cell culture™ and are almost gone
within a week™”. We have made similar observations with
human cells from normal livers and also find very few

fenestrated cells when HSEC are isolated from cirrhotic
livers (Lalor and Adams unpublished observations).
However, the number of fenestrations on rat HSEC can
be maintained 7 vitro by the addition of VEGF and by
culturing cells on extracellular matrix constituents, such
as collagen, that are secreted by endothelial cells?!,
Both human and rodent HSEC need growth factors and
attachment to appropriate extracellular matrix molecules
to survive and will rapidly undergo apoptosis in the
absence of these. Thus in order to maintain cell survival,
cultured HSEC must be grown in the presence of VEGF
which induces and maintains expression of fenestrations
as well as promoting HSEC proliferation. VEGF is also a
growth factor for vascular endothelial cells which induces
the production of matrix molecules essential for survival
and proliferationmj. At higher concentrations, VEGF
can induce the formation of fenestrations in vascular
endothelial cells™**" and, although these pores are not
organised into sieve plates, they can be very difficult to
distinguish from the fenestrations that characterise HSEC.
This inducibility of fenestrations in vascular endothelial
cells together with the impracticality of using electron
microscopy for routine phenotyping means that the
presence of fenestrations alone cannot be used to define
HSEC in most experimental situations.

NORMAL ‘ENDOTHELIAL" CELL PHENO-
TYPE AND FUNCTIONS

HSEC form a single cell barrier between the hepatocytes
and the bloodstream and are strategically situated to
interact with leukocytes and other blood constituents. The
cells produce a minimal basement membrane™ | which is
mostly composed of type IV collagen in normal liver™,
and have a high endocytotic capacitym. They express some
markers that are common to all endothelial cells and these
provide a useful means to positively identify a cell of

‘endothelial’ lineage (Table 1).

www.wjgnet.com
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Figure 1 Human hepatic sinusoidal endothelial cells in situ express the classical
endothelial phenotypic markers CD31 (A) and CD36 (B) as well as more recently
identified markers such as VAP-1 (C) and Mannose receptor (D). Images
represent immunohistochemical staining of human liver sections using specific
primary antibodies in an indirect immunoperoxidase protocol with haematoxylin
counterstain. Positive staining of sinusoidal endothelial cells is indicated by
pink pigmentation. CD31, CD36 and VAP-1 are observed on both portal vessel
endothelial cells and sinusoidal endothelium, whilst the mannose receptor is
localised on sinusoidal endothelial cells and Kupffer cells.

CD31

CD31 or PECAM-1 is an abundantly expressed membr-
ane glycoprotein member of the immunoglobulin
superfamily (reviewed in”"). Tt is constitutively expressed
on endothelial cells and some haematopoetic cells and
has functions in cell adhesion and signalling. Expression
of CD31 is used widely as a marker of ‘continuous’ or
classical vascular endothelium, but expression of CD31 by
hepatic sinusoidal endothelial cells remains controversial.
In rodent studies, CD31 has been localised to normal
sinusoidal endothelial cells using a variety of techniques™”’
and has been shown to be downregulated following
CCls or TNFq mediated liver injury””. However, other
studies suggest that the protein is absent under normal
conditions™ and indeed a lack of CD31 has been used to
characterise rodent HSEC!".

The situation is similarly complex in human HSEC.
During human embryonic development CD31 is
absent from HSEC until wk 25. In the adult, CD31
has been reported as present on HSEC by FACS and
immunohistochemistry on sections from cirrhotic liver but
is minimally present on normal liver™ or alternately present
on normal liver and enhanced on cirrhotic liver™. Our
own data show that CD31 is expressed by both normal and
diseased liver HSEC (Figures 1 and 2). In general, it seems
that HSEC express lower levels of CD31 than vascular EC
(" and our observations). However, one needs to interpret
immunohistochemical analysis with caution because
CD31 is present on kupffer cells in sinusoids. Studies
on isolated HSEC using both PCR and antibody-based
assessment of characteristic endothelial markers, such
as CD31 and vWF (see below) in parallel, show varying
results”™. Some studies suggest that subcellular localisation
of CD31 can be used as a marker of HSEC phenotype to
indicate whether cells have dedifferentiated in culture!”,
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Figure 2 lIsolated, cultured human hepatic sinusoidal endothelial cells exhibit
classical morphology under phase contrast microscopy (A), and stain positively
with antibody directed against endothelial phenotypic markers. Images represent
immunofluorescent staining of cultured cells using specific primary antibodies in
an indirect fluorescent protocol with DAPI nuclear counterstain (blue). Positive
staining for VWF (B) is visualised using a Texas Red-labelled secondary antibody,
whilst expression of endoglin (CD105, C) and ICAM-2 (D) are visualised with a
FITC-conjugated secondary antibody (green).

Thus cells with cytoplasmic CD31 are ‘normal’ whereas
dedifferentiated/capillarised EC demonstrate increased
membranous expression.

Von Willebrand Factor (vWF)

vWF is a multimeric glycoprotein that binds and stabilises
the coagulation factor FVII as well as supports the adhesion
of platelets to subendothelial structures during vascular
damage. It is expressed by both platelets and endothelial
cells and is often used as a marker to identify endothelium.
In most vascular endothelial cells, von Willebrand Factor is
stored in cytoplasmic vesicles called Weibel Palade bodies.
Expression of vWF varies between different vascular
beds in vivd™ and particularly low levels are observed
in the liver, most of which is detected in vascular rather
than sinusoidal endothelial cells. The low levels of vWF
detected in HSEC are consistent with the reported lack
of Weibel Palade bodies. However, definitive evidence
supporting the presence or absence of these structures is
also lacking. Studies in mice suggest that HSEC contain
Weibel-Palade bodies"! and produce VWF at the mRNA
and protein level™* Other groups working with rat
HSEC report that vIWF is not expressed in normal rat
cells™ and these findings are supported by porcine and
rat studies showing absence of Weibel-Palade bodies
in HSEC”*. In human cells, vWFE expression has been
reported in both normal™" and diseased samples'™
and we and others"™ have demonstrated expression on

passaged, cultured HSEC 7 vitro (Figure 2).

E-Selectin

E-Selectin is a member of the selectin family of adhesion
molecules that supports leukocyte binding. Expression of
E-Selectin is restricted to cells of endothelial lincage™
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and is induced by inflammation iz vivo and exposure of
endothelial cells to proinflammatory cytokines and LPS
in vitro. The ability to express E-selectin can thus be used
to define endothelial cells in culture. However, expression
of E-selectin is restricted to vasculat endothelial cells in
the normal liver'"” | although it may be upregulated on
sinusoidal endothelium in disease and during metastatic
processes' ™ and animal studies demonstrate a minimal role
for E-selectin in leukocyte recruitment to liver tissue™.
However, we have reported expression of functional
E-Selectin on cultured cytokine-stimulated human HSEC
suggesting that HSEC can express E-Selectin under
restricted circumstances iz vivo and in vitrd"”. Recent studies
demonstrating that E-Selectin expression by HUVEC in
response to TNFq is reduced by pretreatment with HGF
suggest that paracrine factors from adjacent hepatocytes
may suppress E-selectin in the sinusoids i zivd™".

Binding of lectins and Acetylated LDL uptake

The ability to bind Ulex lectin and take up acetylated
LDL is often used to define HSEC. Ulex lectin, from the
gorse family of plants, binds alpha-L fucose containing
receptors and is commonly used as a histological marker
for endothelial cells, although in some tissues it also
binds epithelial structures” . In the liver, different lectins
bind differentially within the vasculature. Concanavalin
A binds with equal affinity for all segments of the
microvasculature whereas wheat germ agglutinins show
preferential binding to the sinusoidal vasculature as a
consequence of differences in distribution of glycosylated
ligands throughout the acinus. In most studies Ulex lectins
do not bind preferentially to sinusoidal endothelium
as a consequence of the relative paucity of alpha-L
fucose motifs. The ability of wheat germ lectins to bind
sinusoidal endothelium has led to their use in selectively
purifying sinusoidal EC and their preference for periportal
HSEC has even led to the suggestion that they can be
used to differentially purify periportal verses perivenous
HSEC". Staining with Ulex lectin is increased in disease
and is particularly pronounced during capillarisation of
the sinusoids”™. Thus although binding of Ulex lectin is
indicative of an endothelial phenotype, it is not restricted
to ‘sinusoidal’ endothelial cells™ and is not a good marker
of HSEC.

The liver is the major site for the scavenger receptor-
mediated clearance of lipoproteins from the circulation.
Acetylated LDL is mainly cleared by hepatic endothelial
cells™ by binding to scavenger receptors including
scavenger receptor class A (SR-AI/ ). However, these
receptors are expressed by both HSEC and macrophages[w
and the ability to take up acetylated LDL is common to
many extrahepatic endothelial cell populations, again
reducing the specificity of acLDL uptake as a characteristic
property of HSEC.

CD34

CD34 is a type 1 transmembrane sialomucin expressed
by haematopoetic stem cells, capillary and lymphatic
endothelial cells. CD34 is absent from most sinusoidal
endothelial cells in normal liver but expression

. 8,27,55 . . .. . ..
increases' ]durmg capillarisation in chronic inflamma-

tory disease and in the sinusoidal-type vasculature within
hepatocellular carcinomas®™”. CD34 expression has also
been shown to increase in other tissues including the
rheumatoid joint and at sites of neolymphoid development
during chronic inflammation. We have described CD34
positive lymphatic-like vessels in portal associated
lymphatic tissue in chronic inflammatory liver diseases
including PSCP" and hepatitis C (Heydtmann 2006 |
Immunol in press). However, CD34 is not expressed on
most HSEC in non-inflamed tissue 7z »ivo and is absent
from low passage human HSEC 7 vitro.

Pal-E Antigen

The antigen recognised by the Pal-E antibody is a widely
used marker of vascular endothelial cells™ " The identity
of the protein has been proposed as cither a secreted form
of vimentin produced by endothelial cells"! or a protein
designated PV-1/FELS (plasmalemmal vesicle-1/fenes-
trated endothelial-linked structural protein)®”. PV-1 is pat-
ticularly interesting in the context of HSEC. As its name
implies, PV-1/FELS is expressed by fenestrated endothe-
lial cells in the kidney and pancreas'® but it is absent from
fenestrated hepatic sinusoidal endothelial cells™ and is
restricted to vascular endothelium and neovessels in areas
of capilliarisation in chronic liver disease and hepatocellu-

. 52,58
lar carcinoma ",

Vascular Endothelial-Cadherin (VE-Cadherin)

Cadherins are a family of adhesion molecules that
demonstrate cation- dependent homophilic and
heterophilic binding. Endothelial cells express at least
three cadherins: N-, P-, and VE-cadherin. VE-cadherin
1s localised to the inter-endothelial cell junction where
it is an essential part of the adherens junctions that
maintains endothelial permeability, monolayer integrity,
morphogenesis and angiogenic reponses. Most studies
suggest that sinusoidal endothelium in normal liver lacks
VE-cadherin or expresses it at low levels, although it
can be detected in chronic inflammation”™ . It seems
likely that the relative lack of VE-cadherin on HSEC
1s a consequence of the absence of classical adherens
junctions between HSEC and this is consistent with a lack
of other junctional proteins, including vascular endothelial
junctional adhesion molecule (VE-JAM/JAM-2), which is
a member of the immunoglobulin superfamily structurally
similar to JAM-1, which is absent from foetal and adult

liver®

CD105/endoglin

CD105 (endoglin) is a hypoxia-inducible protein that is
widely expressed on endothelial cells and is upregulated
during angiogenesis. It is a receptor for transforming
growth factor (T'GF) -B1 and -B3 and modulates TGF-
signalling by interacting with TGF-B receptors I and/or
II (for review see™). CD105 has been used as a marker
of angiogenesis, particularly in tumour tissue®, and
because it is a transmembrane molecule, it has been used
in antibody-mediated positive selection strategies for
endothelial cell isolation. However, expression of the
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Figure 3 Cultured human hepatic sinusoidal endothelial cells stain positively with antibody directed against ‘non-classical endothelial’ phenotypic markers. Images
represent immunofluorescent staining of cultured cells using specific primary antibodies in an indirect fluorescent protocol. Expression of VAP-1 (A) and LYVE-1 (B) are
visualised with a FITC-conjugated secondary antibody (green), whilst positive staining for L-SIGN (C) is visualised using a Texas Red-labelled secondary antibody.

molecule is not restricted to endothelial cells®”, and in the
liver, expression has been reported in both stellate cells
and myofibroblasts””, We have demonstrated that CD105
is expressed on hepatic sinusoidal endothelial cells (Figure
2) but again emphasise that this is not a tissue- or cell
lineage-specific marker and urge caution when using it as a
phenotypic identifier.

NEWER MARKERS OF ENDOTHELIAL
PHENOTYPE RELATE TO THE FUNCTIONS
OF HSEC WITHIN THE LIVER MICRO-
ENVIRONMENT

As well as exhibiting features characteristic of all endo-
thelial cells, hepatic sinusoidal endothelial cells fulfil many
specific features within the liver environment. These

include providing a barrier to minimise access of blood-
borne material into the parenchyma and specific protein/
antigen uptake and presentation. The embryonic origins of
these cells and their similarity with lymphatic endothelial
cells (see later) mean that they express several markers that
are not present on vascular endothelium and these can
be used to distinguish them from other endothelial cells.
Thus, it is possible to use protein markers related to these
specific origins and functions to confirm the phenotype of
HSEC in vitro.

Scavenger functions/lipid uptake functions of EC
The exposure of sinusoidal endothelial cells to blood
originating from both the systemic circulation and the gut
means that HSEC are strategically situated to remove and
recycle blood-borne proteins and lipids. In combination
with Kupffer cells, HSEC constitute the most powerful
scavenger system in the bodym]. The uptake of solutes
is facilitated by the presence of fenestrae, the lack of
a classical basement membrane and the expression of
multiple scavenger receptors that allow them to bind and
take up specific classes of molecules. These properties
facilitate bidirectional transfer of materials to the
parenchyma. Many of the scavenger receptor proteins can
be used to determine the phenotype of HSEC.

The link family of proteins has recently been described
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as scavenger receptors responsible for clearance of a
variety of proteins, including advanced glycation end
products, modified LDL and bacteria™. Two members
of this protein family, Stabilin-1 and -2, are constitutively
expressed by hepatic sinusoidal endothelial cells®™,
Stabilin-2 is the major lymph node and liver hyaluronan
and glycosaminoglycan scavenger receptor whilst
Stabilin-1 (also called Feel-1 or CLEVER-1"" is a more
promiscuous scavenger receptor. In common with many
other scavenger-type receptors, these proteins are present
on sinusoidal endothelial cells in spleen and lymph node as
well as the liver. Most of the scavenger functions assigned
to this molecule relate to endocytosis of hyaluronic acid,
acetylated LDL and glycation end products, but there is
also evidence to support roles for Stabilin-1 in leukocyte
adhesion and tumour metastasis'®”’". Another member
of the link protein family is LYVE-1, an endothelial
hyaluronan receptor predominantly restricted to lymphatic
endothelial cells (reviewed in'™). Putative functions
for LYVE-1 include the uptake of hyaluronic acid and
regulation of leukocyte adhesion or migration within the
lymphatic circulation. Interestingly, hepatic sinusoidal
endothelial cells also express LYVE-1 constitutivelymJ
(Figure 3) with evidence of a zonal distribution, the highest
levels being detected in acinar zone 2. This hyaluronan
receptor is present on both normal and diseased human
HSEC, although lower levels are observed in cirrhosis and
the protein is absent in Hcc™, Expression is also seen on
portal-associated lymphatics in chronic liver disease™"™,
The liver is the major site for synthesis and metabolism
of cholesterol and scavenger receptors of class A (SR-A)
on both KC and HSEC"" are responsible for the uptake
of oxidised/acetylated LDL, which is subsequently passed
on to hepatocytes. Another HDL/LDL receptor, CD36™,
also known as GPIV, is expressed at high levels on
platelets, monocyte/macrophages and vascular endothelial
cells. In the liver, CD36 is strongly expressed on sinusoidal
endothelial cells™ where it fulfills multiple functions
including acting as a scavenger receptor for oxidised lipidm
and as an adhesion receptor for red blood cells infected
with malarial parasite[gﬂ. There are two alternatively spliced
members of the scavenger receptor B family (SR-BI and
-BII). Scavenger receptor-B1 is expressed by HSEC and
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is responsible for the uptake of HDL cholesterol esters
to liver parenchymal cells and also acts as a coreceptor for
HCYV infection™,

The calcium-dependent C-type lectins, Dendritic
Cell-specific ICAM-3 grabbing nonintegrin (DC-SIGN)
or CD209 and the related molecule Liver/lymph node-
specific intercellular adhesion molecule-3-grabbing
nonintegrin (L-SIGN) or CD209L (Figure 3), are
constitutively expressed on hepatic endothelial cells™,
DC-SIGN is expressed at high levels on myeloid dendritic
cells in tissues where it interacts with ICAM-3 on T cells
as partof the immunological synapse as well as being an
attachment factor for HCV, ebola virus, CMV, HIV and
other lentiviruses (reviewed in™**). We have recently
reported that DC-SIGN is present on hepatic sinusoidal
endothelial cells and that expression is increased in
response to treatment with cytokines including TT.-4"",
DC-SIGN on endothelial cells acts as an attachment factor
for HCV but does not mediate HCV entry directly but
rather enhances infection of hepatocytes in trans. DC-
SIGN is absent from most other vascular beds, although it
has been reported on a brain microvascular cell line®®”,

Liver/lymph node-specific ICAM-3-grabbing integrin
(L-SIGN), otherwise known as DC-SIGN-related (DC
SIGNR) (CD209L), shares 77% amino acid homology
with DC-SIGN. Like DC-SIGN it can also bind ICAM-3,
HIV and HCV. L-SIGN is strongly and constitutively
expressed on sinusoidal endothelial cells in the liver and
on endothelium in lymph nodes but not on DCs or on
endothelium in other tissues. L-SIGN is thus an excellent
marker of liver endothelium™™. A related molecule, Liver
and Lymph node Sinusoidal Endothelial C-type lectin
(LSECtin) is also expressed on sinusoidal endothelial
cells and has recently been demonstrated to mediate
attachment of filovirus and coronavirus particles®”. Thus
sinusoidal endothelial cells™ can bind a wide variety of
pathogens after which they pass hepatotropic viruses on to
adherent hepatocytes in trans”"
pathogens within the liver.

Ithereby concentrating viral

Antigen presentation by HSEC

As well as being equipped with scavenger receptors that
facilitate efficient uptake of viruses and potential antigens,
HSEC also have the ability to phagocytose particles and
to present antigen to lymphocytes(reviewed in [92’94]).
There is evidence that such interactions are important
for generating immunological tolerance to gut-derived
antigens although recent work suggests that local antigen
presentation cannot explain liver tolerance and that, on
the contrary, the liver may be an excellent priming site for
naive CD8+ T cells”. Antigen presentation is facilitated
by the expression of MHC class I and 11" molecules
together with co-stimulatory molecules such as CD40 and
more contentiously CD80 and CD86". These receptors
are upregulated on HSEC in fulminant liver failure!”
and may contribute to disease pathogenesis by allowing
ongoing presentation of stimulatory antigen. HSEC
also express the mannose receptor (Figure 1), a 175 kDa
transmembrane glycosylated protein involved in uptake
of Ag by both DCs and HSEC"". Competitive inhibition

of this receptor by mannan reduces antigen-specific T cell
activation by murine HSEC"”,

Similarities between lymphatic endothelial cells and
sinusoidal endothelium

Both the liver and pancreas develop from buds of the
embryonic endoderm"””, however, the vasculature
components of the liver have distinct origins. The
portal vessels are derived from viteine veins whereas the
sinusoids develop from the capillary vessels of the septum
transversum and acquire their distinctive fenestrated
phenotype by wk 20 of gestation (reviewed in®". From
this point onward, sinusoidal endothelial cells remain
functionally and phenotypically distinct from the other
vascular endothelial cells in the liver and express several
receptors that are otherwise confined to lymphatic
endothelial cells that are derived from buds from the
cardinal vein. Hence, both lymphatic and sinusoidal
endothelial cells have minimal basement membranes,
loosely organised cell junctions and constitutively express
LYVE-1 and VAP-1 (SSAO/AOC3) but lack CD34
(reviewed in""). VAP-1 is a type I transmembrane
protein that can support leukocyte adhesion iz interactions
with sialic acid rich side chains. It is also an amine oxidase
and enzyme activity is also involved in regulating leukocyte
adhesion and transmigration“m]. VAP-1 is expressed on
all vascular compartments within the liver (Figures 1 and
2) where it supports the adhesion and transmigration of
leukocytes[m’mz]. The only extrahepatic site where VAP-1
1s constitutively expressed at high levels is endothelial cells
in high endothelial venules within lymph nodes"” where
again it is proposed to have a role directing the adhesion
of lymphocyte populations”w. Similarly both lymphatic
endothelium and HSEC express the Reeler gene product
Reelin"". Reelin is a secreted glycoprotein with roles in
embryonic development and organisation. Expression is
restricted during embryogenesis but in the adult organism
high levels are detected on lymphatic endothelial cells and
within the sinusoids localised either to stellate cells"™ or
HSEC". 'This has led to the hypothesis that reelin may
be involved in the regulation of lymphoangiogenesis or
regulation of lymphatic endothelial phenotype and thus
may have similar roles within the liver sinusoids.

Thus there are many similarities between HSEC and
lymphatic endothelial cells and some antigens originally
defined on lymphatic endothelium can also be used to
differentiate between HSEC and vascular endothelial cells
in the liver. It is possible to exclude contamination with
lymphatic EC in HSEC cultures on the basis that LYVE-1
positive HSEC do not express PROX -1, a transcription
factor found exclusively in lymphatic EC!",

CONCLUSIONS

Cultures of endothelial cells are valuable tools to
investigate mechanisms of liver physiology and
pathophysiology 71 vitro. However, the study of endothelial
cells in vitro is complicated by the marked heterogeneity
of endothelial cells between and within different organs
and the tendency for cells to lose tissue-specific markers
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when cultured iz vitro. Although all endothelial cells share
some characteristic features (as described in the first part
of this review), there is a need for specific markers or
combinations of markers that define distinct populations
of endothelial cells. To date, the study of HSEC i witro
has been hampered by the lack of specific markers that
can conclusively identify these cells and discriminate
them from vascular or lymphatic endothelial cells. To
some extent this remains the case, since many classical
endothelial markers are widely expressed (Table 1) and
there is considerable reported variability in detection of
phenotypic markers between animal and human systems
(eg CD31 and vWE). To date there is no known single
molecule that is only expressed on hepatic sinusoidal and
no other type of endothelia. However, the increasing
knowledge of endothelial receptors is providing us with
a larger and better defined set of phenotypic makers.
In addition to their use in phenotyping ot sorting/
selecting specific endothelial cells for culture, receptors
that show tissue-specific expression provide clues to
specific functions of the cells being studied. Examples
of this are the large number of scavenger receptors
expressed by HSEC. Cultured HSEC do exhibit some
useful identifying features, however. Very low passage
cells retain fenestrations 7z vitro for a short time but these
rapidly disappear within a passage or two in culture™?, as
does expression of VAP-1"", Apart from these changes,
however, the cells remain relatively phenotypically stable
for 7-8 passages[sl and can be identified by expression of
CD31, LYVE-1, DC-SIGNR(L-SIGN), Stabilin-1 and
lack of CD34 and PROX-1""". These markers confirm
endothelial identity, while excluding vascular and lymphatic
endothelial contamination and in conjunction with markers
to exclude cells of leukocyte origin can be used to confirm
the sinusoidal nature of the cells.
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Abstract

Gastrinomas are defined as gastrin secreting tumors
that are associated with Zollinger-Ellison syndrome
(ZES). ZES is characterized by elevated fasting gastrin
serum levels, positive secretin stimulation test and
clinical symptoms such as recurrent peptic ulcer disease,
gastroesophageal reflux disease and occasional diarrhea.
Genetically, nonhereditary (sporadic) gastrinomas are
distinguished from hereditary gastrinomas, which are
associated with multiple endocrine neoplasia type 1
(MEN1) syndrome. In general, duodenal gastrinomas
are small and solitary if they are sporadic and multiple
as well as hereditary. The sporadic gastrinomas occur in
the duodenum or in the pancreas while the hereditary
gastrinomas almost all occur in the duodenum. Our
series of 77 sporadic duodenal neuroendocrine tumors
(NETs) includes 18 patients (23.4%) with gastrinomas
and ZES. Of 535 sporadic NETs in the pancreas collected
from the NET archives of the departments of pathology
in Zlrich, Switzerland, and Kiel, Germany, 24 patients
(4.5%) suffered from sporadic pancreatic gastrinomas
and ZES. These NETs have to be distinguished from
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tumors with immunohistochemical positivity for gastrin
but without evidence of ZES. An additional 19 patients
suffered from MEN1 and ZES. These patients showed
exclusively duodenal gastrinomas, but not pancreatic
gastrinomas. The prognosis of sporadic and MEN1-
associated duodenal gastrinomas is better than that
of pancreatic gastrinomas, since they progress slowly
to liver metastasis. In summary, sporadic and MEN1-
associated gastrinomas in the duodenum and pancreas
show different clinico-pathological and genetic features.
The incidence of sporadic duodenal gastrin-producing
tumors is increasing, possibly due to optimized
diagnostic procedures. In contrast, pancreatic MEN1-
associated gastrinomas seem to be extremely rare. A
considerable subset of tumors with immunohistochemical
expression of gastrin but without evidence of ZES should
be designated as functionally inactive NETs expressing
gastrin, but not as gastrinomas.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Gastrinomas are defined as gastrin-producing tumors that
are associated with Zollinger-Ellison syndrome (ZES) due
to inappropriate gastrin secretion. ZES is characterized
by elevated fasting gastrin serum levels, positive gastrin
secretin stimulation test and clinical symptoms such as
recurrent peptic ulcer disease, gastroesophageal reflux
disease and occasional diarrhea”.

The first cases of ZES were described in 1955
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One patient, a 36-year-old woman with severe recurrent
ulcer disease and a family history strongly suggestive of
multiple endoctine neoplasia type 1 (MENT1) background,
was found to have several endocrine tumors, including
microadenomas, in the pancreas. This case report already
illustrates many of the issues that atre still encountered in
the diagnosis of gastrinoma. A closer look at the report
by Zollinger and Ellison, on the basis of our current
knowledge on gastrinomas, reveals that they were most
likely dealing with a MENT1 patient. What is the reason
for this assumption? Zollinger and Ellison described
multiple endocrine tumors in the pancreas, which they
thought were the cause of the ulcer syndrome, since
their removal by a Whipple resection cured the patient.
However, today we know that multiple gastrinomas
virtually do not exist in the pancreas, but virtually always
occur in the duodenum in the setting of MENI. In this
hereditary syndrome duodenal tumors producing gastrin
are tiny and usually associated with multiple pancreatic
tumors that do not produce gastrin, but may be large.
In 1955, it was not possible to prove that the tumors
produced gastrin. Firstly, gastrin still has to be isolated™”,
and secondly, immunohistochemistry for gastrin has not
yet been invented. Therefore, it is a quite likely assumption
that Drs. Zollinger and Ellison’s patient suffered from a
recurrent ulcer disease in the setting of MEN1 syndrome
and had multiple small gastrinomas in the duodenum,
which were removed together with non-gastrin producing
endoctine tumors in the pancreas. While the tumors in the
pancreas were easily noticed and described, the duodenal
minigastrinomas probably escaped detection.

This review focuses on the clinical setting and
morphological aspects of sporadic and MENT1-associated
duodenal and pancreatic gastrinomas. In addition, the
results of an analysis of epidemiology of sporadic and
MENT1-associated duodenal and pancreatic gastrinomas in
a large setries of duodenal and pancreatic neuroendocrine
tumors (NETSs) from the Swiss and German NET archives
are presented.

CLINICAL SETTING OF GASTRINOMAS

Between 60% and 75% of patients with ZES are found
to have an isolated duodenal or pancreatic gastrinoma
(sporadic ZES). In the remaining patients ZES is part
of MEN1 syndrome and these patients usually exhibit
multiple duodenal gastrinomas (hereditary gastrinoma)”,
The term pseudo-ZES (also called ZES type 1, as
opposed to ZES type 2 caused by a gastrinoma) is coined
for a syndrome with symptoms similar to ZES that
appears to be caused by antral G-cell hyperfunction and
hyperplasia™”. The fact that this syndrome has no longer
been described in recent years raises questions of whether
it exists at all. In rare cases the syndrome of recurrent and
intractable peptic ulceration may be found in association
with a pancreatic endocrine tumor that does not produce
and secrete gastrin". The factor causing peptic ulceration
in these patients has yet to be identified"”.

Among the gastroenteropancreatic neuroendocrine
tumors associated with hormonal syndrome, gastrinomas
are second only in incidence to insulinomas and are

malignant in more than 60% of the cases. These tumors
are classified as low grade malignant neoplasms, i.e. well
differentiated neuroendocrine carcinomas. The peak
incidence of gastrinomas lies between 40 and 50 years,
children (5-15 years of age) are rarely affected".

SPORADIC GASTRINOMA

Sporadic gastrinomas occur either in the pancreas or in
the duodenum and are apparently solitary tumors. In the
past, approximately 70%-80% of these gastrinomas were
thought to occur in the pancreas, particularly in its head.
Currently, gastrinomas are more frequently found in the
duodenum.

In general, gastrinomas represent the only type of
endocrinologically active duodenal NETSs, while all other
types of duodenal NET (i.e. functionally inactive NETs
expressing somatostatin, serotonin or gastrin, gangliocytic
paraganglioma and poorly differentiated neuroendocrine
carcinomas) are found to be endoctinologically silent. The
reason for the increasing incidence of sporadic duodenal
gastrinomas and endocrinologically silent inactive gastrin-
producing NETs may be that many of these small
NETs were overlooked but their large periduodenal/
peripancreatic lymph node metastases were noted and
recorded as primary gastrinoma in the pancreas or as
primary lymph node gastrinoma in the past (details are
shown below).

Sporadic duodenal gastrinomas usually arise from
the first part of the duodenum and are located in the
submucosa. They are most often less than 1 cm in
diameter™"” (Figure 1A and 1B). Despite this small size
metastases to regional lymph nodes are alteady found in
60% to 80% of the patients at the time of diagnosis'"”.
It seems that periduodenal and peripancreatic lymph
node metastases may grow faster than their duodenal
primary tumors and thus may form large tumors that are
easily recognized, in contrast to the duodenal primary
tumors. It has therefore been suggested that the so-called
peripancreatic and periduodenal lymph node gastrinomas
that were described in the past may in fact be metastases
of duodenal microgastrinomas that are overlooked
during diagnostic work-up and surgery, rather than true
primary tumors' . Apart from lymph node metastases,
duodenal gastrinomas may metastasize to the liver, but
only in a small percentage of cases (about 10%) and only
many years after the manifestation of the disease!"”. Thus
the10-year survival rate of 84% has been reported in
patients with duodenal gastrinomas®
metastasizing duodenal gastrinomas are rare.

2l Fast growing and

Histologically, duodenal gastrinomas are often
submucosal tumors that infiltrate the mucosa and may
also infiltrate the muscular layer if they are larger than
1 cm in diameter. They most often show a trabecular
or pseudoglandular pattern. Their proliferative
activity is usually between 2% and 10% (Figure 2).
Some of the tumors may show angioinvasion. Their
prognostic classification is outlined in detail in Table 1.
Immunocytochemically, gastrin can be detected in all
tumors' Y, Many duodenal gastrinomas are multihormonal
and additionally contain single somatostatin or serotonin
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Figure 1 Overview
of sporadic
gastrinomas less
than 3 mm in
size within the
submucosa stained
with hematoxylin
and eosin (A) and
gastrin (B).

expressing cells in addition to gastrin cells.

Sporadic gastrinomas in the pancreas usually have a
diameter of 2 cm or more (Figure 3). It has been reported
that they occur more frequently in the head of the
pancreas'”. However, in our series they were found in all
parts of the organ.

Metastasis of sporadic pancreatic gastrinomas to
regional lymph nodes is found in approximately 60% of
patients at the time of diagnosis™, and liver metastases
occur more frequently (10%-20%) than duodenal
gastrinoma liver metastasis' ""**. Thus the 10-year survival
rate is worse in patients with pancreatic gastrinomas (57%)
than in patients with duodenal gastrinomas (84%)***!. In
rare cases, bone metastases may develop in the terminal
phase of a metastasized gastrinoma.

Histologically, pancreatic gastrinomas are similar to
duodenal gastrinomas, but may have a higher proliferation
and angioinvasion rate. Table 1 shows their prognostic
assessment. Immunocytochemically, gastrin can be
detected in almost all tumors*?. Approximately 50% of
gastrinomas are multihormonal and contain PP, glucagon
and/ot insulin in addition to gasttin.

Islet hyperplasia and nesidioblastosis have repeatedly
been described in the non-neoplastic pancreas of
patients with gastrinomas, but these findings cannot
be confirmed by morphometry”. Recently, however,
motrphometrically defined PP-cell hyperplasia has been
described in the ventrally derived region of the pancreatic
head”. Tt has not been definitely established whether
hypergastrinemia can influence these changes. In the
stomach mucosa, however, sustained hypergastrinemia
induces parietal cell hyperplasia with thickened mucosal
folds and gastric acid hypersecretion. In addition, the
number of enterochromaffin-like (ECL) cells is increased
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Figure 2 Morphology of sporadic duodenal gastrinoma stained with HE showing a

trabecular and glandular growth pattern (A); strong immunoreactivity for gastrin (B),

and expression of the nuclear proliferation antigen MIB1 in more than 2% of NET
cells (C).

in the fundal mucosa™ ™. ECL cell tumors in the fundus
of the stomach, which are a well-known complication in
patients suffering from pernicious anemia due to chronic
type A gastritis, appear to be very uncommon in patients
with sporadic ZES", They have, however, been reported
in patients with ZES and MENT. In these instances they
probably represent another neoplastic manifestation of
MENT1 syndrome (see below) rather than merely the result
of a trophic effect of gastrin[%’zg].

MEN1-ASSOCIATED GASTRINOMAS

Approximately 25%-33% of patients with gastrinomas
develop these tumors in the setting of MEN1. Almost
all these gastrinomas reside in the duodenum®’,
They are usually smaller than 1 cm in diameter and
multicentric, arising from multifocal hyperplastic gastrin
cell proliferations”' (Figures 4 and 5). Histologically,
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Table 1 Classification of neuroendocrine tumors of the pancreas (WHO classification 2004)™*"

1  Well-differentiated neuroendocrine tumor

* Benign: confined to pancreas, < 2 cm in size, nonangioinvasive, < 2 mitoses/HPF and < 2% Ki-67-positive cells
- Functioning: insulinoma
- Nonfunctioning
*  Benign or low grade malignant (uncertain malignant potential): confined to pancreas, = 2 cm in size, > 2 mitoses/HPF, > 2% Ki-67-positive cells,
or angioinvasive
- Functioning: gastrinoma, insulinoma, VIPoma, glucagonoma, somatostatinoma, or ectopic hormonal syndrome
- Nonfunctioning
2 Well-differentiated neuroendocrine carcinoma
* Low grade malignant: invasion of adjacent organs and/or metastases
- Functioning: gastrinoma, insulinoma, glucagonoma, VIPoma, somatostatinoma or ectopic hormonal syndrome
- Nonfunctioning
3 Poorly-differentiated neuroendocrine carcinoma
* High grade malignant

Table 2 Classification of neuroendocrine tumors of the duodenum and upper jejunum

1  Well-differentiated neuroendocrine tumor

* Benign: nonfunctioning, confined to mucosa-submucosa, nonangioinvasive, < 1 cm in size
- Gastrin-producing tumor (upper part of the duodenum)
- Serotonin-producing tumor
- Gangliocytic paraganglioma (any size and extension, periampullary)
* Benign or low grade malignant (uncertain malignant potential): confined to mucosa-submucosa, with or without angioinvasion, or > 1 cm in size
- Functioning gastrin-producing tumor (gastrinoma), sporadic or MEN-1 associated
- Nonfunctioning somatostatin-producing tumor (ampullary region) with or without neurofibromatosis type 1
- Nonfunctioning serotonin-producing tumor
2 Well-differentiated neuroendocrine carcinoma
* Low grade malignant: invasion of the muscularis propria and beyond or metastases
- Functioning gastrin-producing carcinoma (gastrinoma), sporadic or MEN-1 associated
- Nonfunctioning somatostatin-producing carcinoma (ampullary region) with or without neurofibromatosis type 1
- Nonfunctioning or functioning carcinoma (with carcinoid syndrome)
- Malignant gangliocytic paraganglioma
3 Poorly-differentiated neuroendocrine carcinoma
* High grade malignant

Figure 3 Overview of sporadic pancreatic
gastrinoma surrounded by thickened
collagen in the vicinity of normal pancreatic
parenchyma stained with hematoxylin and
eosin (A) and gastrin (B).

gastrinomas is similar to that of sporadic counterparts

(Table 2).

they show trabecular and pseudoglandular patterns
and immunohistochemically they express gastrin and
occasionally also somatostatin. Because of their small
size they are (like sporadic duodenal gastrinomas)
difficult to detect. Pancreatic gastrinomas associated with
MENT are very rare!™, although the pancreas of these
patients usually contains multiple endocrine micro- and
macrotumors” . These tumors, however, virtually never

EXTRADUODENAL AND EXTRAPAN-
CREATIC GASTRINOMAS
(4]

Unusual sites of gastrinomas are the stomach™",
jejunum[

% biliary tract, liver™ and kidney™. Ovarian or

produce significant amounts of gastrin™?. The metastatic
and biological behavior of duodenal MENT1-associated

pancreatic mucinous cystic tumors that contain a sufficient
number of active endocrine cells with gastrin production
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Figure 4 Circumscribed linear and nodular hyperplasia of gastrin cells within the
Brunner’s glands in a patient with MEN1.

Figure 5 Tiny MEN1-associated duodenal gastrinoma within the submucosa
revealing a diameter of less than 1 mm.
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Figure 6 Duodenal NETs in the Kiel tumor archive. Fifty-nine (76.6%) out of the
77 NETs were endocrinologically not active, 20 of them expressed gastrin. These
were not associated with ZES. All the functionally active NETs (18; 23.4%) were
immunohistochemically positive for gastrin and showed a ZES.

39-41
may also cause ZES, but are uncommon® ',

PERSONAL OBSERVATIONS

In our series of sporadic duodenal NETSs collected
from 1975 to 2006, duodenal gastrin producing
tumors account for 49.4% (38) of 77 sporadic NETSs
(Figure 6). Surprisingly, only 47.4% (18) of the gastrin-
immunoreactive sporadic NETs show an association
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Figure 7 Pancreatic NETs in the Zirich tumor archives. Seventy-five (49.3%)
out of the 152 pancreatic NETs were endocrinologically not active, of which 3
expressed gastrin. These 3 gastrin-expressing NETs were not associated with
ZES. Eight of the 77 functionally active NETs were immunohistochemically positive
for gastrin and associated with ZES.
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Figure 8 Pancreatic NETs in the Kiel tumor archives. Two hundred and twenty-
five (58.7%) out of the 383 pancreatic NETs were endocrinologically not active.
These gastrin-expressing NET were not associated with ZES. Sixteen of the 158
functionally active NETs were immunohistochemically positive for gastrin and
showed a ZES.

with ZES (Figure 6). The reason for the lack of ZES in
a considerable subset of patients with gastrin-expressing
tumors remains to be analyzed in detail. Whether these
gastrin producing tumors in the duodenum are similar in
behavior to the duodenal gastrinomas remains unknown.
However, it seems that they may have a different biology.
Terminologically, these NETs with immunohistochemical
expression of gastrin but without evidence of ZES should
be designated as functionally inactive NETs expressing
gastrin, but not as gastrinomas.

In two large series of sporadic pancreatic NETs from
Kiel (# = 383) and Ziirich (# = 152) pancreatic gastrinomas
were found to be rare tumors, accounting for 4.2% (Kiel)
and 5.3% (Zirich) of all collected sporadic tumors,
respectively. Similar to duodenal tumors an additional 1.6
% (Kiel) and 2.0% (Ziirich) of sporadic gastrin-expressing
tumors were not associated with ZES and were therefore
designated as functionally inactive pancreatic NETSs
producing gastrin (Figures 7 and 8).

It was reported that 19 (59.4%) of 32 patients with
MENT1 showed ZES. The source of ZES in these patients
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is duodenal rather than pancreatic gastrinomas. Most of
these exhibit multifocal duodenal gastrinomas and lymph
node metastases”",

CONCLUSION

The preferred site of gastrinomas is the duodenum rather
than the pancreas. Despite the small size of duodenal
gastrinomas they may show the same rate of metastasis at
the time of diagnosis as pancreatic gastrinomas, which are
usually larger in size. However, the survival rate of patients
with pancreatic gastrinomas is lower than that of patients
with duodenal gastrinomas. MEN1- associated gastrinomas
are virtually all localized in the duodenum. They ate usually
multiple. They probably arise from multifocal precursor
lesions, i.e. diffuse gastrin cell proliferations that are
lacking in sporadic duodenal gastrinomas. Biologically, the
behavior of MENT1-associated gastrinomas is similar to
that of sporadic duodenal gastrinomas. Gastrin expressing
tumors both in the duodenum and in the pancreas without
evidence of ZES should be designated as functionally
inactive NETs producing gastrin, but not as gastrinomas.
The reasons for the lack of hormonal symptoms in gastrin
expressing NETs still need to be analyzed in detail.
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Abstract

Several hundred species of bacteria inhabit the gut, and
affect its cell biology, morphology and homeostasis. Many
bacteria are however potential pathogens, especially
if the integrity of the epithelial barrier is physically
or functionally breached. Conversely, the interaction
between host and commensal microbes can confer
important health benefits. This has led to commercial
and public interest in 'probiotics', live microbes principally
taken as food supplements. Might probiotics also be
used in disease therapy? Experimental evidence that
probiotics modulate gut physiology, particularly barrier
integrity and immunological function, underpins exciting
new gastroenterological research. We discuss below the
scientific basis for probiotic effects and present a critical
perspective for their use in relation to gastrointestinal
disease.
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INTRODUCTION

The concept of probiotics probably dates back to 1908,
when Nobel Prize winner Eli Metchnikoff suggested that
the long life of Bulgarian peasants resulted from their
consumption of fermented milk products'. In 1965 Lilly
and Stillwell first used the term ‘probiotic’ when describ-
ing ‘substances secreted by one organism which stimulate
the growth of another™. Parker” described probiotics as

‘organisms and substances which contribute to intestinal
microbial balance’ and Fuller proposed in 1989 that probi-
otics were ‘a live microbial supplement which beneficially
affects the host animal by improving its microbial balance'”.,
Salminen ¢f al” defined them as “foods containing live bac-
teria which are beneficial to health’, whilst Marteau e# o/
define them as ‘microbial preparations or components of
microbial cells that have a beneficial effect to health and
well being’. Such definitions underpin the current popular
commercial usage of various ‘friendly bacteria’ to secure
non-specific benefits to health.

With improved understanding of the physiology and
therapeutic role of probiotics, definitions have evolved
bolder claims, which now enter medical territory. Charteris
et al” defined probiotics as ‘micro-organisms, which when
ingested, may have a positive effect in the prevention and
treatment of a specific pathological condition’.

Two related terms are prebiotics and synbiotics: prebi-
otics are defined as “non digestible food ingredients that
beneficially affect the host by selectively stimulating the
growth and/or activity of one or a limited number of bac-
teria in the colon that can improve host health”®. When
prebiotics and probiotics are administered together, this is
referred to as a synbiotic.

NORMAL GUT MICROFLORA

The colon contains tenfold more bacteria than the total
number of mammalian cells constituting the host. The
relationship is symbiotic: for example, bacterial vitamin KK
synthesis contributes to haemostasis, whilst short chain
fatty acids generated by colonic bacteria salvage additional
energy from otherwise ‘wasted’ dietary fibre.

Colonisation of the gastrointestinal tract starts imme-
diately after birth, initially with maternal vaginal and intes-
tinal flora. Other sources ate diet (breast or formula based
feeds)” ' and environment, as reflected by the different
gut flora in infants born in developing and developed
countries” . Infants who are breast fed predominantly
harbour Bifidobacteria whilst formula fed infants have a
more complex bacterial profile comprising Enterobacteria,
Bacteroides, Clostridia, Lactobacilli, Bifidobacteria and Strepto-
cocct™".

These ‘pioneer’ bacteria are important because they
modulate epithelial cell gene expression, creating a favout-
able habitat for themselves by inhibiting the growth of
bactetia introduced later!"". This renders initial colonisation
causally determinant to the final composition of bacterial
flora in adults" .

During development, the gut flora changes. The mouth
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harbours mainly facultative and strict anaerobes including
Streptococci, Bacteroides and yeasts. The oesophagus has no
significant resident microbial colonisation but is constantly
transited by swallowed organisms. The widely held idea
that the upper gut is largely sterile is not valid. The stomach
and duodenum harbour up to 10* colony forming units
(CFU) per gm of Candida albicans, Bacteroides, Lactobacillus
and Streptococeus. H pylori are specifically adapted for gastric
residence. The jejunum again harbours Bacteroides, Candida
albicans, Lactobacillus and Streptococcus but with a content of
10°-10" CFU/g Scepticism that probiotics will not survive
the passage through the acidic stomach is therefore un-
founded. From the ileum onwards bacterial colonisation
increases from 107-10° CFU/g in the ileum to 10'°-10"
CFU/g in the colon, with a predominance of Bacteroides,
Bacillus, Clostridium, Enterococcus, Peptostreptococcus, and
Streptococens species'.

GUT MICROFLORA AND GUT PHYSIOLOGY

Recent research has demonstrated that a dynamic and re-
ciprocal interplay exists between the gut microflora and the
host. In particular, there is growing evidence that bacteria
play an important role in directing epithelial differentiation
and reinforcement of the gut barrier, through complex
host-bacterial cross talk which occurs at a molecular level
in interacting cells. This new biology underpins the puta-
tive effects of probiotics, since host-bacterial interactions
can be re-engineered by purposeful manipulation of lumi-
nal ecology.

The physical barrier: bacteria and tight junctions

The intestinal epithelium constitutes an anatomical and
functional barrier, effectively a bipolar monocellular
obstacle between luminal microbes and the cells of the
lamina propria. Barrier function is normally maintained by
a complex interplay of numerous proteins, assembled to
form the tight junction complexes (IJs)!"™*" in the juxta-
apical region of the cell membrane (Figure 1). Commensal
organisms contribute uncharacterised constitutive signals
supporting epithelial integrity. Disruption of TJs may be
clicited by pathogenic bacteria, stress and injury, sa pro-
inflammatory cytokines. Disruption of T] integrity results
in increased paracellular permeability, which is measur-
able in a variety of experimental models, and which may
initiate, exacerbate or perpetuate intestinal inflammation
in disease®. Altered intestinal permeability has been
demonstrated in Crohn’s disease, celiac disease, intestinal
infections and NSAID-induced enteropathy™. In order
to counteract the harmful effects of luminal pathogens
and toxins, and to protect barrier homeostasis, intestinal
epithelial cells exhibit several additional defensive fea-
tures, which include production of defence peptides and
mucins®. In addition, a class of bacterial-sensing im-
munocytes, the dendritic cells, are able to project sensory
dendrites into the lumen between adjacent enterocytes
via T] regions. Dendritic cells express receptors evolved
to sense bacterial components, through which highly pat-
terned host immune responses are evoked appropriately
and constantly. Supporting experiments in rats have shown
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Para cellular
pathway

Figure 1 Tight junctions have a ‘barrier’ function in epithelia.

that colonisation of an excluded colonic loop with E. co/i
increased paracellular permeability, but this was partially
reversed by colonisation with a putative probiotic, Lactoba-
cillus brevis™. In addition, the chronic colitis occurring in
Interleukin-10 (IL-10) deficient mice™ is associated with
increased colonic permeability, which is reversed in mice
pre-treated for 4 wk. with a probiotic product, VSL#3
consisting of Bifidobacterium, Streptococcns and Lactobacillus
species.

The potential cellular basis has also been addressed in
human cell models”. The influence of whole probiotic
bacteria E. co/i Nissle 1917 (EcN) or VSL#3, bacterial cell
lysates or conditioned medium from bacterial cultures
were assessed against a vatiety of barrier and defensive pa-
rameters in human intestinal epithelial cell lines. These in-
cluded a measure of T] function (transepithelial resistance,
TER) and tight junction protein abundance, IL.-8 secretion
and mucin gene expression. In addition, protective effects
on pathogen (Salmonella dublin) induced alterations were
analyzed. The probiotic mixture and soluble protein relea-
sed from it, increased basal TER, prevented pathogen-in-
duced decrease in TER, and stabilized TJs. This suggested
that the organisms, or their secretory products, functio-
nally modulate the intestinal epithelium of the host. These
include competition of organisms for contact with the
epithelial surface, stabilization of the cytoskeletal and bar-
rier function, and the induction of mucin gene expression.
Gram-negative and gram-positive organisms differed in
the cellular mechanisms activated: perhaps a combination
of organisms might be more effective than the application
of a single strain”’. The stumbling block inevitably lies in
translating observations in these reductionist models to a
proven clinical effect.

Recent interest has centred on regulation of the barrier
via epithelial sensing of microbial components. The Toll-
like receptors (TLRs) are a class of pattern-recognition
receptors that specifically discriminate between self and
microbial non-self based on the recognition of molecular
patterns”’. TLRs thereby play an important role in im-
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mune responses and the induction of antimicrobial ef-
fector pathways, leading to elimination and exclusion of
host-threatening pathogens. It has been shown that the
intestinal epithelium expresses several TLRs, which include
TLR2, TLR3, TLR4 and TLR5"". It is possible that cer-
tain probiotic agents contain TLR-specific immunostimu-
latory features, leading to the amelioration of colitis by
restoring intestinal epithelial barrier to protect the host"”,

The functional barrier: probiotics and mucosal immunity
The gastrointestinal mucosa is the primary interface be-
tween the external environment and the immune system.
In the complete absence of intestinal microflora antigen
transport is increased, indicating that the normal gut mi-
croflora maintain gut defences™. The microflora affect
the development of gut associated lymphoid tissue at an
early age by directing the regulation of systemic and local
immune responsiveness, including promoting tolerance via
hypo-responsiveness to antigens from micro-organisms
and food"™. Probiotic organisms have been shown to
modulate immunoglobulin production. Secretory IgA
plays an important role in mucosal immunity, contributing
functionally to the barrier against pathogenic bacteria and
viruses” ™. An enhanced IgA immune response has been
shown in children with Crohn’s disease treated with Lacfo-
bacillus GG, Interestingly, Madsen ez al™ demonstrated
that IL10 deficient mice displayed significantly higher ba-
sal numbers of adherent bacteria compared with healthy
control mice. When the colon was repopulated with Lacto-
bacillus reuteri enemas the proportion of adherent and
translocated bacteria, and the development of colitis, was
significantly decreased. Further, Schultz™! demonstrated
that feeding Lactobacillus plantarnm attenuated established
colitis in IT.-10 knockout mice. In rats, the effects of Lacto-
bacilli and fibre (oatbase) were studied in Methotrexate-
induced enterocolitis. Rats received an intragastric infusion
of an elemental diet, with or without supplementation of
oatbase, Lactobacillus reuteri R21.C and Lactobacillus plantarum
DSM9843™. Methotrexate was injected intraperitoneally
on d 3. By d 6 Lactobacillus decreased intestinal inflamma-
tion, re-established intestinal microecology and reduced
bacterial translocation to extra-intestinal sites.

Data from human studies support a role for the gut
microflora in the development of several gut associated
inflammatory conditions, most likely triggered by immune
response to their antigenic structures™. Thus probiotics
may exert clinical effects by altering the intestinal inflam-
matory response to the luminal microflora.

Trophic and nutritional effects of gut microflora

Probiotic organisms exert a potentially positive effect on
gut function through a trophic action on gut mucosa. In
experimental models, ctypt cell turnover is reduced in the
colon of rats bred in germ free environments (gnotobiotic
animals). Germ free crypts also contain fewer cells than
those of colonised rats'* Butyrate is an important source
of energy for colonocytes , whilst acetate and propionate
are found in portal blood and are eventually metabolised in
the liver or peripheral tissues, in particular muscle!*. The
most important role of SCFA is probably their trophic

effect on colonic epithelium. Short chain fatty acids stimu-
late epithelial cell prolifcration and differentiation in large
and small bowel iz vivd™. Butyrate however inhibits cell
proliferation in epithelial cell lines of neoplastic origin™
Further, butyrate is pro-apoptotic and promotes reversion
of cells from neoplastic to non-neoplastic phcnotypesm
SCFA generation can clearly be altered by manipulating
colonic micro-ecology, so probiotics and prebiotics may
find a role in the prevention of colonic neoplasia and in
the therapy of inflammatory bowel diseases.

Colonic micro-organisms play an important role in
vitamin synthesis®>*! and in the absorption of calcium,
magnesium and iron*". Ton absorption in the caecum is
improved by carbohydrate, and production of short chain
fatty acids particularly acetate, propionate, and butyrate.

Interactions with mucus

A mucus gel covers the gut epithelium acting as a protec-
tive barrier against pathogens and reducing physical trau-
ma. Change in the mucus content or structure compro-
mise barrier function. Interactions occur between bacteria
and mucus, including the probiotic bacteria that bind to
intestinal mucus””. This is potentially advantageous since
it inhibits adhesion of enteropathogenic bacteria to mucus.
For example Enterococcus faecinm inhibits the adhesion of
enterotoxigenic E. co/i K88 to porcine small intestine mu-

cus B8 .

PROBIOTICS IN CLINICAL GASTROENTER-
OLOGY

The experimental data discussed above demonstrate that
several ‘probiotic’ organisms exert biological effects which
might translate into clinical benefits. Current clinical evi-
dence is limited and non-uniform. Key observations in
relevant conditions are discussed below.

Probiotics in Gl infections

Probiotics have an emerging role in the treatment of
gastrointestinal infections. Probably the best described
is in acute infantile diarrhoea. Lactobacillus strain GG in
fermented milk or freeze- dried powder was shown to re-
duce the duration of diarrhoea in acute rotavirus infection
compared to a placebo group given pasteurised yoghurtls()J
Other studies have confirmed these results®”". Suggested
mechanisms of action are stabilisation of indigenous
microflora™, reduction in the increased gut permeability
caused by rotavirus infection' and reduction in the dura-
tion of virus sheddinglw. This may be cause-specific. In
a multicentre European trial of probiotics in acute child-
hood diarrhoea caused by rotavirus and other pathogensl(’sj,
probiotics (Lactobacillus GG) shortened the duration of di-
arrhoea in rotavirus diarthoea, but showed no such effect
with other pathogens.

Probiotics may also have a role in the prevention of
acute infantile diarrhoea. In a double blind, placebo con-
trolled trial hospitalised infants were randomised to receive
a standard infant formula alone or supplemented with
Bifidobacterium bifidum and Streptococcus thermophilus. After a
17-mo follow up period, 7% of those receiving a probiotic
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had experienced diarrhoea compared to 31% given the
standard formula™. Viral shedding was lower in the pro-
biotic supplemented group. Prophylactic use of Lactobacil-
/s GG in 204 undernourished children followed up for
15 mo also decreased the incidence of acute diarrhoea'”.
This effect was confined to non-breast fed infants. In a
more recently reported double blind randomised placebo
controlled trial, 81 children between 1-3 years of age,
hospitalised for reasons other than diarrhoea, and were
given Lactobacillus GG or placebo for the duration of their
admission. The incidence of nosocomial diarrhoea was
lower in the probiotic group (7% as compared to placebo,
33%)“. Furthermore, although the prevalence of rotavirus
infection was similar in both groups, the risk of rotavirus
gastroenteritis was lower in the probiotic group. Finally, the
benefits of Lactobacillus GG in rotavirus associated diarrho-
ea mainly comprise a reduction in duration of diarrhoea by
1-2 d compared to a median of 3 d.

The positive results for Lactobacillus GG in acute viral
diarrhoea cannot necessarily be extrapolated to other pro-
biotic strains, nor to other causes of acute diarrhoea. The
data imply species and disease specificity, For example, in a
study comparing various probiotic strains, Lactobacillus GG
was found to have a beneficial effect in rotavirus gastroen-
teritis but this was not shared by L. rhammnosus, L. delbrueckii
ot Streptococcns thermophilus™. Saccharomyces boulardii has also
displayed beneficial effects in acute diarrhoea in children
and adults®”™”. Enterococcus SF68 in adults with acute
diarrhoea has however shown inconsistent results’ . Tt
is unclear whether the modest benefits suggested by these
studies justify routine use of probiotics in diarrheal illnes-
ses since most acute diarrhoeal diseases are self limited.
The benefit may be greatest in situations where patients
are at risk for complications such as in children with mal-
nutrition in developing countries.

Antibiotic-associated diarrhoea

Diarrhoea can occur as an adverse effect of antibiotic
therapy, in up to 39% of antibiotic treated hospitalised pa-
tients' . Broad spectrum antibiotics are more commonly
implicated, possibly because of more profound alteration
in colonic flora'”. Several placebo-controlled studies have
shown a decrease in the incidence of diarrhoea or change
in stool consistency when patients were treated with pro-
biotics in addition to antibiotics”**”. The probiotic organ-
isms studied were Lactobacillus spp., Enterococcus and Sac-
charomyces bonlardii. Not all studies support this possibility.
A recent study of 267 patients on antibiotics randomised
to Lactobacillus GG or placebo failed to show any decrease
in incidence of diarrhoea, with 29% in both groups devel-
oping symptomsm. Three other smaller studies were also
negative[78’84’85]. Although most studies looking at probiotics
in antibiotic-associated diarrhoea are placebo controlled
and conducted on a reasonable number of subjects, differ-
ent antibiotics were used in these studies contributing to
their heterogeneity. Two recent meta-analyses (of nine and
seven randomised placebo controlled double blind trials)
have looked at the effect of probiotics in prevention of
antibiotic-associated diarrhoea™". The meta- analysis by
D’Souza e al’treviewed nine randomised, double blind,
placebo controlled trials. Four trials used yeast (Saccharomyces
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bonlardiz); four used Lactobacilli and another used a strain of
enterococcus that produced lactic acid. Three trials used a
combination of probiotic bacteria. Antibiotics were given
with probiotics (or with placebo, in the control group) in
all nine trials. The combined odds ratio in favour of active
treatment over placebo in preventing diarrhoea associated
with antibiotics was 0.37 (95% confidence interval, 0.26 to
0.53; P < 0.001). In the meta- analysis by Cremonini ez a/*",
twenty two studies using Lactobacillus and Saccharomyces
species, matched the inclusion criteria of which seven
studies were homogenous. The combined relative risk was
0.399 (95% confidence interval, 0.27-0.57) suggesting a
strong benefit of probiotic administration on antibiotic as-
sociated diarrhoea. The pooled results suggested that pro-
biotic administration had an overall benefit. However, the
published data is discordant in that it is unclear what the
optimal dose and timing of supplementation should be.

Clostridium difficile associated diarrhoea (CDAD)
Clostridinm difficile 1s a Gram positive bacterium that can
cause colitis, mediated by two enterotoxins, enterotoxin A
and B. The pathophysiology is not fully clear but risk fac-
tors include intercurrent or continued antibiotic therapy,
elderly age, renal disease and female sex"™¥. Probiotics
have been partially evaluated in the prevention of CDAD.
Early uncontrolled trials using Lactobacillus GG"" and
a preliminary report of a controlled trial using Lactobacil-
Ins GG suggested benefit in recurrent CDAD"™. Similarly
uncontrolled or open label studies”™” and subsequently
two controlled trials”*”" have suggested efficacy of Sac-
charomyces bonlardii in recurrent CDAD. In the study by
McFatland ez o/ 124 patients were studied, including 64
patients with an initial episode of CDAD and 60 who had
at least one previous episode of CDAD. Subjects received
otal Saccharomyces boulardii (1 g/d for 4 wk or placebo) and
were followed up for an additional 4 wk after therapy.
Multivariate analysis showed that patients treated with S.
boulardii and standard antibiotics had a significantly lower
risk of CDAD (relative risk 0.43; 95% confidence interval,
0.20-0.97) compared with placebo. In their subsequent
study, Surawicz ¢z al”” tested patients receiving a standard
antibiotic for 10 d and then added S. boulardii (1 g/d for
28 d) or placebo. A significant decrease in recurrence of
CDAD (16.7%) was observed in patients treated with high-
dose Vancomycin (2 g/d) compared with those receiving
Vancomycin and placebo (50%; P < 0.05). Most studies
were small and were mostly not placebo controlled.

A recent systematic review looking at studies in which
probiotic therapy was used for prevention and treatment
of C. difficile- associated diarrhoea concluded that the evi-
dence for routine clinical use of probiotics in this setting
was insufficient””. Again, although probiotics are generally
considered safe, case reports have described Saccharomyces
cerevisiae fungaemia and deaths in immunocompromised
and critically ill patients who received a commercial
preparation of S. boulardii (genomically identical to S.
cerevisiaé)””. Their routine use can therefore not be recom-
mended.

Probiotics in Inflammatory Bowel Diseases
Although the etiology of inflammatory bowel diseases is
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not entirely clear, dysfunctions in both innate and acquired
immunity ate implicated. There has been an increased in-
tetest in pathogenic and endogenous intestinal flora, with
supportive data derived from several animal models. As
noted above spontaneous colitis may develop in mice de-
ficient in the immunoregulatory cytokine IL-10 but IL-10
deficient germ free mice remain disease free!" ",

Clinical studies suggest a significant role for bacteria
in the pathogenesis of human IBD. Crohn’s disease activ-
ity has been shown to improve with antimicrobial therapy,
faccal diversion"™'" bowel rest and intestinal lavage!"”
Furthermore, antibiotics may reduce postoperative re-
lapse!"” postoperative pouchitis” and fistula related
complications"™. There has been particular interest re-
cently in polymorphisms in the CARD15/NOD2 gene, an
intracellular bacterial pattern recognition receptor, as a risk
factor for the development of Crohn’s disease"”. Probiot-
ics may therefore exert benefits in IBD management by
modulatory effects on intestinal flora. For example Lacto-
bacillus GG, when administered to children with Crohn’s
disease, increased mucosal IgA levels'™!! improved intestinal
permeability and reduced disease activity' ", Further, the
relapse rate in 32 adults with inactive Crohn’s disease was
reduced to 6% when subjects in remission were treated
with mesalazine and . bowlardii as compared to 38% with
mesalazine alone!'"!. However, in a placebo controlled
study of 37 Crohn’s disease patients treated with Lactobacil-
/ns GG for 12 mo after curative resection, the probiotic did
not prevent relapse: in fact more severe endoscopic find-
ings were reported in the Lactobacillus group .

Recent clinical studies have evaluated the effect of
non-pathogenic E. ¢/ strain Nissle 1917 versus mesalazine
for maintenance of remission in ulcerative colitis. Kruis
et al'™ studied 120 and Rembacken e a/''" 116 patients
with inactive ulcerative colitis over a period of 12 wk and
1 year respectively given either E. co/i strain Nissle 1917
(MutaflorR) or mesalazine. These unblinded studies found
a similar relapse) in both groups (73% in the mesalazine
group and 67% in the E. co/i group), suggesting that pro-
biotic therapy may be an alternative maintenance therapy.
Similar results were suggested in a third RCT study" ™. 327
patients were treated with mesalazine or E. co/i Nissle 1917
for twelve months. Relapse rates were similar (45.1% in the
probiotic group versus 36.4% in the mesalazine group). In
a controlled trial by Tursi ez /', low dose balsalazide with
VSL#3 was shown to be more effective than balsalazide
or mesalazine alone in patients with acute mild to modet-
ate ulcerative colitis. The combination of a prebiotic and
a probiotic (Béfidobacterium longum/Synergy 1) was associ-
ated with improvement in histological scores and measures
of immune activation in a randomised controlled pilot
study!"".

A recent study investigated the expression and func-
tion of CARD15/NOD?2 in intestinal epithelial cell lines
CARD15/NOD2 mRNA was expressed in both intestinal
epithelial cell lines and primary intestinal epithelial cells.
CARD15/NOD2 mRNA and protein were up-regulated
by tumor necrosis factor alpha (TNF alpha) in SW480
cells. This study suggests that CARD15/NOD2 may serve
as a key component of innate mucosal responses to lumi-
nal bacteria as an antibacterial factor'""”. Failure in this acti-

vity may contribute to the development of Crohn’s disease.

Probiotics in pouchitis

Pouchitis is an inflammation of an ileal reservoir surgically
constructed in the management of IBD. It is associated
with reduced counts of Bifidobacteria and Lactobacilli with
increased numbers of Clostridia and anaerobes in faecal
samplesmgl. Increases in bile acids and decreases in short
chain fatty acids, with a net increase in pH, may also be
seen'"™. In a double blind randomized placebo controlled
trial a probiotic mixture VSL#3 was studied over 9 mo in
40 patients with chronic relapsing pouchitis[“%. Relapse
was defined by a pouch disease activity index (PDAD)"™
of 2 points or more and confirmed by endoscopy and
histology, and was, strikingly, only identified in 15% of
the VSL#3 group as against 100% in the placebo group.
In a prophylactic study, 2 of 20 patients (10%) receiving 1
packet of VSL#3 1 year developed pouchitis, versus 40%
of placebo treated patients'”".,

Somewhat different conclusions were reached in two
recently published studies'**'*. Tn a group of 36 patients
with recurrent or refractory pouchitis who had required
antibiotics at least twice in the past year, patients were
randomly assigned to VSL#3 or placebo after achieving
remission, once daily for a year. More patients remained in
remission in the probiotic group (85% »s 6%)"*.

In an observational study involving 31 patients treated
with VSL#3 after achieving remission with Ciprofloxacin,
only a minority of patients remained on probiotic therapy
and in sustained remission, having stopped them due to
recurrence of disease or adverse effects'””. In summary
then, the benefit of probiotics in Crohn’s disease remains
unproven. The benefit of probiotics in ulcerative colitis
remains unproven. E. ¢o/i Nissle 1917 appears promising
and may be of value in patients intolerant of or resistant
to 5-ASA preparations. Limited data from small controlled
studies would suggest that VSL#3 is a reasonable therapy
in the primary and secondary prevention of pouchitis.

Probiotics in critical illness
Some advocates propose that probiotics have an important
emerging role in managing critical illnesses originating in
the gastrointestinal tract. In a recent study from Hungary
patients with severe acute pancreatitis were randomised
upon arrival to hospital to receive one week of treatment
with a twice daily administration of a freeze dried prepara-
tion containing 10’ live L. plantarnm 299 with a substrate of
10 g oat fibre, or a similar preparation containing I actoba-
cillus which had been inactivated" ™. The study was stopped
when the infection rate showed a significant difference in
the two groups. This occurred when 45 patients had com-
pleted the study, 22 had received treatment with live and
23 with heat killed L. plantarum 299. Infected pancreatic
necrosis occurred in 1 out of 22 subjects (4.5%) in the
treatment group as against 7 of 23 (30%) in the heat killed
group. The length of hospital stay was shorter in the live
LAB group but it did not reach statistical significance due
to small sample sizel™.

Studies on cirrhotic patients have shown a dectrease in
the incidence of encephalopathy. A Chinese study recently
reported 55 patients with minimal hepatic encephalopathy
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who were randomised to receive a synbiotic preparation,
fermentable fibre alone or placebo. Synbiotic treatment
was associated with a reduction in serum ammonia, endo-
toxaemia, reversal of encephalopathy and improvement
in Child-Turcotte-Pugh score in 50% patients"*”, Follow-
ing liver transplantation, bacterial and fungal infections
may occur in the first month despite extensive antibiotic
treatment and selective digestive tract decontamination. A
German study showed a reduction in post-transplant in-
fective complications using probiotics'*”. Another recent
study looked at the effects of a synbiotic preparation on
gut barrier function and in critically ill patients admitted to
the Intensive Care Unit (ICU). Ninety patients admitted to
ICU were randomised (45 in each group) to receive either
synbiotic preparations (Lactobacillus acidophilus La5, Bifido-
bacterinm lactis Bb12, Streptococens thermophilus and Lactobacil-
lus bulgaricus with oligofructose (as a prebiotic) or placebo.
Patients in the symbiotic group had a lower incidence of
potentially pathogenic bactetia (43% »s 75%, P = 0.01) and
multiple organisms (39% »s 75%, P = 0.01) but there were
no significant differences in both groups in terms of intes-
tinal permeability, septic complications or mortality"*". Tt
should be pointed out that the study lasted only one week.

Probiotics and colon cancer

Colon cancer is one of the leading causes of death in the
Western world. Dietary intake of red meat is probably asso-
ciated with a higher risk whereas the intake of fruit, vegeta-
bles, fish and calcium are arguably associated with a lower
risk. It is interesting that colon cancer risk is also lower in
countries such as Netherlands and Finland where a larger
125121 Could diet exert
its effects viz the microflora? If so, mechanisms involved
might include altered metabolic activity of the intestinal mi-
croflora, binding and degradation of potential carcinogens,

quantity of yoghurt is consumed

production of antitumorigenic or mutagenic compounds
and enhancement in host immune response. In animals
where colon cancer was induced by chemical carcinogens,
administration of lactic acid bacteria resulted in a suppres-
sion of DNA damage, tumour formation and growth"™""*,

One bio-epidemiological study showed a higher risk of
colon cancer in the simple presence of Bacteroides species,
but lower risk with Lactobacillus acidophilus, Lactobacillus SO6
and Eubacterinm aerofaciens identifiable in faccal flora™.
This raises the intriguing hypothesis that similarly shifting
the resident bacterial populations may be accompanied by
parallel reductions in neoplastic risk. However, biodiversity
in the colon may merely represent an epiphenomenological
consequence of the dietary and environmental risk factors
listed above.

Probiotics and digestion

Probiotics may have a promising role in certain aspects of
human digestion as illustrated by some interesting stud-
ies. Lactose digestion has been shown to improve in lac-
tose malabsorbers who consume live yoghurt rather than
milk™>", The beneficial effects of yoghurt in lactose mal-
absorbers may result from improved digestion of lactose
in the colon from stimulation of colonic bacterial activity
by lactic acid bacteria”.
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Probiotics in irritable bowel syndrome

Irritable bowel syndrome (IBS) is a collection of func-
tional gastrointestinal symptoms such as abdominal pain,
defaccatory frequency and or constipation. This area is
inevitably contentious, since it remains unclear how much
intrinsic intestinal pathology exists in IBS. However,
changes in gut sensitivity and defaecatory function are
clearly present. Alterations in the composition of intestinal
flora have been reported but not proven including a de-
crease in faecal Lactobacilli, E. coli and Bzﬁdobaftermw’m’m]
138—140]. Sympto—
matic improvement was noted in a very small crossover
trial of 18 patients with IBS given L.acidophilus[m] and
in an uncontrolled study using E. faecinm PR88". On the
other hand, no improvement was seen in bloating, pain or

and an increase in other faecal anacrobes!

urgency to defaecate after the consumption of Lactobacil-
s GG for 8 wk!">™1n a study reported by Saggioro et
™ 50 patients with IBS according to Rome Il criteria
were randomly assigned to a probiotic preparation (a
combination of Lactobacillus plantarum 1.PO 1 and Bifido-
bacterium breve Bro or placebo for 4 wk). Pain and severity
scores decreased significantly after 14 d of treatment. In a
more recent study, 77 patients were randomly assigned to
a malted drink containing Lactobacillus salivarus UCC4331
ot Bifidobacterium infantis 35 624 or a malted drink alone!*.
Significant improvement in symptoms was noted in the B.
infantis group. A corresponding normalisation in the ratio
of IL-10/IL 12 was also noted suggesting that the probi-
otic may help reduce a proinflammatory state associated
with IBS.

However the heterogeneity of the various studies
makes it difficult to draw conclusions on the effect of pro-
biotics in IBS, and the field is bedevilled by the fact that
all therapeutic interventions in IBS produce a 30%-50%
placebo response.

Probiotics and Helicobacter pylori

H pylori infection is associated with gastritis, gastro duode-
nal ulcers and gastric malignancies. The majority of H Pylori
hosts become hypochlorhydric with time. Clinical studies
and experimental models have shown that the secreted
products of Lactobacillus acidophilus can suppress H Pylori
growth in vitro and 7n vive L. Jobnsoni™" and TLG21" are
effective in suppressing the growth of H pylori and reduc-
ing gastric inflammation. Placebo controlled studies have
demonstrated a reduction in side effects of standard triple
therapy if probiotics were administered concurrently ",
Daily intake of inactivated L. acidophilus was shown to im-
prove the efficacy of eradication treatment' . Only one
study™ showed that supplementation with fermented
milk, containing live special probiotic L. cases DN-114001,
confers an enhanced therapeutic benefit on H pylori eradi-
cation in children with gastritis on triple therapy. The
theory that probiotic therapy enhances the disappearance
of H pylori does not gain any strength from the available
literature. Further clinical studies would be needed to
evaluate the effects of long term ingestion of probiotics
in preventing Helicobacter-associated diseases, but are un-
likely to supplant H pylori eradication which is rapidly and
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highly effective.

In conclusion probiotics are live microbial food supple-
ments or components of bacteria which may have benefi-
cial effects on gastrointestinal health. Innate bacterial flo-
ras cleatly play an important role in reinforcement of the
physical gut barrier, affecting paracellular permeability, mu-
cosal trophic action and microbiological interactions with
mucosal lining of the gut. The key and unanswered ques-
tion is whether the deliberate manipulation of the bacterial
complement in the gut can confer clinical benefit. Probiot-
ics do now appear to have a potential role in the preven-
tion and treatment of various gastrointestinal illnesses, but
it is likely that benefits achieved are specific to the bacterial
species used and to the underlying disease context. Much
further work is required from bench to bedside before we
can realise the potential of these new interventions.
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Abstract

Infection with # pylori leads to a persistent chronic
inflammation of the gastric mucosa, thereby increasing
the risk of distal gastric adenocarcinoma. Numerous
studies have determined a clear correlation between
H pylori infection and the risk of gastric cancer; however,
general eradication is not recommended as cancer
prophylaxis and time points for treatment remain
controversial in different areas of the world. Prevalence
rates in Western countries are decreasing, especially in
younger people (< 10%); and a decline in distal gastric
adenocarcinoma has been observed. Risk groups in
Western countries still show considerably higher risk
of developing cancer, especially in patients infected
with cagA™ strains and in persons harboring genetic
polymorphism of the 7L-18 promoter (-511T/T) and the
corresponding JL-1 receptor antagonist (ZL-7RNV*2). Thus,
general eradication of all infected persons in Western
countries not recommended and is limited to risk groups
in order to achieve a risk reduction. In contrast, infection
rates and cancer prevalence are still high in East Asian
countries. A prevention strategy to treat infected persons
may avoid the development of gastric cancer to a large
extent and with enormous clinical importance. However,
studies in China and Japan indicate that prevention of
gastric cancer is effective only in those patients that do
not display severe histological changes such as atrophy
and intestinal metaplasia. Thus, prophylactic strategies
to prevent gastric cancer in high risk populations such as
China should therefore especially aim at individuals now
at younger age when the histological alterations caused
by the bacterial infection was still reversible. In countries
with a low prevalence of gastric cancer, risk groups
carrying cagA™ strains and IL-1 genetic polymorphisms
should be identified and treated.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Since the discovery of H pylori in 1983, intensive
research has led to the conclusion that infection with
this bacterium is the major cause for the development of
distal gastric cancer. Infection with the bacterium leads
to a chronic inflammation of the gastric epithelium,
associated with multifocal gastric atrophy, dysplasia,
and malignant transformation in some of the infected
patients' . Controversy remains why only a minority
of infected patients develops distal adenocarcinoma,
and how geographic differences between Western and
Asian countries may contribute to these differences.
H pylori infection rates average at about 30% in Western
populations; in this part of the world, approximately
0.1%-1% of the patients with H pylori induced gastritis will
develop distal gastric cancer””. Infection rates in Asian
countries are higher and range at 60%-88%; distal gastric
adenocarcinoma is even more frequent in these countries.
Overall, gastric cancer was responsible for almost 650 000
deaths worldwide in the year 2000, Death from gastric
cancer is second only to lung cancer in men and thus
contributes to approximately 10% of all cancer deaths
annually (see: www.who.org). Since the diagnosis of early
gastric cancer is difficult and in most cases diagnosis is
made at a more progressed stage, treatment becomes
cost-intensive. Therefore, there is a considerable interest
to understand the underlining mechanisms and to find
strategies to eradicate H pylori infection which could
prevent gastric carcinogenesis. Such statistical calculations
have already been anticipated 10 years ago in high risk
populations of Japanese immigrants in Hawaii; currently,

1 . 10,11
however, no guidelines exist when and whom to treat! ™',

EPIDEMIOLOGICAL FEATURES IN EAST

AND WEST

H pylori infection and gastric cancer in Western countries
In Germany in the year 2000, 21 000 patients suffered
from gastric cancer with an equal distribution among
males and females”. Tn the US (http:/ /seet.cancetr.gov),
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a similar occurrence has been reported with more than
45000 deaths per yeat. In countries such as the USA ot
Germany, the prevalence of H pylori is decreasing, so that
meanwhile less than 10% of the children are infected with
this bacterium, underlining that a prophylactic eradication
or vaccination in childhood is of little interest in these
countries™ ™. Nevertheless, infection rates are high in
elderly populations above the age of 50, and this group is
particulatly suffering from gastric cancer. A reduction of
cancer risk may be achieved when patients are cured from
the infection. It may thus be important to identify those
patients who are at increased risk.

Gastric cancer in Japan and East Asia

Gastric cancer is the second highest cause of cancer-
related deaths in Japan, and the death rate due to gastric
adenocarcinoma has actually marginally increased to
approximately 50000 deaths per year in this countrym’u’mj.
In China, a similar prevalence of gastric cancer has been
reported. H pylori infection rates in these countries are high
and range from 60% in the younger population (10-40
yeats old) to 80%-90% in eldetly patients above the age of
50. In Japan, mortality from distal gastric adenocarcinoma
is among the highest scores of the world and could be
attributed to the very high rates of H pylori infection in
this country and the fact that the most common strain of
H pylori found in Japan is extremely virulent. A prophy-
lactic eradication in people at younger age could save
millions of lives as well as enormous costs resulting
from ulcer disease, gastrointestinal bleeding and gastric
cancer treatment. Therefore, a successful eradication of
this pathogen is of crucial socio-economical importance
especially in countries such as Japan or China, particulatly
especially in persons who are at age < 50 years.

The “Asian paradox”

Although there is a considerable high rate of H pylori
infection in Asian countries such as China, Japan, Thailand
and Indonesia, there is a remarkable difference regarding
the outcome of gastric cancer within these countries. This
observation has also been termed as the “Asian paradox™:
Although there is a high infection rate in Thailand and
Indonesia, there is only little risk of developing gastric
cancer in these countries"™'”. As discussed below,
bacterial virulence factors as well as the individual
host immune response may be different among those
countries and account for the differential development
of the infection outcome. Questions remain whether to
treat all infected patients, subgroups of patients, or wait
until serious histological alterations have occurred in the
various countries mentioned above. The outcome of
infection, however, is difficult to predict. Recent studies
have elucidated some of the mechanisms of chronic
inflammation and thus enable a more precise prediction of
the clinical course of infection in different countties.

Impact of strain types on development of distal gastric ad-
enocarcinoma

In recent studies, a new analytical investigation to
overcome a potential underestimation of the association
of H pylori with gastric cancer was performed in a

Western population. Applying various more stringent
exclusion criteria to minimize a potential bias from this
source increased the odds ratio (95% confidence interval)
of non-cardia gastric cancer from 3.7 to 18.3 for any
H pylori infection, and from 5.7 to 28.4 for wagA" H pylori
infections in Germany'""?". A similar approach has
been performed in a study from Sweden, and the results
were remarkably consistent with the German study. The
observations made in these studies are further supported
by a recent cohort study from Japan, in which 36 out of
1246 H pylori infected subjects, but none of 280 uninfected
subjects developed gastric cancer during a mean follow-
up of 7.8 years. These very stringent epidemiological
studies strongly support that the H pylori gastric cancer
association may have been strongly underestimated the
risks in previous studies, and consequently, underline
that infection especially with certain cagA" H pylori can be
considered as a true carcinogenic factor. Determination of
¢cagA status may thus help the physician to identify people
who ate at increased risk for gastric cancer. Meanwhile,
tests have become available as a serological test and a
specific antibody staining for histological specimens''”,

IMPORTANCE OF BACTERIAL STRAIN
TYPES: MOLECULAR AND IMMUNOLOGI-
CAL MECHANISMS

Bacterial virulence factors, especially genetic diversity in
the ¢cagA region, have been claimed to account for this
diverging development. The H pylori cag pathogenicity island
(cagPAI) is a 35 to 40 kb genetic element that encodes
a type IV secretion system. One of the key factors of
this system is the CagA protein; cagA" strains inject the
CagA protein directly into host cells where it undergoes
tyrosine phosphorylation by a host-cell kinase, and the
phosphoprotein alters the physiology of the affected cells.
Huang ef a/ conducted a meta-analysis of the relationship
between CagA seropositivity and gastric cancer™. Based
on 7 studies with 1707 gastric cancer patients and 2124
matched controls the analysis showed that infection with
cag A" H pylori strains increases the risk for gastric cancer 2.87
fold over the risk associated with H pylori infection alone.

Hatatekayama e a/ recently reported that CagA
proteins isolated in East Asia, where gastric cancer is
prevalent, have a distinct sequence at the phosphorylation
site compared with CagA proteins from Western H pylori
strains?, This CagA diversity may be one important
variable in determining the biological activity of CagA
and the clinical outcome of infection. Translocated CagA
forms a physical complex with the SRC homology 2
domain (SH2)-containing tyrosine phosphatase (SHP-2)
in a phosphorylation-dependent manner, and stimulates
phosphatase activity. SHP-2 is known to play an
important inductive role in mitogenic signal transduction.
Deregulation of SHP-2 by CagA may induce abnormal
proliferation of gastric epithelial cells. In addition, the
CagA protein is polymorphic. Thus, CagA proteins isolated
in northern parts of East Asia, where gastric cancer is
prevalent, have a distinct sequence at the phosphorylation
site and thus contribute to the differential outcome.

www.wjgnet.com
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Figure 1 H pylori: Immune response and suppression.

Importance of bacterial adherence factors

cagA" H pylori strains also are more likely to express
the babA product, which mediates adherence to Lewis”
antigens on gastric epithelial cells?, European studies
have determined that bacteria expressing the adherence
factor BabA are detected more frequently in patients with
gastric cancer or severe histological changes in the mucosa.
Comparing several independent studies in different
countries, the relative risk for the development of distal
gastric adenocarcinoma was increased up to 20-fold. These
results support the hypothesis, that the risk of developing
severe gastric pathologies is dramatically increased once the
correct determination of the cagA status is performed” ™"

Current model for the initiation of heightened gastric
inflammation

A new concept has now emerged why cagA"/babA"
H pylori strains induce higher levels of the proinflamma-
tory cytokines IL-1f and IL-8. Adherence of H pylori
to epithelial cells »ia BabA favors a more tight adhesion
to the epithelial cell and thus promotes bacterial
colonisation. Injection of CagA into epithelial cells is
associated with IL.-8 secretion, which in turn, acts as a
local chemoattractant for polymorphic mononuclear cells
(PMN)*, These PMNss are considered to be of critical
importance for the breakdown of the local epithelial
barrier and may lead to a further infiltration of the bacteria
into the submucosa. Thus, several studies outline the view
that bacterial virulence and adherence factors contribute
to the development of severe diseases in the stomach.
Infection with certain H pylori strain types is therefore
more dangerous than smoking a pack of cigarettes per
day, leading to a 21-fold increased relative risk for the
development of lung cancer.

Figure 1: Events during the initial infection process with
H pylori

Infection with so called type 1 strains harboring cagA/
vacAsT and babA is associated with a dramatically increased
risk to develop distal gastric adenocarcinoma. Infection
with specific strain types thus is the major determinant of
the further sequence of events.

www.wjgnet.com

IMPORTANCE OF HOST GENETICS FOR
THE H PYLOR/ INDUCED INFLAMMATION
AND CANCER DEVELOPMENT

Genetic polymorphisms contribute to severe gastric in-
flammation

In addition to bacterial factors, but less important in terms
of relative risk increment, are host factors that seem to
influence the inflammatory response and the development
of a more severe pathology. H pylori induced inflammation
is implicated in the development of mucosal damage and is
charactetised by strong granulocytic and lymphocytic infil-
tration. The T helper cell response towards H pylori is gen-
erally considered to be of the Thl phenotype, leading to
a cell mediated immune responsemw (Figure 1). There 1s
increasing evidence that the H pyloriinduced Thl response
contributes to cancer development. Downregulation of
the Th1 response in mice by concurrent enteric helminth
infection or p53 mutation was shown to protect against the
development of atrophy, intestinal metaplasia, and invasive
gastric carcinoma'™”", Important cytokines characterising
Th1 mediated immune responses are interferon-y (IFN-y),
tumour necrosis factor-o (TNF-a), and interleukin-1f3
(IL-1pB), all being upregulated during chronic H pylori in-
fection™ . TL-10, which is also highly expressed in the
H pylori infected stomach, is one of the most important
regulatory cytokines, inhibiting cell mediated immune re-
sponsesm’“’m.

Genes encoding cytokines and related molecules
harbour polymorphicregions, which are considered
to alter gene transcription and thereby influence
inflammatory processes in response to infectious diseases.
Polymorphisms in the human II.-70, IL.-1B, TNF-a,, IF'N-y,
and IL-7 receptor antagonist (IL-7RN) genes have been
reported to influence cytokine expressionm’m. In the
promoter region of the IL-7B gene, II.-1B—571T, which is
in complete linkage disequilibrium with [I.-7B—37C, was
previously associated with slightly, but not significantly,
increased IL-1f3 secretion from stimulated PBMC. The IL-
7RIN gene has a penta-allelic 86 bp variable number of
tandem repeat region (VNTR) in intron 2, of which allele
2 (IL-71RN*2)was previously associated with enhanced IL-
1B secretion™ and the development of gastric cancer™
Presence of certain genetic polymorphisms of the host,
in contrast to the bacterial factors, increase the relative
risk for distal gastric adenocarcinoma by 1.5-4 fold. In
a German populationm], the homozygous genotype 1L-
1RN*2/2 of the IL-RN gene was strongly associated with
early-stage gastric cancer (P < 0.0001), whereas further
associations with the IL-1 gene cluster were not observed.
A Korean group!™ determined that patients with intestinal-
type gastric cancer showed a higher frequency of 1L-1B-
31T homozygotes [odds ratio (OR) = 2.2; 95% confidence
interval (CI) = 1.1-4.3] compared with controls. Risk was
also significantly increased in these patients for IL-1B-
31T homozygotes compared with patients with diffuse-
type gastric cancer (OR = 3.4; 95% CI = 1.5-7.7). In
a Chinese study, it was reported that the relative risks
associated with the IL-1B variant genotypes were 1.64
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Figure 2 H pylori: Chronic inflammation and
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(95% ClI, 1.01-2.66) for -31TT and 1.52 (95% CI, 0.91-2.54)
for -511CC, respectively, compared with their wild-type
homozygotes™. The risks were significantly more evident
in individuals with H pylori infection (adjusted OR = 2.14;
95% CI, 1.13-4.06 for -31TT; adjusted OR = 2.00; 95%
ClI, 1.02-3.89 for -511CC), which was consistent with the
biological effects of 11.-1.

Chen e a/’" identified that the carriage of IL-1RN*2
polymorphism, male gender, old age and H pylori infection
independently increased the risk of gastric cancer,
with odds ratios of 3.3 (95% CI, 1.4-7.7), 2.1 (95% CI,
1.2-3.8), 5.3 (95% ClI, 3.1-9.0) and 2.2 (95% CI, 1.3-3.8),
respectively. H pylori-infected individuals who were carriers
of IL-1RN*2 showed increased risks for both intestinal
and diffuse types of gastric cancer, with odds ratios of
11.0 and 8.7, respectively. Thus, IL-1RN*2 was interpreted
to be an independent factor governing the development of
gastric cancer in Asian individuals.

In areas of high and low prevalence of gastric cancer
in China®™, the TL.-1B -511T/T genotype frequency was
significantly higher among patients with gastric cancer
(25.0%) than control subjects (12.5%) in a region with low
GC prevalence. While H pylori infection alone had only a
modest effect on the risk of gastric cancer development
(OR = 5.0, 95% CI 1.5-16.3), combined with the I1.-1B
-511T/T genotype the risk was markedly elevated (OR =
17.1, 95% CI 3.8-76.4). The study undetlines the synergy
between H pylori infection and the host immune response
to induce gastric cancer.

A recent German study confirmed this synergistic
effect also in regard to the induction of premalignant
changes. In a large group of H pylori infected patientsm],
catriers of the proinflammatory IL-1B -511T/-31C and
IL-1RN*2 alleles had an increased risk for the development
of atrophic gastritis (AG), intestinal metaplasia (IM), and
severe inflammation, ORs of 1.7 (95% CI, 0.8-3.4) to
4.4 (95% CI, 1.5-12.9). The highest prevalence of severe
gastric abnormalities was found in patients with both
host and bacterial high-risk genotypes (cagA"/vacAs1"/
IL-1B -511T/IL-1RN*2), with ORs of 24.8 (95% CI,
5.2-117.3) for severe lymphocytic infiltration, 9.5 (95% CI,
2.8-32.1) for severe granulocytic infiltration, 6.0 (95% CI,
2.4-15.5) for IM, and 2.4 (95% CI, 0.93-6.2) for AG. These

dramatically elevated values underline the importance

|

Genetic instability

|

| Adenocarcinoma

of the infection for gastric cancer development. It may
thus be concluded from the above studies, that combined
bacterial/host genotyping thus may provide a clinical
tool to identify patients at high risk of developing gastric
cancer. This current concept of gastric carcinogenesis is
illustrated in Figure 2.

Figure 2: Concept of gastric carcinogenesis

There is overwhelming evidence that H pylori infection,
especially with cagA+ strains, leads to a strong granulocytic
and lymphocytic infiltration; a subgroup of infected
patients will develop gastric cancer, especially in high-
risk countries such as Japan, China and East-European
countries. Reasons for this progression include genetic
polymorphisms, e.g. IL-1B/IL-1RN polymotphisms
associated with high levels of 1L-1f. IL-1f is a strong
antisecretory cytokine. These genetic polymorphisms
lead to a heightened cytokine release, which in turn
decreases acid secretion. Subsequently, the association
of hypochlorhydric conditions with the persistent
inflammation in the gastric corpus is considered to be
a true risk factor (RR: 34.5-fold!) for the development
of gastric cancer. Studies should therefore aim not
only at preventing gastric cancer, but also at preventing
the development of severe corpus gastritis, leading to
potentially irreversible atrophy and hypochlorhydria.

PROPHYLAXIS OF GASTRIC CANCER

Prospective intervention studies

Data from a Chinese trial™ investigating H pylori
eradication in gastric cancer showed that the incidence
of gastric adenocarcinoma development was similar in
patients undergoing eradication therapy compared with
placebo over a 7.5-year period. Interestingly, in a subgroup
of H pylori-positive patients without atrophy, intestinal
metaplasia or dysplasia (pre-cancerous lesions), eradication
therapy significantly decreased the development of
gastric adenocarcinoma to a frequency of zero. The data
are in accordance with a recent study in Japan': in this
prospective study, no carcinomas were observed in the H
pylori negative group. This study supports the view that
a prospective eradication study should be performed in
young adults in which histological alterations have not

www.wjgnet.com
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proceeded too far and may be reversible.

Zhou et al”" investigated histopathological changes
in H pylori eradicated subjects in China over a period of
more than 5 years. The authors report in a group of 552
H pylori-positive subjects that, the severity and activity of
inflammation in both the antrum and body were markedly
reduced after H pylori eradication. Within the five years
after eradication of H pylori, intestinal metaplasia in the
antrum regressed or showed no progression, while the
proportion of intestinal metaplasia in the H pylori-positive
group increased significantly. After H pylori eradication, the
atrophy in both the antrum and body had no significant
regression. After eight years of observation, the authors
report a significantly higher incidence of gastric cancer in
the H pylori infected group (5/1530) than in the H pylori-
negative (1/1230) group in the Yantai area of China,
underlining the need for eradication in early stages.

Serum pepsinogen levels as risk factors for developing
gastric cancer

A recently published study! reports that subjects
seropositive for either H pylori or CagA who had low
pepsinogen (PG) I levels had the highest OR (9.21 95% CI
4.95-17.13) for noncardia cancer, compared with subjects
with neither factor. The results suggest that individuals
with both H pylori or CagA seropositivity and a low PG
I level or low PG I /1I ratio are highly susceptible to
development of noncardia gastric cancer. Such tests can
easily be performed in clinical routine. Watabe ¢# al” have
confirmed that H pylori infection and gastric atrophy are
both risk factors for gastric cancer in a study group with a
total of 9293 participants. The annual incidence of gastric
cancer was 0.04%-0.60%. As expected, the highest relative
risk for gastric cancer was found in H pylori infected
subjects with gastric atrophy and high serum pepsinogen
levels [OR = 8.2 (3.2-21.5)].

5]

H pylori eradication and the risk of esophageal cancer
Concerns exist whether eradication of H pylori might lead
to the development of esophageal cancer. To clarify the
role of H pylori infection in these tumors with divergent
incidence trends, Chow ez /" analyzed serum IgG
antibodies to H pylori and to a recombinant fragment of
CagA by antigen-specific ELISA among 129 patients newly
diagnosed with esophageal/gastric cardia adenocatcinoma,
67 patients with noncardia gastric adenocarcinoma, and
224 population controls. Infection with agA" strains was
not significantly related to risk for noncardia gastric cancers
(OR = 1.4; CI = 0.7-2.8) but was significantly associated
with a reduced risk for esophageal/cardia cancers (OR
= 0.4; CI = 0.2-0.8). The study thus contradicts previous
reports and may be biased by the selection of patients in a
rather small group. While Wu e# al™ found no significant
association, Ye ¢ al”' determined the opposite: H pylori
infection may protect from esophageal cancer (OR =
0.3). Thus, at this point, several works indicate that CagA
has a protective effect on the development of esophageal
cancer, however, no general conclusions can be made.
However, this association does not justify a general
refusion of H pylori eradication because of two reasons.
First, esophageal adenocarcinoma is far less common
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than gastric cancer. Second, the risk of developing
adenocarcinoma of the esophagus is lowered by a factor
2-2.5 in the presence of cagA-positive H pylori infection
whereas the risk for distal gastric cancer associated with
cagA-positive strains is much higher (5-28x).

CONCLUSIONS

H pylori is a clear cut carcinogen. Infection with certain
strain types in the presence of genetic polymorphisms
leading to a heightened inflammatory response is
associated with a dramatically increased relative risk to
develop gastric cancet. Such developments can be foreseen
by evaluating gastric biopsies, but also by determining
serum pepsinogen levels as a marker of gastric atrophy.
Endoscopy of the upper gastrointestinal tract (GI)
should be performed before eradication to determine the
status of gastric inflammation. Eradication of H pylori
as prophylaxis of gastric adenocarcinoma is effective in
early stages in which no severe histological changes have
occurred. In countries with a high prevalence of infection
and high cancer risks such as Japan or China, a general
prophylactic eradication strategy seems to be beneficial
especially in younger patients (< 50 years); nevertheless,
the outcome of such long term prospective prophylactic
studies needs to be evaluated. In Western countries with
low prevalence rates and low cancer rates, a test-and-treat
strategy is not cost-effective to prevent cancer; however,
identification and treatment of risk groups seems rationale.
Risk groups can be identified by evaluation of family
history, presence of histological alterations in the gastric
corpus, or by determining infection with g A" strains as
well as determining the status of genetic polymorphisms
in the IL-1RN*2 gene.
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Abstract

AIM: To investigate H pylori expression in gastric cancer
patients in relation to primary tumor angiogenic markers,
such as microvessel density (MVD), thymidine phospho-
rylase (TP), vascular endothelial growth factor receptor-1
(VEGF-R1), p53 and circulating VEGF levels.

METHODS: Angiogenic markers were analyzed immu-
nohistochemically in 56 primary gastric cancers. H pylori
cytotoxin (vacA) and the cytotoxin-associated gene (cagA)
amplification were evaluated using PCR assay. Serum
H pylori 1gG antibodies and serum/plasma circulating
VEGF levels were detected in 39 and 38 patients by ELI-
SA, respectively.

RESULTS: A total of 69% of patients were positive for
circulating IgG antibodies against H pylori. cagA-positive
H pylori strains were found in 41% of gastric patients.
vacA was found in 50% of patients; sl strains were
more highly expressed among vacA-positive patients.
The presence of the sl strain was significantly associ-
ated with cagA (P = 0.0001). MVD was significantly cor-
related with both tumor VEGF expression (r = 0.361, P
= 0.009) and serum VEGF levels (r = -0.347, P = 0.041).

Conversely, neither VEGF-R1 expression nor MVD was
related to p53 expression. However, H pylori was not
related to any angiogenic markers except for the plasma
VEGF level (P = 0.026).

CONCLUSION: H pylori antigen is related to higher
plasma VEGF levels, but not to angiogenic character-
istics. It can be hypothesized that the toxic effects of
H pylori on angiogenesis occurs in early preclinical dis-
ease phase or in long-lasting aggressive infections, but
only when high A py/ori 1gG levels are persistent.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

H pylori infection is a well-known risk factor for the
development of pre-neoplastic and neoplastic gastric
mucosal alterations!"”. An increase in proliferative
activity of gastric epithelial cells without a corresponding
increase in apoptosis has been implicated in H pylori
gastric carcinogenesis™. In addition, specific virulence
determinants of H pylori strains can influence the outcome
of the infection. Urease, vacuolating cytotoxin sacA, and
the pathogenicity island (cag PAI) gene products are the
main virulence factors of this organism involved in the
development of gastric carcinoma. Thus, individuals
infected with strains that express these virulence factors
are prone to develop severe local inflammation which
may induce the development of peptic ulcers and gastric
cancers. Also, H pylori activity may be associated with
virulence; in fact, urease activity may be an important
colonization factor and exert a direct toxic effect upon
intercellular junctions, resulting in alteration of gastric
mucosal permeability”. The subsequent passage toward
cancer is probably prompted by other factors, such as the
onset of infection or other agents independent of H py/ori.
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Several studies have suggested that angiogenesis might
also contribute to gastric tumorigenesis'”. Angiogenesis
is a complex multistep cascade modulated by positive
soluble factors, such as the vascular endothelial growth
factor (VEGF). The tumor neo-angiogenesis has been
demonstrated in almost all solid tumors using various
morphological techniques. The current method of
angiogenesis quantification is the evaluation of CD34
antigen expression, a cell surface glycoprotein also
present in the vascular endothelium permitting the study
of intratumor endothelial cells”. The cellular receptor
for VEGF, VEGF-R1 or Flt-1, is highly expressed in
gastric carcinoma cells, suggesting that this pathway could
influence tumor growth and metastasis through paracrine
and autocrine mechanisms'"’. An additional tissue factor
is thymidine phosphorylase (TP), an enzyme involved
in pyrimidine nucleoside metabolism, which is identical
to the platelet-derived endothelial cell growth factor and
is endowed with angiogenic activities in various solid
tumors''! Furthermore, the p53 oncosuppressor gene
has been reported to be involved in inhibition of tumor
vascularization by fostering unopposed angiopoietin-2
activity?

Recent publications have suggested that H pylori infec-
tion may regulate the angiogenesis and invasion of gasttic
carcinoma. In fact, H pylori influences #n vitro angiogenesis-
related gene expression; in particular, it has been dem-
onstrated to up-regulate VEGF expression in gastric
epithelial cells, an effect which appears to be related to
vacA-expression™'Y. Moreover, H pylori has been shown
to up-regulate the expression of epidermal growth factor
(EGF)-related growth factors and COX-2 in 7z vitro human
gastric epithelial cells as well as in human gastric mucosa
in vivd™>". Lastly, its relationship with p53, which has been
described as an angiogenesis-related factor, has been docu-
mented" ™. In spite of these evidences originating from 7n
vitro studies, suggesting a relationship between pathophysi-
ological roles for H pylori in the induction of tumor neo-
angiogenesis, to our best of knowledge, no data are avail-
able in literature in patient series. Our hypothesis was that
H pylori-related gastric cancer could involve different neo-
angiogenic characteristics with respect to tumors without
bacterial infection.

To verify the association between H pylori infection
and different angiogenesis-related characteristics, 56 gas-
tric cancer patients were studied for microvessel density
(MVD), thymidine phosphorylase (TP), vascular endotheli-
al growth factor-receptor (VEGF-R1) and p53 expressions
in addition to circulating serum and plasma VEGF levels.
H pylori was investigated at the molecular and at circulating
blood levels.

MATERIALS AND METHODS

Patients

Fifty-six patients (37 men and 19 women; median age
64 years, range 42-83 years) with Ti4 No1 Mo-1 gastric
carcinoma were enrolled in this study. All patients had
primary surgery for gastric cancer at National Cancer
Institute of Bari. Primary tumor tissues were utilized
for the immunohistochemical analysis of MVD, p53,

www.wjgnet.com

Clinicopathological features n
Sex
Male 37
Female 19
Tumour category
pTi2s 28
pTs 28
Location
Antrum 23
Other 33
IgG anti H pylori (ELISA) 39
IgG - (< 7KU/L) 12
IgG + (> 7KU/L) 27
cagA (PCR) 56
cagA - 32
cagA + 23
NE 1
vacA (PCR) 56
NEG 28
slml 10
s2m?2 B
slm2 9
slm1/s1m2* 1
NE 8]

NEG: Negative; NE: Not evaluable; * Multiple genome.

VEGF-R1 and TP expressions.

Formalin-fixed and paraffin-embedded specimen of
the primary tumor was selected by the pathologist for
each patient on the basis of the quality of morphological
preservation and neoplastic cellularity. In accordance with
standardized sampling protocols, the sample was compre-
hensive both at the deeper portions of tumor, as well as
the edges of the lesions. Five-micrometer thick sections
were cut for immunohistochemical assay and for deter-
mination of H pylori status by means of polymerase chain
reaction (PCR). A section contiguous to those selected for
immunohistochemistry and DNA extraction was always
stained with haematoxylin and eosin and confirmed by the
pathologist as rich in neoplastic cellularity. Enzyme-linked
immuno-sorbent assay (ELISA) for IgG antibodies against
H pylori was performed on blood samples from 39 patients.
Circulating VEGF levels were detected by ELISA in serum
and plasma of 38 patients. The patients characteristics are
shown in Table 1.

DNA extraction and PCR analysis

DNA extraction from paraffin-embedded specimens was
performed using the method described by Lin ef a/*",
Briefly, samples were incubated with a lysis buffer and pro-
teinase K for 3 h at 55°C. Total DNA was extracted with
phenol/chloroform, precipitated with acidic ethanol, and
dissolved in sterile water.

Amplification of cagA and vacA

The extracted DNA was subjected to PCR for detection of
H pylori genes, cagA and vacA. The cagA gene was amplified
using the primers described elsewhere®™. The zacA gene
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was amplified using primers described by Atherton ez a/*"
which evaluate the mid region () and the region encoding
for the signal peptide (s) of the gene. Four different PCR
products were obtained: s7 or s2 from the s region, and 7
and 72 from the » region. PCR products were analyzed by
electrophoresis on 20 g/L agarose gel. Positive and nega-
tive controls were examined with each batch of PCR.

Detection of anti-H pylori IgG

An enzyme-linked immuno-sorbent assay was used to de-
tect H pylori-specific 1gG serum antibodies (Anti-H pylori
EIA Quant- COBAS2- Roche Diagnostics). The anti-H
pylori 1gG EIA is a second-generation two-step EIA for
the detection of IgG antibodies to H pylori in human se-
rum, based on a set of fast protein liquid chromatography-
purified cell surface antigens, including the native urease
enzyme', According to the manufacturer, patients were
considered positive for IgG against H pylori when 1gG
value was higher than 7 U/mL.

Immunohistochemistry

Serial sections of paraffin-embedded gastric tissue were
deparaffinized and rehydrated. For antigen retrieval, the
sections were microwaved at 500 W for 10 min in citrate
buffer (pH 6) and endogenous peroxidase activity was
blocked with 30 mL/L hydrogen peroxide solution. Ad-
jacent slides were incubated with different monoclonal
antibodies. The bound antibody was visualized using a
biotinylated secondary antibody, avidin-biotin peroxidase
complex, and 3-amino-9-ethylcarbazole (Ultra Vision
Detection System anti-Polyvalent, HRP/DAB, Lab Vi-
sion Corporation). For negative control sections, primary
antibody was replaced with phosphate-buffered saline and
processed in the same manner. Gastric carcinomas known
to express high levels of CD34, p53, TP and VEGF-R1
proteins were used as positive controls.

Anti-CD34 (QB-END/10, Novocastra Laboratories
Ltd) was diluted at 1:50 for 1 h at room temperature as a
pan-endothelial marker for MVD analysis. The modified
Weidner’s method was utilized for the evaluation of MVD
according to CD34 endothelial cell immunostaining[zﬂ.
For the microvessel counting, positive stainings for MVD,
in five most highly vascularized areas (‘hot spots’) in each
slide, were counted in 400 X fields with an image analysis
system (Quantimet 500 Leica; 0.19 mm®/field) and MVD
was expressed as the average of the microvessel count in
these areas”. Any EC or endothelial cluster positive for
CD34 (brown yellow staining) was considered to be a single
countable microvessel. Sclerotic areas, both hypocellular
and necrotic, within the tumor were not considered for
vessel evaluation.

Anti-p53 monoclonal antibodies (PAb 1801, Neo-
Markers), grown against human p53 and recognizing
wild-type and mutant forms of the p53 protein, were
diluted at 1:150 for 1 h at room temperature. Tumor
cells expressing p53 immunoreactivity were quantified
by evaluating a total of 1000 neoplastic cells in random
fields from representative areas. Exclusive nuclear
staining was scored as positive. The immunoreactive cells
were expressed as percentages[zs]. Anti-TP monoclonal
antibodies (P-GF.44C Neo-Markers), recognizing full

length human TP protein, were diluted at 1:100 for 1
h at room temperature. TP positivity was determined
at 400 X fields with the image analysis system and was
evaluated on the basis of percentage of stained epithelial
tumor cells. Tumor cells with moderate or strong staining
intensity were counted. TP expression in macrophages was
considered an internal positive control. The polyclonal
antibody anti-VEGF-R1 (Flt-1 polyclonal rabbit antibody,
Santa Cruz Biotechnology Inc.), recognizing the carboxyl
terminus of the receptor for VEGE, VEGF-R1 or the
Flt-1 protein of human origin, was used at a dilution of
1:100 for 1 h at room temperature. VEGF-R1 positivity
was scored as cytoplasmic immunostaining using an image
analysis system (Quantimet 500 Leica). Immunoreactivity
was expressed as the percentage ratio between the area
of immuno-positive tumor cells and the entire area of
invasive neoplastic tissue.

The laboratory, where the immunohistochemical
analyses were performed, part[izg]ipated to Quality Control

programs managed by INQAT™".

Circulating VEGF detection

Blood samples were collected before surgery. Venous
blood was dispensed into a serum separator tube (Becton
Dickinson Vacutainer Systems) for serum obtainment, and
into sodium citrate, theophylline, adenosine, dipyridamole
(CTAD) tubes for plasma (Becton Dickinson Hemogard
Vacutainer Systems).

Circulating VEGF levels were examined in plasma and
serum using the Quantikine Human VEGF-enzyme-linked
immuno-sorbent assay (ELISA, R&D System Inc.) which
recognizes VEGF165. According to the manufacturer,
the minimum detectable dose of VEGF is typically less
than 9.0 ng/L. Values below 9.0 ng/L were equal to zero.
VEGEF levels in plasma and serum were analyzed, as we
previously demonstrated that the two determinations
provide alternative and additional information on
circulating VEGFE, also in relation to the role played by the

activation and quantity of platelets in VEGF release”™.

Statistical analysis

The associations between MVD, TP, VEGF-R1 and p53
expression, markers of H pylori status and histological diag-
nosis were evaluated using the Chi-square test. A correla-
tion analysis among the aforementioned biomarkers, con-
sidered as continuous variables, was performed by Pearson’
s correlation coefficient (7). In the statistical analysis, vacA
genotypes were classified into two subgroups: “cytotoxic
strains” which included s1m1, s1m2 and slm1/s1m2
strains and “others” which included negative and s2m2.
Patients with s1m1/s1m2 strains were infected by multiple
genotypes. Backwards stepwise logistic regression analysis
was used to estimate the independent association of any
biological markers with H pylori characteristics. Statistical
analysis was carried out using the software SPSS for win-
dows, release 9.0.

RESULTS

H pylori status
Cytotoxin-associated gene (cagA)-positive H pylori strains
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Figure 1 Immunohistochemical assay for detection of microvessel density (A)
and VEGF-R1 protein expression (B) in gastric cancer. VEGF-R1 is stained in the
cytoplasm of cancer cells.

were found in 41% of gastric patients. sacA was found in
50% of patients; s1 strains were more highly expressed
among vacA-positive patients. Moreover, a single patient
was found to be infected with different H pylori strains
(multiple genomes). The results are summarized in Table
1. The presence of the sl strain was significantly associ-
ated with cagA4 (P = 0.0001). Only one patient infected
with the s2 strain showed cagA-positivity, while 26 (81%)
patients were negative for both cagA and vacA. A total of
69% of patients were positive for circulating IgG antibod-
ies against H pylori, with a mean and median value of 77
U/mL (range 1-476 U/mL) and 15 U/mL, respectively.

Immunohistochemical analysis

TP immunoreactivity was observed in normal epithelial
cells, malignant epithelial cells, macrophages and
endothelial cells. The usual pattern of positive staining
was both cytoplasmic and nuclear. A mean of 5% (range
0%-80%) of cells showed TP positivity.

P53 expression was generally confined to neoplastic tis-
sues, while the normal mucosa was rarely stained. A mean
of 3% (range 0%-50%) of cells showed p53 positivity.

CD34 immunostaining was detected in the endothelial
cells, especially in the area surrounding the tumor (Figure
1A). In the ‘hot spot’ tumor area, a mean of 39 vessels
(range 0-100 vessels) was found with only 2% of cases not
demonstrating any microvessels. VEGF-R1 immunostain-
ing was mainly localized at the membrane and cytoplasm
of epithelial and endothelial cells (Figure 1B). By count-
ing only the epithelial component, a mean of 24% (range
0%-100%) of VEGF-R1-immunostained cells was found.
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Figure 2 Correlation between percentage of VEGF-R1-immunoreactive cells and
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Figure 3 Correlation between serum VEGF levels and microvessel density (MVD)
within each tumor.

About 80% of tumors demonstrated VEGF-R1 expres-
sion.

Regarding the relationship among the different ang-
iogenic characteristics, only MVD was significantly cot-
related with both tumor VEGF expression (r = 0.361, P =
0.009; Figure 2) and serum VEGF levels (r = -0.347, P =
0.041; Figure 3). Conversely, neither VEGF-R1 expression
nor MVD was related to p53 expression.

Table 2 shows the association between the markers
of H pylori status and angiogenic factors. There was no
significant association between markers of H pylori status,
cagA, vacA and angiogenic biomatker expression. When the
correlation between angiogenesis related-markers and IgG
status was analysed a significant correlation between IgG
status and plasma VEGF levels was observed (P = 0.020).
The lack of association between H pylori characteristics
and biomarkers was also confirmed with multivariate logis-
tic regression analysis.

Angiogenic marker expression and markers of H pylori
status were analyzed with respect to clinico-pathological
features. Plasma VEGF levels and tumor TP expression
were both significantly associated with tumor size (P =
0.030 and P = 0.035, respectively; Table 3). Regarding
plasma VEGF levels in particular, T4 tumors showed

a significantly smaller percentage of low IgG cases as
compared with T1s tumors (31% ws 74%; P < 0.03).



Mangia A et al. H pylori and and angiogenesis in gastric cancer 5469

Table 2 cag A, vac A, 1gG anti-H pylori and angiogenic factors in gastric cancer patients

IgG anti H pylori ag A vac A

n (%) n (%) n (%) n (%) n (%) n (%)
With IgG- (= 7 U/mL) With IgG+ (> 7 U/mL) Negative for cagA Positive for cagA Cytotoxic strains (s1; m1/2) Others (absent; s2m2)

TP expression’

0’ 9 (31) 20 (69) 24 (57) 18 (43) 24 (60) 16 (40)

>0 2(25) 6 (75) 8 (80) 2 (10) 8 (80) 2 (20)
P53 expression'

0 8 (25) 24 (75) 27 (60) 18 (40) 28 (65) 15 (35)

>0 3 (60) 2 (40) 5(63) 3(37) 4 (50) 4 (50)
MVD (CD34)"

<37 7 (32) 15 (68) 16 (59) 11 (41) 15 (58) 11 (42)

>37 3(21) 11 (79) 16 (64) 9 (36) 17 (71) 7 (29)
VEGEF-R1 expression'

<20 6 (29) 15 (71) 16 (59) 11 (41) 14 (54) 12 (46)

>20 5(31) 11 (69) 15 (58) 11 (42) 17 (68) 8(32)
pVEGEF levels

<26 9 (50)° 9 (50)° 10 (53) 9 (47) 11 (61) 7 (39)

>26 2 (13)° 13 (87)° 9 (60) 6 (40) 9 (60) 6 (40)
sVEGF levels

<432 5(29) 12 (71) 11 (61) 7 (49) 12 (71) 5(29)

> 432 6 (32) 13 (68) 9 (47) 10 (53) 9 (47) 10 (53)

SVEGF: Serum VEGF; pVEGF: Plasma VEGF; ' % of immunostained cells; > Cut-off median value of the series; "P = 0.026.

Table 3 Association between angiogenic characteristics, markers of H pylori status and clinicopathological features

Biomarkers Tumor stage M status

Ti23 (n = 28) Ts (n = 28) P Mo (7 = 38) M: (7 = 18) P
cagA negative (n = 32) 54 63 NS 58 59 NS
vacA no cytotoxic strains (n = 33) 62 63 NS 58 71 NS
TP negative (1 = 42) 93 65 0.035 83 71 NS
P53 negative (1 = 46) 78 93 NS 78 100 0.038
low MVD values (1 = 27) 56 46 NS 54 44 NS
Low VEGF-R1 expression (1 = 27) 56 44 NS 51 47 NS
High IgG levels (n = 27) 65 74 NS 77 54 NS
Low pVEGEF levels (n = 19) 74 31 0.03 52 58 NS
Low sVEGF levels (n = 19) 35 67 NS 50 50 NS

NS: Non-significant.

Lastly, p53 expression was significantly associated with
metastatic status (P = 0.038), as 100% of patients with
metastatic disease did not express p53. No association was
found between cytohistological tumor grading or H pylori
infection site and angiogenesis-related matkers and H pylori
characteristics.

DISCUSSION

The role of H pylori in gastric cancerogenesis has been
extensively investigated; conversely, information is lack-
ing regarding the biological impact of H pylori on the
progression of gastric cancer. Several factors emphasize
the importance that various H pylori components can have
their roles on the development of pre-neoplastic and neo-

plastic alterations of the gastric mucosa. Specific virulence
factors produced by the bacterium, such as the vacuolat-
ing cytotoxin (vacA) or the cytotoxin-associated protein
(cagA), contribute to gastroduodenal mucosal injury and
impair the healing process of the damaged mucosa®”", In
addition, the host response to the infection and the pres-
ence of environmental factors are thought to be involved
in the pathogenesis of H pylori-related gastroduodenal
disease”™". The vacuolating toxin (vacA) is believed to
be a major determinant of H pylori-associated gastric dis-
case™. The vacuolating cytotoxin gene A (vacAd), which
encodes the vaeA protein, is present in all H pylori strains,
but its encoded products are associated both with and
without 7# vitro vacuolating activity””. Tt has been sug-
gested that the zacA sla genotype is closely associated with
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high cytotoxin production, while the sacA s2 allele can
demonstrate a negative iz vitro association with cytotoxin
activity. The presence of these virulence factors can be
used to identify patients at tisk to develop gastric cancer;
in fact, patients with neoplastic transformation of the
gastric mucosa are more likely to be infected by the cagA+
strain”*), However, conflicting results regarding the as-
sociation between these virulence factors and clinical out-
come of gastric cancer are found in the literature”***,

p53 mutations and the genotypic characterization
of H pylori have also been thoroughly studied to
identify possible links between H pylori infection and
p53 alterations without reaching definitive conclusions.
Alterations of the p53 gene and/or its abnormal protein
accumulation have both been described during the later
stage of gastric carcinogenesis™* and in precancerous
gastric lesions™. As cagA+ H pylori strains induce
particularly severe inflammation in the gastric mucosa'"*",
it has been hypothesized that gastric tumors from
subjects infected with cagA+ H pylori might have a higher
prevalence of p53 mutation than tumors from non-
infected subjects.

H pylori infection may also regulate the angiogenesis and
invasion of gastric carcinomas' 'Y, but whether H pylori
exerts its effects to induce neovascularization eatly in the
development of gastric pre-neoplastic lesions or late in
clinical phases of the disease is still unknown. However, it
is clear that H pylori infection can increase the expression
of the platelet-derived endothelial cell growth factor by
infiltrating interstitial cells in pre-malignant lesions, such as
intestinal metaplasia, thereby assisting in creating a favour-
able environment for tumor developmentw. Furthermore,
it has been demonstrated that H pylori is able to up-regulate
VEGTF expression in gastric epithelial cells determining ef-
fects related to vacA-expression.

Recently, for the first time, Caputo ef al™ showed that
H pylori up-regulated VEGF expression in gastric mucosa
cells 7n vitro and that this effect was strictly szacA-dependent;
and, interestingly, this result was not observed when using
an isogenic mutant specifically lacking »acA. Moreover, in
vitro and 7n vivo up-regulation of a number of EGF-related
growth factors have also been reported™'**",

In our sufficiently large series of gastric cancer pa-
tients, a percentage of H pylori infection was demonstrated,
either as IgG-circulating level or as cagA/vacA DNA, which
is in agreement with the previous studies™". In addition,
the neo-angiogenesis characteristics reported did not sig-
nificantly differ from those of other series of gastric can-
cers” >, Tt is also possible to verify a clear relationship
between p53, TP, VEGF and the clinicopathological char-
acteristics considered in our series, further stressing the
impact that angiogenesis has on tumor aggtessiveness” .,
In fact, TP expression and plasma VEGF levels were both
associated with tumor size, while p53 expression was asso-
ciated with metastatic status.

However, when addressing the main objective of our
study, it is possible to demonstrate an association only
between higher levels of plasma VEGEF and high levels
of IgG (Table 3). Conversely, H pylori-infected tumors
did not show p53, MVD, TP, VEGF-R1 characteristics

which obviously differed from those without presence of
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H pylori infection. These tesults only partially agree with
previous data™" which, however, were all obtained from
experimental in vitro models, in some cases referring to
mRNA analyses utilizing only quantitative molecular or
immuno-enzymatic approaches'!, therefore not exploiting
morphological antigen tissue distribution. Furthermore,
the increase of gene expression induced by the co-culture
of gastric tumor cells with H pylori has been reported to
be generally modest with more evident positive modula-
tion for angiogenic factors not investigated in the present
study, such as interleukin-8"". Caputo e a/'” also recently
suggested that vacA-induced up-regulation of VEGF
expression could depend on the functionality of epider-
mal growth factor receptor (EGFR)-, mitogen-activated
protein kinase (MAPK)- and COX-2-mediated pathways,
the biological targets which are largely heterogeneous in
human gastric cancer. In conclusion, our study seems to
suggest that the relationship between the H pylori toxic
effect and angiogenic factors demonstrated iz vitro could
be influenced in human gastric tumor tissues by other key
biological factors not considered in the present study.

A last comment regarding IeG and VEGF association
concerns the blood of gastric cancer patients. The level of
IgG antibodies has been suggested to be useful, not for
diagnosis of infection, but for monitoring the outcome of
H pylori infection over time, and specifically the efficacy
of therapies aiming to eradicate H pylori infection. Thus,
an elevated serum level before primary surgery for gastric
cancer could be a signal of long-lasting and probably H
pylori infection resistant to antimicrobial therapy™.

The results of our study indicate that, from the ang-
iogenic point of view, H pyloritelated gastric cancers do
not differ from those in which exposure to the bactetium
cannot be demonstrated. Different explanations for these
findings can be proposed: an angiogenetic relationship, if
any, could be only induced by a long-lasting H pylori infec-
tion demonstrated by high IgG levels in the plasma; an al-
ternative hypothesis might regard the ability of H pylori to
modulate angiogenesis only during early phase of disease
genesis and progression to be then lost during the clinically
evident disease phases. This hypothesis would concord
with the presumed role that angiogenesis plays, especially

during the extremely eatly phases of cancer™ ™,
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Abstract

AIM: To investigate the relationship between the -765G
> C COX-2 polymorphism and the development of
different gastric lesions: atrophy or intestinal metaplasia
and gastric adenocarcinoma.

METHODS: A cross-sectional study was performed
involving 320 Portuguese individuals (210 without
evidence of neoplastic disease, 73 patients with gastric
adenocarcinomas and 37 with atrophy or intestinal
metaplasia) using a PCR-RFLP method.

RESULTS: -765C allele was overrepresented in the
patients with gastric adenocarcinoma (51%) when
compared either with the control group (38%) or
patients with atrophy or intestinal metaplasia (27%).
Callele was found to be very common in our population
(0.22), and a multivariate logistic regression analysis
revealed nearly 3-fold increased risk for the progression
to gastric adenocarcinoma in patients with atrophy or
intestinal metaplasia carrying the -765C allele (OR = 2.67,
95% CI = 1.03-6.93; P = 0.04).

CONCLUSION: -765C carrier status should be

considered as another susceptibility marker for gastric
adenocarcinoma development in patients with atrophy or
intestinal metaplasia.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Gastric adenocarcinoma mortality rates have been
decreasing in Europem, although, in Portugal it still
remains one of the leading causes of cancer-related deaths
(third in men and fourth in women). Portugal has one
of the highest mortality rates of Europe and the highest
in southern Europe, with values of 33.2 and 20.8 per
100000/ year in men and women, respectively[zl.
Cyclooxygenase (COX), also known as prostaglandin
endoperoxide synthase, is a rate-limiting enzyme that
converts free arachidonic acid into important prostanoids
(PGs) and eicosanoids such as prostaglandin H2". There
are at least two isoforms of COX identified”; COX-7 is
expressed constitutively in most cell types and is thought
to be responsible for the maintenance of vascular home-
ostasis and gastroprotection[3’4]; and, COX-2, the inducible
isoform of the enzyme, undetectable in most cells is read-
ily induced by bacterial lipopolysaccharide (ILPS), cytokine,
growth factors, mitogens and tumor promoters’ .,
Enhanced expression of COX-2 has been observed in

7-14
several forms of cancer!

[

I including gastric cancer and
precancerous tissues P cox-2 over-expression plays
an important role in the inhibition of apoptosis, tumor
growth, angiogenesis, invasion and metastasis, which
are cg?sliqugid to be important steps in cancer develop-
ment 11619 .
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Single Nucleotide Polymorphisms (SNP) are the
most common form of genetic variants of the human
genome®, some of which might have functional effects
on the susceptibility to the development of human
cancers”* by modifying the transcriptional activation.

Several polymorphisms in COX-2 have been identified
so far. However, only a few seemed to have a functional ef-
fect on the transcription. Recently, Papafili e /™ described
a new polymorphism in the promoter region of COX-2,
characterized by a guanine (G) to cytosine (C) transition
at position -765 (-765G > C). This polymorphism appears
to distupt a Stimmulatory protein 1 (Spl) binding site, which is
considered to be a positive activator of transcription and
leads to a 30% treduction of the COX-2 promoter activity
in vitro™. With this evidence, only few investigations have
been done involving COX-2 polymorphisms either in can-
cer related studies™* or other diseases”™***.

The aim of this study was to determine the allelic fre-
quencies of the -765G > C COX-2 polymorphism in a
northern Portuguese population and to investigate its as-
sociation with the development of gastric lesions, such as,
atrophic gastritis or intestinal metaplasia and gastric adeno-
carcinoma.

MATERIALS AND METHODS

Subjects

The -765G > C COX-2 polymorphism was evaluated in
a cross-sectional study performed in healthy individuals
without clinical evidence of cancer (# = 210) and patients
with known gastric lesions (#z = 110), both from the
northern region of Portugal attended at the Portuguese
Institute of Oncology (Porto, Portugal).

The control group was formed by 75 females and 135
males (64%) with a median age of 51 years old. Patients
were divided according to the type of lesion presented
upon histopathological diagnosis after endoscopic multiple
biopsies. Seventy three patients displayed lesions as severe
as high-grade non-invasive neoplasia and intestinal type
invasive gastric adenocarcinoma and 37 with lesions,
such as atrophy or intestinal metaplasia that belong to a
standardized follow-up since 2001"’. The three different
groups are characterized in Table 1. The group of patients
with gastric adenocarcinoma included 27 females and 31
males (53%) with a mean age of 54 years and, and the
group of patients with atrophy or intestinal metaplasia
included 21 females and 13 males (38%) with a mean age
of 61 years.

All samples were obtained with the permissions of
the individuals before their inclusion in the study after
informed consent according to the Declaration of
Helsinki.

Sample DNA extraction

Blood samples were collected with a standard venipuncture
technique using EDTA containing tubes. Genomic DNA
was extracted from peripheral blood leukocytes by a
standard Salting-out protocol™”.,

Genotyping of -765G>C COX-2 polymorphism
The analysis of the -765G > C polymorphism was

www.wjgnet.com

Control Gastric Atrophy or intestinal
n = 210 adenocarcinoma metaplasia
n=73 n =37

Age
(mean + SD) 49.5+18.0 542+11.3 60.7 £10.9
Male Gender 7 (%) 135 (64) 36 (49) 15 (40)
Atrophy n (%) Na Na 3(8)
Complete IM 1 (%) Na Na 4 (11)
Incomplete IM 7 (%) Na Na 30 (81)

Na: Not applicable; Atrophic chronic gastritis without intestinal metaplasia.

performed by PCR-based restriction fragment length
polymorphism (PCR-RFLP) as previously described™,
The primers used in the amplification were: CX2A
(forward): 5'-ATT CTG GCC ATC GCC GCT TC-3'
and CX2B (reverse) 5-CTC CTT GTT TCT TGG AAA
GAG ACG-3' (Metabion, Martinsried, Deutschland).
The amplification conditions were 95°C during 10 min
for the initial denaturation step, followed by 35 cycles of
denaturation at 94°C (1 min), annealing at 59°C (1 min)
and extension at 72°C (1 min). The final extension step
consisted 10 min at 72°C. As a negative control PCR mix
without DNA sample was used to ensure contamination
free PCR product. Reaction products were digested with
Bsh12361 restriction endonuclease (Fermentas, Vilnius,
Lithuania) during 8 h at 37°C.

Results were observed in 3% agarose gel stained with
ethidium bromide (Figure 1). Fragment sizes of 134
+ 23 bp indicated a wild-type homozygous -756GG
genotype, and an uncut fragment of 157 bp indicated the
homozygous -765CC genotype. The presence of all the
three bands (23, 134, and 157 bp) indicated a heterozygous
-765GC genotype. The 23 bp fragment, resulting from
the Bsh123061 restriction can not be distinguished from
the primer-dimmer band in the agarose gel. Analysis of
genotypes was independently performed by two of the
authors (C.P. and PE). Cases with nonconcordant results
between the two observers, or with the absence of a PCR
product were rejected. Also a second PCR-RFLP analysis
was performed in ten per cent of all samples to confirm
the genotype.

Variables
Individual’s age and gender, type of gastric lesion (gastric
adenocarcinoma or atrophy or intestinal metaplasia) ot its

absence, and COX-2 alleles (G, C).

Statistical analysis

Data analysis was performed using the computer software
Statistical Package for Social Sciences-SPSS for Windows
(version 11.5). Chi-square analysis was used to compare
categorical variables, using a 5% level of significance.
Multivariate logistic regression analysis was used to
estimate odds ratio (OR) and its 95% confidence interval
(CI) as a measure of the association between Allele C
carrier and the risk for the development of gastric lesion.
Gender and age were included in multivariate analysis, and
assessment for interaction was considered in the model.
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<— 157 bp
<— 134 bp

Figure 1 PCR-RFLP analysis of -765G > C COX-2 polymorphism. M: 50 bp DNA
ladder; 1: Homozygous -765CC genotype; 2, 3: Heterozygous -765GC genotype; 4:
Homozygous -765GG genotype.

o

Pathology Genotype 7 (%) OR?

GG Ccarrier  OR (95% CI) (95% CI)
Controls 130 (62) 80 (38) 1.00 1.00

(Reference) (Reference)'

Atrophy or 27 (73) 10 (27) 0.60 0.95 1.00
intestinal (0.28-1.31) (0.91-0.99)" (Reference)
metaplasia
Gastric 36 (49) 37(51) 1.67 1.45 2.67
adenocarcinoma (0.98-2.86) (0.84-2.64)" (1.03-6.93)

' OR adjusted for age and gender in a multivariate logistic regression
analysis; > OR adjusted for age and gender in a multivariate logistic
regression analysis for the progression of atrophy or intestinal metaplasia
into gastric cancer.

Controls Atrophy or intestinal Gastric
Genotype (n = 210) metaplasia adenocarcinoma
n = 37) (n =173)
n %) P n (%) P n (%)
GG 130 (62) 0197 27 (73) 0.018 36 (49)
GC 67(32) 0357  9(24) 0.046 32 (44)
cC 13(6) 0398 1(3) 0.339 5(7)
Ccarrier ~ 80(38) 0.197  10(27) 0.018 37 (51)

' vs Atrophy or intestinal metaplasia group (chi-square test); > vs Gastric
adenocarcinoma group (chi-square test).

RESULTS

Allelic distribution of COX-2 polymorphism

The distribution of -765G > C COX-2 genotypes is shown
in Table 2. The frequency of the -765GG, GC and CC
genotypes were 62%, 32% and 6%, respectively in controls,
49%, 44% and 7% in patients with gastric adenocatcinoma
and 73%, 24% and 3% in patients with atrophic gastritis
or intestinal metaplasia. All genotypic distributions are in
Hardy-Weinberg equilibrium (P > 0.05). -765C carriers
were more frequently found among those with gastric
adenocarcinoma (P = 0.04) than the other groups.

Risk estimate for associated lesions and invasive gastric
adenocarcinoma

Table 3 describes the Odds Ratio for the development
of atrophic gastritis or intestinal metaplasia and gastric
adenocarcinoma. We found no statistically significant
risk for the development of either atrophy or intestinal
metaplasia (OR = 0.60, 95% CI = 0.28-1.31; P = 0.20) or
gastric adenocarcinoma (OR = 1.67, 95% CI = 0.98-2.86;
P = 0.06). Although the results for the development
of gastric lesions were not statistically significant, we
observed a possible protective role for -765C carriers, and
when the same analysis was adjusted for age and gender
by a multivariate logistic regression analysis this protective
effect disappeared (OR = 0.95, 95% CI = 0.91-0.99; P =
0.01). In contrast, we observed a nearly 3-fold increased
risk for the progression of atrophy or intestinal metaplasia

Country n C allele C carrier
frequency (%) distribution (%)
America
USA® 228 21 37
USA (African American)™ 100 32 52
Europe
Portugal (our study) 210 22 38
Ttaly™! 864 28 50
UK® 454 (males) 14 25
Poland™! 547 17 31
Australia
Australia™! 168 17 31
Asia
Singapore™™! 1177 B 9
Japan®™ 241 2 5
China™ 1270 2 4

! in control populations of the mentioned studies.

into gastric adenocarcinoma (OR = 2.67, 95% CI =
1.03-6.93; P = 0.04).

Furthermore, when we evaluated the distribution of
gender in the two groups, atrophy or intestinal metaplasia
and gastric adenocarcinoma, no statistically significant
differences were observed (P = 0.38).

DISCUSSION

Enhanced expression of COX-2 gene has been reported
in several forms of cancer, including gastric precancerous
and adenocarcinoma tissues'” ¥, This evidence suggests
a role of COX-2 in the carcinogenesis pathway, such as in
the inhibition of apoptosis, tumour growth, angiogenesis,
invasion and metastasis™>'*""*. A -765G > C polymot-
phism on the promoter region of COX-2 gene disrupts
the Sp1 binding site™ that may alter the susceptibility to
develop cancer””. Our results revealed that C allele is ex-
tremely common (22%) in our population. Although only
a few studies have been developed involving this COX-2
polymorphism, the frequencies of the polymorphic variant
seems to vary, especially among different ethnic popula-
tions (Table 4). These studies revealed that the C allele is

www.wjgnet.com
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more frequent in Western countries, in Europe and Amer-
ica, than in Asian countries. Moreover, our results for the
genotype frequencies ate in concordance with other previ-
ously reported data in Caucasian populations.

-765G > C carriers and development of atrophic gastritis
and intestinal metaplasia

In the present study, -765C carriers were slightly overrep-
resented in the control population (38%) when compared
with patients with atrophy or intestinal metaplasia (27%).
In fact, although not statistically significant, our results
revealed a possible protective role for -765C carriers. Nev-
ertheless, when adjusted for age and gender this protec-
tive role disappears (OR = 0.95, 95% CI = 0.91-0.99, P =
0.01) suggesting that this variant does not influence the
development of gastric lesions such as atrophy or intes-
tinal metaplasia. Although, the protective role is in agree-
ment with previous studies, the small sample size may raise
some statistical concerns to this observation. Papafili ez
al’ showed that the promoter activity of the -765C allele
is reduced to about 30% when compared to the -765G. In
addition, Ulrich ez a/™ tevealed a marginal protection for
the development of colorectal adenomatous and hyper-
plastic polyps when associated with the -765CC genotype.
Thus, these results confirm the evidence that the depletion
of the Spl binding site, considered a positive activator of
COX-2 transcription, caused by the -765G > C transition,
modifies the transcriptional activation of COX-2P,

-765G > C polymorphism and the development of gastric
adenocarcinoma in patients with atrophic gastritis and
intestinal metaplasia

Gastric cancer developed upon a multistep process from
chronic active gastritis, gastric glandular atrophy (GA),
intestinal metaplasia (IM), dysplasia and gastric cancer
In a recent work, it was suggested that COX-2 expres-
sion increases as it progresses from initial gastric lesions
to gastric cancer, providing evidence that COX-2 might
contribute to an early event in gastric carcinogenesisw
Another approach attempt to understand the influence of
the COX-2 -765G > C polymorphism has in the progres-
sion from atrophy or intestinal metaplasia lesions to gastric
adenocarcinoma. We observed a nearly 3-fold increased
risk of progression from gastric lesions into gastric cancer
(OR = 2.67, 95% CI = 1.03-6.93; P = 0.04). This result
is consistent with previously cancer-related studies that
also revealed that -765C allele cartriers had increased risk
for the development of those diseases™™". More recently,
Zhang et al*™ described a 2-fold increased risk for the de-
velopment of esophageal squamous cell carcinoma due
to increased expression of COX-2 mRNA in -765G > C
heterozygous. Although the exact molecular mechanism by
which COX-2 polymorphism may affect the risk of gastric
adenocarcinoma development is still unclear, studies in the
COX-2 promoter revealed that COX-2 transcription is ac-
tivated by E2 promoter binding factor 1 (E2F1)*, which
is dependent on the transactivation and DNA-binding
domains of E2F1°". So the ability of this polymorphism
to create an E2F binding site, essential for the expression
of several genesmj, might help us to understand why we

www.wjgnet.com

observed increased risk.

In conclusion, all these findings suggest that different
physiological/pathological conditions, as well as cell
type, could determine the influence that -765G > C
COX-2 polymorphism has in the development of human
diseases, by the modification of the binding sites for
the transcription factors'”. The contribution of genetic
polymorphism to the risk of gastric adenocarcinoma may
be dependent on the population in study, as well on several
environmental and dietary factors that influence that
population. So, we hypothesize that each population has
to evaluate its own genetic profile for cancer risk that may
help to understand the geographic and racial differences
reported for gastric adenocarcinoma®. Furthermore,
COX-2 polymorphisms may be involved in different
individual drug response®™ and may be explored as for
in clinical trials to select those individual to be submitted
to COX-2 inhibition. Moreover, the definition of a
pharmacogenomic profile using molecular studies may
help to the development of a personalized treatment or
quimioprevention.

To the best of our knowledge, this is the first report
that evaluates the -765G > C COX-2 polymorphisms and
gastric adenocarcinoma development worldwide, which
also considers the progression from gastric lesions, such as
atrophy or intestinal metaplasia, to gastric adenocatcino-
ma. We theotise that once the lesions are installed, -765C
carriers are at risk of progression into gastric adenocarci-
noma. However, our results should be cautiously interpre-
ted as they report a cross-sectional design. Therefore, we
suggest that -765G > C polymorphism should be used in a
large cohort study among patients with atrophy or intesti-
nal metaplasia as a susceptibility marker for gastric adeno-
carcinoma and to confirm the real meaning of this genetic
alteration in gastric adenocarcinoma development.
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Abstract

AIM: To describe the frequency of H pylori infection
among 1000 southern Iranian dyspeptic patients.

METHODS: A prospective study was performed in a
referral hospital in south of Iran from 1999 to 2005. One
thousand dyspeptic patients (518 males, mean = SD age
of 49.12 + 12.82 years) consecutively underwent upper
gastrointestinal endoscopy. Multiple gastric antral biopsy
samples were taken from all patients for rapid urease
test and histopathologic examination (96.9% satisfactory
samples). Patients were considered A pylori-infected if
one or both tests were positive.

RESULTS: Six hundred and seventy-one patients (67.1%,
95% confidence interval [CI]: 64.2%-70.0%) were
H pylori-infected. H pylori positivity was significantly
more frequent in patients with peptic ulcer disease (PUD)
than in those with non-ulcer dyspepsia (P < 0.001).
Male-to-female ratio for duodenal and gastric ulcers was
2.7:1 and 1.5:1, respectively. Moreover, the duodenal-
to-gastric ulcer ratio was 1.95:1. The frequency of
H pylori infection among those with endoscopic diagnosis
of gastritis, duodenal ulcer, gastric ulcer, and normal
mucosa was 70.1% (398/568), 86.2% (150/174),
71.9% (64/89), and 33.5% (54/161), respectively.
H pylori infection, male sex, and older age were
independently associated with PUD in multivariate
analysis. H pylori positivity was associated with chronic
gastritis, and chronic active gastritis with odds ratios of
34.21 (95% CI: 12.19%-96.03%) and 81.21 (95% CI:
28.85%-228.55%), respectively.

CONCLUSION: H pylori and PUD are highly frequent
in dyspeptic patients from south of Iran. H pylori is a
cardinal risk factor for chronic active or inactive gastritis.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

H pylori is a major cause of gastritis and peptic ulcer disease
(PUD), and has been implicated in the development
of gastric rnalignancy“’ﬂ. The prevalence of H pylori, a
worldwide infection, varies greatly among countries and
among population groups within the same country!,
H pylori is highly prevalent in the developing countries” "
and is common in 57%-91% of Iranian population®™*"?,
However, studies regarding H pylori prevalence in different
regions of Iran, a country with a miscellaneous climate, are
limited™*". Thus, we studied the frequency of H pylori
infection among 1000 southern Iranian dyspeptic patients.
Furthermore, we report H pylori association with different
histopathologic and upper gastrointestinal endoscopy
(UGIE) findings in this large number of patients.

MATERIALS AND METHODS
Subjects

A prospective study was performed in the Gastroenterology
Division, Shahid-Mohammadi Referral Hospital,
Bandarabbas, Iran from October 1999 to August 2005.
One thousand consecutive patients (518 males, mean * SD
age of 49.12 + 12.82 years, range 13-89 years) with
dyspepsia underwent UGIE. Those with age over 12
years, no prior gastric surgery, no active bleeding, and
no consumption of antibiotics, bismuth preparations, or
proton pump inhibitors in the 4 wk prior to UGIE were
eligible to enter the study. All patients enrolled gave their
informed consent and the study was performed according
to the Declaration of Helsinki.

Methods

UGIE reported signs of gastritis, PUD, polyp, mucosal
atrophy, and tumor. When PUD was present, concomitant
gastritis was not mentioned in the study questionnaire.
Moreover, when none of the above-mentioned pathologic
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n % 95% ClI Histological finding n % (95% CI)
Total 671/1000 67.1 64.2-70.0 Normal mucosa 84 8.7 (6.9-10.4)
Age (yr)* Chronic inactive gastritis 365 37.7 (34.6-40.7)
<20 57/105 543 44.7-63.9 Chronic active gastritis 456 47.1 (43.9-50.2)
21-50 380/559 68.0 64.1-71.9 Atrophic changes 242 25.0 (23.6-27.7)
=51 234/336 69.6 64.7-74.5 Intestinal metaplasia/malignancy 81 8.9 (7.1-10.7)
Sex Glandular dysplasia 1 0.1 (-0.1-0.3)
Male 362/518 69.9 66.0-73.8 Adenocarcinoma 4 0.4 (0.0-0.8)
Female 309/482 64.1 59.8-68.4
UGIE finding®
PUD 214/263 81.4 76.7-86.1
NUD 453/732 61.9 58.4-65.4 point prevalences, 95% confidence intervals (CI) were
Tumor 4/5 80.0 40.8-100 calculated. Statistical significance was set at P < 0.05.

PUD: Peptic ulcer disease; NUD: Nonulcer dyspepsia. °P < 0.05 between
groups regarding H pylori infection; "P < 0.001 between PUD and NUD
groups regarding H pylori infection.

features was present, the UGIE examination was
considered normal. During UGIE, at least three biopsy
specimens were taken from the antrum lesser curvature
mucosa 3-4 cm proximal to the pylorus. One specimen was
for rapid urease test (RUT). The RUT was monitored for
color change up to 6 h after addition of the gastric tissue.
The test was scored as positive if the color changed from
yellow to red. The remaining two specimens were fixed in
formaldehyde and submitted for histologic examination and
HE staining. Nine hundred and sixty-nine antral mucosa
biopsies (96.9%) were satisfactory for histopathological
examination. One experienced pathologist, blinded to
the results of RUT and UGIE, evaluated the coded
samples. Thirty percent of coded samples (# = 291) were
randomly evaluated by a second experienced pathologist.
When the results were different (# = 11), the slides were
discussed in joint sessions where a third pathologist was
also present. The slides were observed under an optical
microscope at several magnifications (including oil
immersion). An increase in lymphocytes and plasma cells
in the lamina propria characterized the gastritis as chronic.
Activity in the context of chronic gastritis referred to the
density of neutrophil polymorphs in the lamina propria,
gastric pits, and surface epithelium. The presence of any
pathology in at least one biopsy sample was considered
a positive finding. The absence of abnormal findings
in all specimens was regarded as normal. Detection of
any H pylori was contemplated evidence of infection.
Patients wete considered H pylori positive if RUT and/or
histology were/was positive. When the histologic sample
was unsatisfactory, patient’s of H pylori infection was
determined by the RUT.

The frequency of H pylori was evaluated by means
of cross tables regarding different age, sex, endoscopic
and histopathologic diagnoses and tested by chi-square
(Xz) test and Fisher’s exact test. Multivariate analysis was
performed by entering sex, age groups, and H pylori status
in a logistic regression model to identify the independent
risk factors for endoscopic diagnoses of duodenal ulcer,
gastric ulcer, and gastritis (normal endoscopy was set as a
reference category). The same model was built to identify
the independent risk factors for histopathologic diagnoses
(normal mucosa was set as a reference category). For all
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RESULTS

Six hundred and seventy-one patients (67.1%, Table 1)
were H pylori-infected. PUD was found in 263 enrolled
patients (26.3%, 95% CI: 23.6%-29.0%). Those with PUD
were significantly more H pylori-infected than those with
non-ulcer dyspepsia (NUD) (P < 0.001, Table 1). Fisher’s exact
test displayed that PUD was more frequent in male patients
than in female patients (68.8%, 95% CI: 63.2%0-74.5%) vs
31.2% (95% CI: 25.5%-36.8%) (P < 0.001). Male-to-female
ratio for duodenal and gastric ulcers was 2.7:1 (127/47)
and 1.5:1 (54/35), respectively. While the duodenal-to-
gastric ulcer ratio was 1.9:1 (174/89), endoscopic signs of
gastritis were evident in 568 (56.8%), polyp in 7 (0.7%),
mucosal atrophy in 5 (0.5%), raised/thickened atea in 5
(0.5%), and accompanying duodenal and gastric ulcers in
3 (0.3%) patients. Thus, 161 patients (16.1%) had normal
endoscopic results. A histologic diagnosis of chronic active
gastritis was assigned to 47.1% of biopsy samples. Table 2
summarizes the histopathological findings.

While H pylori was frequent in 33.5% of those with
normal UGIE, 86.2% of those with duodenal ulcer were
H pylori-infected (P < 0.001, Table 3). Those with histologic
diagnosis of chronic active gastritis were significantly more
H pyloriinfected than those with chronic inactive gastritis
(P < 0.001, Table 3). Table 3 summarizes the frequency
of H pylori infection regarding different endoscopic and
histopathologic findings. Multivariate logistic regression
analysis proved H pylori positivity, older age, and male
gender as predictors of duodenal ulcet, gastric ulcer,
and gastritis (Table 4). The second model to identify the
risk factors for histopathologic findings, had a 56.1%
agreement between predicted and observed results and the
amount of variance accounted for 21.4% (Cox & Snell)
- 25.3% (Nagelkerke). This model suggested that H pylori
positivity was associated with chronic gastritis, and chronic
active gastritis with odds ratios (OR) of 34.21 (95% CI:
12.19%-96.03%) and 81.21 (95% CI: 28.85%-228.55%),
respectively.

DISCUSSION

In the developing wortld, H pylori is a challenging health
problem as 20% prevalence of H pylori infection among
adolescents in the United States pales in comparison with
infection rates exceeding 90% by five yeats of age in parts
of the developing world"". One study in northwest of
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Diagnosis H pylori infection
Negative  Positive Total
Endoscopic findings
Normal 107 (66.5) 54 (33.5) 161
Gastritis 170 (29.9) 398 (70.1)° 568
Duodenal Ulcer 24 (13.8) 150 (86.2)*" 174
Gastric Ulcer 25(28.1) 64 (71.9) 89
Histopathologic findings
Normal mucosa 80(95.2) 4 (4.8) 84
Chronic inactive gastritis 130 (35.6) 235 (64.4) 365
Chronic active gastritis 87 (19.1) 369 (80.9)" 456
Atrophic changes 76 (31.4) 166 (68.6) 242
Metaplasia/dysplasia/adenocarcinoma 15 (17.4) 71 (82.6)' 86

P < 0.001 vs normal endoscopic findings; ‘P < 0.001 vs gastritis and
gastric ulcer; ‘P < 0.001 vs normal histopathologic findings; "P < 0.001 vs
histopathologic findings and chronic inactive gastritis (Fisher’s exact test).

Iran, a region with the highest mortality rate from gastric

cancer throughout the country, reported that H pylori

infection occurs in 89.2% (883/990) of the residents"
Other surveys in different age groups from various
regions of the country reported that H pylori infection
occurs in 57%-91% of the study subjects“““. In this
prospective survey, we report H pylori infection in 67.1%
of 1000 enrolled dyspeptic patients from south of Iran.
Variation in study powers as well as ethnicity, place of
birth, socioeconomic factors, diet, occupation, smoking,
or alcohol consumption habits among study populations
may be the reasons for erratic rates of H pylori infection
reported from the countrylé’lsl. Similarly, H pylori seems to
be a health problem in the neighboring regions of Iran.
In India, H pylori is positive in 38 (56.7%) asymptomatic
individuals and in 49 (61.3%) symptomatic individuals'
In Saudi-Arabia, H pylori is present in 54.9% of gastric
biopsies from 488 dyspeptic patients”. In Yemen, 82.2%
of 275 dyspeptic patients are H pylori 1nfectedl In Jordan
H pylori is frequent in 82% of 197 study sub]ects In
United Arab Emirates"” and in Kuwait!" , 90.39% of
437 and 96.6% of 204 studied subjects are 1nfected with
H pylori, respectively.

About a quarter of dyspeptic patients in this study
were proved to have PUD. Nevertheless, in another large
cohort of residents in northwest of Iran, the frequency
of PUD is just 4.9%". This relatively low frequency of
PUD might be due to the enrollment of unnecessarily
dyspeptic subjects in the latter survey. PUD frequencies
are divergent in reports from different countries. In
a literature review by the American Gastroenterology
Association!” , 19 out of 41 studies report duodenal ulcer
in = 10% of dyspepue patients and the overall prevalence
of PUD in these groups of symptomatic patients is =
15% in 21 studies. Duodenal ulcer was approximately
twice as common as gastric ulcer in the present survey,
which is in quite contrast to the 12:1 ratio reported from
India”. Moreover, H Ppylori infection is significantly more
frequent in PUD than in NUD patients. Regarding the
significantly higher rate of H pylori infection in those with
duodenal (86.2%) and gastric (71.9%) ulcers in comparison
with the subjects with normal endoscopic findings

Variable B SE Waldtest P  Odds ratio (95% CI)

Duodenal ulcer
Sex (male) 191 026 55.14 <0.001 6.75 (4.08-11.17)
Age (in three 059 0.19 9.211 <0.01 1.80 (1.23-2.63)
ascending groups)
H pylori (+) 2.54 0.28 79.21 <0.001  12.66 (7.24-22.14)
Constant -3.75 0.50

Gastric Ulcer
Sex (male) 1.34 0.28 2213  <0.001 3.83 (2.19-6.69)
Age (in three 0.65 0.22 849 <0.01 1.91 (1.24-2.95)
ascending groups)
H pylori (+) 1.63 029 30.74 <0.001 5.12 (2.87-9.11)
Constant -3.45 0.56

Gastritis
Sex (male) 091 0.20 20.15 <0.001 2.48 (1.67-3.68)
Age (in three 0.65 0.15 18.35 < 0.001 1.92 (1.42-2.58)
ascending groups)
H pylori (+) 154 019 6181 <0.001 4.65 (3.17-6.82)
Constant -1.30  0.361

'Normal endoscopy was set as a reference category; agreement between
predicted and observed results: 57.2%; the amount of variance accounted for
17.6% (Cox & Snell)- 19.4% (Nagelkerke).

(33.5%) (Table 3), also the significant association of H
Pylori positivity with duodenal (OR: 12.60) as well as gastric
ulcers (OR: 5.12) (Table 4), H pylori can be introduced as
an aetiological agent for PUD, thus strengthening prior
ﬁndings“o’zu’zﬂ. Furthermore, current evidence shows the
cardinal role of H pylori in the pathogenesis of PUD™*,
In favor of the results of some studies”™*" and against
the findings of others®** we found significantly more
H pylori infections in male than in female PUD subjects,
but H pylori was not significantly more prevalent in males.
Regarding these two latter findings, one may deduce that
H pylori infection independently results in PUD in males
more frequent than in females. The regression model also
confirms this judgment as entering both sex and H pylori
status in the model showed an independent significant
role of both factors in prediction of different endoscopic
findings (Table 4). Nevertheless, despite more than a 50%
agreement between the predicted and observed results of
both models in this survey, outcomes should be carefully
interpreted due to the limited factors entered into these
models as other factors with a possible predictive role were
beyond the scope of the current study and thus were not
entered into the model.

In the present study, histologic findings of chronic
active and inactive gastritis were frequent in about 85% of
dyspeptic subjects, which is comparable with the previous
77.8% of chronic active gastritis in northwest of Iran"!
80.6% and 67% of chronic gastritis in Saudi-Arabia”” and
India", respectively. Similarly, H pylori with a significantly
higher frequency in those with chronic active and inactive
gastritis compared to those with normal histology, showed
a strong association with chronic active gastritis (OR:
81.21) and chronic inactive (OR: 34.21) gastritis, although
more frequent in those with chronic active gastritis, which
is suggestive of its causative role in chronic gastritis and
gastritis activity. Despite some doubts”™, H Ppylori is globally
believed to have a fundamental role in the pathogenesis of
gastric cancer™”. Chronic H Pylori gastritis leads in more
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than half of the affected subjects to a gradual loss of the
glandular structures with its specialized cells and a collapse
of the reticulin skeleton of the mucosa, a condition
of atrophic gastritis”’. Indeed, the most common type
of gastric cancer, the intestinal type, is preceded by
chronic atrophic gastritis, which is 22%-37% prevalent in
asymptomatic European adult subjects™. In this survey, a
quarter of satisfactory antral biopsies were proved to have
atrophic changes in histology, about two thirds of which
were associated with H pylori infection. Compared to our
findings in south of Iran as well as those in the developed
world™ northwest of Iran with a relatively higher
frequency of atrophic changes in the antral biopsies of the
sampled population (45.2%)" might be at a higher risk of
prevalence of gastric malignancies in the near future, an
alarming condition that necessitates further investigations
and thoughtful interventions.

In conclusion, H pylori and PUD are frequent in
dyspeptic patients from south of Iran. H pylori infection,
male sex, and older age are independently associated with
PUD. H pylori is associated with chronic gastritis and even
more with chronic active gastritis.
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Abstract

AIM: To examine the existence of Nitric oxide/
cGMP sensitive store-operated Ca** entry in mouse
fibroblast NIH/3T3 cells and its influence on matrix
metalloproteinase (MMP) production and adhesion ability
of fibroblasts.

METHODS: NIH/3T3 cells were cultured. Confocal laser
scanning microscopy was used to examine the existence
of thapsigargin-induced store-operated Ca** entry in
fibroblasts. Gelatin zymography and semiquantitative
reverse transcriptase-polymerase chain reaction (RT-
PCR) were employed to detect the involvement of [Ca®*]
and NO/cGMP in MMP secretion. The involvement of NO/
cGMP-sensitive Ca®* entry in adhesion was determined
using matrigel-coated culture plates.

RESULTS: 8-bromo-cGMP inhibited the thapsigargin-
induced Ca** entry in 3T3 cells. The cGMP-induced
inhibition was abolished by an inhibitor of protein kinase
G, KT5823 (1umol/L). A similar effect on the Ca®*
entry was observed in 3T3 cells in response to a NO
donor, (£)-S-nitroso-NV-acetylpenicillamine (SNAP). The
inhibitory effect of SNAP on the thapsigargin-induced
Ca’" entry was also observed, indicating NO/cGMP-
regulated Ca®* entry in 3T3 cells. Results of gelatin
zymography assay showed that addition of extracellular
Ca®* concentration induced MMP release and activation
in a dose-dependent manner. RT-PCR also showed
that cGMP and SNAP reduced the production of MMP
mRNA in 3T3 cells. Experiments investigating adhesion
potentials demonstrated that cGMP and SNAP could
upgrade 3T3 cell attachment rate to the matrigel-coated
culture plates.

CONCLUSION: NO/cGMP sensitive store-operated Ca®*
entry occurs in fibroblasts, and attenuates their adhesion
potentials through its influence on MMP secretion.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Members of matrix metalloproteinase (MMP) family
have been broadly implicated in both physiological and
pathophysiological tissue remodelingm, and play a key
role in tumor invasion and metastasis. Since degradation
of extracellular matrix (ECM) components by MMP is
critical for tumor cell invasion and metastasis™, MMP-2
degrades type IV collagen, a major component of the
basement membrane because of its activity. Recent studies
have revealed that tumor cells utilize MMP-2 produced
by neighboring stromal cells including fibroblasts rather
than by tumor cells themselves'™” for tumor progression,
invasion, and metastasis, and that tumor cells can stimulate
MMP production by stromal cells via soluble factors such
as cytokines”” or through cell-cell interaction mediated by
cell adhesion molecules such as CD147"'",

Studies have proved that stromal cells mainly release
MMP around tumor cells, and that calcium is a second
intracellular messenger which mediates a wide range of
cellular responses. These studies aroused our interest in
whether calcium ions are involved in MMP sectretion. In
non-excitable cells, the influx of Ca’" is a biphasic process,
which consists of an initial transient phase followed by a
large and sustained phase. Under Ca”'-free conditions, the
response is only a small and transient rise in [Ca”'}i, which
should reflect the release of intracellular Ca™ stores. When
extracellular Ca™ is reintroduced in the absence of the
agonist, there is a large rise in [Ca”'Ji. Since the depletion
of intracellular Ca”" stores is apparently the single
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mechanism at work under such a circumstance, it has
been hypothesized that the Ca®" entry is activated by the
depletion of Ca” stores and this Ca’" entry is thus called
store-operated Ca”™" entry (SOC)".

Nitric oxide (NO) is also known to inhibit Ca®" entry
through L-type Ca”™ channels (LTCC) in SMCs via cGMP-
dependent mechanisms or via membrane hyperpolarization
due to cGMP-dependent activation of Ca2+—dependent
K" channels. Besides the direct effects of NO on Ca™*
entry, it can also activate heme-containing soluble guanylyl
cyclase (sGC) and catalyze the production of cGMP from
GTP, thus playing a role in NO/cGMP/protein kinase G
(PKG) pathway. Although many reports have described
the regulating mechanisms on the calcium channels, they
all focused on the end result-- increase in [Ca’’]i. Thus
further investigation is certainly required to clarify the role
of NO/cGMP in SOC and MMP sectretion.

The aim of the present study was to demonstrate the
existence of NO/cGMP-regulated SOC in NIH/3T3 cells
and to further explore the influence of store-operated
Ca™ entry on MMP secretion and adhesion potential in

NIH/3T3 cells.

MATERIALS AND METHODS

Cell culture and reagents

NIH/3T3 cells (CRL-1658, obtained from American
Tissue Culture Collection, ATCC) were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) containing
100 mL/L fetal calf serum. Cultures were maintained
at 37°C in a humidified incubator under an atmosphere
of 950 mL/L air and 50 mL/L COz2. 8-bromo-cGMP,
(£)-S-nitroso-N-acetylpenicillamine (SNAP), N-methyl-
(8R,95,115)-(-)-9-methoxy-9-methoxycarbonyl-8-
methyl-3,10-dihydro-8-11-epoxy-1H, 8H, 11H-2.7b,
11a-triazadibenzo(a,g)cycloocta(cde) trinden-1-one
(KT5823), N¢ -nitro-L-arginine methyl ester (L-NAME)
and thapsigargin were obtained from Calbiochem (La Jolla,
CA). DMEM and fetal bovine serum were purchased from
Life Technologies, Inc. Fluo3/AM was obtained from
Molecular Probes, Inc. (Eugene, OR). One Step RNA PCR
kit (AMV) was purchased from TaKaRa Biotechnology
(Dalian) Co., Ltd. MMP-2 primers (Accession no.
NMO008610; 5’ACCATCGAGACCATGCGG3’,
5’°CTCCCCCAACACCAGTGC3’, 334 bp),
MMP-9 primers (Accession no. NM013599;
5’ TTCTGCCCTACCCGAGTGGA3’, 5
CATAGTGGGAGGTGCTGTCGG3’, 426 bp),
B-actin primers (5’CTCACTGTCCACCTTCCAG3’, 5
CGACCATCCTCCTCTTAGG?3’, 494 bp) were obtained
from SaiBaiSheng Co. Trizol for total RINA isolation was
from Life Technologies, Inc. Matrigel was obtained from
Becton Dickinson Laboratory (Bedford, MA). Other
reagents were from Sigma-Aldrich (St. Louis, MO).

Measurement of [Ca2+]i in single cells by confocal laser
scanning microscopy

After an overnight attachment, the cells were rinsed in 0.01
mol/L PBS and loaded with 5 umol/L Fluo3/AM for 45
min in dark at 37°C in normal PBS (NPBS) containing
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2 mmol/L CaClz, pH 7.4. The cells were then washed
and resuspended in NPBS. To start the experiment, the
cells were pretreated with 4 pmol/L thapsigargin for 2
min. Then the cells were washed with and maintained
briefly in PBS containing no Ca*" and 2 mmol/L EGTA.
Unless stated otherwise, the cells were pretreated with or
without chemicals (i.e. 8-bromo-cGMP, KT5823, SNAP,
L-NAME or NiClz) for 1-2 min. The fluorescent signal
of cytoplasmic calcium ion concentration in 3T3 cells was
determined by fluorescence using Bio-Rad MRC 1024
visible light CLSM (Bio-Rad, Hercules, CA) and argon
(488/526 nm) laser light.

Gelatin zymography

The conditioned media were collected by centrifugation,
concentrated and dialyzed. The dialyzed samples
containing an equal amount (20 pg) of total protein were
mixed with the sample buffer, incubated in water bath
(about 55°C) for 3-5 min and loaded onto the zymogtaphic
100 g/L SDS-polyacrylamide gel containing gelatin (1g/L)
and run under standard conditions (2 h at constant voltage
of 100V). Afterwards, the gels were washed once with 50
mmol/L Tris (pH 7.4), containing 25 mL/L Triton X-100
for 30 min, and twice with 50 mmol/L Tris (pH 7.4).
Gels were then incubated for 16-18 h in 50 mmol/L Tris
(pH 7.5), 0.15 NaCl, 10 mmol/L CaClz, 1 mL/L Triton
X-100 and 0.2 mg/L sodium azide. Finally, the gels were
stained with Coomassie blue and washed with 75 mL/L
acetic acid containing 200 mL/L methanol. The gels
were subjected to densitometric analysis to quantitate the
gelatinase activity by obtaining volumograms on a photo
documentation system from UVItec (Cambridge, UK)
using the UVIchrom acquisition software.

Semiquantitative reverse transcriptase-polymerase chain
reaction

Total RNA was extracted from cGMP-pretreated 3T3
cells using Trizol agents. First-strand cDNA synthesis
was performed using 1 ug of total RNA, 40 MU/L of
RNase inhibitor, 20 MU/L sense and anti-sense primers of
MMP-2, MMP-9 and B-actin, 10 mmol/L. dANTP mixture,
25 mmol/L MgClz, 5 MU/L AMV Rtase XL, 5 MU/L
AMV-optimized Taq. MMP-2, MMP-9 and -actin primers
were reported in Material section. According to One Step
RNA PCR kit (AMYV) instructions, the following conditions
were used for MMP-2: 28 cycles of PCR amplification,
denaturation at 94°C for 1 min, annealing at 60°C for 1
min, extension at 72°C for 1 min; MMP-9: 30 cycles of
PCR amplification, denaturation at 94°C for 50 s, annealing
at 60°C for 1 min, and extension at 72°C for 2 min;
B-actin: 23 cycles of PCR amplification, denaturation at
94°C for 30 s, annealing at 53°C for 30 s, and extension
at 72°C for 1 min. Amplification was carried out in a
GeneAmp 2400 PCR system (Perkins-Elmer, Foster City,
CA). PCR products were resolved on 25 g/L agarose
gel in the presence of 0.6 mg/L ethidium bromide. The
intensities of the cDNA bands for each protein were
normalized to B-actin band intensities. Images of the
ethidium bromide (EB)-stained agarose gels were acquired
with a digital Kodak camera (Eastman Kodak Company,
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Figure 1 Tg-induced intracellular calcium ion concentration changes in 3T3 cells. A: The fluorescent intensity in 3T3 cells was 25-30 in Ca*-free and 2 mmol/L EGTA-
containing medium after treatment with 4 umol/L Tg; B: The fluorescent intensity rose to 50-55 in 3T3 cells after adding 2 mmol/L CaClz; C: Similar intracellular free ca®
concentration dynamic changes in 3T3 cells and Tg-induced elevation of [Ca”] in 3T3 cells 120 min after treatment.

Fluorescent intensity dynamic process of intracellular free Ca** in 3T3 cells
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Figure 2 Inhibitory effect of Ni** on
thapsigargin-induced rise in [Ca®]. The
cells were incubated in NPBS with 4 pmol/L
thapsigargin and 3 mmol/L NiClz for 90 s,
then the media were replaced with respective
media containing 2 mmol/L CaClz without
EGTA, no significant change of [Ca”];
occurred after 120 s.

269.00

X-axis: Time observed under CLSM; Y-axis: The fluorescent intensity of cytoplasmic calcium ions concentration

Rochester, NY, USA) and quantification of the bands was
petrformed by imaging analysis software from Kodak.

Cell adhesion assay

The wells of 96-well culture plates were coated with
matrigel at a concentration of 5 mg/L and incubated at
4°C overnight. The coated wells were blocked with PBS
containing 20 g/L bovine serum albumin for 30 min
and then washed with PBS. Cell suspensionin serum-
free medium containing 1 g/L bovine serum albumin
was added to the wells (2 X 10*/well) and incubated at
37°C in 50 mL/L CO: for 30-60 min with or without test
agents (8-bromo-cGMP or SNAP). After the medium
and nonattached cells were removed, 2 g/L crystal violet
was added for 10 min. The plate was gently washed with
tap water and dried in air for 24 h. Then 0.1mL of 50 g/L
SDS with 500 mL/L ethanol was added for 20 min, the
plate was read at 540 nm on an ELISA reader (Microplate
Co., EL311SX).

Statistical analysis

Data were expressed as mean * SD. Intracellular Ca*"
fluorescence ratio and percentages of attached cells were
estimated with Student's #test or analysis of variance
followed by Student-Newman-Keuls test. P < 0.05 was
considered statistically significant.

RESULTS

Thapsigargin-induced store-operated Ca** entry in
fibroblast NIH/3T3 cells

Thapsigargin was used to deplete intracellular Ca®" stores
and induce Ca”" entry from extracellular space. After
treatment with 4 pmol/L thapsigargin in Ca”*-free and
2 mmol/L EGTA-containing medium for 2 min, the
addition of 2 mmol/L CaCl: induced a rise in [Ca’ '] about
120 later (Figure 1). The thapsigargin-induced elevation
of [Ca’"]i was completely blocked by Ni*" (3 mmol/L),
a potent blocker of Ca”" entry that competes for Ca” -
binding sites in 3T3 cells (Figure 2), confirming the
presence of capacitive Ca”" entry in this cell type.

Effect of NO/cGMP/PKG signal pathway on store-operated
Ca” entry

It has been reported that capacitive Ca”" entry in hepatoma
cells could be inhibited by cGMP, an activator of protein
kinase G (PKG), and enhanced by KT5823, an inhibitor
of PKG"". The present study examined the effect of
cGMP and KT5823 on the capacitative Ca”™ entry in 3T3
cells. The [Ca™]i fluorescence ratios were obtained in
cells without chemical treatment (control) or treated with
2 mmol/L ¢cGMP or 1 pmol/L KT5823, respectively.
Results showed that 2 mmol/L cGMP inhibited the Ca™
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Figure 3 Effect of 8-bromo-cGMP and KT5823 on thapsigargin-induced Ca**
influx. A: 3T3 cells were incubated in NPBS with 4 umol/L thapsigargin for 2 min,
then 2 mmol/L CaCl2 was added into the medium; B: 3T3 cells were incubated in
NPBS with 4 pmol/L thapsigargin for 2 min, 8-bromo-cGMP(2 mmol/L) or KT5823
(1 umol/L) was introduced 1 min prior to the measurement, then 2 mmol/L CaCl
was added into the medium; C: Effects of cGMP and KT5823 on thapsigargin-
induced Ca® influx.. The Ca” entry fluorescence ratios were obtained in cells
without chemical treatment (control) or treated with 2 mmol/L 8-Br-cGMP (cGMP)
or 1 umol/L KT5823. The cells were incubated in NPBS with 4 umol/L thapsigargin
for 2 min prior to the chemical treatment. One mmol/L CaClz was introduced to
the medium to obtain the fluorescent signal of Ca* entry. The values are the
mean * SE (n = 4-6).

entry with 25.3% £ 1.3% inhibition compared with 3T3
cells not pretreated (53.0% * 4.4% ) (P < 0.05, Figure 3C).
KT5823 (1 ummol/L) stimulated the Ca”" entry by 72.3%
* 3.9% (P < 0.05, Figure 3C).

NO is an important intracellular signal molecule that
activates soluble guanylye cyclase to synthesize cGMP"",
The presentstudy was carried out to investigate the
involvement of NO in regulation of the capacitive Ca™*
entry using a NO donor (SNAP) and L-NAME (a specific
NOS inhibitor) to trigger production of endogenous
cGMP. Results showed that SNAP also inhibited the
thapsigargin-indued Ca”" influx, 26.7% * 6.4% inhibition
was observed at 100 umol/L SNAP compared with control
(48.1% * 5.2% ) (P < 0.05, Figure 4C). L-NAME (200
umol/L) could excite the thapsigargin-indued Ca”" influx
in 3T3 cells too, 71.6% £ 3.9% stimulation was observed
in 3T3 cells compared with control (49.6% % 5.8%) (P <
0.05, Figure 4C).

Effect of SOC on MMP mRNA expression
The expression and release of MMPs (such as MMP-2

17-19]

and MMP-9) work through kinase signaling pathwaysl )
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Figure 4 Effect of SNAP and L-NAME on thapsigargin-induced Ca’* influx. A:
3T3 cells were incubated in NPBS with 4 umol/L thapsigargin for 2 min, then
2 mmol/L CaClz was added into the medium; B: 3T3 cells were incubated in NPBS
with 4 umol/L thapsigargin for 2 min, 100 umol/L SNAP or 200 umol/L L-NAME
was introduced 1 min prior to the measurement, then 2 mmol/L CaCl. was added
into the medium; C:Ca” entry fluorescence ratios were obtained in cells without
chemical treatment (control) or treated with 100 umol/L SNAP or 200 pmol/L
L-NAME. The values are the mean + SE (n = 4-6).

like NO-cGMP-Ca** signaling pathway[ZO’ZZJ. The present
study tested the involvement of SOC in regulating MMP
release 7n vitro. RT-PCR showed that synthesis of MMP-2
and MMP-9 mRNA in cGMP-pretreated 3T3 cells was less
than that in 3T3 cells not pretreated. Gelatin zymography
showed that production of MMP-2 and MMP-9 in 3T3
medium culture was more than that in cGMP- pretreated
3T3 medium culture (Figure 5).

Involvement of [Ca” i and NO/cGMP in MMP secretion

Zymography results showed that the increasing
extracellular calcium concentrations (0, 0.09, 0.4, 0.8,
1.2 mmo/L) enhanced MMP-2 and MMP-9 secretion in a
dose-dependent manner (Figure 6). In the present study,
4 umol/L thapsigargin was used to deplete the intracellular
Ca’" store in order to induce Ca’” entry. Zymography
results showed pretreatment with 8-bromo-cGMP (2
mmol/L) or SNAP (200 pmol/L) significantly reduced
the production of MMP-2 and MMP-9 in 3T3 cells, and
1 pmol/L KT5823 or 100 umol/L L-NAME enhanced
the production of MMP-2 and MMP-9 in 3T3 cells. These
results indicated that NO/cGMP sensitive SOC was
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Figure 5 Expression of MMP in pretreated and not pretreated 3T3 cells. A: RT-PCR results of MMP-2 mRNA in both cells (1: DL2000 marker; 2: MMP-2 cDNA of 3T3 cells; 3:
MMP-2 cDNA of 8-Br-cGMP (2 mmol/L) pre-treated 3T3 cells; 4: B-actin cDNA of 3T3 cells; 5: B-actin cDNA of pre-treated 3T3 cells); B: RT-PCR results of MMP-9 mRNA
in pretreated and not pretreated 3T3 cells (1: DL2000 marker; 2: MMP-9 cDNA of 3T3 cells; 3: MMP-9 cDNA of 8-Br-cGMP (2 mM) pre-treated 3T3cells; 4: B-actin cDNA of
3T3 cells; 5: B-actin cDNA of pre-treated 3T3 cells); C: Gelatin zymography showing constitutive secretion of MMP-2 (72 kDa) and MMP-9 (92 kDa) into serum-free media

by pretreated and not pretreated 3T3 cells.
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involved in MMP secretion of fibroblasts (Figure 7).

Involvement of NO/cGMP-sensitive Ca”* entry in adhesion
We used matrigel-coated plates as models for investigation
of possible signaling pathways involved in extracellular
matrix-induced metastasis. Matrigel is a soluble basement
membrane preparation containing almost all extracellular
matrix componentsm]
with matrigel as an adhesion substratum. A significant

. The present study was carried out

difference in the amount of cells attached to the matrigel-
coated plates was observed in 3T3 cells pre-treated and
not pre-treated with cGMP (2 mmol/L) for 30 min (71.4%
T 0.5% vs 44.7% *+ 2.5%) (P < 0.05). Pre-treatment with
SNAP (200 pumol/L) showed that the percent of attached
and non-attached 3T3 cells was 64.7% * 1.2% and
46.3% % 2.0%, respectively (P < 0.05, Figure 8).

DISCUSSION

Collagenolytic degradation of endothelial and parenchymal
basement membranes is a necessary step in the process
of tumor invasion and angiogenesis. Neutral MMP-2 and
MMP-9 mainly secreted locally by stromal cells, degrade
the basement membrane and extracellular matrix collagens.

1.2 mmol/L Figure 6 Dose-dependent effect of extracellular Ca™

on MMP release. 8-bromo-cGMP (2 mmol/L) pre-
treated and not pretreated 3T3 cells were plated in
media with serial doses of Ca” (0, 0.09 ,0.4, 0.8,
1.2 mmol/L) and incubated for 16-18 h, 200 ulL
conditioned media was used as sample. The 72 kDa
gelatinolytic bands corresponded to the MMP-2, the
92 kDa band to MMP-9. A: 3T3 cell mean ratio of 72
kDa in groups 1-5 was 0.198 + 0.094, 0.287 + 0.114,
0.486 + 0.079, 1.247 + 0.089 and 2.487 + 0.179,
respectively (n = 4-6); B: 8-bromo-cGMP (2 mmol/L)
pre-treated 3T3 cell mean ratio of 72 kDa in groups

5 1-5 was 0.104 + 0.084, 0.126 + 0.086, 0.257 + 0.102,
1.2 mmol/L gg?o + 0.173 and 0.784 + 0.187, respectively (n =

However, little is known about the signaling pathways
that regulate the production of these enzymes. Previous
studies have demonstrated that transforming growth
factor-B1 (TGF-B1) plays a role in transmembrane signal
transduction of MMP-2 regulation™, The present study
described a role of calcium mobilization in the regulation
of MMP expression.

The present study demonstrated that the existence of
NO/cGMP-sensitive store-operated Ca”* entry in mouse
fibroblast NIH/3T3 cells, which is alletgic to NO/cGMP.
The thapsigargin-induced SOC appears to be evidenced by
the magnitude of the Ca”" entry and its blockage by Ni*',
cGMP or SNAP inhibits the thapsigargin-induced Ca*
entry in 3T3 cells and can be reversed by KT5823 (highly
specific PKG inhibitor), indicating a negative regulatory
mechanism involving NO/cGMP iz a PKG-dependent
pathway.

Characterization of the regulation of interstitial
collagenase (MMP-1) and stromelysidtransin (MMP-3)
indicates that thete are at least two known regulatory arms
for the secretion of these MMPs. Treatment with TGF-31
inhibits the production of these MMP genes through TIE,
a novel CIS-acting transcriptional element™?", whereas
phorbol ester-mediated stimulation of transcription is
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Figure 7 cGMP/KT5823 and SNAP/L-NAME affecting MMP release 3T3 cells via
Tg-induced SOC. 3T3 cells were incubated in NPBS with 4 pmol/L thapsigargin
for 2 min. Each kind of chemical reagents (2 mmol/L cGMP, 1 umol/L KT5823,
100 umol/L SNAP or 200 pmol/L L-NAME) was introduced 1 min prior to the
measurement, then 2 mmol/L CaCl. was added into each medium and incubated
for 16-18 h. The 72 kDa gelatinolytic band (MMP-2) was obtained in cells without
chemical treatment (control) or treated with cGMP, KT5823, SNAP, L-NAME.

through phorbol ester-responsive elements (TREs) and
AP-1 sites??. Regulation of matrix metalloproteinases
has also been linked to the second cAMP messenger
signal transduction pathway[zo’w. Several investigators have
demonstrated the induction of MMP-1 production in
response to cAMP either directly or after cell stimulation
with cytokines that signal their effects through cAMP?!,
However, in contrast to MMP-1 and MMP-3, neither
MMP-2 nor MMP-9 has TIE or cAMP-regulated elements
defined in their 5 sequencesm’m. The TRE mechanism
has been implicated in the regulation of MMP-9 but not
MMP-2P". AP-1 sites have not been documented for
MMP-2, although AP-1 and AP-2 sites are in the upstream
of MMP-9%"*%I Tt was reported that there is a NF-
kB binding site in the upstream sequence of MMP-9P*,
Besides the factors influencing MMP secretion, calcium-
activated signal transduction steps are also a common
thread underlying important signal transduction pathways,
including protein kinase C, phosphoinositide metabolism,
and generation of arachidonic acid. However, few calcium-
mediated transcriptional pathways have been identified for
MMP secretion.

The present study was to identify NO/cGMP-sensitive
production and activation of MMP through SOC. In our
study, adding extracellular Ca®" concentration induced
release and activation of MMP (MMP-2, MMP-9) in a
dose-dependent manner, cGMP and SNAP reduced MMP
secretion in 3T3 cells. RT-PCR displayed that MMP-2 and
MMP-9 mRNA synthesis in cGMP- pretreated 3T3 cells
was significantly less than that in non cGMP-pretreated
3T3 cells. Tumor invasion is greatly dependent on the
permissive action of the microenvironment. One critical
factor is the production of proteolytic enzymes involved
in the degradation and remodeling of ECM. Among these
enzymes, MMPs represent a large family playing a key
role in cell proliferation, angiogenesis, tumor invasion and
metastasis”. These enzymes principally degrade the ECM
components and attenuate cell-cell adhesion ability so as to
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Figure 8 Effects of cGMP or SNAP on adhesion potentials of 3T3 cells to matrigel
by adhesion assay. 3T3 cells pretreated with 4 umol/L Tg were suspended in
serum-free medium supplemented with no chemical reagent (control) or cGMP
(2 mmol/L) or SNAP (200 pumol/L), 2 mmol/L CaCl. was added to induce SOC,
then seeded into the matrigel (5 mg/L)-coated wells. After incubation for 30 min at
37°C, the percentage of adhered cells was determined using colorimetric crystal
violet assay. The values are the mean + SE (n = 6-8).

promote tumor invasion and metastasis.

Our experiments investigating adhesion potentials
demonstrated that the attachment rate of 3T3 cells
living in high extracellular Ca’" concentration of the
matrigel-coated culture plates was lower than that in
low extracellular Ca** concentration of the matrigel-
coated culture plates, suggesting that increased cellular
Ca™ concentration attenuates the adhesion potentials in
fibroblasts by enhancing MMP secretion. The attachment
rate could be upgraded by cGMP and SNAP in 3T3
cells, indicating that interference with NO/cGMP/PKG
pathway sensitivity of fibroblasts reduces SOC and inhibits
MMP secretion at a considerable level, thus strengthening
the adhesion potential of fibroblasts and decreasing the
chance of HCC metastasis.

In conclusion, store-operated Ca”" channels exist in
mouse fibroblast cells and are involved in MMP sectretion.
NO/cGMP/PKG pathway negatively regulates this Ca™
entry. Increased extracellular Ca”" concentration may
promote degradation of ECM components by increasing
MMP secretion and attenuating fibroblast adhesion
potential.
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Abstract

AIM: To determine circulating and hepatic adiponectin
in rodents with fatty liver disease or liver cirrhosis and
investigate expression of the adiponectin receptors
AdipoR1 on the mRNA and protein level and AdipoR2 on
the mRNA level.

METHODS: Fat fed rats were used as a model for fatty
liver disease and bile duct ligation in mice to investigate
cirrhotic liver. Expression of AdipoR1 and AdipoR2 mRNA
was determined by real time RT-PCR. AdipoR1 protein
was analysed by immunoblot. Adiponectin was measured
by ELISA.

RESULTS: Systemic adiponectin is reduced in fat-
fed rats but is elevated in mice after bile duct ligation
(BDL). Hepatic adiponectin protein is lower in steatotic
liver but not in the liver of BDL-mice when compared to
controls. Adiponectin mRNA was not detected in human
liver samples or primary human hepatocytes nor in rat
liver but recombinant adiponectin is taken up by isolated
hepatocytes in-vitro. AdipoR1 mRNA and AdipoR1 protein
levels are similar in the liver tissue of control and fat fed
animals whereas AdipoR2 mRNA is induced. AdipoR2
mRNA and AdipoR1 mRNA and protein is suppressed in
the liver of BDL-mice.

CONCLUSION: Our studies show reduced circulating
adiponectin in a rat model of fatty liver disease whereas
circulating adiponectin is elevated in a mouse model
of cirrhosis and similar findings have been described in
humans. Diminished hepatic expression of adiponectin
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receptors was only found in liver cirrhosis.
© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Obesity and especially visceral fat accumulation cause
insulin resistance, a common risk factor for hepatic
steatosis. Fatty liver is thought to represent the first
step towards the subsequent development of liver
fibrosis. Impaired mitochondrial function provides the
second hit and promotes the generation of reactive
oxygen species, which promote lipid peroxidation, the
release of inflammatory cytokines, death of hepatocytes
and activation of hepatic stellate cells. Non-alcoholic
steatohepatitis (NASH) is a progressive disorder that can
lead to liver cirrhosis and even hepatocellular carcinoma'’.

Adiponectin is highly abundant in human serum and
is secreted by adipose tissue in inverse proportion to the
body mass index”. Adiponectin improves whole body in-
sulin sensitivity and in addition exerts anti-inflammatory
effects by reducing NFxB activation”. Low adiponectin
levels are associated with NASH independent of insulin
resistance and body mass index indicating a protective ef-
fect for adiponectin in liver disease!”. This idea is support-
ed by studies in rodents where recombinant adiponectin
given to leptin-deficient ob/ob mice ameliorates hepatic
steatosis and normalizes alanine aminotransferase levels™.
Besides these protective effects on fatty liver disease adi-
ponectin attenuates T-cell mediated hepatic inflammation
by reducing the release of proinflammatory cytokines, the
activation of hepatic stellate cells and cell death of hepato-
cytesm.

Two 7-transmembrane proteins, AdipoR1 and Adi-
poR2, have been identified to function as adiponectin
receptorsm. AdipoR1 mRNA is mainly expressed in the



Neumeier M et a/. Adiponectin and its receptors in liver disease and liver cirrhosis 5491

human heart and skeletal muscle, whereas AdipoR2 was
supposed to be the main receptor in the liver'”. Recently
a prominent protein expression of AdipoR1 in primary
hepatocytes was demonstrated indicating that AdipoR1
may also be important in hepatic signal transduction',
Adiponectin activates the AMP-activated protein kinase
(AMPK) and PPARq but may also inhibit the binding of
growth factors to their corresponding receptors independ-
ent of AdipoR1 and AdipoRZ[()J.

Although there is a well documented relationship be-
tween low adiponectin and liver disease, the role of adi-
ponectin receptors is less clear™. In addition, mainly Adi-
poR2 has been analysed with regard to liver function™!",
Therefore the expression of AdipoR1 was investigated in
rodent models of fatty liver disease and liver cirrhosis.

MATERIALS AND METHODS
Subjects

Wistar rats were fed a standard rodent chow (6 animals)
or a high fat diet for twelve weeks (six animals) as recently
described"”. Male C57B1/6] mice (body weight 25-30
g) underwent common bile duct ligation (BDL) and
transection as previously reportedm. Another group of
animals was sham-operated to serve as a control. For
analysis of adiponectin or AdipoR1 protein four control
and five BDL mice were used. Analysis of mRNA
expression was performed with total RNA isolated from
the liver of eight control and four BDL animals. All animal
procedures were performed under the guidelines set by
The University of Regensburg Institutional Animal Care
and Use Committee. Primary hepatocytes from three
different donors were isolated and cultivated as described
before!". Tissue samples from human liver resection were
obtained from patients undergoing partial hepatectomy.
Experimental procedures were performed according to
the guidelines of the charitable state controlled foundation
HTCR (Human Tissue and Cell Research), with the
informed patient’s consent"” approved by the local ethical
committee of the University of Regensburg.

Culture media and reagents

RPMI medium was from Biochrom (Southborough, MA,
USA), RNeasy Mini Kit from Qiagen (Hilden, Germany)
and oligonucleotides were synthesized by Metabion
(Planegg-Martinsried, Germany). LightCycler FastStart
DNA Master SYBR Green 1 was purchased from Roche
(Mannheim, Germany). AdipoR1 peptide antibody was
raised as recently described". AdipoR2 protein was not
analysed because several antibodies investigated did not
specifically detect in-vitro translated AdipoR2 by immuno-
blot (own unpublished results).

ELISAs for human and mouse adiponectin and hu-
man recombinant adiponectin were from R&D systems
(Wiesbaden-Nordenstadt, Germany). ELISAs for rat adi-
ponectin from BioCat (Heidelberg, Germany). P13-Kinase
p85 antibody was from Upstate (Lake Placid, NY, USA).
Recombinant human leptin was from Sigma Chemical
(Deisenhofen, Germany) and 100 ug/L were used.

Monitoring of gene expression by real-time RT-PCR
Real-time RT-PCR was performed as recently described"”.

Name Sequence

AdipoR1 uni (h) 5"-GGGGAATTCTCTTCCCACAAAGGATCTGTG
GTG-3"

AdipoR1 rev (h) 5-GGGCTGCAGTTAAGTTTCTGTATGAATGCG
GAAGAT-3"

AdipoR2 uni (h, m) 5-GGGGAATTCAACGAGCCAACAGAAAACCG
ATTG-3"

AdipoR2 rev (h, m) 5-GGGCTGCAGCTAAATGTTGCCTGTTTCTGTG
TGTAT-3"

5'-CTACGTCGCCCTGGACTTCGAGC-3”
5'-GATGGAGCCGCCGATCCACACGG-3”

B-actin uni (h)

B-actin rev (h)

AdipoR1 uni (m)  5-AGGCCTGTCCACCATCAC-3"
AdipoR1 rev (m) 5-CAGAAGGAGCCCCATTGC-3"
AdipoR1 uni (r) 5-CGACAGGCCTAAGTGTCCAT-3"
AdipoR1 rev (r) 5"-CTTACCCTTCTCCTCCAGCA-3”
AdipoR2 uni (r) 5-GAAGGAGGGTCAACTCACCA-3’
AdipoR2 rev (r) 5-CATCAAGTTGGTGCCCTTTT-3"

5-TGGAATCCTGTGGCATCCATG-3"
5-TAAAACGCAGCTCAGTAACAG-3”
5-CATGACCAGGAAACCACGACT"-3"
5-TGAATGCTGAGCGGTAT-3"

B-actin uni (m)
B-actin rev (m)
adiponectin (h)
adiponectin (h)

h: Human; m: Mouse; r: Rat.

The primers are listed in Table 1. Amplification in the
LightCycler capillaries was done for 45 cycles with initial
incubation of ten minutes at 95°C for activation of
Taq polymerase. Cycling parameters were 15 s at 95C,
ten seconds 60°C and ten seconds at 72°C. The second
derivative method was used for quantification with the
LightCycler software. For quantification of the results
the standard curve method was used. Normalization was
performed by dividing each value calculated for a specific
gene by the value of the corresponding housckeeping
gene. QuantiTect Primer Assays (Qiagen) for use in real-
time RT-PCR with SYBR Green detection were used to
determine rat adiponectin mRINA.

SDS-PAGE and immunoblotting

The cells or tissues were solubilized in RIPA buffer.
Proteins were separated by SDS-polyacrylamide gel
electrophoresis and were transferred to PVDEF membranes
(Bio-Rad, Germany). Incubations with antibodies were
performed in 1% BSA in PBS, 0.1% Tween overnight.
Detection of the immune complexes was carried out
with the ECL Western blot detection system (Amersham
Pharmacia, Deisenhofen, Germany).

Statistical analysis

Data are represented as Box Plots (Sigma Plot) indicating
the median, the upper and lower quartile, the largest and
the lowest value in the data set. Statistical differences were
analysed by Student’s #test (MS Excel) and a value of P <
0.05 was regarded as statistically significant.

RESULTS

Expression of AdipoR1 was analysed in HepG2 cells
treated with insulin or leptin. HepG2 cells were treated
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Figure 1 AdipoR1 mRNA and protein and AdipoR2 mRNA in fatty liver disease.
A: Expression of AdipoR1 in HepG2 incubated with 1 umol/L or 10 umol/L insulin
for 4 h; B: Analysis of AdipoR1 in HepG2 treated with recombinant leptin for 24 h;
C: AdipoR1 abundance in the liver of rats kept on a standard chow (SC) or a high
fat diet (HF); D: AdipoR1 and AdipoR2 mRNA expression in the liver of rats kept
on a standard chow (SC) or a high fat diet (HF). For normalization GAPDH mRNA
levels were determined.

with insulin, 1 pmol/L and 10 umol/L for four hours
(Figure 1A) and six hours (not shown) or leptin for 24 h.
AdipoR1 was analyzed by immunoblot and was found not
to be regulated by insulin or leptin (Figures 1A and B).
AdipoR1 and AdipoR2 mRNA expression was determined
in insulin treated cells and was similar in controls and
insulin-incubated HepG2 cells (not shown).

AdipoR1 protein and mRNA as well as AdipoR2
mRNA were analysed in the liver of rats on a standard
chow (SC) or on a high fat (HF) diet. AdipoR1 protein
level is similar in these animals (Figure 1C) and real-time
RT-PCR revealed no alterations in the mRNA expression
of AdipoR1 whereas AdipoR2 mRNA is induced with a
relative expression of 1.0 £ 0.2 in SC and 1.3 + 0.2 in the
HF group (P = 0.004) (Figure 1D). RT-PCR data were
normalized by the corresponding GAPDH values which
were not different between the two groups.

Systemic and liver adiponectin were measured by ELI-
SA. Circulating adiponectin is significantly reduced in fat-
fed animals with 4.9 £ 1.1 mg/L adiponectin compared
to 6.2 £ 8 mg/L in SC fed rats (P = 0.02) (not shown).
Liver adiponectin is also lower in fat rats with 8.5 = 2.4 ng
adiponectin in 1 pg liver tissue when compared to controls

with 11.9 + 1.9 ng adiponectin (P = 0.01) (Figure 2A).

www.wjgnet.com

Adiponectin in the liver may be derived from the cir-
culation or originate from liver cells. Adiponectin mRNA
was analysed by RT-PCR with total RNA isolated from rat
liver of HF and SC animals and rat adipose tissue as a pos-
itive control. Adiponectin mRNA was not detected in any
RNA isolated from total liver by RT-PCR and 45 cycles of
amplification but was easily amplified from adipose tissue
RNA (Figure 2B). In addition, adiponectin mRNA was not
detected in human liver, in isolated primary human hepa-
tocytes or in HepG2 cells (not shown). Therefore hepatic
adiponectin is most likely taken up by liver cells.

To test this hypothesis primary human hepatocytes
were incubated with 5, 10 and 20 mg/L recombinant adi-
ponectin for 24 h or PBS as solvent control in serum-free
medium. Whereas adiponectin was not detected in the
control cells and therefore is below 40 ng/L, adiponectin
was found in the cell lysates of hepatocytes incubated with
increasing amounts of recombinant protein and was 111
+ 3 ug/L, 200 £ 18 pg/L and 360 + 43 pg/L, respectively
(Figure 2C). This indicates that about 0.02% of the ex-
tracellular adiponectin is taken up by hepatocytes and the
uptake correlates to the adiponectin concentration in the
medium.

Total circulating adiponectin in rats was calculated
and the blood volume was estimated as described (Blood
volume (mL) = 0.06 X body weight + 0.77) ", Total liver
adiponectin was also calculated by multiplication of he-
patic adiponectin concentration with the corresponding
weight of the liver. Adiponectin in the blood was 178 *+ 31
ug and in the liver 241 = 59 pg indicating that total liver
adiponectin is higher than circulating adiponectin (P =
0.03) (Figure 2D). However, this is only a rough estimate
because the blood volume of the liver was not included
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Figure 3 AdipoR1 and adiponectin in liver cirrhosis. A: AdipoR1 abundance in the
liver of sham-operated or BDL mice; B: AdipoR1 and AdipoR2 mRNA expression
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were determined; C: Systemic adiponectin in control and cholestatic animals;
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in the calculation. Furthermore, adiponectin may be not
equally distributed in the whole liver and levels may vary
between different biopsies taken from the same organ.

AdipoR1 and AdipoR2 were also determined in a ro-
dent model of liver cirrhosis. AdipoR1 protein was ana-
lysed in the liver of control mice and animals after BDL
by immunoblot and was found reduced in all BDL animals
investigated (Figure 3A). AdipoR1 and AdipoR2 mRNA
were determined by real-time RT-PCR in control and BDL
mice. Relative abundance of AdipoR1 mRNA was 0.8 £
0.3 in sham and 0.2 + 0.1 in BDL mice (P = 0.0004), Adi-
poR2 mRNA was 5.2 + 2.6 in controls and 1.2 £ 0.3 in
BDL animals (P = 0.007) (Figure 3B). Normalization was
performed using B-actin as housekeeping gene which was
similarly expressed in both groups (P = 0.14). Systemic
adiponectin was significantly higher in the BDL group
with 9.0 £ 0.6 mg/L in the control and 11.1 + 2.0 mg/L
in the BDL animals (P = 0.03) (Figure 3C) whereas hepatic
adiponectin was similar with 5.8 + 1.0 mg/g in sham and 6.4
+ 1.5 mg/g in the BDL mice (P = 0.4) (Figure 3D).

To identify mediators that are responsible for the sup-
pression of AdipoR1 in liver cirrhosis, primary hepatocytes
and HepG2 cells were incubated for 24 h with either LPS (1
and 10 mg/L), TNF (10 pg/L), supernatants of activated
hepatic stellate cells, CCls (1 mmol/L and 3 mmol/L) or
actinomycin D (10 mg/L). AdipoR1 protein was not found
reduced in cells treated with these mediators (not shown).

DISCUSSION

Although AdipoR2 has been suggested to represent
the main adiponectin receptor in the liver we recently
demonstrated significant expression of AdipoR1 mRNA
and protein in primary human hepatocytes and HepG2
cells"”, In the current study AdipoR1 mRNA and protein,

AdipoR2 mRNA and abundance of circulating and hepatic
adiponectin in rodent models of steatotic and cirrhotic
liver was investigated.

Rats fed a HF diet develop insulin resistance and fatty
liver disease!”. AdipoR1 mRNA and protein is similar
when total liver tissue isolated from rats on a standard diet
or HF animals was analyzed. Furthermore, insulin did not
alter AdipoR1 mRNA or protein in HepG2 cell. Leptin
deficient ob/ob mice are obese and insulin resistant and
hepatic AdipoR1 mRNA was found similatly expressed in
these animals when compared to controls'”. These data
indicate that reduced insulin sensitivity is not associated
with reduced AdipoR1 expression in the liver.

AdipoR2 mRNA is about 25% higher in the fatty liver
of HF rats whereas in the ob/ob mice AdipoR2 mRNA
is not altered"”. AdipoR2 mRNA was also investigated in
humans and is significantly elevated in fatty liver disease
when compared to normal liver” in one study whereas
a second study could not detect alterations in AdipoR2
mRNA""), However, protein expression has not been
investigated so far but is important to clarify abundance of
hepatic AdipoR2 in the metabolic syndrome.

Systemic adiponectin is significantly lower in the HF
animals and reflects the human situation where circulating
adiponectin has an inverse proportion to the body mass
index. In accordance with the lower systemic adiponectin
levels, hepatic adiponectin is also reduced in the fat rat.
Adiponectin mRNA was not detected in rat liver indicat-
ing that hepatic adiponectin may be taken up by the cells.
Adiponectin was not found in primary human hepatocytes
cultivated iz vitro for three days but incubation of these
cells with 5, 10 or 20 mg/L recombinant adiponectin for
24 h elevated cellular adiponectin in a concentration de-
pendent way. This may indicate that adiponectin is taken
up by hepatocytes either from the circulation or the portal
vein.

The common and final state of all chronic liver diseas-
es is liver cirrhosis. A well known model of extrahepatic
biliary obstruction is common bile duct ligation in
mice™. AdipoR1 mRNA and protein and AdipoR2
mRNA were found reduced in the cirrhotic liver of BDL
animals. Systemic adiponectin is elevated in animals with
liver cirrhosis, a phenomenon also described in a study
investigating mice and humans®’. However, hepatic
adiponectin was similar in sham and BDL mice. It was
suggested that adiponectin is excreted via the bile and an
impaired liver function in cirrhosis may reduce biliary loss
of circulating adiponectin explaining elevated systemic
levels®. However, this hypothesis presumes reduced
hepatic adiponectin concentrations when compared to
control animals and therefore is not supported by our
findings.

Although adiponectin was detected in the liver of mice
and rats, adiponectin mRNA could not be amplified in rat
liver, human liver ot isolated human hepatocytes indicating
that adiponectin is not produced by hepatocytes or other
cells of the liver tissue. These results are in agreement
with several studies"*” but contradict the results of other
reports' *? and there is currently no explanation for these
different findings. However, hepatocytes take up significant
amounts of adiponectin and this may explain at least in

www.wjgnet.com



5494 ISSN 1007-9327 CN 14-1219/R

World ] Gastroenterol

September 14, 2006 Volume 12 Number 34

part why adiponectin is detected in the liver.

One limitation of the current study is that only four
to eight animals could be analyzed per experiment and
the investigations would benefit from a higher number
of rodents. Nevertheless low circulating adiponectin in
obesity” and high levels in liver cirrhosis”” have also been
reported in human studies and are in accordance with our
findings.

All in all, our experiments show reduced circulating
adiponectin in a rodent model of fatty liver disease
and elevated adiponectin and diminished expression of
adiponectin receptors in BDL-induced liver cirrhosis in
mice.
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Abstract

AIM: To evaluate prognostic indicators for the outcome
of patients with perihilar extrahepatic cholangiocarcinoma
in an unselected cohort.

METHODS: We retrospectively analyzed 98 patients
with perihilar cholangiocarcinoma. Twenty-three patients
(23.5%) underwent tumor resection. Patients with non-
resectable tumors underwent either transpapillary or
percutaneous transhepatic biliary drainage. Additionally,
32 patients (32.7%) received photodynamic therapy
(PDT) and 18 patients (18.4%) systemic chemotherapy.
Predefined variables at the time of diagnosis and
characteristics considering the mode of treatment
were entered into a Cox’s proportional hazards model.
Included in the analysis were age, tumor stage following
the modified Bismuth-Corlette classification, bilirubin,
prothrombin time (PT), C-reactive protein (CRP),
carbohydrate antigen 19-9 (CA19-9), history of weight
loss, surgical resection, chemotherapy and PDT.

RESULTS: The Kaplan-Meier estimate of overall
median survival was 10.5 (95%CI: 8.4-12.6) mo. In
the univariate analysis, low Bismuth stage, low CRP
and surgical resection correlated significantly with
better survival. In the multivariate analysis, only CRP
(P = 0.005) and surgical resection (P = 0.029) were
found to be independently predictive of survival in the
cohort. Receiver operating characteristic (ROC) analysis
identified a CRP level of 11.75 mg/L as the value
associated with the highest sensitivity and specificity
predicting a survival > 5 mo. Applying Kaplan-Meier
analysis, patients with a CRP < 12 mg/L at the time of
diagnosis had a significantly longer median survival than
patients with higher values (16.2 vs 7.6 mo; 2 = 0.009).

CONCLUSION: This retrospective analysis identified CRP
level at the time of diagnosis as a novel indicator for the
prognosis of patients with perihilar cholangiocarcinoma.
It should be evaluated in future prospective trials on this
entity.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Cholangiocarcinoma is a rare tumor'!. The global
incidence varies between 0.5 and 1.1 per 100 000", High-
risk groups have been defined. Thus, the life-time risk of
intrahepatic and extrahepatic cholangiocarcinoma among
patients with primary sclerosing cholangitis (PSC) ranges
between 8%-20%!". Further risk factors for the occurrence
of cholangiocarcinoma are infections with liver flukes™,
hepatolithiasis', choledochal cysts' or application of
thorotrast'). While recent data show that incidence and
mortality rates of intrahepatic cholangiocarcinoma are
increasing in several areas in the wotld, the incidence and
mortality rates of extrahepatic carcinoma are decliningisj.
The 5-year survival of patients with extrahepatic
cholangiocarcinoma is poor and was found to be less than
20% in a large population-based epidemiological study
from the United States'".

Perihilar cholangiocarcinoma is mostly diagnosed at
an advanced stage. Therefore, more than two-thirds of
patients are not suitable for surgery due to either expansion
of the tumor or age and comorbidity”. Nevertheless, the
prognosis of patients undergoing tumor resection has
improved in recent years owing to advancements in surgical
techniques resulting in a more aggressive resectional
approach!"""l, Furthermore, liver transplantation may be
an option in highly selected patients after neo-adjuvant
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radiochemotherapy and invasive staging''>"”.

Prognostic factors predicting the outcome of patients
undergoing tumor resection have recently been extensively
evaluated"”'?. In contrast, less attention has been paid
to overall outcome and possible prognostic indicators in
unselected patients suffering from cholangiocarcinoma.
Therefore, we performed a retrospective analysis of 98
consecutive patients with perihilar cholangiocarcinoma
treated at a tertiary medical center within a period of 5
years in order to identify the most relevant predictors of
outcome.

MATERIALS AND METHODS

Data acquisition

Using our hospital database, we identified the records
of 98 consecutive unselected patients with extrahepatic
perihilar cholangiocarcinoma type Bismuth [ to IV
admitted to our hospital between October 1997 and March
2003. Charts were reviewed retrospectively. Data for
further analysis were available from all patients.

Diagnostic criteria

Cholangiography showed a perihilar stricture in all patients.
Positive histology and/or cytology were present in 68
(69.4%) patients. In the remaining patients, diagnosis was
made by the coexistence of a CA19-9 serum level greater
than 250 TU/L and typical findings at cholangiography,
ultrasound and CT scan.

We recorded patients’ age, gender, clinical presentation,
tumor stage following the modified Bismuth-Corlette
classification, laboratory parameters at presentation
(blood count, CRP, bilirubin, alkaline phosphatase, GPT,
CA19-9), histology, cytology, type of medical treatment
and outcome including date of death.

Statistical analysis

Numeric data were recorded as median and range or 95%
confidence intervals (95% CI). To identify prognostic
factors, we used the Cox’s proportional hazards regression
analysis. Survival analysis was performed using the Kaplan-
Meier method and comparisons were made employing
the log rank test. The Mann-Whitney rank sum test was
used for inter-group comparisons. Statistical analysis was
performed using the SPSS®- (SPSS Inc., Chicago, IL, USA)
and the StatView 5.0°-Software (Version for Windows;
SAS Institute Inc., Cary, NC, USA). A P value less than 0.05
was considered statistically significant.

RESULTS

Demographics and results of initial evaluation

We conducted this retrospective analysis on 98 consecutive
patients (female/male: 48/50) with a median age of 69.5
(range: 35.8-89.9) years. Two patients of the cohort were
known to suffer from PSC. Major clinical symptoms at
admission were jaundice (73.5%), weight loss (43.9%) and
pruritus (33.7%), whereas pain (22.5%), ascites (11.2%)
and fever (9.2%) were present in less than one third of
patients. The tumors were described as Bismuth types I
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Value (normal range) Median Range
Total bilirubin (0.1-1.2 mg/L) 9.1 0.3 38.3
Alkaline phosphatase (50-175 U/L) 375 26 2572
ALT (GPT) (-19 U/L) 61.5 8 464
Leucocytes (4.3-10.5 G/L) 11 3.6 95
CRP (-3 mg/L) 8.4 0.06 207
CA19-9 (0.25-20 U/L) 2329 0.25 24385
PT (70%-130%) 98.5 36 190

ALT: Alanin-Amino-Transferase; GPT: Glutamat-Pyruvat-Transaminase;
CRP: C-reactive protein; CA 19-9: Carbohydrate-Antigen 19-9; PT:
Prothrombin time.

(n=12), W (n="7), I (» = 30) and IV (» = 49), respectively.
The laboratory findings at time of diagnosis are given
in Table 1. CA19-9 levels did not correlate significantly
to either serum bilirubin level (» = 0.068; P = 0.54) or
Bismuth stage (» = 0.085; P = 0.44). Higher CRP-levels
correlated significantly to leukocyte count (» = 0.569; P <
0.0001), but did not depend on bilirubin levels (» = 0.153;
P = 0.16) and tumor extent according to the Bismuth-
Cotlette classification (= 0.160; P = 0.15).

Modality of treatment

Explorative laparotomy was performed in 43 patients
(43.9%), and tumor resection could be performed in 23
(23.5%) patients of the cohort. Surgical therapy consisted
of resection of the extrahepatic bile-ducts in 9 (39.1%)
patients, partial duodenopancreatectomy with hilar
resection in 2 (8.7%) patients, hilar resection with right
hemihepatectomy in 5 (21.7%) patients, hilar resection
with left hemihepatectomy in 4 (17.4%) patients, hilar
resection with atypical liver resection in 2 (8.7%) patients
and hepatectomy with consecutive liver transplantation
in 1 (4.3%) patient. The resected patients were younget,
had a lower Bismuth stage and had lower levels of serum
bilirubin at diagnosis than the patients who did not
undergo surgery, whereas CRP at diagnosis did not differ
significantly between both groups (Table 2).

Patients with non-resectable tumors underwent either
transpapillary or percutancous transhepatic biliary drainage.
Sixty-two (82.6%) of these patients received unilateral or
bilateral plastic stents as biliary endoprosthesis, whereas in
34 (45.3%) patients, metal stents were placed during the
course of the disease. In 30 (40%) patients, a percutancous
drainage had to be placed on at least one occasion duting
their clinical course.

Fifty-one patients received additional therapy. This
therapy consisted of intraluminal photodynamic therapy
using porfimer sodium (Photofrinm, Axcan, Canada) in 32
patients and systemic chemotherapy in 18 patients.

Survival analysis

At the end of observation, 85 of 98 (86.7%) patients had
deceased with a median survival of 8.8 (0.8-55.1) mo.
Sixteen patients were alive with a median follow-up of 12.3
(1.4-71.7) mo. The Kaplan-Meier estimated overall median
survival was 10.5 (95% CI: 8.4-12.6) mo (Figure 1).
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Figure 1 Kaplan-Meier estimate for survival of the whole cohort.
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Figure 2 Kaplan-Meier estimate for patients with a serum CRP level < 12 mg/L
(dotted line) versus = 12 mglL (solid line).

Prognostic factors and impact of treatment modality
The parameters examined and the results of the uni- and
multivariate analyses are shown in Table 3. In the univari-
ate analysis, low Bismuth stage, low CRP and surgical re-
section correlated significantly with better survival. In the
multivariate analysis, only surgical resection (P = 0.029)
and CRP (P = 0.005) were found to be independently pre-
dictive of survival in the cohort. ROC analysis identified
a CRP level of 11.75 mg/L as the value associated with
the highest sensitivity and specificity to identify patients
surviving more than 5 mo.

Patients with a CRP level < 12 mg/L at the time of

Figure 3 Kaplan-Meier estimate for survival of patients, who underwent resection
(dotted line) versus non-resected patients (solid line).

1.0 +

Cumulative survival

0.2

0.0 |-

| 1 | | | | 1
0.0 10.0 20.0 30.0 40.0 50.0 60.0
t/mo

Figure 4 Subgroup analysis of patients without surgical resection: Kaplan-Meier
estimate for survival of patients treated with PDT (dotted line) versus non-treated
patients (solid line).

diagnosis had a significantly longer median estimated
survival than patients with higher CRP values (16.2
vs 7.6 mo; P = 0.009) (Figure 2). The median survival
in the subgroup of patients who underwent resection
was significantly longer compared to patients receiving
palliative treatment [16.6 (95% CI: 7.7-25.5) »5 9.0 (95% CI:
5.6-12.5); P = 0.045] (Figure 3). In contrast to the analysis
of the whole cohort, in the subgroup of patients with
irresectable tumors, PDT was associated with a significant
improvement of survival [16.2 (95% CI: 7.0-25.5) »s 5.0
(95% CI: 3.8-6.3) mo (P = 0.005)] (Figure 4). Systemic
chemotherapy was not correlated to a better outcome
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Resection (7 = 23) No resection (7 = 75) P Variables Hazard ratio 90% CI P

Age 65.8 (36.4-74.1) 71.8 (35.8-90) 0.0003 Age 1.028  1.004  1.052  0.053

Bismuth I (I-Iv) IV (I-IV) 0.001 Bismuth type 0.784 0.656 0.927 0.023

Bilirubin 3.3 (0.3-17.5) 9.6 (0.4-38.3) 0.0026 Bilirubin 1.024 1.002 1.046 0.067

CRP 15.6 (0.5-101) 9.9 (0.1-207) 0.445 PT 0.996 0.989 1.004 0.402

CA19-9 71 (0.3-2910) 322 (0.3-24 385) 0.0098 CRP* 1.007 1.003 1.011 0.002

CA19-9 1.000 1.000 1.000 0.079

Data are expressed as median (range). History of weight loss (yes/no) ~ 1.125 0783 1615 0592

Resection (yes/no)" 0.559 0.345 0.908 0.049

Chemotherapy (yes/no) 0.700 0.437 1.123 0.215

PDT (yes/no) 0.670 0.458 0.980 0.084

neither in the multivariate analysis of the whole group nor
in the subgroup of non-resected patients [11.6 (95% CI:
0.6-25) with chemotherapy »s 8.6 (95% CI: 5.0-12.2) mo
without chemotherapy; P = 0.33].

DISCUSSION

Our study evaluated outcome and prognostic factors
in a large series of unselected patients with perihilar
cholangiocarcinoma treated at a tertiary medical center.
The prognosis of these patients was poor. The median
overall survival in our series was only 10.5 mo. Serum
CRP level at diagnosis was identified as a new prognostic
indicator for patients with perihilar cholangiocarcinoma.
Surgical resection was also associated with prolonged
survival. Moreover, in the subgroup of patients with
irresectable tumors, additional therapy with PDT apart
from biliary drainage, but not chemotherapy, was
correlated with a better outcome. Certainly, particularly our
data on the impact of treatment modalities on survival are
influenced by all the restrictions of a retrospective analysis.
There may be biases, such as selection for surgery and less
complete follow-up in comparison to a prospective study.
Unfortunately, prospective data on the clinical course of
non-selected patients with perihilar cholangiocarcinoma
are rare. Nevertheless, we were able to analyze a relatively
large unselected cohort.

Prognostic factors in patients with cholangiocarcinoma
undergoing resection have been extensively evaluated in
retrospective series'"!. In a large series presented by Jarna-
gin et al™, negative histologic margins, concomitant partial
hepatectomy and a well-differentiated tumor were associ-
ated with an improved outcome. Accordingly, residual
tumor as well as lymph node involvement were significant
prognostic factors in a cohort of long—term—survivorsm]
Much less is known about the overall outcome of a more
heterogeneous non-selected cohort with respect to its pos-
sible prognostic factors. Weight loss has previously been
reported to be significantly associated with the outcome of
patients with malignant strictures of the distal bile duct"’,
However, this factor could not be confirmed in our cohort
of patients with perihilar tumors. Although a retrospective
study of 49 cases of resected hilar cholangiocarcinoma
identified total bilirubin greater than 10 mg/L to be associ-
ated with poorer survival”! the bilirubin level was not sig-
nificantly correlated to the outcome in our study. CRP, on
the other hand, was a statistically significant prognostic fac-
tor, even in the multivariate analysis. Patients with a CRP <
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PT: Prothrombin time, CRP: C-reactive protein, CA 19-9: Carbohydrate-
Antigen 19-9. Significant in the multivariate analysis ("P < 0.05).

12 mg/L at the time of diagnosis had a significantly longer
median survival than patients with higher CRP values (16.2
s 7.6 mo; P = 0.009). CRP belongs to the family of acute-
phase proteins. Its concentration changes in response to
injury, infection and neoplasia. It is up-regulated by cy-
tokines, such as interleukin-8 (IL-8), interleukin-6 (IL-6)
and tumor necrosis factor o (TNF-)"". In vitro studies
have identified IL-6 to be an autocrine growth factor of
cholangiocarcinoma (CC) cell lines"™*”, in which it induces
the expression of the anti-apoptotic protein Mecl-17",
Moreover, 1L-6 was found to be markedly elevated in the
serum of patients with CC and dropped sharply after re-
section™. Thus, high CRP levels might reflect an increased
IL-6 level in patients with advanced cholangiocarcinoma.
In this respect, the lack of IL-6 serum level determination
displays a limitation of our study. In general, increased
CRP levels in malignant disease could also be caused by
an inflammatory response to tumor invasion”. Others
showed in immunohistochemical studies that neoplastic
tissue itself can express CRP™. In cholangiocarcinoma,
one might also speculate that elevated CRP serum levels
were caused by complicated tumor-induced strictures and
subsequent cholangitis. Whereas in our study initial CRP
levels correlated to leukocyte count, they were not signifi-
cantly correlated to tumor size as assessed by the Bismuth-
Cortlette classification. Interestingly, increased serum CRP
levels also correlated with shorter survival in patients with
other gastrointestinal malignancies, including pancreatic,
esophageal and colorectal cancer”™?’, Recently, a CRP
level < 1.0 mg/dL was identified as favorable prognostic
factor in a group of 65 patients with biliary tract cancers
receiving chemotherapy[zg!. However, this cohort consisted
of 82% patients with gallbladder carcinoma, an entity with
potentially different biological behavior and less frequent
occurrence of cholestasis as compared to ours.

CA19-9 has been shown to be useful in the diagnostic
evaluation of c1r1olangiocarcinomam’wJ and the resectability
of intrahepatic and periampullary carcinomas” . Those
of our patients who underwent resection had significantly
lower CA19-9 levels at diagnosis, which might reflect a
smaller tumor mass, but yet the marker was not correlated
to overall outcome. This is in contrast to patients with
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inoperable pancreatic cancer undergoing chemotherapy
with gemcitabine, in whom CA 19-9 was prognostic™.

The definitive role of chemotherapy and radiotherapy
in the treatment of CC has not been fully established,
although both options are commonly used””. In our
cohort, a small number of patients receiving chemotherapy
did not show favorable outcome compared to those
without. Also PDT, which had been shown to be a
promising palliative approach in several non-randomized
and randomized studies on patients with irresectable
cholangiocarcinoma, failed to be associated with favorable
outcome in the overall analysis. However, it demonstrated
a significant influence on survival in the subgroup of non-
resected patients. Survival in these patients is compatable
to previously published results from prospective trials” ",

In accordance with the literature, somewhat one fourth
of our patients (24.8%) underwent sutgical resection. In
the univariate and the multivariate analyses, resection was
significantly associated with a better outcome. Patients
undergoing resection of their tumor were significantly
younger, although age itself was not an independent
prognostic parameter. Conclusions of the influence of
tumor resection on the outcome of patients with perihilar
CC in comparison to conservative treatment are clearly
limited by the retrospective character of this analysis,
which implements possible bias by patient selection.

In summary, our study evaluated the outcome of
a heterogeneous non-selected cohort of patients with
cholangiocarcinoma. In agreement with previous studies,
surgical resection was identified as a prognostic factor for
prolonged survival. In addition, the serum level of CRP at
diagnosis was identified as a novel and independent prog-
nostic indicator in patients suffering from perihilar chol-
angiocarcinoma and should, therefore, be considered as a
prognostic parameter in the design of future prospective
studies on this kind of patients.
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Abstract

AIM: To evaluate the dosimetry, efficacy and toxicity
of intensity-modulated radiation therapy (IMRT) and
concurrent chemotherapy for patients with locally
advanced cervical and upper thoracic esophageal cancer.

METHODS: A retrospective study was performed on 7
patients who were definitively treated with IMRT and
concurrent chemotherapy. Patients who did not receive
IMRT radiation and concurrent chemotherapy were not
included in this analysis. IMRT plans were evaluated to
assess the tumor coverage and normal tissue avoidance.
Treatment response was evaluated and toxicities were
assessed.

RESULTS: Five- to nine-beam IMRT were used to
deliver a total dose of 59.4-66 Gy (median: 64.8 Gy) to
the primary tumor with 6-MV photons. The minimum
dose received by the planning tumor volume (PTV) of
the gross tumor volume boost was 91.2%-98.2% of the
prescription dose (standard deviation [SD]: 3.7%-5.7%).
The minimum dose received by the PTV of the clinical
tumor volume was 93.8%-104.8% (SD: 4.3%-11.1%)
of the prescribed dose. With a median follow-up of
15 mo (range: 3-21 mo), all 6 evaluable patients
achieved complete response. Of them, 2 developed local

recurrences and 2 had distant metastases, 3 survived
with no evidence of disease. After treatment, 2 patients
developed esophageal stricture requiring frequent
dilation and 1 patient developed tracheal-esophageal
fistula.

CONCLUSION: Concurrent IMRT and chemotherapy
resulted in an excellent early response in patients with
locally advanced cervical and upper thoracic esophageal
cancer. However, local and distant recurrence and toxicity
remain to be a problem. Innovative approaches are
needed to improve the outcome.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Cervical esophageal cancer occurs rarely and accounts
for only 2%-10% of all esophageal carcinomas in the
United States'". Surgery, an option only for patients with
early-stage tumors, generally requires a total laryngopha
ryngoesophagectomy with reconstruction, an operation
often leads to considerable dysfunction. The 5-year overall
survival rate was only 16%-28% in two studies of patients
treated with curative surgery[z’ﬂ. Unfortunately, surgical
resection is not an appropriate treatment for those with
locally advanced tumors, because it is difficult to achieve
a clear margin. Radiotherapy alone, which does preserve
laryngeal function, produces poor results, as evidenced by
two studies of patients treated with definitive radiotherapy
alone, showing the 5-year overall survival rate of only
14%-25%",

Concurrent chemoradiotherapy is now standard
treatment for locally advanced esophageal cancer, based
on the results of an intergroup randomized controlled trial

www.wjgnet.com
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(RTOG 8501). Four studies examined the results from
RTOG trial among small cohorts of cervical esophageal
cancer patients who were treated with concurrent

chemoradiotherapy”’m]. The 5-year survival rate was

. 9 . .
55% in one”, and the 10-year survival rate was 27% in
another'”,

As to radiotherapy, treatment planning for cervical
esophageal cancer is challenging partly because of the
anatomical structures involved. The cervical esophagus lies
in a close proximity to the spinal cord, courses through
the lower neck and upper thorax with drastic change of
contour and diameter of the anatomy; and the lymph
nodes at risk must be incorporated into the irregular
treatment volume.

Evidence suggested that, in these patients, high-dose
radiotherapy results in better local control and survival
compared with low-dose radiotherapym However, high
doses of radiotherapy may be associated with potentially
high risk of complication because of the adjacent critical
structure involved in the high radiation region, such as
spinal cord.

Intensity-modulated radiation therapy (IMRT) is a
novel approach to the planning and delivery of radiation
therapy. Numerous investigators have demonstrated the
benefits of IMRT planning in a variety of tumor sites in
terms of the feasibility of normal tissue sparing*™ and
the delivery of higher radiation doses than conventional
doses"™'l. Another advantage of IMRT is its ability to
deliver differentiated dose to various structure during
same fraction dose irradiation, thus allows to deliver a
higher dose to gross tumor and lower dose to subclinical
disease during same session of beam deliver, as commonly
described as “simultaneous integrated boost (SIB)”.

In two recent studies of esophageal cancer, IMRT
plans were found to be superior to three-dimensional
conformal radiation therapy (3D-CRT) plans in terms
of dose conformity, homogeneity, and sparing of critical
normal structure, such as the spinal cord and lung" ™", An
another study demonstrated that IMRT plans produced
better dosimetric results than 3D-CRT in patients with
cervical esophageal cancer"”. However, there is no
clinical treatment result reported on patients with cervical
esophageal cancer who were treated with IMRT.

At the University of Texas MD Anderson Cancer
Center, we have used IMRT concurrently with
chemotherapy for all patients with cervical esophageal
cancer and for some with upper thoracic esophageal cancer
since August 2002. We performed a retrospective study to
evaluate the dosimetric considerations, early response and
toxicity of this group of patients.

MATERIALS AND METHODS

Patient population

In this retrospective study, conducted from August
1, 2002 through December 31, 2004, 7 patients were
selected according to the following inclusion criteria:
newly diagnosed locally advanced cervical and upper
thoracic esophageal cancer, definitive concurrent IMRT
with chemotherapy treatment at the University of Texas
MD Anderson Cancer Center, recoverable treatment plan

www.wjgnet.com

available. Patients were excluded if they had a distant
metastasis or had esophagectomy or previously had
radiotherapy in the neck or thoracic region. This study was
approved by our Institutional Review Board, and informed
consent for radiation therapy from all patients was taken.
HIPPA compliance was enforced.

Pretreatment evaluation

For their pretreatment evaluation, all patients underwent
computed tomography (CT) of the neck, chest, and
abdomen, positron emission tomography (PET)-CT, and
endoscopy and biopsy of the esophagus. Five patients
underwent endoscopic sonography of the esophagus; the
other 2 patients did not undergo endoscopic ultrasound
examination due to severe obstruction of the esophagus
by tumor; instead, they underwent bronchoscopy and
PET-CT, which confirmed that they had T4NO and
T4N1 disease. In total, 6 of the 7 patients underwent
bronchoscopy. The 1997 American Joint Committee on
Cancer guidelines for the staging of cancer were used
to classify tumor stage. Tumor stage was determined by
endoscopic sonography and bronchoscopy findings, nodal
stage was determined by endoscopic sonography or PET-
CT, and metastasis stage was determined by PET-CT.

Chemotherapy

The induction chemotherapy consisted of two cycles of
weekly carboplatin and paclitaxel (# = 1), given before
chemoradiation. The concurrent chemotherapy consisted
of continuous infusion of 5-fluorouracil (5-FU) (1000 mg/
m*) on d 1 to 4 and 29 to 32 and cisplatin (75 mg/m? on d
1 and 29 (z = 2), continuous infusion of 5-FU (700 mg/m?’)
ond 1 to 5 and 29 to 33 and cisplatin (75 mg/mz) ond1
and 29 (» = 1), continuous infusion of 5-FU (300 mg/ mz)
on Monday to Friday for 5 wk and paclitaxel (45-50 mg/
m®) weekly (# = 2), carboplatin area under the curve (AUC)
2 twice weekly and paclitaxel (30 mg/ rnz) weekly for 5 wk
(n = 1), or carboplatin AUC 1 once weekly and docetaxel
(20 mg/m® weekly and continuous infusion of 5-FU (200
mg/m?) on Monday to Friday for 5 wk (z = 1).

Radiotherapy

All patients underwent CT simulation in a supine position
with their arms by their sides; the CT images were taken at
a 3-mm thickness throughout the entire neck and thorax.
Four of the patients were immobilized with a head and
neck/upper thoracic thermoplastic mask, and three with
a vacuum-locked cradle. The gross tumor volume (GTV),
clinical target volume (CTV), planning target volume (PTV),
spinal cord, and lung parenchyma were outlined on each
image. The GTV was defined as any visible tumor on the
image. The CTV was defined as the GTV plus a 2- to 5-cm
margin superior to the highest extension of the tumor
and a 4- to 5-cm margin inferior to the lowest extension
of the tumor with a 2-cm radial margin. Uninvolved bony
structure and lung tissue were kept outside the CTV. The
PTV was defined as the CTV plus a 5-mm margin. For
patients in whom the SIB was used, the GTV boost was
defined as the initial GTV plus a 1.5-cm surrounding
margin. A 5-mm margin around normal structures, such as
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the spinal cord and lung, was also added for the planning
organ-at-risk volume (PRV).

The inverse IMRT plans for 4 of the 7 patients were
created using Corvus software (v4.0) (Corvus, Nomos
Inc., Sewickley, PA) and for the other 3 using Pinnacle
(v6.2) software (Philips Radiation Oncology Systems,
Andover, MA). All treatment plans used heterogeneity
correction and were delivered with 6-MV photons. The
mean dose, dose range, and standard deviation (SD) of
the PTV (for GTV boost and CTV) were calculated. The
minimum dose to the PTV was defined as the dose to the
coldest 1% of target volume, and the maximum dose was
defined as the dose to the hottest 1% of target volume.
The SD percentage of the PTV was the SD dose to the
PTV divided by the prescription dose to the PTV. The
maximum dose to the spinal cord was defined as that
received by 1 cm’ of the volume. The mean dose and
the lung Vo (volume of lung receiving = 20 Gy) for the
total lung were calculated. The lung Va0 < 40% and the
maximum spinal cord dose of 45 Gy were considered
to be acceptable for the IMRT plan. The pretreatment
dosimetric quality assurance procedure and a test run were
performed before the start of radiotherapy. Radiotherapy
was delivered in a step-and-shoot mode with multi-leaf
collimators. Portal films were obtained weekly to ensure
the correct set-up.

Toxicity assessment

Acute toxicity levels were assessed weekly with complete
blood cell counts and examinations for esophagitis and
skin reactions during the concurrent chemoradiotherapy.
Esophageal toxicity was defined as late if it occurred
more than 90 d after radiotherapy. Radiation pneumonitis
was defined as acute if it occurred within 6 mo after
radiotherapy. All toxic effects were assessed using RTOG

.20
criteria™”.

Follow-up evaluation

The following evaluations were performed 1 mo after
treatment, every 3 mo for the first 2 years, and every 6
mo thereafter: physical examination, complete blood cell
count, blood chemistry tests, an endoscopic examination,
an esophageal biopsy, and scans of the neck, chest,
and abdomen by CT, PET-CT, or both. Endoscopic
sonography of the esophagus was performed in two of
the patients to evaluate lymph node response.

Response assessment

A complete response (CR) of the primary tumor was
defined as: (1) endoscopic examination was negative for
all visible tumors and biopsy was negative for tumor cells
lasted for = 4 wk, and (2) no evidence of abnormal
hypermetabolism on PET-CT scan. The response of the
metastatic lymph nodes was assessed by CT, PET-CT,
or endoscopic sonography of the esophagus. A CR was
defined as the complete disappearance of all measurable
and assessable disease for = 4 wk.

Statistical analysis
The survival was calculated from the date of diagnosis.

RESULTS

Patients’ characteristics

The median time of follow-up was 15 mo (range: 3-21
mo). Of the 7 patients included in this study, 6 were
men. The Karnofsky performance status scores ranged
from 70 to 90, and their ages ranged from 52 to 78
years. Six patients had cervical esophageal squamous cell
carcinoma, and 1 patient had upper thoracic esophageal
adenocarcinoma. At the time of presentation, 2 patients
tolerated solid foods, 2 tolerated soft foods, and 3 tolerated
only liquid diet. Three patients had lost more than 10% of
their weight in the 3 mo before treatment.

Patients had locally advanced disease as follows: 3
patients had biopsy-proven tracheal invasion by tumor
through bronchoscopy examination, rendered them as T4
stage; one of them had 60% tracheal obstruction with a
tracheal-esophageal (TE) fistula and had a tracheal stent
placement before chemoradiation treatment; 3 patients
had T3 and 1 had T2N1 stage tumors. According to
the endoscopic and PET-CT findings, the tumor length
ranged from 3 to 8 cm. In 6 patients, a percutaneous
gastrostomy or jejunostomy feeding tube was placed prior
to the start of radiotherapy because of severe dysphagia,
poor nutritional status, or a high risk of aspiration. The
characteristics of the patients, tumor, and treatment are
summarized in Table 1.

Dosimetric considerations

The primary tumor was irradiated with a total dose of
59.4-66 Gy given in 1.8-2.31 Gy/fraction. Three patients
with cervical esophageal cancer also received prophylactic
irradiation to the bilateral supraclavicular regions to a
total dose of 46-60 Gy at 1.36-1.8 Gy/fraction. One
patient with cervical esophageal cancer received bilateral
supraclavicular and neck irradiation to a total dose of
56 Gy at 1.7 Gy/fraction because of small lymph node
metastasis in the bilateral lower neck diagnosed by PET-
CT. Three patients with cervical esophageal cancer also
received irradiation to the superior mediastinum to a
total dose of 56-66 Gy at 1.7-2.0 Gy/fraction. The SIB
technique was used in 5 of the 6 patients with cervical
esophageal cancer. In the other 2 patients, the GTV and
CTYV received the same fraction dose and total dose, since
lymph node region was not prophylactically treated. Table
1 also shows the radiation treatment characteristics. Five,
seven, eight, or nine coplanar beams with different gantry
angles were used in the 7 patients. The total number of
beam segments and monitor units (MU) was 218-559
and 21 252-40 812 for Corvus plans, and 198-417 and
27 423-42 504 for Pinnacle plans, respectively (Table 2).
The daily treatment time was about 10-20 min.

Table 3 summarizes the dosimetric parameters of
IMRT plans for the 7 patients. The median GTV was 78
cm’ (range: 17-229 ¢m’). The median GTV dose was 64.8
Gy (range: 59.4-66 Gy), and the median CTV dose was
56 Gy (range: 50.4-66 Gy). The minimum dose received
by the PTV of boost GTV ranged from 91.2 to 98.2%
(SD: 3.7%-5.7%) of the prescribed dose. The minimum
dose received by the PTV of CTV ranged from 93.8% to
104.8% (SD: 4.3%-11.1%) of the prescribed dose. The V2o
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Patient Tumor Stage Induction Concurrent XRT dose XRT dose XRT dose
No. distance chemotherapy chemotherapy (GTV) (CTV) (supraclavical regions)
from UES
(cm)
1 2 TsNiMo 5-FU, CDDP 64.8 Gy (2.31 Gy/f) 50.4 Gy (1.8 Gy/f) 50.4 Gy (1.8 Gy/f)
2 0 T-NiMo 5-FU, paclitaxel 59.9 Gy, (2.14 Gy/f) 50.4 Gy (1.8 Gy/f) 0
3 0 TsNiMo 5-FU, CDDP 64.8 Gy (1.8 Gy/f x 8, 51.7 Gy (1.53 Gy/f x 8, 46 Gy (1.36 Gy /f x 8,
2.21 Gy x 21) 1.88 Gy x 21) 1.67 Gy x 21)
4 6 TsNoMo 5-FU, paclitaxel 59.4 Gy (1.8 Gy/f) 59.4 Gy (1.8 Gy/f) 0
5 T«NiMo 5-FU, CBP, docetaxel 66 Gy (2.0 Gy/f) 66 Gy (2.0 Gy/f) 0
6 2.5 T:NiMo  CBP, paclitaxel CBP, paclitaxel 66 Gy (2.0 Gy/f) 56 Gy (1.7 Gy/f) 56 Gy (1.7 Gy /)
7 TsNoMo 5-FU, CDDP 66 Gy (2.0 Gy/f) 60 Gy (1.8 Gy/f) 60 Gy (1.8 Gy/f)

CBP: Carboplatin; CDDP: Cisplatin; CTV: Clinical tumor volume; GTV: Gross tumor volume; f: Fraction; UES: Upper esophageal sphincter; XRT: Radiotherapy

to the bilateral lung was 10.3%-36.0% in all patients, and
the lung mean dose was 6.6-17.6 Gy (median: 12.6 Gy).
The maximum dose to the spinal cord ranged from 37.2 to
45.8 Gy. The dose distribution and dose volume histogram
(DVH) for patient number 7 are shown in Figures 1 and 2
using pinnacle planning system.

Tumor response and failure

One patient with cervical esophageal cancer, whose general
condition gradually deteriorated, experienced excessive
mucus production, weight loss and fever, and decided
to begin home hospice care after 2 wk of radiotherapy,
died of disease 4 mo after diagnosis. Thus, this patient’
s response was not evaluable and was not included in this
analysis.

The other 6 patients all achieved a CR in the
primary tumor and lymph node areas after concurrent
chemoradiotherapy. The response was assessed by
endoscopic biopsy for all patients, 4 of them also had
PET-CT. Two patients had no evidence of disease (NED)
at 13 and 17 mo. Two patients developed local recurrence
in the esophagus 4 and 6 mo after treatment, one of them
was successfully treated with salvage photodynamic therapy
and had NED at 21 mo and the other died of disease at 15
mo. One patient had lung metastasis 7 mo after treatment
and was alive with disease at 17 mo. One patient had
both lymph nodes recurrence in the neck and soft tissue
metastasis in the left thigh 11 mo after treatment and died
of disease. Table 4 shows the tumor response and failure.

Toxicity

Acute major toxic effects included myelosuppression,
dermatitis, and esophagitis. Myelosuppression occurred
in 2 patients: 1 had grade 3 and another had grade
4 leukopenia. Three of the patients who had been
immobilized with a thermoplastic mask experienced grade
3 skin reactions in the neck, and 1 of these required a
3-d treatment interruption. The patient who had a T4
tumor with a tracheoesophageal (TE) fistula and tracheal
stent placement before chemoradiation developed
grade 4 esophagitis 1 mo after treatment and had an
esophageal stent placed 4 mo after treatment. Another
patient expetienced grade 4 late esophageal toxicity (TE
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Number Gantry angles Number of Number of Total Total
of beams segments monitor units fraction monitor
per fraction units

7 0, 25, 65,141, 212, 315 1395 28 39 060
295, 335

5 40, 70, 220, 240, 290 218 759 28 21 252

9 0,18, 35, 70, 150, 225, 559 1248 and 8+21 40 812
295, 320, 340 1468

7 0, 30, 60, 105, 260, 270 749 33 24717
300, 330

5 0, 50, 120, 240, 300 198 831 33 27423

8 12, 36, 60, 135, 225, 332 1288 33 42 504
300, 324, 348

9 0, 40, 70, 130, 160, 417 972 33 32076

200, 230, 290, 320

fistula) 7 mo after radiotherapy and had an esophageal
stent placed. Two patients experienced grade 3 late
esophageal toxicity (benign esophageal strictures requiring
esophageal dilatation one to four times) 4 mo and 10 mo
after radiotherapy. No patient had symptomatic radiation
pneumonitis, although 2 patients had radiographic
changes in their irradiated lung. No patients lost more
than 10% of their weight during chemoradiotherapy. No
patient experienced radiation myelitis. All except 1 patient
completed radiotherapy without interruption in 37-44 d.
Radiotherapy was interrupted for three day in 1 patient due
to grade 3 skin toxicity and radiation was completed in 50 d.
Table 4 summarizes the toxicity of chemoradiotherapy.

DISCUSSION

No consensus has been reached as to the optimal radiation
technique and target volume delineation for treating
cervical esophageal cancer, and a survey conducted in
Canada has come up with different opinions from radiation
BL2 IMRT has potential benefit for treating
cervical esophageal cancer because of the complexity of
anatomy in this region. Separate IMRT plans designed for
the initial large-field treatment and the subsequent boost

oncologists
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Patient Dose (Gy) GTV volume  PTV mean PTV min PTV max PTV SD Lung V2o Lung mean Spinal cord
No. (cm®) dose (Gy) % % % (Gy) dose (Gy) max (Gy)
1 64.8 (GTV) 58 70.5 96.5 117.9 49 18.9 12.0 42.8
50.4 (CTV) 66.4 104.8 149.6 11.1
50.4 (sup) 613 101.6 1492 11.9
2 59.9 (GTV) 53 65.0 91.2 1229 6.0 28.6 134 25.7
50.4 (CTV) 58.7 103.9 139.4 6.6
3 64.8 (GTV) 85 68.6 97.8 117.5 3.7 10.3 6.6 37.2
51.7 (CTV) 62.3 93.8 121.2 9.2
46 (sup) 542 100 143 8.1
59.4 (GTV) 17 65.0 97.1 119.1 43 242 11.6 39.2
66 (GTV) 78 67.3 97.9 109.2 4.9 26.8 12.6 45.8
6 66 (GTV) 229 68.0 98.2 110.9 4.8 21.9 7.7 40.2
56 (CTV + neck) 59.8 101.1 1229 94
7 66 (GTC) 169 66.4 994 111.8 5.7 36 17.6 41.8
60 (CTV) 65.7 97 121.6 6.7
60 (sup) 67.1 105 116.8 5.4

GTV: Gross tumor volume; CTV: Clinical target volume; PTV: Planning target volume; sup: Bilateral supraclavicular region; min: Minimum; max: Maximum; SD:

Standard deviation.

Patient Response (primary Relapse Life status Leucopenia Dermatitis Esophagitis Pneumonitis Late esophageal
No. and node) (grade) (grade) (grade) (grade) toxicity (grade)

1 CR LR DOD 1 1 2 0 0

2 Not evaluable Not evaluable DOD 1 3 2 0 not evaluable
3 CR NED Alive NED 0 1 2 0 0

4 CR LR Alive NED 3 1 1 0 3

5 CR NED Alive NED 0 3 1 0 3

6 CR DM and node DOD 0 3 2 0 0

7 CR DM Alive with disease 4 2 4 0 4

LR: Local recurrence in the esophagus; NED: No evidence of disease; DM: Distant metastasis; DOD: Died of disease

Convert#1
Absolute
7050.0 cGy

4500.0 cGy
3000.0 cGy

Convert#1
Absolute
7050.0 cGy

4500.0 Gy
3000.0 cGy

Figure 1 Dose distribution of the IMRT plan for patient number 7. The GTV (red), boost PTV (blue) and PTV (green) are shown on the contours.

treatment are referred as two-phase IMRT strategies.
On the other hand, the term “simultaneous integrated
boost” (SIB) is used to define treatment plan that
delivers differentiated doses to different targets during a
single fraction dose delivery as follows: one IMRT plan
simultaneously delivers different dose levels to different

targets in a single treatment session, which results in
the primary target (e.g., palpable or visible disease or
GTV) and the secondary target (e.g., regions at risk for
microscopic disease or CTV) being treated to different
dose levels in each and same treatment fraction. Using
this approach, the fractional dose delivered to gross tumor

www.wjgnet.com
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can be increased, while, at the same time, the radiation
doses and dose schedules known to be adequate for
tumor control in marginal tissues and clinically uninvolved
lymph nodes are preserved. Thus, the SIB-IMRT has been
considered a novel method for accelerated fractionation
therapy in controlling gross disease through dose-pet-
fraction escalation. It can shorten overall treatment
time, which is preferable for treating tumors with rapid
repopulation. It has the ability to deliver large IMRT fields,
often required for simultaneous treatments of all target
volumes, by splitting them and dynamically feathering their
junctions for greater accuracy”. Therefore, it is an easy,
efficient, and less error-prone method of planning and
delivery, because it allows the same plan to be used for the
entire course of treatment.

Since the large-field and boost doses are delivered
in the same number of fractions, one must consider the
radiobiological consequences of different fraction sizes
for the gross disease, regions of microscopic spread,
and electively treated lymph nodes. One can select the
conventional 2 Gy per fraction for the gross disease for
an SIB strategy, but that might lead to a significantly lower
dose per fraction to volumes of microscopic disease
and electively treated lymph nodes. On the other hand,
one can choose to deliver 2 Gy per fraction to the lower
and intermediate dose volumes, but this would require
a high dose per fraction, as much as 2.5 Gy or more per
fraction, to the gross disease. The latter scheme may have
the advantage of shortening the treatment duration and
a potential for improvement in local control but at an
increased risk of injury to the embedded normal tissues.

In our study, the IMRT plans showed good homogeneity
and conformity and the treatment time was acceptable.
SIB-IMRT was used in 5 of 7 patients, which made the
treatment course simple. Several researchers reported that
SIB-IMRT is superior to two-phase IMRT (sequential
IMRT) in terms of conformity of dose distribution within
the target volume and the sparing normal tissue for head
and neck cancer™ | lung™* and prostate cancers”. The
SIB-IMRT also has some advantage over 3-dimensional
conformal radiotherapy regarding homogeneity of tumor
dose and reduction of the dose to normal tissue for
cervical esophageal cancer'” and malignant glioma™*".

Defining target volume delineation for IMRT plan,
especially a consistent CTV delineation, is challenging
because current imaging techniques are not capable of
directly detecting subclinical tumor involvement and also
because the patterns of failure is not clear. It is difficult
to differentiate if the local tumor recurrence is due to a
geographic miss or persistent disease. The tendency for
esophageal cancer to be multicentric or to present with
submucosal skip metastasis supports the use of generous
proximal and distal margins for treatment. In the RTOG
8501 trial"] the entire esophagus was included in the
radiation portals, but the toxic effects wetre severe. In the
subsequent RTOG 9405 study™, 5-cm proximal and distal
margins and a 2-cm radial margin were added around
the GTV which is effective and has been accepted as a
standard in most institutions in the United States.

We used slightly smaller proximal than distal margins
in our study, because of our concern about increased
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Dose volume histogram
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Figure 2 Dose volume histogram (DVH) of the IMRT for patient number 7,
showing DVH curves for GTV, boost PTV, CTV, PTV, total lung and spinal cord (from
right to left). Norm. Volume = Normalized volume.

toxic effects on the pharynx. Prophylactic irradiation
of the supraclavicular and superior mediastinal nodes
could decrease the risk of nodal relapse without greatly
increasing the toxic effects. In the RTOG 94-05 smdylz()],
boost GTV was defined as a 2-cm margin around the
initial GTV; we used the same boost GTV expansion in
our study (1.5-cm margin from GTV to boost GTV and
another 5 mm added for PTV).

This is the first study that we are aware of that
reported the clinical result for esophageal cancer patients
treated with IMRT. In this study, all 6 evaluable patients
achieved complete response both in the primary tumor and
lymph node sites. Although the eatly response result was
very encouraging for this small group of locally advanced
tumors, 2 patients developed local recurrences and another
2 had distant metastases. Only 3 patients survived with
no evidence of disease during a median time of 13 mo
follow-up. Although some clinical data on cervical and
upper thoracic esophageal cancer patients who were
treated with concurrent chemotherapy and radiotherapy
with conventional or 3-dimensional conformal techniques
have been published, the data are sparse because the
disease is rare and the published series have consisted
of relatively few patients. For example, Ampil ez al”
reported that only 2 of their 6 patients achieved CR when
conventional radiation techniques were used to deliver a
total dose ranging from 36 to 64 Gy at 2.0 Gy/fraction.
Burmeister ¢ al” reported that 31 of their 34 patients had
CR after a total dose delivered by 3-dimensional conformal
radiaton that ranged from 50.4 Gy in 20 fractions to 65 Gy
in 33 fractions. The 5-year survival rate in this group was
55%. However, only 3 patients in this group had locally
advanced disease; most had eatly disease. Moreover, Bidoli
et al” reported that 37 of their 58 patients (29 of whom
had cervical esophageal cancer) experienced a CR after
having been given 50 Gy in 25 fractions with conventional
radiation techniques. The 10-year survival rate was 27%
for the 29 patients with cervical esophageal cancer. We
await the maturity of our study to report the long-term
outcome.
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Three patients experienced severe skin toxicity,
probably caused by the use of the mask and the lack of
effort to avoid irradiating the skin during IMRT planning,
In a study by Burmeister ¢/ /") with 3-dimensional
conformal radiotherapy, a moderate-to-severe skin reaction
occurred in most patients on the neck. IMRT technique
has the potential to reduce skin toxicity if skin was defined
as an avoidance structure. From our experience, to reduce
toxic effects to the skin, we need to use a cradle instead
of a mask to immobilize patient, also consider skin as an
avoidance structure during IMRT planning,

The development of acute esophagitis during and
after radiotherapy is usually unavoidable. Fortunately, no
patient lost more than 10% of body weight or had to have
treatment interrupted because of esophagitis, probably
because of the intensive supportive and nutritional
therapy received through a gastrostomy or jejunostomy
tube. Therefore, the prophylactic use of such tubes is
recommended for patients who have severe dysphagia
or poor nutritional status prior to the initiation of
chemoradiation.

Development of late esophageal toxic effects is a
concern for esophageal cancer survivors. An esophageal
stricture caused by fibrosis of the esophagus, usually
at the site of tumor, was mainly due to the high total
radiation dose delivered™. In this study, 3 of 4 surviving
patients had esophageal stricture or fistula. Burmeister
¢t al” demonstrated that in 34 patients treated with
3-dimensional conformal radiotherapy, strictures were
the most notable late effect of the therapy: 11 patients
developed mild strictures that did not require dilation, 4
patients developed strictures requiring repeated dilation,
and 1 patient developed a severe stricture that did not
respond to dilation. In the patient with a severe stricture,
the attempted corrective surgery failed and resulted
in death of the patient. In addition, the local tumor
recurrence remains to be a concern even though relatively
high radiation dose was used for this group of patients.
The degree of dose escalation by IMRT was limited by
long-term toxicity, such as esophageal strictures and fistula.
For patients who had their local diseases well-controlled,
development of distant metastases became a major pattern
of failure.

Therefore, new approaches besides IMRT are needed.
One possible way is to use induction chemotherapy.
Theoretically, induction chemotherapy could treat the
occult micrometastatic disease upfront and may lead to a
decrease in the incidence of distant metastases; in addition,
induction chemotherapy could be effective in shrinking
the primary tumor so that only moderate radiation dose
is required to control the local disease, while reducing
the late esophageal toxicity. Stuschke ez a/'” reported
their results of induction chemotherapy plus concurrent
chemoradiotherapy (a total dose of 60 to 65 Gy in 6 wk
delivered by 3D-CRT) for 22 patients with upper and
midthoracic locally advanced squamous cell carcinomas.
Locoregional recurrences as one site of first relapse were
observed in 12 patients and distant metastases as one site
of first relapse occurred in 4 patients. Seven long-term
survivors had a good swallowing function. Induction
chemotherapy results in a major response rate of 45%

and response to induction chemotherapy is strongly
associated with long-term survival and locoregional tumor
control. No long-term survivors are found among non-
responders to induction chemotherapy. The criterion
good response to induction chemotherapy can be used to
select patients for high-dose radiotherapy. Another way
is molecular targeting agents. Epidermal growth factor
inhibitor (EGFR), such as cetuximab, in combination with
radiotherapy yielded positive results in treating head and
neck squamous cell carcinoma®". Tt is perhaps worthwhile
to test EGFR in treatment of cervical and upper thoracic
esophageal cancer, because squamous cell carcinoma is the
major histology.

In conclusion, concurrent IMRT and chemotherapy
resulted in an encouraging tumor response in patients with
locally advanced cervical and upper thoracic esophageal
cancer. However, local and distant recurrence, and late
toxicity remain to be a challenge in the management of
this disease. Additional innovative treatment modalities
are needed to improve the outcome. All patients with
cervical and upper esophageal tumor should be registered
and treated in a prospective study with consistent
chemotherapy and IMRT dose schedule, and possibly
target therapy.
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Abstract

AIM: To investigate the prevalence of A pylori associated
corpus-predominant gastritis (CPG) or pangastritis,
severe atrophy, and intestinal metaplasia (IM) in patients
without any significant abnormal findings during upper-
GI endoscopy.

METHODS: Gastric biopsies from 3548 patients were
obtained during upper GI-endoscopy in a 4-year period.
Two biopsies from antrum and corpus were histologically
assessed according to the updated Sydney-System.
Eight hundred and forty-five patients (mean age 54.8 +
2.8 years) with A pylori infection and no peptic ulcer or
abnormal gross findings in the stomach were identified
and analyzed according to gastritis phenotypes using
different scoring systems.

RESULTS: The prevalence of severe H pylori associated
changes like pangastritis, CPG, IM, and severe atrophy
increased with age, reaching a level of 20% in patients
of the age group over 45 years. No differences in
frequencies between genders were observed. The
prevalence of IM had the highest increase, being 4-fold
higher at the age of 65 years versus in individuals less
than 45 years.

CONCLUSION: The prevalence of gastritis featuring at
risk for cancer development increases with age. These
findings reinforce the necessity for the histological
assessment, even in subjects with normal endoscopic
appearance. The age-dependent increase in prevalence
of severe histopathological changes in gastric mucosa,
however, does not allow estimating the individual risk for

gastric cancer development-only a proper follow-up can
provide this information.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

H pylori infection is an established risk factor for
development of gastric cancer'”. According to the model
of catrcinogenesis of the intestinal type adenocarcinoma
proposed by Correa, the multi-step development starts
from the condition of a chronic active gastritis, followed
by glandular atrophy, intestinal metaplasia, dysplasia, and
finally gastric adenocarcinoma'. The risk for gastric cancer
also increases in the presence of corpus-predominant
gastritis as well as a pangastritisw. Since only a small subset
of H pylori infected subjects will develop gastric cancer,
from a clinical point of view it is a major difficulty to
identify those patients with H pylori infection who are at
a higher risk to develop gastric cancer. Therefore there
is a need to identify patients, who have these advanced
changes in gastric mucosa. The combination of these risk
factors (gastric cancer risk index) has been proven to be
a simple way to better estimate the risk for gastric cancer
developmentb’()]. The gastric cancer risk index has been
proven to be independently increased in both histological
types of gastric cancer: the intestinal as well as the diffuse
type.

The aim of the present study was to estimate the
prevalence of advanced histopathological changes in
gastric mucosa in patients with normal appearance of
gastric mucosa during upper GI-endoscopy.

MATERIALS AND METHODS

A total of 3548 first time upper Gl-endoscopies were

www.wjgnet.com
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Endoscopic normal gastric mucosa
with H pylori infection

Number (1) 845
Mean age (yr) 54.8 (18-87)
Sex
Male 450/845 (53.2%)
Female 395/845 (46.8%)
Age (yr)
<35 114/845 (13.5%)
35-44 120/845 (14.2%)
45-54 151/845 (17.9%)
55-64 199/845 (23.6%)
65-74 166/845 (19.6%)
>75 95/845 (11.2%)

performed in the Endoscopic Unit of the University
of Magdeburg over a 4-year period. During this period,
it was the policy in our department to obtain gastric
specimens from all patients regardless of the appearance
of the mucosa to establish the pattern of gastritis in
those patients. Patients with contraindication to obtain
gastric specimens or previous endoscopy with histological
investigation were not included.

Around one half of the investigated patients were
outpatients, and the other half hospitalized patients. After
the investigation, an endoscopic report was entered in
a computer-based database. Upper GI-endoscopy was
performed by several experienced gastroenterologists.
Two gastric specimens from the corpus and antrum,
respectively, were taken and analysed histologically
according to the Sydney-System in all patients. Histological
results were documented in the same computer-based
database. Histological examination was performed by
different pathologists from the Institute of Pathology
at the University of Magdeburg. All slides have been
re-evaluated for the needs of this study by a single
experienced gastrointestinal pathologist in a blinded way
without being aware of clinical or endoscopic diagnoses
and prior histological reports. The study was performed
according to the guidelines of the Ethics Committee of
the Medical Faculty of the University of Magdeburg and
all patient data were made anonymous to protect patients’
identity.

The database was retrospectively analyzed for those
patients who had a normal endoscopical appearance of
gastric mucosa or simply signs of gastritis or duodenitis.
Thus all patients with gastric or duodenal ulcers, GI-
bleeding, and upper GIl-malighancy were excluded. The
presence of reflux oesophagitis or hiatal hernia was not
an exclusion criterion. Furthermore, patients known to
be treated with proton-pump inhibitors or with indirect
evidence for this treatment by histological observation of
patietal cell hypertrophy were excluded. H pylori infection
was determined by positive cultute, rapid urease test and/
or histology.

We identified 845 H pylori positive patients who fulfilled
the predefined criteria. Age distribution and gender are
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Figure 1 Prevalence of different phenotypes of gastritis in patients with H pylori
infection in different age groups. With increasing age the number of patients
with corpus-predominant gastritis increased significantly, whereas the antrum
predominant gastritis decreased (Kruskal Wallis test; P < 0.01).

given in Table 1. In these patients the following parameters
were calculated according to the histological examination:
(1) Corpus-predominant gastritis™: Higher degree of neu-
trophilic 1nﬁltrauon in the corpus compared to the antrum;
(2) Pangastritis'; Equal degree of neutrophilic infiltration
in the corpus and in the antrum; (3) Antrum-predominant
gastritis'”; Higher degree of neutrophilic infiltration in the
antrum compared to the corpus; (4) Intestinal metapla-
sia™”: Absence or presence in any investigated specimen
from antrum or corpus; (5) Severe atrophy“’sj: Severe loss
of glands; not diagnosed in the antrum when only a few
intestinal crypts were observed in the whole specimen; (6)
Antrum and corpus gastritis score: Score by total sum of
grade of gastritis (mild = 1, moderate = 2, marked = 3
infiltration with lymphocytes and plasma cells) and activity
of gastritis (mild = 1, moderate = 2, marked = 3 infiltra-
tion with neutrophilic granulocytes) either in the antrum or
in the corpus, a maximum of a sum of 6 points in the an-
trum and in the corpus for each individual person; (7) Gas-
tric cancer risk index"™": 1 point scored for at least moder-
ate infiltration with lymphocytes and plasma cells in the
corpus and less or equal infiltration in the antrum, 1 point
scored for at least moderate infiltration with neutrophilic
granulocytes in the corpus and less or equal infiltration in
the antrum, 1 point scored for the detection of intestinal
metaplasia in the antrum or in the corpus, a maximum of
3 points for each individual person.

RESULTS

The frequency of corpus-predominant gastritis was
significantly increased with age (Kruskal-Wallis test, P
< 0.01). While in the group of patients of less than 35
years old only 8.8% had a corpus-predominant gastritis,
and the number increased to 22.9% between the ages of
65-75 years (Figure 1). The highest increase was observed
between the age groups of 45-54 years (13.8%) and 55-64
years (23.1%). The number of patients with pangastritis
remained constant, whereas the frequency of antrum-
predominant gastritis declined over time.
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Table 2 Frequency of intestinal metaplasia (IM) in the

gastric antrum and the corpus in patients without macroscopic
pathology during upper Gl-endoscopy

Age (yr) Overall IM IMonlyin IM only in the IM in antrum

the antrum corpus and corpus
<35 9/114 (7.9%) 1/114(0.9%) 7/114 (6.1%) 1/114 (0.9%)
35-44 14/120 (11.7%) 2/120 (1.7%) 12/120 (10.0%) 0/120 (0.0%)
45-54 28/151 (18.5%) 7/151 (4.6%) 18/151 (11.9%) 3/151 (2.0%)
55-64 50/199 (25.1%) 7/199 (3.5%) 35/199 (17.6%) 8/199 (4.0%)
64-75 65/166 (39.2%) 6/166 (3.6%) 51/166 (30.7%) 8/166 (4.8%)
>75 38/95 (40.0%) 6/95(6.3%) 24/95(252%) 8/95 (8.4%)
Differences P <0.001 P <0.001 P <0.001 P <0.001
between (1 *-test) (5 *-test) (s *-test) (*-test)
age groups

Table 3 Frequency of severe atrophy, antrum- and corpus-
gastritis score in A pylori positive patients in different age-

groups in patients without macroscopic pathology during upper
Gl-endoscopy

Age (yr) Severe atrophy Antrum gastritis Corpus gastritis
score score

<35 0/114 (0.0%) 3.36 £ 0.90 249+1.17
35-44 2/120 (1.7%) 3.17 £ 0.86 2.73+£1.02
45-54 3/151 (2.0%) 3.32+1.04 2.85+1.04
55-64 4/199 (2.0%) 3.38+0.94 293 +1.17
64-75 9/166 (5.4%) 3.20+0.92 2.98 +1.08
>75 9/95 (11.2%) 3.08 £ 0.96 3.06 +1.15

Differences between P <0.001 NS P <0.001

age groups (%*-test) (ANOVA) (ANOVA)

The frequencies of intestinal metaplasia in different age
groups increased significantly in an almost linear pattern
(# = 0.9585, P < 0.001). The increase rate was 0.71% per
year (95% CI 0.51-0.92). Nearly 40% of patients over 65
years had intestinal metaplasia (Table 2). For example, the
relative risk for a patient at the age of 64-75 years was
5.0 (95% CI 2.6-9.6) times higher compared to a patient
younger than 35 years. Intestinal metaplasia was more
frequent in the corpus compared to the antrum (20.7% »s
6.7%), and those located only in the antrum were a rare
event (3.4%).

The frequencies of severe atrophy and the antrum/
corpus gastritis score in the different age groups are
provided in Table 3. Severe atrophy was close to 2% in
the group younger than 65 years and increased up to
11.2% at the age over 75 years. The antrum gastritis score
was almost equal in all age groups (mean 3.27 £ 0.95).
The corpus gastritis score increased significantly with age
[increase of 0.01 per year (95% CI 0.006-0.016)].

The gastric cancer risk index showed a significant shift
to a higher index with age (Kruskal-Wallis test; P < 0.0001;
Figure 2). At least 10% of the individuals older than 55
years had a score of 3 points, and more than 25% of them
had a score of 2 points.

Comparison of the different scoring systems like
gastric cancer index and phenotype of gastritis showed a
significant correlation (P < 0.001, Xz—test; Table 4). This
was expected because the phenotype of gastritis was
included in the gastric cancer index. Nevertheless, the
definitions for predominant gastritis were very different (see

Table 4 Comparison of gastric cancer risk index and phenotype

of gastritis in 845 patients with A pylori positive gastritis

Phenotype of gastritis Gastric cancer risk index

0 point 1 point 2 points 3 points
Antrum-predominant gastritis 156 104 21 0
Pangastritis 107 178 113 36
Corpus-predominant gastritis 2 22 62 44

[ 0 Point
O 1 Point
H 2 Points
M 3 Points

%

100
0 r
80
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40
30
20
10
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Age/yr

Figure 2 Gastric cancer risk index in patients with H pylori infection in different
age groups. With increasing age the number of patients with 2 or 3 points
increased significantly (Kruskal Wallis test; P < 0.0001).

METHODS). The group with the highest risk for gastric
cancer according to Uemura e/ al” might be these with the
corpus-predominant gastritis (#z = 130), whereas the risk
might be highest for those with a gastric cancer index of
3 (» = 80), and the overlapping group contained only 44
patients (26.5%).

DISCUSSION

Histological alterations of the gastric mucosa such as
corpus-predominant gastritis, pangastritis, intestinal
metaplasia or severe atrophy are proposed to carry an
increased risk for gastric cancer in H pylori infected
individuals. In our study we observed a strong association
of intestinal metaplasia, atrophy as well as corpus-
predominant gastritis with increasing age. Our results
represent the frequency of histopathological changes in a
country with a lower gastric cancer prevalence compared
to other parts of the world (i.e. China or Japan). This
might be of importance for future investigational trials on
this topic.

We investigated only patients with normal appearing
gastric mucosa or no grossly visible changes at endoscopy.
In such a setting, often a rapid urease test would be
performed by most investigators to test for H pylori only;
therefore histopathological changes will not be diagnosed.
However, our data cleatly indicate that there is a need to
obtain gastric specimens in routine endoscopy, even if the
macroscopic appearance is to a greater or lesser extent
normal. There is much evidence that several phenotypic
changes in the gastric mucosa are associated with an
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increased risk of gastric cancer. In a large prospective
study from Japan only patients with H pylori infection
developed gastric cancer. A closet look at the data revealed
that certain histopathological findings incteased the risk
dramatically. In fact, the presence of intestinal metaplasia
(RR 6.4), severe atrophy (RR 4.9), pangastritis (RR 15.6),
and, most strikingly, corpus-predominant gastritis (RR
34.5) was associated with an increased risk for gastric
cancer. An additional aspect in this study was the fact that
about 60% of the patients who developed gastric cancet,
had no initial pathological findings during upper GI-
endoscopy and were classified as non-ulcer dyspepsia. It
demonstrates the importance to obtain gastric specimen
duting upper Gl-endoscopy even though the macroscopic
findings are normal.

The optimal strategy for patients with risk lesions for
gastric cancer has not been established. One option might
be to eradicate H pylori infection. It is well known that
corpus-predominant or pangastritis will be healed after
successful eradication therapy; on the other hand, atrophy
and intestinal metaplasia will persist constantly according
to systematic review of the published literature”. In
addition, a large randomized trial from China indicates that
the point of no return might be already achieved when
atrophy or intestinal metaplasia are observable!'”. In that
trial, performed in more than 1600 healthy volunteers
from Fujian Province, a significant reduction of gastric
cancer incidence in an 8-year follow-up period by H pylori
eradication was only observed in those patients without
intestinal metaplasia or atrophy in the gastric mucosa in
the beginning of the study. One possible conclusion from
this study is that patients with those histopathological
changes have to be included in an endoscopic surveillance
program, but it is unknown which intervals are necessary
and how cost-effective such a strategy might be. This will
have to be the topic of future investigational trials.

The combination of histopathological features is a
promising tool, since there is a clear need to identify those
patients at risk for the development of gastric cancer.
While the scoring system used in the trial by Ley e a/'
is probably too complex to use in general, the gastric
cancer index might be more promising to use in clinical
practice. This score includes the type of gastritis as well
as the presence of intestinal metaplasia and has been
proven to be highly predictive for the presence of gastric
carcinoma”. We identified 80 (9.5%) out of 845 patients
with normal endoscopic appearance and the highest
possible gastric cancer risk score of 3. Especially in those
patients an endoscopic surveillance might be necessary;
however, the final proof of any improvement for the
individual patient is yet missing.

In the trial of Uemura ez a/" the highest risk was found
in those patients with a corpus-predominant gastritis;
nevertheless, a marked risk was observed in those
with pangastritis, also. Pangastritis was very frequently
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diagnosed in our population (51.3%). The significance of
this finding therefore will have to be verified.

Our results indicate that there is a need to obtain
gastric biopsies during upper Gl-endoscopy, even if the
macroscopic appearance is normal or without any gross
pathology. The prevalence of gastritis associated with an
increased risk for cancer development increases with age.
The individual risks for gastric cancer development remain
to be established by the follow-up. H pylori eradication
therapy alone might not be sufficient enough to prevent
gastric cancer in patients with advanced changes in
the gastric mucosa. From the actual perspective, and
with regard of the literature, interventions have to be
implemented earlier, before advanced changes in gastric
mucosa caused by H pylori occur or, more worthwhile,
preventing being infected with H pylori.
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Abstract

AIM: To report on our large German collective and
updated data of 142 patients with autoimmune hepatitis
(AIH) type 1.

METHODS: Key investigations performed were
liver biopsy, serum autoantibodies as well as serum
markers such as IgG and elevated transaminases.
Antinuclear antigen (ANA) and smooth muscle antigen
(SMA) autoantibodies characterized type 1 AIH. Type
3 (AIH) was solely characterized by the occurrence of
soluble liver antigen/liver-pancreas antigen (SLA/LP)
autoantibodies either with or without ANA or SMA
autoantibodies.

RESULTS: Most prevalent HLAs were A2 (68 patients,
48%), B8 (63 patients, 44%), C7 (90 patients, 63%),
DR3 (49 patients, 38%), DR4 (49 patients, 38%) and
DQ2 (42 patients, 30%). Compared to the Italian and
North American patients, we found fewer patients
with a DQ2 subtype. Furthermore, the B8-DR3-DQ2
human leucocyte antigen (HLA) was also less prominent
compared to the North American patients. However,
prevalences of B8, DR3, DR4, DR7, DR11 and DR13 were
comparable to the Italian and North American patients.
Furthermore, we report on an additional subgroup of
patients with SLA/LP positive AIH. Generally, in this
subgroup of patients the same HLA subtypes were
favoured as the AIH type 1.

CONCLUSION: Although HLA subtypes were
comparable between these three collectives, the German
patients were distinct from the Italian and North
American patients with respect to DQ2 and from the
North American patients with respect to B8-DR3-DQ2

HLA. A clinical correlation, e.g. difference in severity or
treatability of AIH type 1, has yet to be determined.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Autoimmune hepatitis (AIH) is characterized by portal
lymphatic infiltrates on liver histology and in most
patients with the occurrence of autoantibodies such as
antinuclear, smooth muscle antibody-positive (ANA/
SMA, type 1), liver-kidney microsomal antibody-positive
(LKM-1), and soluble liver antigen/livetr-pancreas antigen
(SLA/LP) antibodies. Untreated, the disease usually runs
an unfavorable course with 5 year survival rates of 50%
and 10 year survival rates between 10% and 27%"?.
However, in most patients the disease can be controlled
with immunosuppressants such as prednisolone and
azathioprine, resulting in an almost normal average life
expectancy'”.

Although the pathomechanism of the disease is still
unknown, an underlying genetic predisposition has been
suggested due to the fact that patients are predominantly of
female gender (women to men ratio equals to approximately
0:1) and the association of the disease with certain human
leucocyte antigens (HLAs). Muratori ez /" recently
published an extensive study on two large populations,
Ttalian and North American, and demonstrated a distinct
genetic association of HLA with the disease. B8-DR3-DQ2
was reported to be the most frequent genotype in Italian
patients with AIH type 1 but significantly less frequent in
North American patients. In addition, a clear difference in
occurrence of the DR4 genotype was demonstrated with
fewer patients in Italy presenting with such a genotype.
Furthermore, the C7, DR3, DR11, DR13, and DQ2 loci
were investigated but no significant differences between
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AIH type |
HLA German patients
c7 90 (63%)
A2 68 (48%)
B8 63 (44%)
DR3 49 (38%)
DR4 49 (38%)
DQ2 42 (41%)

these two populations could be found.

In order to further elucidate these genetic associations
and differences, we now report on the HLLA antigens in
our large German collective of 142 patients with AIH
type 1 and compared it to published data, especially in the
Italian and North American populations. In addition, we
report on our small subgroup of 29 patients with SLA/LP
positive ATH.

MATERIALS AND METHODS
Subjects

One hundred and forty-two consecutive patients with
definite, autoantibody positive AIH type 1 and 29
consecutive patients with SLA/LP positive ATH, who had
been referred to the Department of Internal Medicine I,
Mainz University Hospital, were investigated. All patients
lacked serological evidence of chronic viral hepatitis B and
C by third-generation enzyme-linked immunoassay. There
was no evidence for illicit drug abuse, excessive alcohol
intake (> 4 oz/wk) ot exposure to hepatotoxic drugs.
Diagnosis of AIH was established according to the revised
Scoring system described previously™.

Methods

Key investigations performed were liver biopsy, serum
autoantibodies as well as serum markers such as IgG and
elevated transaminases. Similar to Muratori’s study'” and
according to international standards, ANA and SMA
autoantibodies characterized type 1 AIH. Type 3 (AIH)
was solely characterized by the occurrence of SLA/LP
autoantibodies either with or without ANA or SMA
autoantibodies.

Of our 142 patients with AIH type 1, 119 were women
(84%) and 23 were men (16%). Of these patients, 108 (76%0)
were positive for ANA, 101 (71%) for SMA autoantibodies,
and 67 (47%) patients had both ANA and SMA
autoantibodies. DR and DQ alleles were not examined in
all patients. DR alleles were investigated in 129 patients and
DQ in 103 patients. Of the 29 patients with AIH type 3, 22
were women (76%) and 7 were men (24%). Since HLLA loci
are thought to be genetically fixed and to be independent
of age, serum markers or immune globulins, patients were
not further characterized in that respect.

RESULTS

The most commonly found HLA subtypes in our patients
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with AIH type 1 were C7 (90 patients, 63%), A2 (68
patients, 48%), B8 (63 patients, 44%), DR3 (49 patients,
38%), DR4 (49 patients, 38%) and DQ2 (42 patients, 30%)
(Table 1). As significant differences had been demonstrated
in the Italian and North American populations regarding
the distribution of the B8-DR3-DQ2 and DR4 HLA
subtypes, these subtypes were also analysed along with the
additionally reported C7, DR7, DR11, DR13, and DQ?2
loci. The B8-DR3-DQ2 subtype was identified in 28 (27%)
German patients with AIH type 1. And 49 patients (38%)
were tested positive for the DR4 locus. In addition, almost
half of all patients with AIH type 1 were positive for the
HILA subtype B8 (45%) and 38% for DR3 (Table 2). The
C7 HLA subtype which was highly prevalent in Italian
patients with AIH type 1 was also common in the German
population with 90 patients (63%). Further HLA subtypes
reported and compared in Italian and North American
patients were less prevalent in the German population.
DR11 was positive in 17 (13%) of patients. Also DR13
could be identified in 17 (13%) of patients. Compared to
the North American and Italian patients the DQ2 allele
was also less prominent with 42 (41%) of patients.

For patients with SLA/LP positive AIH, HLA
association had previously not been reported. Thus, we
assessed the association of HLA of 29 patients with SLA
positive, type 3 AIH (Table 3). Given a significantly smaller
collective, there seemed to be a trend for SLA/LP positive
AIH to be associated with the same HLLA as AIH type 1.
The most prevalent HLA in our patients with AIH were
A2 in 16 patients (55%), B8 in 15 patients (52%), C7 in 22
patients (76%), DR3 in 12 patients (41%), and DQ2 in 13
patients (45%). Interestingly, only 3 patients did not carry
either DR3 or DR4.

DISCUSSION

The etiology of AIH is still unknown. However, an
underlying genetic predisposition has been suggested
due to the fact that patients are predominantly of female
gender and the association of the disease with certain
HILA. Muratori ¢z al” recently published an extensive study
on two large populations, Italian and North American,
and demonstrated a distinct genetic association of HLA
antigens with the disease. Since this study not only
investigated the commonly studied HLA antigens type Il
but also extensively investigated the HLA antigens type
I, this study was of significant value. In order to further
elucidate HLLA association with AIH and to compare our
collective of patients with AIH, which is among the largest
reported, to published populations in different regions of
the wotld, we here present our data on HLA association in
German patients.

Within the Italian population significant association of
AIH was demonstrated for HLA antigens B8 (32%), C7
(51%), DQ2 (53%) and for the combined HLA type B8-
DR3-DQ2 (30%). The frequencies of B8 and C7 were
confirmed by our study (45% and 63%). In addition, an
catlier British study had also reported on an association of
increased frequency of C7 with ATH type 1. In contrast,
DQ2 was found less prominent in German patients
compared to Italian (41% »s 53%) and North American
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HLA Germany Italy® N. America® N. America II® West India'® Japan’ China’ Brazil® Turkey''
n=142 p =157 n=149 n =161 n = 87 n =20 n=77 n =32 n =115 n=17
A2 48% 16%
B8 45% 32% 49% 3%
Cc7 63% 51% 29%
DR3 38% 30% 52% 47% 11% 31% 16% 32% 17%
DR4 38% 23% 43% 45% 3% 83% 50% 16% 59%
DR7 16% 16% 15%
DRI11 13% 18% 7%
DR13 13% 26% 16%
DQ2 41% 53% 57%
B8-DR3-DQ2 27% 30% 48%
(41% vs 57%) patients, but still at a higher frequency
compared to the Italian control population (30%). Finally,
the combined HLA subtype B8-DR3-DQ2 was less
frequent in German patients, especially compared to AIH SLA/LP positive
North American patients (27% »s 48%). This may mostly German patients
be due to the significant lower frequency of the DQ?2 HLA n=29
HLA in German patients. A2 16 (55?’)
On the contrary, our patients displayed DR4 HLA b8 15 (52%)
: o . c7 22 (76%)
frequency that was highly similar to the North American DR3 12 (41%)
patients and significantly higher than the reported Italian DQ2 13 (45%)

HLA associations. An association of DR4 with AIH type
1 had been reported and in other populations, especially
in Japan (83%) and Brazil (50%) it had an even higher
frequencyw’g}.

Frequency of HLA DR3 was highly similar between
German and North American patients (45% and 52%),
which were clearly higher than in all other populations
reported thus far. Comparable to Italian patients DR3 was
found at 31% in Japanese and 32% in Brazilian patients.
In smaller populations from Western India, China and
Turkey, this HLA antigen was even found at 11% to
17%" M. Moreover, 49 of all patients carried neither DR3
nor DR4. However, a search for highly prevalent HLA in
these patients did not reveal any additional, obvious new
association, independent of DR3 or DR4.

All other HLA frequencies, specifically reported
and compared by Muratori were comparable between
our collective and the Italian and the North American
study groups. The results of all three study groups are
summarized in Table 2.

To date, most studies on HLLA association with ATH
mainly focused on AIH type 1 patients and reported only
a few AIH type 2 patients. Thus far, HLA association
of SLA/LP positive AIH has not been reported in a
significant number of patients. Therefore, we extended
our analysis of HLA antigen association to SLA/LP
positive AIH. Given a smaller group of only 29 patients,
HLA frequencies seemed to be similar to patients with
AIH type 1. Comparable to AIH type 1, a high frequency
of C7 (77%) was found. Frequencies for A2, B8, and DR3
were comparable to those of our German patients with
AIH type 1 but also to AIH type 1 patients of the Italian
and North American groups, who had not reported data
on their AIH type 3 patients. Cleatly a higher frequency of

HLA DQ2 was obsetrved in patients with SLA/LP positive
AIH compared to our patients with AIH type 1. However,
these higher HLA DQ2 frequencies are comparable to
the DQ?2 frequencies of the Italian and North American
groups. Together, these data suggest a common genetic
association and background for AIH types 1 and 3. This is
in accordance with the observation that type 1 and SLA/
LP positive AIH are also comparable with tespect to their
clinical course”.

In conclusion, German AIH type 1 patients were
demonstrated to be genetically distinct from Italian or
North American patients and other populations, especially
with respect to a significantly lower frequency of HLA
DQ2 and a lower occurrence of HLA B8-DR3-DQ2.
Other HILAs were found at similar frequencies, suggesting
an underlying genetic background of AIH type 1. Analysis
of a smaller group of 29 patients with SLA/LP positive
AIH pointed towards comparable HLA frequencies in
patients with ATH type 1 and SLA/LP positive ATH,
which is in accordance with a similar clinical course. The
challenge is yet to investigate whether these findings may
help to better understand the etiology of AIH, to predict
prognosis of the disease, or to further improve therapeutic
concepts.
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Abstract

AIM: To examine the expression of leptin and its
receptor, OB-R, in normal gastric mucosa and neoplasia.

METHODS: By immunohistochemical staining using
specific antibodies, we evaluated the expression of leptin
and OB-R in 207 gastric carcinomas (100 early and 107
advanced carcinomas) and analyzed their relationship
with clinicopathological features.

RESULTS: Both normal gastric epithelium and carci-
noma cells expressed a significant level of leptin. In
cases with OB-R staining, carcinoma cells showed OB-R-
positive expression, but the intensity was weaker than
that in normal mucosa. The expression of OB-R showed
a significant correlation with the level of leptin expres-
sion. The expression levels of both leptin and OB-R tend-
ed to increase as the depth of tumor invasion or TMN
stage increased (P < 0.01). Lymph node metastasis was
detected in 49.5% (47/95) of leptin-strong cases and in
50.5% (48/95) of OB-R-positive cases, and the rate was
33% (37/112) in leptin-weak cases and 17% (19/112) in
OB-R-negative cases. Both venous and lymphatic inva-
sion also tended to be observed frequently in positive
tumors as compared with negative tumors. Interestingly,
in the 96 leptin- or OB-R-positive tumors, hematogenous
metastasis was detected preoperatively in 3 (3.1%) pa-
tients. In contrast, none of the carcinomas that lacked
expression of leptin and OB-R showed hematogenous
metastasis.

CONCLUSION: Overexpression of leptin and expres-
sion of OB-R may play a positive role in the process of
progression in gastric cancer. Functional upregulation of
leptin/OB-R may have a positive role in the development
and initial phase of progression in gastric cancer.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Previous studies have shown a positive association be-
tween adiposity and increased risk of cancers of the endo-
metrium, kidney, gallbladder (in women), breast (in post-
menopausal women), and colon (particularly in men)"™,
Consistently, a recent large scale cohort study demonstrat-
ed that increased body weight is associated with increased
mortality for all cancers combined, as well as for cancers at
various specific sites"’,

The adipocyte-derived cytokine, leptin, is thought to
play a key role in the control of satiety, energy expendi-
ture, and various reproductive processes' . Leptin is
a peptide hormone composed of 167 amino acids with
a molecular mass of 16 kDa""". Generally, plasma leptin

15-18 .
1518 2nd increases

level is representative of body fat mass
in a logarithmic fashion with an increase in body mass in
mice'”. Leptin controls body mass and metabolism by af-
fecting the metabolic, neuroendocrine, reproductive and

P In cancer, there is regulatory

hematopoietic systems
dysfunction in metabolic, neuroendocrine and other sys-
tems. Although initially thought to be exclusively expressed
in and secreted by adipocytes, recent studies have shown
that leptin expression can be detected in a number of ad-
ditional tissues, including the placenta] gastric mucosa'™,
pituitary cells™ and hepatic stellate cells”. More impot-
tantly, leptin has been shown to regulate cell proliferation
in diverse normal and malignant tissues and to stimulate
the proliferation of certain normal hematopoietic and
epithelial cells. Leptin has also been shown to promote
the invasiveness of premalignant colon and kidney epithe-
lial cells 7z witrd™. These findings suggest the possibility
that leptin may be critically involved in the promotion of
cancet.

Leptin exerts its action through the leptin receptor
(OB-R), a member of the cytokine family of receptors,
which was also detected in both rat and human gastric
mucosa. Further studies, however, have shown that leptin
receptors are expressed in many other tissues, including
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the brain, placenta, pancreas, adrenal gland, hematopoietic
cells, liver, lung and heart”***** 1n addition, OB-R has
been identified in malignant cells, including lung and gas-
tric carcinoma and leukemic cells™**,

In this study, therefore, we used antibodies to leptin
and OB-R, and immunohistochemically characterized the
expression pattern of these two proteins in gastric carci-
noma and evaluated the possible role of leptin in the tu-
morigenesis and spread of gastric cancer.

MATERIALS AND METHODS

Two hundred and seven carcinomas, which were surgically
resected in the Department of Surgery, The University of
Tokyo, from 1991 to 2002, were included in this study. In
all cases, serial-step sections 3-mm wide wete cut, fixed in
10% formalin solution, and then embedded in paraffin.
All the resected primary tumors and regional lymph nodes
were histologically examined by hematoxylin-cosin staining
according to the Japanese Classification of Gastric Cat-
cinoma™. Tumors were histologically classified into two
types based on the predominant features: differentiated
type (well and moderately differentiated adenocarcinoma)
and undifferentiated type (pootly differentiated adenocar-
cinoma and signet ring cell carcinoma). In addition, we
examined several discrete histological parameters, includ-
ing lymphatic invasion, venous invasion and lymph node
metastasis.

Immunohistochemical study of leptin and OB-R

We investigated the expression of OB-R and leptin with
immunohistochemical staining using affinity purified rab-
bit polyclonal antibodies against leptin (Santa Cruz, Bio-
tech, CA, USA) and goat polyclonal antibodies against
OB-R (M-18, Santa Cruz Biotech)™ ", respectively. Sec-
tions (3-um thick) were deparaffinized in xylene, hydrated
through a graded series of ethanol, and heated in a mi-
crowave oven for two 7-min cycles (500 W). After being
rinsed in phosphate buffered saline (PBS), endogenous
peroxidase activity was inhibited by incubation with 0.3%
hydrogen peroxide in 100% methanol for 30 min. After 3
washes in PBS, nonspecific reaction was blocked by incu-
bation with PBS containing 5% skimmed milk for 30 min
at room temperature, and then the sections were incubated
with normal rabbit or goat serum for 30 min. The sections
were incubated overnight at 4°C in humid chambers with
the primary antibody to leptin at 1/70 dilution or the pri-
mary antibody to OB-R at 1/100. After three washes with
PBS, the sections were incubated with biotinylated rabbit
anti-goat or anti-rabbit immunoglobulin for 30 min. After
washing again with PBS, the slides were treated with per-
oxidase-conjugated streptavidin for 30 min, and developed
by immersion in 0.01% H202 and 0.05% diaminobenzidine
tetrahydrochloride for 3 min. Light counterstaining with
Mayet’s hematoxylin was performed.

Statistical analysis

All statistical calculations were carried out using Stat
View-J 5.0 statistical software (SAS Institute, USA). Stu-
dent’s t-test and Wilcoxon’s test were used to analyze data.
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Figure 1 Immunohistochemical staining of leptin and OB-R in normal gastric
mucosa and cancer. A: Leptin in normal mucosa; B: Leptin weak type in gastric
cancer; C: leptin strong type in gastric cancer; D: OB-R in normal mucosa; E:
OB-R positive type in gastric cancer; F: OB-R negative type in gastric cancer.

Differences with a P value of less than 0.05 were consid-
ered to be statistically significant.

RESULTS

Immunohistochemical detection of leptin and OB-R in
normal mucosa and carcinoma

In all cases, the lower part of the fundic glands in the
normal part of the mucosa expressed a significant level of
leptin, suggesting that leptin is mainly produced in chief
and parietal cells (Figure 1A). Leptin could be detected
in the cytoplasm as well as the cell membrane, but not in
the nucleus. However, the surface epithelium of normal
gastric mucosa totally lacked expression of leptin. This
staining pattern was similar to that described in the gastric
epithelium in a previous report”.

Gastric carcinoma cells mostly showed positive
immunoreactivity, although the staining intensity varied
among the samples. According to the staining pattern,
tumors were subdivided into two groups. When investiga-
tors agreed that the staining intensity of carcinoma cells
was significantly weaker than that of chief and parietal
cells in corresponding normal mucosa, those tumors
were categorized as having weak expression (Figure 1B).
In contrast, when carcinoma cells stained to a similar de-
gree or more strongly than normal gastric mucosa, those
tumors were categorized as having strong expression
(Figure 1C).

OB-R was also detected in normal mucosa, and the
immunostaining pattern was mostly consistent with that
of leptin staining (Figure 1D). In cancer tissue, however,
some carcinoma cells showed significant expression while
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Ob-R expression

Positive (67) Negative (140) P
Leptin expression
Strong (74) 45 29
Weak (133) 22 111 <0.001

others were mostly negative for OB-R. In tumors positive
for OB-R, most of the carcinoma cells were equally
stained and heterogeneity was rarely observed in each sam-
ple (Figure 1E), while in negative tumors a few carcinoma
cells were stained only faintly (Figure 1F).

The relationship between the expression patterns of
leptin and OB-R is presented in Table 1. Among 74 carci-
nomas with strong expression of leptin, 45 (60.8%) also
expressed OB-R strongly, while only 29 carcinomas (39.2%)
lacked expression of OB-R. In the 133 carcinomas with
weak leptin expression, 111 (79.3%) also lacked expres-
sion of leptin OB-R. Hence, the expression of leptin
and OB-R was significantly correlated in gastric cancer

(P < 0.001).

Clinicopathological features and relation to expression of
leptin and OB-R

Table 2 shows the correlation between leptin and OB-R
expression and clinicopathological data in the 207 carcino-
mas cases. No significant difference was observed in age,
preoperative tumor markers or tumor size between the
positive and negative groups. Interestingly, positive expres-
sion of leptin was found in 64 of 155 male patients (41.3%)
versus 10 of 52 female patients (19.2%), and the difference
was statistically significant (P < 0.05). The relationship
of BMI with leptin expression in the two groups did not
show a significant association. The stomach is anatomically
divided into three portions; upper (U), middle (M), lower
(D) partsmj. Interestingly, the percentage of tumors with
strong expression of leptin was higher in those located in
the upper part (23/51; 45.1%) than in those in the middle
(36/94; 38.3%) and lower (15/62; 24.2%) patts, and this
was statistically significant (P < 0.05).

The expression levels of both leptin and OB-R in-
creased as the depth of tumor invasion or TMN stage in-
creased (P < 0.01). When leptin expression was compared
with histological type, 45 of 88 (51.1%) well differentiated
carcinomas expressed leptin strongly, while 90 of 119
(75.6%) undifferentiated carcinomas showed weak stain-
ing (P < 0.001). Moreover, the percentage of tumors with
OB-R-positive expression was significantly higher in dif-
ferentiated carcinomas (48.9%) than in undifferentiated
carcinomas (20.1%) (P < 0.001). Thus, both leptin and
OB-R were expressed at a higher level in differentiated
carcinomas as compared with undifferentiated carcinomas
(P < 0.001).

Venous as well as lymphatic invasion was more
frequently observed in tumors with high leptin and positive
OB-R expression. Accordingly, lymph node metastasis was
detected in 71.6% (48/67) of OB-R-positive cases, which

was significantly higher than 31.3% (47/150) of OB-R-
negative cases. Interestingly, in the 74 tumors with high
leptin expression, hematogenous metastasis was detected
preoperatively in 3 (4.1%) patients, and petitoneal dissemi-
nation was detected intraoperatively in 5 (6.8%) patients.
However, in 133 tumors with low leptin expression, only
one case showed peritoneal dissemination and none was
associated with hematogenous metastasis (P < 0.05).

DISCUSSION

Leptin is well known to play a major role in the regula-
tion of weight and adiposity. Recently, many studies have
shown that increased body weight is associated with
increased risk of cancer and cancer-related mortality,
suggesting a possible role of leptin in the pathogenesis of
cancer. Leptin is reported to be abundantly produced in
the stomach™”\. In gastric carcinoma, some reports have
shown that obesity is one of the main risk factors™*.
These findings suggest that leptin may be critically
involved in the development and progression of gastric
cancer. This idea encouraged us to evaluate the expression
of leptin and its receptor in gastric cancer tissues.

In our series, leptin and OB-R were predominantly
expressed in chief and parietal cells but not in the surface
epithelium in normal parts of the gastric mucosa that were
adjacent to cancer tissue, which is mostly consistent with
data of previous studies™**. However, carcinoma cells
showed a variety of staining patterns for leptin or OB-R.
Leptin was detected in all carcinoma cells, although the
level of expression could be divided into two categories
according to the staining intensity, whereas OB-R was
detected in some tumors but not in others, and the level
of expression of leptin showed a positive correlation
with OB-R expression. This suggests the existence of a
common regulatory mechanism in the expression of leptin
and its receptor in the gastric epithelium.

The main finding in our study was that the expres-
sion levels of both leptin and OB-R tended to increase
as the depth of tumor invasion or TMN stage increased
(P < 0.01). Moteover, nodal and distant metastasis, as
well as pathological lymphatic or vascular invasion, was
frequently detected in leptin-strong and OB-R-positive
tumors as compared with leptin-weak and OB-R-negative
tumors. Shuneider e a/*” reported that leptin led to signifi-
cantly increased proliferation in AGS cells, and the MAP-
kinase-1 specific inhibitor U0126 blocked leptin-induced
cell proliferation in a dose-dependent manner. Tessitore
reported that in colorectal cancer patients, plasma leptin
level in stage IV patients was significantly higher than that
in stage I patients. In addition to stimulating proliferation,
leptin has been shown to promote invasiveness of renal
and colonic epithelial cells via PI3-kinase-, rho- and rac-
dependent cascades™. All these findings support that
leptin may have a promoting effect on cancer invasion and
metastasis. Our findings were consistent with these results
and suggest that leptin and OB-R might function as an
autocrine growth factor during the development and pro-
gression of gastric cancer.

Another interesting finding was that the expression of
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Leptin expression OB-R expression
High (74) Low (133) P Positive (67) Negative (140) P
Age (yr) 62.7+89 613+11.2 0.98 64.2+99 61.6+10.8 0.167
Sex
Male 64 91 53 102
Female 10 42 0.003 14 38 0.33
BMI 224+3.1 227+28 0.48 224+32 227+28 0.49
Tumor markers
CEA 8.6+17.7 14.7 1113 0.65 9.9+19.6 13.8 +108.3 0.79
CA19-9 89.8 +453.5 75.4 +347.6 0.81 138.3 £ 561.4 53.8 £270.8 0.16
Size (cm) 6.0£3.2 51+£3.6 0.13 58+32 52+£3.6 0.25
Location
Upper part (51) 23 28 19 32
Middle part (94) 36 58 29 65
Lower part (62) 15 47 0.03 19 43 0.51
Depth of tumor invasion
T1 24 76 20 80
T2 28 29 27 37
T3 18 28 16 30
T4 4 0 0.001 4 0 <0.001
Macroscopic type
Elevated 57 62 48 71
Depressed/flat 17 71 <0.001 19 69 0.005
Histological type
Differentiated 45 43 43 45
Undifferentiated 29 90 <0.001 24 95 <0.001
TNM stage
1A 20 67 15 72
1B 17 23 15 25
I 8 12 9 11
A 10 17 11 16
B 5 7 7 5
I\ 14 7 0.001 10 11 <0.001
Lymphatic invasion
Positive 39 45 39 46
Negative 34 87 0.002 28 94 <0.001
Venous invasion
Positive 46 49 45 50
Negative 28 84 <0.001 22 90 <0.001
Lymph node metastasis
Positive 47 48 48 47
Negative 37 85 0.052 19 93 0.001
Hematogenous metastasis
Positive 3 0 2 1
Negative 71 134 0.02 65 139 0.19
Peritoneal dissemination
Positive 5 1 2 4
Negative 69 133 0.01 65 136 0.95

leptin/OB-R was correlated with the differentiation of
gastric cancer. In our series, cancers of undifferentiated
type tended to have weak expression of leptin as well as
negative OB-R expression as compared with differentiated
cancers. In each type, expression of leptin/OB-R showed
a positive association with stage and metastasis (data
not shown). This suggests that the different expression

www.wjgnet.com

of leptin/OB-R was determined at the eatly stage of
carcinogenesis. The carcinogenic pathway of differentiated
type carcinoma is considered to begin with H pylori
infection, followed by atrophic gastritis and intestinal
metaplasia, and inappropriate activation of gut specific
transcription factor CDX2 has an important role in the
carly stage of carcinogenesis. In contrast, dysfunction
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of E-cadherin is considered to have critical roles in
the development of undifferentiated carcinoma. The
molecular interaction between leptin/ OB-R and CDX2 or
E-cadherin is an interesting subject for future research!.

In conclusion, we confirmed that the expression

level of leptin/OB-R showed a positive correlation with
the depth of tumor invasion, stage, and metastasis as
well as tumor differentiation. Our findings suggest that
coexpression of leptin and OB-R may have a positive
role in the progression in gastric cancer in an autocrine or
paracrine manner. Functional inhibition of leptin/OB-R
might effectively suppress the growth and metastasis of
gastric cancet.
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Abstract

AIM: To investigate the effects of luminal exposure to
H20: and two related thiol oxidizing agents on basal and
stimulated chloride secretion in native colon using electro-
physiological and pharmacological approaches.

METHODS: Unstripped rat distal colon segments were
mounted in Ussing chambers. Potential difference, cal-
culated resistance and short-circuit current across un-
stripped colon segments were monitored with a dual
voltage/current clamp. Paracellular permeability was
assessed by measuring the mucosa-to-serosa flux of a
fluorescent probe (FITC).

RESULTS: Luminal exposure to hydrogen peroxide tran-
sitorily stimulated chloride secretion without altering bar-
rier function. This stimulatory effect could be blocked by
basolateral atropine but not indomethacin. The cysteine
and methionine oxidizing compounds, phenylarsine oxide
and chloramine T respectively, mimicked the effect of
H202, except for a drop in transcolonic resistance after
30 min. In contrast to the observed stimulatory effect on
basal secretion, cAMP-stimulated electrogenic ion trans-
port was blunted by luminal H:02. However, the Ca**-
activated response remained unchanged.

CONCLUSION: H202 may be an important selective
modulator of intestinal ion and water secretion in certain
pathologic conditions such as inflammation or ischemia-
reperfusion by multiple mechanisms.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

The colonic lumen is an extraordinarily aggressive milieu
containing high concentrations of oxidizing compounds'"
as a result of the digestion of nutrients, the presence of
dietary oxidants and the metabolic activity of resident
colonic flora. Moreover, many gastrointestinal diseases,
such as intestinal ischemia, ischemic colitis or inflammatory
bowel disease, are associated with an increase in the
concentration of both reactive oxygen and nitrogen species
in the intestinal mucosa', generated by either activated
neutrophils infiltrating the colonic crypts or epithelial cells
submitted to ischemia/repetrfusion. Therefore, colonic
epithelial cells and submucosal tissue are under continuous
luminal oxidative stress in states of health and disease, but
little is known about the impact of luminal oxidants on
mucosal functions in intact native mammalian colon since
most studies have been carried out in cell lines.

Oxidants have been shown to interfere with epithelial
ion transport and barrier function. In intestinal model cell
lines, addition of hydrogen peroxide, either basolaterally
or apically, first activates vectorial Cl transport and then
inhibits cAMP-activated anion sectetion. The inhibitory
effect on the forskolin-stimulated response appears to be
the result of the blockade of apical Cl conductance and
the inhibition of Na'-K'-ATPase activitym. In animal
models, serosal application of H202, at micromolar
concentrations, to muscle-stripped rat colon evokes a
transient increase in anion secretion™. Yet, the role of
luminal oxidants on stimulated transport in intact native
colon remains pootly understood. Therefore, our aim was
to investigate the effect of luminal H202 on basal and
stimulated electrogenic ion transport in rat distal colon.

MATERIALS AND METHODS

Rat distal colon model in vitro
Male Sprague-Dawley rats weighing 250-350 g were killed
by intraperitoneal administration of sodium pentobarbital.

www.wjgnet.com
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Animals were handled in accordance with the protocols
approved by Comisién de Investigacién-Hospital Clinico
San Catlos, in compliance with both Spain’s and European
Union’s regulations for the use of animals in biomedical
research.

The method to obtain samples for electrophysiological
studies has been reported elsewhere™. In brief, a 5-cm
segment of distal colon was surgically removed and placed
in iced buffer solution. The specimen was opened along
its mesenteric side. Unstripped colonic segments were
mounted in modified chambers (Costar, San Diego CA)
with a surface area of 0.64 cm”. These chambers could
provide individualized access to both the luminal and the
serosal compartments of the colon. Both chambers were
bathed with an identical volume (5 mL) of the buffer
solution containing 122.0 mmol/L NaCl, 2.0 mmol/L
CaClz, 1.3 mmol/L MgSOs, 5.0 mmol/L KCl, 20.0 mmol/L
glucose and 25.0 mmol/L NaHCO:s (pH 7.4 when gassed
with 950 mL/L de Oz and 50 mL/L COz at 37°C).

Electrophysiology
Two Ag/AgCl electrodes connected to a dual voltage-
current clamp (Wotld Precision Instruments ECV 4000,
Sarasota-FL, USA) were placed in the apical and basolateral
chambers. Spontaneous transepithelial potential difference
(EO; lumen negative, in mV) could therefore be monitored.
Potential difference values were cotrected for the junction
potentials (< 0.1 mV) between the luminal and the serosal
solutions. Two additional electrodes were used to apply a
50 pA current through the mounted colon. The resulting
potential difference was measured (E50). Transcolonic
resistance (TR, in Q 'cmz) was calculated with EO and
E50 values by Ohm’s law, reflecting epithelial viability
and intestinal barrier function. Short circuit current (Isc,
in uA/cm® could be obtained with EO and TR values by
Ohm’s law, indicating the amount of electrical current
needed to nullify the spontancous potential difference
between the apical and the basolateral surfaces.
Electrophysiological experiments were carried out after
the samples were mounted in the modified chambers and
bathed in buffer solution until stable electrical activity
was reached. The response of rat colon exposed to
luminal oxidants to the muscarinic blocker (atropine) was
studied after it was added to the basolateral chamber in
the continued presence of both compounds. Similarly,
the effect of two different secretagogues (forskolin and
carbachol) on ion transport was assessed following the
same protocol (luminal incubation + continued presence
of the oxidant).

Paracellular permeability

Paracellular permeability was assessed by measuring the
mucosal-to-serosal flux of fluorescein isothiocyanate
(FITC; MW: 376.3) as previously described". Paired rat dis-
tal colon segments were mounted in chambers and bilater-
ally incubated in regular buffer for 10 min for equilibration.
Subsequently, the apical buffer was replaced with a FITC-
containing solution (140 pmol/L) with or without hydrogen
peroxide. Basolateral buffer aliquots were collected at 0, 5,
15, 30 and 60 min after apical buffer replacement and the
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fluorescent emission at 520 nm after excitation at 480 nm
was measured with a spectrofluometer (Bio-Tek FL600 Flu-
orescence Microplate Reader, Bio-Tek Instruments GmbH,
Bad Friedrichshall, Germany). A calibration curve (fluo-
rescence us FITC concentration) was generated to calculate
the concentration of FITC in the serosal chamber. The
apparent permeability coefficient (Papp) was calculated ac-
cording to the equation Pup (2] seg) = (e£2/ct1) VA" Co,
where (¢#2/¢t1) is the net increase in FITC concentration
in the serosal buffer in a given interval of time (seconds),
17is the volume (in milliliters) of the basolateral compart-
ment, A is the surface of the colon segment (in square
centimeters) and Co is the concentration in the apical
chamber.

Materials

Cyclic AMP and Ca*’-dependent secretion was stimulated
with forskolin (10 },Lrnol/ L) and carbachol (100 “rnol/ L),
respectively. Phenylarsine oxide (PAO, 0.2 mmol/L) and
chloramine T (CIT, 5 mmol/L) wete used as non-physi-
ologic thiol oxidants. For muscarinic receptor inhibition,
atropine at a concentration of 1 mg/L was employed.
Indomethacin (1-10 pmol/L) was used for blockage of
cyclo-oxygenase activity. Forskolin and indomethacin were
added to both chambers (luminal and serosal). However,
exposition to the muscarinic agonist and its antagonist was
only from the serosal side. All the compounds were ob-

tained from Sigma, Madrid-Spain.

Statistical analysis

Results were presented as mean + SD. Student’s # and re-
peated measure ANOVA tests were used for statistical com-
parisons when indicated. P < 0.05 was considered statisti-
cally significant.

RESULTS

Luminal exposutre to H202 (up to 10 mmol/L) for 30 min
did not alter either transcolonic resistance (TR of H20:2-
treated samples = 92.2% =+ 11.7% of controls; » = 6 for
each group; NS) or paracellular permeability (Papp = 1.24
X 10" £ 0.16 X 10 for control 27 0.95 X 10° + 0.35 x 10°
for 10 mmol/L H2Oz; # = 6 for each group, NS). However,
as shown in Figure 1, a transient increase in Isc occurred 5
min after the addition of the oxidant to the apical chamber
(peak Isc = 46.7 + 2.8 pA/cm’ for control samples, # =
5; 25 85.9 + 9.6 pA/cm” for 10 mmol/L H2Oz; # = 6, P <
0.01). This secretory response was dose-dependent (from
100 umol/L to 10 mmol/L) and peaked at a concentration
of -8 mmol/L (Alsc = 32.3 + 3.4 pA/cm’ at 8 mmol/L;
n = 4 for all groups; P < 0.05 for the comparison between
controls and oxidant-treated samples). However, it was
not specific for H20z2 since two widely used cysteine and
methionine oxidizing agents, phenylarsine and chloramine
T, at concentrations used by other investigators to study
epithelial barrier function in cell lines (0.2 mmol/L and
5 mmol/L respectively), generated the same secretory
response after 5 min but induced a slight drop in transco-
lonic resistance 30 min after addition (Table 1).

In order to investigate the implication of different
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Group n TR' at 30 min peak Isc
Control 8 113 £ 8.0 66.4 + 6.8
PAO (0.2 mmol/L) 4 77 +£14.0° 131.6 +16.7°
CIT (5 mmol/L) 4 66.5 +4.3° 166.6 +27.8°

1 . . 2, . .
P < 0.05 vs control; Transcolonic resistance; “Short circuit current.

100

80

1SC

60

40 1 1 1 1
-5 0 5 10 15 20

#min

Figure 1 Luminal Hz0: transiently stimulates Cl secretion. After the addition of 10
mmol/L H202 to the apical surface of unstripped rat distal colon segments at time 0
(in white circles, n = 4), basal Isc increased significantly compared to control (black
circles, n = 4), with maximal secretion occurring 5 min after the addition of the
oxidant (P < 0.001).

secretagogues in H2O2-induced secretion, colonic sam-
ples were first incubated with varying concentrations of
indomethacin (1-10 pmol/L) and subsequently exposed
to the three oxidizing compounds. No inhibition of the
Isc rise caused by 10 mmol/L. H20z2was observed. For
example, samples incubated with 2 pmol/L indomethacin
after addition of 10 mmol/L. H20zyielded a peak Isc of
110 + 13.7 uA/cm’, whereas for controls the peak Isc was
134 + 14.2 pA/em’® (2 = 9 for each group; NS). The same
result was observed with the other two oxidants (data not
shown). Since other mediators, such as acetylcholine, might
be involved in the observed effect, the response to luminal
oxidants after muscarinic receptor blockade was investi-
gated. Interestingly, the secretory response elicited by the
three compounds was suppressed by basolateral preincu-
bation with atropine (1 g/L). The Alsc in atropine-treated
samples after exposure to 10 mmol/L H2Oz2was -1.3 £ 8.6
puA/ cm’, whereas in samples incubated in regular buffer
the Alsc in response to the same concentration of H202
was 55.2 * 13.7 pA/em’ (n = 6, P < 0.01). Both PAO and
chloramine T displayed a similar behaviour (Figures 2A
and B).

Subsequently, the effect of luminal H2O2 on stimulated
secretion was studied. After 30 min of incubation with 10
mmol/L H202, when no drop in permeability occurred
(TR after incubation for 30 min = 116.6 £ 15.8 Q cm’
H2O:-treated samples o5 87.8 + 19.7 Q em’ for control;
n = 6 and #» = 5 respectively; NS), forskolin stimulated-
secretion was inhibited (Figure 3) (maximal Isc = 69.3 £ 9.4
uA/ cm’ for H2Oo-treated samples o5 134.1 = 23.1 pA/ cm’
for control (# = 6 and # = 5 respectively; P < 0.01). This
inhibitory action was dose-dependent with an 1C50-0.7
mmol/L. Since Ca2+—dependent agonists could activate

A 90
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B 180T
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Figure 2 Oxidant-stimulated secretion is sensitive to basolateral atropine. Both
phenylarsine oxide (PAO, 0.2 mmol/L) and chloramine T (CIT, 5 mmol/L) showed
a similar prosecretory effect when they were added luminally to rat distal colon.
A: Preincubation of colon segments with basolateral atropine (1 g/L) for ten
minutes (added at time -10; in white circles, n = 3) suppressed the increase in
Isc induced by luminal cysteine oxidizing agent PAO added at time 0 (control in
black circles; n = 3; P < 0.01 between groups); B: A similar result was observed
with the methionine oxidizing compound chloramine T. Basolateral incubation
with 1 g/L of atropine (added at time -10; in white circles, n = 8) suppressed the
secretory response caused by CIT added at time 0 (in black circles, n = 8; P < 0.001
between groups).

distinct signaling pathways and membrane transporters to
generate electrogenic ion transport, we studied the effect
of 10 mmol/L H20:z0n the carbachol-stimulated secretory
response. In this case, samples exposed to the oxidant lu-
minally or to regular buffer responded to the Ca™ agonist
in the same fashion (Figure 4).

DISCUSSION

Even under normal conditions, colonic epithelial cells are
continuously exposed to luminal oxidants from differ-
ent sources . Since these compounds may interfere with
epithelial functions, further understanding of the specific
effects of reactive oxygen species on ion transport is
necessary to design therapeutic strategies to prevent cell
dysfunctions, such as hypersecretion and energy deple-
tion, during inflammation or ischemia™ . In this study, we
showed that luminal hydrogen peroxide, within a physi-
ologically relevant concentration range, could transitorily
activate chloride secretion without altering either electrical
resistance or paracellular permeability in rat distal colon.
This effect might be due to ecither direct stimulation of
membrane transport proteins or due to the activation of
intracellular second messengers in epithelial cells. In fact,
mucosal and serosal addition of H202 could potentiate CI
secretion in a synergistic fashion” in T84 cells previously
stimulated with cAMP-agonists, suggesting that the Ca”™"
signaling pathway might be involved in H2Oo-triggered se-
cretory response.

However, the maximal Isc induced by H20: in the T84
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180 Figure 3 cAMP-activated secretion is
1601 blocked by luminal Hz202. Incubation of

rat distal colon with 10 mmol/L H202 for
140 30 min (white circles; n = 6) inhibited the
1201 rise in Isc caused by 10 umol/L forskolin
added at time 0 (control in black circles; n
o 100 = 6; P < 0.01) in white circles, n = 8) and
Q  gob suppressed the secretory response caused
by CIT added at time O (in black circles, n =
60~ 8; P<0.001 between groups).
40}
20~
0 | | | | | | | |
-10 0 10 20 30 40 50 60 70
f/min
1401 H:0: exerts a distinct action on each signaling pathway.
1201 That is, it might be priming the Ca”"-dependent pathway
100k while blocking the cAMP-dependent pathway. Thus, the
3 stimulatory action of prostaglandins on colonic epithelial
80r cells would be abolished and therefore, would become
60 “invisible”. To further support this hypothesis, previous
a0l studies in T'84 cells have shown that incubation with H20:
2ol blocks chloride secretion stimulated by the cAMP agonist
forskolin®, Similarly, we found that H20z could inhibit the
0 1 1 1 1 1 1 1 1 1 |

-10 -5 0 -5 10 15 20 25 30 35 40
f/min

Figure 4 Ca”-stimulated CI secretion is not affected by luminal by luminal HzOz.
Incubation of rat distal colon with 10 mmol/L H20: for 30 min (white circles; n = 6)
slightly enhanced the response induced by 100 umol/L carbachol (control in black
circles; n = 6; NS).

cell line is rather small compared to that observed in our
model. Sugi ez al™ suggested that oxidants might enhance
the response to secretagogues by priming of transport
proteins in epithelial cell membrane. Interestingly, our re-
sults suggest that sudden increases in the concentration of
luminal oxidants could activate secretion by releasing ace-
tylcholine rather than by directly stimulating epithelial cells,
which is independent from the generation of prostagland-
ins. This assertion is supported by the fact that the rise in
Isc induced by three different oxidants-hydrogen peroxide,
phenylarsine oxide and chloramine T, is almost completely
suppressed by incubation with basolateral atropine but
not with indomethacin at several concentrations. These
findings are in contrast with the observations reported by
Karayalcin ez al"" who found that basolateral hydrogen
peroxide stimulates indomethacin-inhibitable secretion
in stripped rat colon, which can be only partially blocked
by atropine. Likewise, Tamai e# al’ showed that H>O2 in-
creases Isc probably by stimulating release of arachidonate
metabolites and neurotransmitters. This divergent finding
may be due, at least in part, to the different “7 vitro” mod-
els used. We studied the unstripped rat distal colon™"!
because it could more accurately reflect the native tissue
“in vivo” than the mucosa-submucosa preparations. Fur-
thermore, Tamai ¢ a/" and Karayalcin ez al"" have used
lower H20:2 concentrations and applied the oxidant to the
serosal aspect of the stripped colonic wall.

An alternate explanation would imply that luminal

www.wjgnet.com

cAMP-dependent secretory response, but not the activa-
tion of electrogenic ion transport by carbachol. In fact, the
response to the Ca™* agonist was slightly augmented. This
finding points at a cyclic nucleotide-dependent membrane
transport protein as the target for luminal oxidants. From
previous studies, one can speculate that apical cAMP-
dependent CI channels are the most likely sites of action
for these compoundsD’W. The Na™-K'-ATPase is another
potential target for oxidazing agentsm. However, the dis-
crepancy between the observed inhibition of the cAMP-
dependent increase in vectorial anion transport and the
absence of such an action on Ca’ -stimulated secretion
renders this explanation unlikely.

In conclusion, our results suggest that H2O2 may be an
important selective modulator of intestinal ion and water
secretion in certain pathologic conditions such as inflam-
mation ot ischemia-reperfusion by multiple mechanisms.
Irrespective of the underlying mechanism of activation,
the fact that an increase in the luminal concentration of
reactive oxygen species triggers chloride secretion may
be teleologically explained as a defensive mechanism for
flushing microorganisms and toxic byproducts of bacterial
metabolism away from the colonic lumen to dilute their
concentration.
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Abstract

AIM: To study the timing of laparoscopic cholecy-
stectomy for patients with acute cholecystitis.

METHODS: Between January 2002 and December 2005,
all American Society of Anesthesiologists classification
(ASA)I,Iand I patients with acute cholecystitis
were treated laparoscopically during the urgent (index)
admission. The patients were divided into three groups
according to the timing of surgery: (1) within the first
3d, (2) between 4 and 7 d and (3) beyond 7 d from
the onset of symptoms. The impact of timing on the
conversion rate, morbidity and postoperative hospital
stay was studied.

RESULTS: One hundred and twenty-nine patients
underwent laparoscopic cholecystectomy for acute
cholecystitis during the index admission. Thirty six were
assigned to group 1, 58 to group 2, and 35 to group 3.
The conversion rate and morbidity for the whole cohort
of patients were 4.6% and 10.8%, respectively. There
was no significant difference in the conversion rate,
morbidity and postoperative hospital stay between the
three groups.

CONCLUSION: Laparoscopic cholecystectomy for
acute cholecystitis during the index admission is safe,
regardless of the time elapsed from the onset of
symptoms. This policy can result in an overall shorter
hospitalization.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Laparoscopic cholecystectomy (LLC) has been established
as the treatment of choice for the management of acute
cholecystitis (AC), despite initial reservations, regarding the
impact of this policy on the conversion rate and morbid-
ity"!. Several prospective randomized trials*™ suggest the
superiority of early (within 72 h) over the delayed (after
a few weeks interval) intervention. This 72 h limit, how-
ever, is difficult to be kept in many cases for a variety of
reasons, referring to both patients and physicians. On the
other hand, there is a paucity of solid data as to what hap-
pens in the period after this 72 h time frame. The specu-
lation of a worse outcome, when attempting LC for AC
during the urgent admission beyond this very early phase,
is experience rather than evidence-based.

In our daily practice, we have realized that only a small
number of patients with AC are managed surgically within
this “gold window” of 72 h from the onset of symptoms.
If the remaining majority of patients with AC are managed
conservatively with interval cholecystectomy to follow,
then an increased total hospitalization and subsequently in-
creased cost can be expected. Furthermore, the subgroup
of patients who do not respond to conservative treatment,
as well as those who relapse while awaiting an interval cho-
lecystectomy should be considered”. For these reasons, we
have adopted a policy of performing a LC during the ini-
tial emergency/urgent admission for “all comers” with AC,
regardless of time delay between its onset of symptoms
and surgery.

In view of this policy, we examined prospectively the
impact of the duration of symptoms on mortality, morbid-
ity, conversion rate and postoperative hospital stay in pa-
tients who underwent LC for AC during the urgent (index)
admission.
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MATERIALS AND METHODS

Subjects

Between January 2002 and December 2005, all American
Society of Anesthesiologists classification (ASA) I, II and
I patients admitted or referred to our unit with AC under
the care of one consultant surgeon (GT) with a special
interest in HPB and laparoscopic surgery, were treated
with LC during the index admission, regardless of the time
elapsed from the onset of symptoms. ASA IV patients
were usually offered ultrasound-guided percutaneous cho-
lecystectomy and therefore, were excluded from the study.
Patients were considered having AC when they had five out
of the following six positive criteria: persistent right upper
quadrant pain, temperature > 37.5°C, WBC > 10 X 10°/L,
positive Murphy’s sign, presence of gallstones on ultra-
sound in combination with wall thickening and/or fluid at
the gallbladder fossa. The diagnosis of AC was confirmed
by intraoperative findings and pathologic specimens. Pa-
tients with strong evidence of concomitant common bile
duct (CBD) stones were not excluded from the study, but
were treated initially with preoperative endoscopic retro-
grade cholangiopancreatograpgy (ERCP), sphincterotomy
and CBD clearance, followed by L.C after an interval of at
least 24 h, in order to assure that no ERCP-related com-
plication occurred. Patients with suspicion of CBD stones
had preoperative MRCP, and if stones were detected, they
were treated as above. Intraoperative cholangiogram was
not performed in any of the cases. There were no other
selection criteria and every effort was made to operate
on all the patients as soon as theatre time was available,
provided that any concomitant medical problem was pre-
viously dealt with. The latter resulted sometimes in what
is called in the literature “physician delay”!”. Laparoscopic
cholecystectomy was attempted in all cases under general
anesthesia. The usual four-trocar technique was used (10
mm umbilical, 10 mm subxiphoid, 5 mm subcostal midcla-
vicular line, 5 mm anterior axillary line) but additional tro-
car was used as necessaty. The gallbladder was aspirated in
most of the cases in order to be grasped, and dissection of
the Calot’s triangle structures was always performed close
to the gallbladder wall. Retrograde dissection was only ex-
ceptionally performed, when in doubt about the triangle’s
structures after the initial dissection.

Methods

The patients were divided in three groups according to
the time between onset of symptoms and operation: (1)
within 3 d (eatly group), (2) between 4 to 7 d (intermedi-
ate group) and (3) = 8 d (delayed group). All data includ-
ing demographics, preoperative, operative findings and
postoperative information were collected prospectively
into a computerized database. The episode of AC was
considered simple (oedematous, hydrops) or complicated
(empyema, gangrenous, emphysematous, concomitant
choledocholithiasis or pancreatitis). The aim of the study
was to detect the impact of the time elapsed from onset
of symptoms to operation on the conversion rate, 30-d
mortality, 30-d morbidity with special attention to bile duct
injury incidence and length of postoperative hospital stay.

Outcome [:<3d n:4-7d m:=>8d P
(n=36) (n=258) (n = 35)
Conversion rate 1(2.8%) 2(3.4%) 3(8.5%) NS
Mortality 0 0 0 NS
Morbidity 3(8.3%) 6 (10.3%) 5 (14.2%) NS
Postop hospital stay 2 (1-6) d 2(1-14) d 2(1-35)d NS

NS: no significant difference.

Statistical analysis

Statistical analysis was performed using the Arcus Quick-
stat biomedical statistical package (Research Solutions,
UK) with the median values for continuous variables pre-
sented with range in parentheses. Fisher’s exact test and
Mann Whitney U test were used as appropriate to compare
the groups to each other. P < 0.05 (two-tailed test) was
considered statistically significant.

RESULTS

One hundred and twenty-nine patients underwent L.C for
AC during the index admission according to the protocol.
During the same period some 453 elective laparoscopic
cholecystectomies were performed by the same team.
Thirty-six of the patients with acute cholecystitis (28%)
had their operation within the first 3 d from the onset of
their illness, 58 patients (45%) between 4 to 7 d and the
other 35 patients (27%) after the first week. None of our
patients had a more than 48 h delay due to unavailability
of theatre space. Any other delay from the onset of symp-
toms to operation was attributed to either patients’ de-
layed presentation/referral to our unit or to concomitant
medical problems needing to be addressed preoperatively.
Special mention should be made of a subgroup of patients
with AC whose surgery was delayed due to the intake of
anti-coagulants or more often anti-platelet agents, due to
the dramatically increased use of these drugs during the
last decade.

The impact of timing of LC on outcomes is shown
in Table 1. Although the conversion rate was somewhat
higher in the “delayed” group, this difference was not
significant when this group was compated to ecither the
“early” (P = 0.35, Fisher’s exact test) or the “intermedi-
ate” group (P = 0.30, Fisher’s exact test). Similarly, there
was no significant difference in mortality, morbidity and
postoperative hospital stay between the three groups of
patients. Interestingly, this was noted despite the fact that
a significantly higher number of complicated cases of AC
were found among patients of the “intermediate” group,
compared to those who underwent earlier operations. This
was also reflected on the operative time difference between
the groups (Table 2). No major bile duct injuries occurred.
Four cases had bile leak, two in the “intermediate” group
and two in the “delayed” group. The first was attributed
to the gallbladder fossa, the second from an avulsed cystic
duct and the remaining two from a friable cystic stump.
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The first case eased spontaneously after 48 h, the other
three cases with bile leak were treated successfully with
ERCP, sphincterotomy and stenting of the common bile
duct. Other complications and their treatment are shown Characteristic 1:<3d I:4-7d m:>8d
in Table 3. (n = 36) (n = 58) (n = 35)
Male / Female  15/21 19/39 16/19
Age (median) 55 (19-76) yr 65 (24-87) yr* 62 (30-81) yr*
DISCUSSION ASA (I/I/I)  18/13/5 23/25/10 14/15/6
Acute cholecystitis which is generally found in approxi- S;(zzzhcétéd ’ o 1
L. K 7 . ystitis
mately 20% of all admissions for gallstone disease’ is no Preoperative 5 10 &
longer considered a contraindication for laparsoscopic ERCP
cholecystectomy. In fact, urgent I.C is now considered the Spillage 21 39 18
optimal treatment of patients with AC'". Early LC has Drain use 17 32 19

been proven superior to delayed interval LC in most of
the prospective randomized trials. It results in a shorter
hospital stay and a shorter recuperation time while the
conversion rate and morbidity remain similar with or even
lower than delayed interval LC*". How early is “early” is
not clear in the literature, as this parameter has not been
effectively tested in controlled randomized trials. All these
prospective randomized trials comparing eatly and delayed
interval LC, refer to the first 48-72 h for the early group,
making this group somewhat highly selected. In daily prac-
tice very few patients are able to have surgical treatment
during this short petiod of time, due to either patient or/
and physician delay'”. Very often patients present with
delay or they are referred with delay by their physicians.
Others suffer from co-morbidities needing consultation
with other specialties preoperatively, while some require
other intervention preoperatively, i.e. ERCP. A signifi-
cant number of patients take oral anti-coagulants or anti-
platelet agents requiring reversing before surgery. For all
these reasons many patients in reality cannot have surgery
within this time frame. In the present series some 72% of
patients with acute cholecystitis were treated surgically dur-
ing the index admission beyond the 72 h boundary, which
is not very different from the reported experience by other
authors™ ", There were no solid data regarding the optimal
policy for this large group of patients treated outside this
72 h boundary. To our knowledge, there is only one small
prospective randomized trial designed to address this is-
suc''"!. Chandler ef a/'" found that there is no difference in
the conversion rate or morbidity between the eatly group
(m: 21, surgery as soon as theatre schedule allowed) and
the delayed group (2 22, surgery during the index admis-
sion, after resolution of symptoms or failure to resolve on
5 d course of conservative treatment). Results from other
comparative non-randomized trials of early and delayed
LC during the urgent admission for AC are rather conflict-
ing and most of these however indicate a higher conversion
rate for the delayed group, but no difference in morbid-
ity®®*"*™ The definition of the so called “early” group
among trials is also confusing. Some trials define early
group counting from the time of admission or diagnosis
rather than the time of onset of symptoms. This could be
sometimes misleading, as the onset time of episode could
differ significantly from the time of admission. We believe
that counting from the onset of symptoms is more repre-
sentative of the reality. Furthermore, all the studies were
designed by using a boundary either of 48, 72 or 96 h from
either onset of symptoms or time of admission, in order

www.wjgnet.com

Operative time 55 (35-90) min ~ 62.5 (25-120) min ~ 72.5 (35-120) min®

*P < 0.05,"P < 0.01 vs group L.

to compare the two groups of population. They included
invariably patients who had surgery within the first 7 d for
compatison. In our study, the patients were divided into
three groups, including those who were treated surgically
during the index admission even beyond one week from
the onset of their illness.

Our findings are in accordance with previous stud-
ies, suggesting the safety of carly LC for AC. The present
study, however, does not support the findings of ecarlier
reports, regarding the rising conversion rate, when LC for
AC is performed after 72 h™™'*". Our data have shown
that the timing of cholecystectomy does not influence
the conversion rate, as recently shown by others™". This
is probably attributed to the very low conversion rate in
the whole group of our patients, making any differences
between the subgroups insignificant. Our total conversion
rate of 4.6% for LC in AC is one of the lowest in the litet-
ature and only slightly higher than that in our team’s expe-
rience with elective LC for the same period (~1%). Even
one week after the onset of symptoms there was nothing
to suggest increased risk with regards to the conversion
rate and morbidity; this has never been challenged before.
Another issue of concern in laparoscopic treatment of AC
is the presumed increased risk of bile duct injury when the
procedure is performed beyond the early edematous phase
of the first 48-72 h. Our data do not support this tradi-
tional belief, as there was no major bile duct injury in any
of the patients. It is possible that the majority of patients
with AC who are deferred for interval LC because they
are outside this “eatly window of chance” are faced with
a “difficult” elective cholecystectomy after few weeks'”,
Waiting for the gallbladder to “cool down” allows matura-
tion of acute inflammation, neovasculaturization, fibrosis,
and contraction, making the dissection more difficult, as
it has been proposed by others"”. While inflammation in
the early stages may not necessarily involve Calot’s triangle
structures, chronic inflammation may scar and distort it,
making dissection in this critical area more difficult and
prone to bile duct injuries.

In conclusion, our data show that L.C for AC during
the index admission is safe and associated with a low mot-
bidity and a low conversion rate. These findings refer not
only to those patients who undergo surgical treatment very
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Group 1: < 3d @ = 36) Group 2: 4-7 d (n = 58)

Group 3: = 8d (n = 35)

(1) Subhepatic collection (2) Bile leaks

Laparoscopic drainage ERCP and CBD stent

Spontaneous closure at 48 h

(1) Bleeding
Laparotomy d 1

(1) Subhepatic collections

Percutanous CT guided drainage

(2) Bile leaks
ERCP and CBD stent

(1) Bleeding from drain site

Drain removal

Laparotomy after failed percutaneous

(1) Wound infection (converted)
Wound opening ERCP & sphincterotomy

(1) Chest infection

Antibiotics, physiothertpy

(1) Re-admission at postop day 15 with cholangitis

(1) Severe pancreatitis
ICU admission
(1) Readmission at postop d 6 with DVT

Heparin

Complications are presented with parentheses to indicate the number of patients suffered the complication; under the complication line the way of management

for each case (without numbers) is presented.

carly, but also to those treated after the window of the first
3 or 7 d from the onset of symptoms. Further prospective
randomized trials focusing on this particular question are
required to validate these results. However, it appears rea-
sonable to state that in units with expertise in laparoscopic
surgery, every effort should be made to operate on all pa-
tients with AC during the index admission as soon as diag-
nosis is made and co-morbidities are dealt with, regardless
of the time delay from the onset of symptoms. This policy
is safe, not associated with a higher conversion rate or
morbidity and results in an overall shorter hospitalization
by avoiding re-admissions.
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Abstract

AIM: To assess the clinical, biochemical, and virological
outcome during long-term follow-up of chronic hepatitis
C patients with sustained virological response following
effective antiviral therapy.

METHODS: This study was a retrospective cohort study
including 171 sustained responders defined as HCV RNA
PCR negative at 6 mo after the end of effective antiviral
treatment (SVR-6). Clinical signs and symptoms, bio-
chemical hepatic parameters, ultrasonography and HCV
RNA PCR were followed.

RESULTS: Mean follow-up period was 35.38 £ 22.2
mo after the end of treatment. Twenty-seven (15.8%)
responders had evidence of cirrhosis before treatment.
Forty-eight (28.1%), 107 (62.6%) and 6 (3.5%) patients
were genotype 1, 3, and 6 respectively, while 10 patients
(5.8%) were unclassified. There were no virological and
biochemical relapses during the period of follow-up.
None of the patients showed evidence of hepatic decom-
pensation. However, there were 3 patients (1.8%) de-
veloping hepatocellular carcinoma at 14, 18, 29 mo after
treatment discontinuation, two of whom had evidence of
cirrhosis prior to therapy.

CONCLUSION: The study shows that during a follow-
up interval for about 3 years in 171 chronic hepatitis
C patients with sustained viral response after effective
antiviral treatment there were no evident signs of either
biochemical or clinical relapse of liver disease in all but
three patients who developed hepatocellular carcinoma.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Chronic hepatitis C viral (HCV) infection is well
recognized as a major cause of cirrhosis and hepatocellular
carcinoma. Spontancous remission of the disease seems to
be rare. After alfa-interferon was used as therapy for HCV
infection in 1986"! Interferon associated with Ribavirin
became the standard treatment for this disease. Sustained
virological response, defined as HCV RNA PCR negative
at 6 mo after the end of treatment (SVR-0), is considered
to be a useful predictor for long term responsem, since the
probability of a late relapse among sustained responders
was only 4.7%-8.7%""" and a sustained response is
associated with decreased histological activity on liver
biopsy'™'?. Moreover, the disappearance of detectable
plasma HCV RNA has fostered the notion that sustained
responders may be cured of the disease'.

From most of the studies, SVR-6 can be obtained in
40%-60% of individuals infected with genotype 1 and in a
higher percentage (75%-85%) of subjects with genotypes
2 and 3", However, there are only few studies reporting
long-term outcomes in patients who had SVR-6!"""",
especially in Asian population. In this study, we assessed
the long-term clinical, biochemical and virological outcome
of Thai HCV patients with sustained virological response.

MATERIALS AND METHODS

Study design

Chronic hepatitis C patients with SVR-6 from Hepatology
Unit, Faculty of Medicine, Mahidol University (Siriraj
Hospital), Bangkok, Thailand from 1995 to 2005 were
included in this retrospective cohort study.

Patients
The criteria required for the study included: evidence of
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Tattoo

IVDU + Tattoo
Blood transfusion 4% 2%

+ IVDU 1%

Characteristics
Age (y1)
Mean + SD 48 +10.5
Blood  _, No risk factors Range 21-75
transfusion 52% Sex
38% Male 91 (53%)
Female 80 (47%)
Follow up (mo)
Mean + SD 3538 +22.2
lood fusi Range 8-134
Bloo trani usion Intravenous drug Genotype
+ Tattoo 1% user (IVDU) 2% 1 48 (28.1%)
) 3 107 (62.6%)
m No risk factors m Intravenous drug user (IVDU) o
i : 6 6 (3.5%)
O Blood transfusion + Tattoo O Blood transfusion lassified q %
| Blood transfusion + IVDU @ Tattoo _Unc an‘SI 1e b ‘;)
0 IVDU + Tattoo Cirrhosis (before therapy) 27 (25.8%)
HCV viral load (copies/mL) 1000-136 000000
. ) . Median HCV viral load 903000
Figure 1 Routes of infection.
chronic HCV infection as defined by HCV RNA PCR studies.

positive by Roche Amplicor HCV Assay® (with a detection
limit of 100 copies/mL), age of 18 years or oldet, and
sustained virological response after effective antiviral
treatment. Patients co-infected by chronic hepatitis B virus
and/or human immunodeficiency virus and patients where
complete data could not be retrieved were excluded from
the analysis.

Data were obtained from 171 chronic hepatitis C
patients who responded to interferon therapy. Data were
collected from case record forms. Patients treated with
conventional interferon, PEG-interferono-2a and PEG-
interferono-2b were 54.4%, 17% and 28.6% respectively.
Twenty-one patients (12.3%) required therapy twice
to achieve SVR-6. Duration of therapy was 24 wk
for responders with genotype 3 infection, while non-
responders and other HCV genotypes patients were
treated for 48 wk.

Data recorded

The investigators recorded demographic data, details
of treatments (type of interferon used and duration of
therapy), virological data (genotypes and viral loads)
and biochemical data (bilirubin, transaminases and
albumin levels) obtained from certified laboratories.
Pre-treatment liver biopsies were done in 105 of the
171 patients using the Histology Activity Index (HAI)
score. Mean histological score and fibrosis score were
7.72 £ 4.08 (range 1 to18) and 1.51 £ 1.3 (range O to 4)
respectively.

Sustained virological response was defined as no
detectable HCV RNA PCR at the end of treatment and
after six months of follow up.

Patients were considered to have decompensation
if they showed any of the following findings: ascites,
bleeding varices, jaundice, or hepatic encephalopathy.
Patients were classified as having cirrhosis on the basis of
ultrasonography or liver biopsy. Hepatocellular carcinoma
was diagnosed from ultrasonography or other imaging

Sustained virological responders were considered to
have a late virological relapse if HCV RNA PCR became
detectable on any occasion after six months of follow up,
confirmed by HCV viral load study.

Follow-up data was recorded every six or twelve months
for clinical, biochemical and virological outcomes.

Statistical analysis

Statistical analyses were performed using SPSS version 10
for Windows. The descriptive statistics and Paired #Test
were used to analyse. The Kaplan-Meier method was
used to determine the rate of hepatocellular carcinoma
occurrence.

RESULTS
Study population

Data were obtained from 171 patients treated for chronic
HCV infection who had SVR-6. The ages of the patients
wetre 48 £ 10.5 years. Male to female ratio was 1.12:1.
Routes of infection ate shown in Figure 1. Characteristics
of sustained virological responders are shown in Table 1.

Of 171 sustained responders, 27 patients (15.8%) had
compensated cirrhosis (as determined by liver biopsy or
imaging study) before the start of treatment.

Clinical, biochemical and virological studies were
followed up to 35.38 £ 22.2 mo (range 8 to 134 mo) after
the end of treatment.

Clinical outcomes

At the end of follow-up, all patients were fully active and
alive. No new cases of cirrhosis appeared. Of the 27
patients with cirrhosis, none developed decompensated
liver disease. Hepatocellular carcinoma, as assessed by ab-
dominal ultrasonography every 6 mo were found in three
patients at 14, 18 and 29 mo of follow-up. The details
of these patients are shown in Table 2. Their HCV RNA

values were still undetectable at the time of the diagnosis
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Casel Case2 Case 3

Age (yr) 50 75 63
Sex Male Male Male
Previous cirrhosis Yes Yes No
Onset after the end of treatment (mo) 14 18 29
Alfa-fetoprotein (IU/mL) 433.7 209 2159

Size at first detection 3cm  1.5cm 1cm, 3 lesions

of hepatocellular carcinoma. Two of them had cirrhosis
before treatment. From the statistical analysis of this data,
it showed that, after a median follow-up period of 31 mo,
the incidence of developing hepatocellular carcinoma in
SVR-6 patients was no more than 1.8%.

Biochemical and virological outcomes
There was a significant reduction of aminotransferase lev-
els after SVR-6. The pre-treatment and post-treatment val-
ues of AST were 84.3 £ 48.9 and 27.7 = 12.9, while ALT
were 120.4 £ 81.2 and 25.2 + 15.3 U/L (the normal values
of AST: 0-37 and ALT 0-40 U/L).

No late virological relapse was found. Four (2.3%) of
the 171 sustained responders had false positive HCV RNA
PCR (confitmed by HCV RNA vital load less than 50 IU/mL).

DISCUSSION

We assessed the long term outcome of 171 patients with
chronic hepatitis C who achieved sustained virological
response by effective antiviral treatment. Our result
demonstrated that SVR-6 was associated with a permanent
absence of HCV viremia during the long-term follow-
up in all cases. However, this finding showed better result
than previous reports which had a late virological relapse
between 4.7%-8.7%"". The reasons may due to: (1) the
smaller number of patients included compared to previous
studied ; (2) fewer HCV genotype 1 included compared; (3)
more than half of our patients were infected by genotype
3 (this type is known to have a more favorable prognosis),
and (4), the low sensitivity of HCV RINA PCR tests used
in the studies before 2000 that may potentially account for
few apparent early virological responses.

Disease progression such as development of cirrhosis
seems to arrest after the stage of SVR-06, but a risk of
developing hepatocellular carcinoma is still remaining. The
incidence of hepatocellular carcinoma from our study at
a mean follow-up period about 3 years is 1.8% which is
slightly higher than the previous results reported from
Japan (0.02%-0.5% per year)®"" while the incidence
of hepatocellular carcinoma in western countries seems
to be rare after SVR and limited only to patients with
cirthosis™'". Therefore, regular ultrasonography should
not be discarded for the management of cirrhotic
patients, even in those showing persistently normal
aminotransferase, alfa-fetoprotein and undetectable HCV
RNA levels after interferon treatment.

In summary, this long-term study shows that in chronic
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HCYV infection, sustained responders to interferon attain
remarkable improvement of clinical outcomes. This
supports the hypothesis that persons with sustained
responses to interferon-therapy show a low risk for further
relapse of HCV infection, development of cirrhosis and
hepatocellular carcinoma™*""* However, the follow-
up period of these patients was too short to allow a
definite conclusion about the potential effect of the
sustained response to interferon therapy for prevention of
progressive liver disease .
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Abstract

AIM: To compare the efficacy and acceptance of
senna tablet and sodium phosphate solution for bowel
preparation before colonoscopy.

METHODS: One hundred and thirty four patients, who
needed elective colonoscopy, were randomly allocated to
take 180 mg senna tablet or 95 mL sodium phosphate
solution on the day before colonoscopy. The efficacies
of both laxatives were compared using the mean
difference of colon-cleanliness score of the rectum,
sigmoid segments, descending colon, transverse colon
and cecum. The scores were rated by two observers who
were blinded to the laxatives administered. The higher
score means that the colon is cleaner. The efficacy of
both laxatives were equivalent if the 95% confidence
interval of the mean difference of the score of colon lie
within -1 to +1.

RESULTS: On intention-to-treat analysis, the mean
cleanliness scores in the four segments of colon except
the cecum were higher in the sodium phosphate group
than those in senna group (79 + 1.7 vs 8.3 £ 1.5, 8.0 £+
1.8vs85+14,79+20wvs85+1.3,79+20rs8.2
+ 1.4and 7.2 + 1.7 vs 6.9 % 1.4, respectively). The 95%
confidence intervals (95% CI) of mean difference in each
segment of colon were not found to lie within 1 point
which indicated that their efficacies were not equivalent.
The taste of senna was better than sodium phosphate
solution. Also, senna had fewer side effects.

CONCLUSION: The efficacy of senna is not equivalent

www.wjgnet.com

to sodium phosphate solution in bowel preparation for
colonoscopy, but senna may be considered an alternative
laxative.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Adequately cleansed colon is essential for colonoscopy.
Inadequate bowel preparation might lead to missed
diagnosis, increasing the time of colonoscopy by 7.5%-10.3%
and increasing cost 12%-229 o, Ness ez al” reported that
the incidence of inadequate bowel preparation was 21.7%
and 5.4% had poor preparation leading to cancellation or
abortion of procedure. Currently, the laxatives of choice
for bowel preparation are sodium phosphate solution
(NaP) and polyethylene glycol solution (PEG). Despite its
efﬁca(:}r[?"s], phosphate solution has poor taste. It may cause
electrolyte imbalance, severe nausea and vomiting., The
advantage of PEG is its minimal effect on intravascular
volume and serum electrolyte balance, but this large-
volume laxative is difficult for many patients to tolerate.
Although PEG and NaP are equally effective in colonic
cleansing[()], NaP is better tolerated. However, NaP may
be contraindicated in certain patient populations. The
selection of a colonoscopy preparation requires clinical
judgment, cost and informed patient preference”,

Senna (Cassia angustifolia Vabl, Leguminosae, Indian senna,
Tinnevelly senna) is a laxative that stimulates the intestinal
motility and affects epithelial transport of water and
electrolytes. The main advantages of senna are low cost,
safety and ease of ingestion. It had been combined with
other laxatives for bowel preparation, and their efficacy
ranged from 70% to 85%""?. There are few studies on
the efficacy of high-dose senna tablet alone. The aim of
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this study was to compare the efficacy and acceptance of
senna tablet and sodium phosphate solution for bowel
preparation before colonoscopy.

MATERIALS AND METHODS

The study was carried out as a randomized, controlled
(equivalent), single-blind trial from June to November
2003. The study population consisted of adult patients
who required elective colonoscopy. The exclusion criteria
were: (1) known allergy to senna or sodium phosphate so-
lution; (2) presence of severe metabolic, renal and cardiac
conditions; (3) bed-ridden or psychotic patient; (4) preg-
nancy; (5) patient taking laxatives within one week prior
to enrollment; and (6) patients who had previous colonic
resection surgery. The study was approved by the Ethical
Committee Board of the hospital.

The patients were allocated into two groups and
they were advised to take full liquid diet two days before
colonoscopy. The control group took sodium phosphate
solution (Swift® 90 mL, Berlin Pharmaceutical Industry
Co. Ltd., Thailand). The experimental group took senna
tablet, 180 mg (24 tablets of 7.5 mg /tab, Senok0t®, Reck-
itt Benckiser, Thailand). The patients took the laxatives in
divided doses at 14.00 pm and 16.00 pm on the day before
colonoscopy. Since the duration of action of NaP is within
6 h, so the laxatives should not interfere the patient’s sleep-
ing time.

Data collection

Shortly before colonoscopy, nurses interviewed each pa-
tient to assess compliance, acceptance and side effects of
laxatives by using visual analog scale. The colonoscopist
and his assistant independently rated the quality of bowel
cleansing, using visual analog score (VAS) as followed: 0-2
= numerous solid feces, 3-5 = semi-solid feces, 6-7 large
volume of liquid feces, 8-10 = small volume of clear liquid
or no feces. In an equivalent trial” it was important to
pre-specified that (1) the mean score should lie above sev-
en to assure that both laxatives were effective, and (2) the
95% confidence intervals of the mean difference lie be-
tween -1 and +1 VAS score in all segments of colon. The
sample size calculation was based on testing equivalence
with power 0.8 and 10% drop out"". The variance of VAS
score from our pilot study was 2.93.

Before data analysis, the 95% limit of agreement
of cleansing score between two colonoscopists will be
calculated to confirm the agreement on the assumption
that the mean score difference between them should lie
within two points. The score used for analysis were the
average score from two colonoscopists. The VAS score
for acceptance and side effects of the two laxatives were
analyzed using Student’s 7 test. The outcome variables of
accepted and side effects of laxatives were also measured
using VAS score. The patients were asked to grade the
taste of the laxative as follows: 0-2 = hard to ingest, 3-5
= ingested with very bad feelings, 6-7 = easily ingested,
and 8-10 = easily ingested with good feelings. The scores
of the side effects (nausea and vomiting, abdominal pain,
vertigo and sleeplessness) were rated as follows: 0-2 = no
symptom, 3-5 = mild symptom, 6-7 = moderate symp-

[15]

Characteristics of patients Senna NaP
Sex (M/F) 22:45 30:37
Age (yr, mean = SD) 543 +12.7 51.6+£12.6
Body weight (kg, mean + SD) 59.1+10.7 61.8+12.6
Constipation (Yes/No ) 9:58 14:53
Laxative users ( Yes/No ) 6:61 12:55
Previous Obs-gyn surgery 6:61 7:60
Diabetes (Yes/No ) 7:60 6:61
Colonoscopic diagnosis
Normal study 44 (65.7%) 40 (62.5%)
Polyp 8 (12.1%) 4(6.2%)
Diverticulosis 4 (6.0%) 8 (12.5%)
Carcinoma 4 (6.0%) 6(9.3%)
Inflammatory bowel disease 6 (9.0%) 3 (4.6%)
Other 1(1.5%) 3 (4.6%)
Time of colonoscopy (min, mean # SD) 19.3+£14.2 18.2+10.1
Incomplete colonoscopy 4 (6.0%) 5(7.8%)
Therapeutic:Diagnostic colonoscopy 16:51 14:50
Segment Senna NaP 95% CI of
(mean + SD) (mean + SD) differences
Rectum 79+17 83+1.5 -1.0t0 0.1
Sigmoid colon 8.0+18 85+14 -1.0to 0.1
Descending colon 79+20 85+13 -12t00.0
Transverse colon 7920 82+14 -09t00.3
Ascending colon and cecum  7.2+1.7 69+14 -02t0 0.8
Acceptance score
Taste 8.6+1.9 51+28 P <0.001
Side effects
Nausea & vomiting 09+0.2 3.0+3.5 P <0.001
Abdominal pain 13+23 14+24 P=038
Vertigo 07+1.6 1.3+23 P=0.08
Sleeplessness 12+£27 1425 P=0.65
Adverse event 2:67 2:64

tom, and 8-10 = severe symptom.

RESULTS

Patient’s flow in this study is shown in Figure 1. One hun-
dred and seventy patients were enrolled, but thirty patients
did not meet eligibility criteria. One hundred and thirty-
six patients were randomly allocated to take senna tablet
or NaP solution. Two patients did not take laxatives due
to error in packaging. Among the 134 patients who took
a laxative, 3 patients did not attend colonoscopy and 10
patients did not have complete colonoscopy for various
reasons.

Both groups of patients were comparable with regard
to demographic data, diagnosis and other colonoscopic
data (Table 1). However, the efficacy of senna tablet
was not equivalent to NaP solution (Table 2). The mean
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Assessed for eligibility (7 = 170)

Non-compliance (7 = 1)
Severe vomiting (7 = 1)

é Excluded (7 = 34)
=9 Not meeting inclusion criteria
] (n = 30)
Refused to participate (7 = 4)
Randomized (7 = 136)
- Allocated to senna group (7 = 68) Allocated to NaP group (7 = 68)
S Received senna (7 = 67) Received NaP (7 = 67)
§ Did not received senna due to error Did not received NaP due to error
= in packaging (7 =1) in packaging (7 =1)
Lost follow-up due to
Lost contact (7 = 1)
Colonoscopy (77 = 67) Colonoscopy (17 = 64)
Complete endoscopy (17 = 62) Complete endoscopy (7 = 59)
Complete endoscopy but score Incomplete endoscopy due to

% was not rated due to mistake (7 =1) - Obstructing cancer (7 =3)
(_3, Incomplete endoscopy due to - Bowel spasm (7 = 2)
o - Endometriosis coli (7 =1)

- Bowel spasm (7 =1)

- Numerous feces (7 =1)

- Bowel perforation (7=1)
» Intention-to-treat analysis (7 = 67) Intention-to-treat analysis (7 = 67)
Z Excluded from analysis: patient Excluded from analysis: patient
© . .
Z who did not receive drug (7 = 1) who did not receive drug (7 = 1)

Figure 1 Flow diagram of patients progress through the phases of a randomized trial.

cleansing scores of NaP solution were higher than senna
tablet in four segments of the colon except in the ascend-
ing colon and the cecum. The 95% CI of the mean dif-
ference exceeded 1 point in three segments of the colon.
In the other two segments of the colon, they lied neatly
over 1 point. By intention-to-treat analysis, we included
all patients who had taken the laxatives whether they had
complete or incomplete colonoscopy. For the missing data
in both groups, we assigned the lowest score in each group
(worst-case approach). For example, the lowest cleansing
score in senna group was two, while that in NaP group was
four.

The cleansing score, acceptance score and side effects
of the two laxatives are shown in Table 2. The patients
accepted senna tablets more than NaP solution and those
patients who took senna tablets had less nausea and vom-
iting. There were four adverse events in this study. In the
senna group, 1 patient had post-polypectomy bleeding
which ceased spontaneously, and 1 patient had sigmoid
perforation during colonoscopy due to fixation of the
sigmoid colon; this patient had received long-term steroid
treatment of myasthenia gravis and also had previous left
hip surgery. In the NaP group, 2 patients had broncho-
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spasm after colonoscopy and both recovered after 24 h.

DISCUSSION

NaP solution and PEG had widely been used for bowel
preparation because of their similar efficacy, Hwang ez al"
claimed that NaP group had higher completion rate than
PEG group ( 84.2% vs 27.5%, P < 0.001) and NaP ap-
peared to be more cost-effective!'”. In contrast, senna was
not popular for bowel preparation. Fear of adverse effects
might responsible for its underuse. Serious adverse effects
of senna, such as asthma, hepatitis, hypertrophic osteoar-
thropathy, cachexia, hypo-gammaglobulinemia, finger club-
bing and tetany, had been reported[”’z”. However, these
adverse effects were uncommon and resulted from long-
term and large amount used. There are no epidemiologic
data to support neoplastic potential of senna compound[zzl.
The inconsistent efficacy of senna might be another
reason for its underuse. Two studies by Chilton ez a/'"!
and Valverde ¢z a/” showed that senna (X-prep) solution
alone or senna in combination with other laxatives were
better than PEG or NaP solution. On contrary, two other
studies by Dahshan e# a/* and Arezzo et al™® showed that
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those standard laxatives were better than senna. Moreover,
Hangartner ef al” and Borkje ez al"" concluded that senna
has no clinical difference compared with those laxatives.
Radaelli e a/**" had claimed that high-dose senna had
97.3% efficacy in bowel cleansing, and that 288 mg of
senna was better than 4 L of PEG-ES (90.6% »s 79.7%
efficacy, P = 0.003). In contrast, our study showed that
180 mg of senna tablets did not have equivalent efficacy
as NaP solution. The inconsistencies of these results were
hardly explained. Bowel cleansing may be affected by other
factors, such as gender, age, obesity, race, constipation,
previous abdominal surgery and associated complicated
diverticular disease””. In addition, the mean scotre of
senna group was also above seven points and we imply
that senna has some effect in bowel cleansing and it may
be alternative laxative for bowel preparation.

In addition, we noticed that the mean cleansing score
of cecum in the senna group was higher than that in
the NaP group. This phenomenon might be related to
timing of laxative intake. Church ¢z o/ suggested that
the patients who took laxatives 5 h before colonoscopy
had better result than patients who took laxative 1 d
before colonoscopy. The VAS scores of taste, nausea
and vomiting in the senna group were significantly better
compared with the NaP group (Table 2). However, in term
of pain symptom, senna was not found to be better than
NaP. These findings confirmed our rational background
knowledge that senna had more palatability and less nausea
and vomiting than NaP solution. The adverse events
occurred in 4 patients were not related to laxatives but
were related to colonoscopy or anesthetic procedure.

In conclusion, senna does not have the same efficacy as
oral NaP solution. However, senna has better compliance
and fewer side effects than NaP. Senna may be prescribed
as an alternative laxative for bowel preparation in patients
who have contraindications to NaP solution.
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Abstract

AIM: To ultrasonographicaly evaluate the acute effects
of smoking on gallbladder contraction and refilling in
chronic smokers and nonsmokers.

METHODS: Fifteen chronic smokers (21-30 years old)
and fifteen nonsmokers (21-35 years old) participated
in this study. Chronic smokers were selected among the
volunteers who had been smoking for at least 5 years
and 10 cigarettes per day (mean 17.5/d). Examinations
were performed in two separate days. In the first day,
basal gallbladder (GB) volumes of volunteers were
measured after 8-h fasting. After the examinations,
participants had a meal containing at least 30-40 gram
fat. Gallbladder volume was assessed at 5, 15, 30, 60,
120 and 180 min after the meal. In the second day,
participants smoked 2 cigarettes after 8-h fasting. Then,
they had the same meal, and gallbladder measurements
were repeated at the same time points. Same procedures
were applied to both groups.

RESULTS: The mean starving GB volumes were 23.3
= 3.3 mL in the first day, 21.9 £ 3.0 mL in the second
day in nonsmoker group and 18.3 = 3.0 mL in the first
day, 19.5 = 2.8 mL in second day in smoker group.
There was no significant difference between starving
GB volumes. We did not find any significant difference
between the GB volumes measured at 5, 15, 30, 60, 120
and 180 min in the first and second days in nonsmoker
group. In smokers, post cigarette GB volume was
found significantly higher at 5, 15 and 30 min which
corresponded to GB contraction phase (P < 0.05).
Control GB volume measurements were not significantly
different between the two groups. Post-smoking GB
volumes were also not significantly different between the
two groups.

CONCLUSION: Smoking prolongs the maximal GB

emptying time both in smokers and in nonsmokers
though it is not significant. It delays GB contraction in
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chronic smokers and causes a significant decrease in GB
emptying volume. Smoking causes no significant delay
in GB refilling in both smokers and nonsmokers. These
effects of smoking observed in acute phase result in bile
stasis in GB. Bile stasis is the underlying cause of most
GB disorders in chronic process.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Smoking is still widespread in many societies despite
the recognized relationship of it with many diseases.
It is one of the risk factors for lung, stomach, larynx,
esophagus, and some other cancers. Its association with
lung cancer has been well described. Besides, smoking
carries an important risk of developing cardiovascular
diseases". Chronic pulmonary diseases, gastric ulcers,
and many other diseases are increased among smokers.
Some reports showed that smoking increases the risk
of gallbladder cancer”. Many prospective studies have
found an association between smoking and clinical
gallbladder disease™ . On the other hand, no relation has
been found between smoking and gallstone formation in
some other reports”, A population-based study reported
that sonographically detected gallbladder diseases are
associated with smoking and are moderately increased in
smokers”. Some epidemiologic researches focused on the
relation of smoking and gallbladder diseases, but they have
not found any positive relation" ™", There are a limited
number of studies in the literature evaluating the effect
of smoking on gallbladder motility by ultrasonography.
Janderko es al'? evaluated gallbladder contraction and
refilling in chronic smokers by ultrasonography and
found that refilling is delayed. In our study, we evaluated
the gallbladder volume changes in contraction and
refilling periods in both smokers and nonsmokers by
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ultrasonography. We compared the obtained data of both
groups. To our knowledge, there is no other study in the
literature evaluating the effects of smoking on gallbladder
in the acute period in smokers and nonsmokers by
ultrasonography.

MATERIALS AND METHODS
Subjects

Fifteen smoker (10 women and 5 men) and 15 nonsmoker
volunteers (9 men and 6 women) were included in the
study. The mean age of smokers was 24.2 years (21-30
years), and the mean age of nonsmokers was 28.1 years
(21-34 years). Volunteers having smoked for at least 5 years
were included in group of smokers. The mean smoking
rate in this group was 17.5 cigarettes per day (10-25). None
of the volunteers had gastrointestinal disorder, gallbladder
disease, any disease like diabetes mellitus that could affect
gallbladder, or any previous surgery of gastrointestinal
tract. Prior to 48-h and during the study, no medicine
or smoking was allowed. A preliminary gallbladder
sonography was performed and only the volunteers
without any gallbladder abnormality were included in the
study. All participants gave their informed consent.

Study design
Gallbladder volumes of all volunteers were measured
twice in two separate days. At least 8 h after the last meal,
participants were taken into the dimly lighted sonography
room at a temperature of 22-24°C. A 3.5 6 MHz convex
broadband (tissue harmonic) abdominal transducer
(Toshiba, Nemio, Tokyo-Japan) was established for the
measurements. All measurements were performed in
supine, left lateral, and lateral decubit positions in which
gallbladder cross-sectional and longitudinal diameters were
best visualized. The best imaging position of gallbladder
was recorded for each participant and used in following
measurements. The most appropriate transducer position
was noted for each volunteer and marked on the skin.
Cross-sectional diameters were calculated from the widest
diameters measured during sonography. The longest axis
of the gallbladder was established as the longitudinal
diameter. The distance between internal margins of each
opposite wall was used for the measurement of diameters.
The subjects with significant folding of gallbladder or the
subjects whose longitudinal diameter could not be viewed
in a single frame were excluded from the study.
Longitudinal and cross-sectional diameter measure-
ments were repeated three times and the mean of these
three measurements was established. Gallbladder volume
was calculated with the formula V = (1/6) X L XW X H,
where V = GB volume, L = GB length, W = GB width, H
= GB height, as previously described"”.

Study methods

Gallbladder volumes of all volunteers were measured twice
in two separate days. In the first day (control examination)
after 8-h (at least) overnight fasting, basal GB volumes
were measured. Then, 30-40 g fat-containing meal was
given to the volunteers and participants were told to eat the
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0 . . . . . )
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B 30 —— Control
—=— After smoking
25 ¢
g 20 .
g 15
E 1
s
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5
0
0 5 15 30 60 120 180

t (after the meal)/min

Figure 1 Effect of smoking on gallbladder emptying and refilling in nonsmokers (A)
and smokers (B).

meal up in 2 min. After that, GB volumes were measured
at 5, 15, 30, 60, 120 and 180 min. Contraction phase as the
measurements till 60 min, and refilling phase was presumed
as the measurements at 120 and 180 min. To avoid the
start of cephalic phase of digestion, volunteers and meals
were kept in separate rooms until the examinations. In the
second day (study examination), after an overnight fasting,
two cigarettes were given to the participants who were
encouraged to consume the cigarettes in 5-10 min with
deep inhalations. Approximately 3 min after the smoking,
a meal containing 30-40 g fat, was given to the volunteers.
Then, GB volumes were measured at 5, 15, 30, 60, 120 and
180 min.The same procedures were repeated in smoker
and nonsmoker groups.

GB volume changes versus time were presented
graphically for both two groups using the pre- and post-
smoking values (Figure 1A and B). Acquired data are
shown on Tables 1 and 2 by comparing them between the
two groups and within each group.

Statistical analysis

Values ate presented as mean = SD. The paired and two-
tailed Student’s # tests were used. P < 0.05 was considered
statistical significant.

RESULTS

There was no difference in body mass index and age
between smokers and nonsmokers. The mean fasting GB
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5542 1ISSN 1007-9327  CN 14-1219/R

World J Gastroenterol

September 14, 2006 Volume 12 Number 34

Smoker
Control After smoking P

Non smoker
t/min  Control After smoking P

0 233+33 219+3.0 0175 183+£30 195+28 0371

5 165+29 18.0+28 0174 129+21 169+25 0.022
15  11.7+25 137+26 0080 100+15 141+16 0.011
30 105+19 12421 0432 95+1.6 12817  0.042
60 131+24 123+£20 0756 109+15 120+16 0.359
120 142+25 135+18 0859 133+29 113+15 0.398
180 159+25 155+19 0508 141+29 126+17 0449

volume in nonsmoker group was 23.3 = 3.3 mLin the first
day and 21.9 & 3.0 mL in the second day, and was 18.3 £ 3.0
mLin the first day and 19.5 £ 2.8 mL in the second day
in smoker group. Although the fasting GB volumes did
not differ significantly, these values were lower in smoker
group. In the first day, minimum GB volumes (in other
words, maximal GB emptying) were measured at 30 min in
both groups.

However, the post-smoking measurements in the
second day were performed at 60 postprandial minute in
nonsmoker group, and at 120 min in smoker group (Figures
1A and 1B). Smoking delayed the maximal GB emptying
in both smokers and nonsmokers. Besides, in both groups,
GB refilling was faster in the first day and slowed down in
the second day (Figure 1A and B). In nonsmoker group,
GB volumes measured at 5, 15, 30, 60, 120 and 180 min
in the first and second days were not significantly different
(Table 1). GB volume was significantly higher in smoker
group at GB contraction phase (5, 15 and 30 min) after
the two cigarettes were smoked (P < 0.05, Table 1). There
was no significant difference between two groups both
in basal GB volume measurements and in post-smoking
measurements between the two groups (Table 2).

DISCUSSION

In this study, we showed the disrupted GB contractility
in smokers and delayed maximal GB emptying both in
smokers and nonsmokers just after smoking. Although
our study group was small in size, basal GB volume had
a tendency to be lower in smokers than in nonsmokets.
However, this difference was not statistically significant.
Many epidemiologic studies have reported a mild or
moderate association between smoking and gallstone or
postcholecystectomic state™™'™" On the other hand,
no association has been detected between smoking and
gall stone formation ™", It is not clear which biologic
mechanism is mediated in the predisposition of smoking to
gallstone formation. Some authors suggested that smoking
lowers the plasma high-density lipoprotein cholesterol level
which increases risk of gall stone formation by decreasing
hepatic excretion of the bile acids'™. Estrogen is blamed
for gall stone formation because of high incidence of
gallstone in women. In respect to this, some studies have
shown high plasma estrogen level in smokers"”, while
some others have not found any significant difference"”.
Cholecystokinin, a proximal gout hormone, is a well
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Control After smoking

¢/min Non smoker Smoker P Non smoker Smoker P
0 233133 183 +£3.0 0.360 21.9+3.0 19528 0.604
5 165%+29 129+21 0.392 180+28 169125 0.783
15 11725 10.0+1.5 0.623 13.7+26 14116 0.883
30 105+£19 95+1.6 0.732 124+21 128+1.7 0.883
60 131+24 109+1.5 0.513 123+20 12.0%1.6 0.909
120 142+25 133+£29 0.839 13.5+1.8 11315 0.318
180 159+25 141+£29 0.701 155+19 126+1.7 0.295

known mediator of GB contraction®. It is the main
determining factor for the postprandial GB discharge.
Cholecystokinin starts GB contraction by affecting the
pre-ganglionic cholinergic nerves. Cholecystokinin is
released from mucosa cells by the arrival of stomach
content that is rich in fat and protein to the small
intestine!”. Smoking exerts an inhibitory effect on
intestinal and gastric motilitylzu’zzj. As a result of decreased
gut motility and delayed gastric emptying, cholecystokinin
release is also decreased or delayed. Therefore, decreased
GB contractility can be expected. However, in our study,
smoking caused a nonsignificant and minimal decrease of
GB contractility in nonsmoker volunteers. In addition, GB
volume was slightly increased in post-smoking contraction
phase in this group (Figure 1A). Previous studies have also
reported similar results™. On the other hand, we showed
a significant difference of GB volume in post-smoking
eatly contraction phase (postprandial 5, 15 and 30 min) of
smokers (Table 2). It was also significantly higher in post-
smoking 5, 15 and 30 min (Figure 1B). To the best of our
knowledge, no data are available on whether this delay of
GB contraction in smokers results from a disruption in
the smooth muscle contraction mechanism of GB wall
or from the delay of the blood cholecystokinin increase
due to delayed gastric emptying, One of the limitations of
this study is that the blood levels of cholecystokinin were
not measured. According to Jonderko ez al?, smoking
delays GB refilling at acute phase in chronic smokers. Our
results also showed that GB refilling was delayed after
smoking both in smokers and in nonsmokers although not
significant. Smoking suppresses pancreatic polypeptide
release which plays an important role in GB reﬁllingm’ﬁl.

In humans, disruption of GB emptying is associated
with gallstone formation”. Bile stasis and disrupted GB
motility are important factors for gallstone formation”"*".
Delayed gallbladder emptying and reduced muscle
contractility occur in chronic calculus, or in gallstone,
cholecystitislzg’mj. It was reported that acalculous
cholecystitis is formed after inhalation of intense cigarette
smoke in dogsp”. Impairment of gallbladder contractility
may contribute to the clinicopathology of acalculous
cholecystitisml.

In our study, smoking caused a nonsignificant
prolongation of the maximal GB emptying time both in
smokers and in nonsmokers at acute phase, delayed GB
contraction in smokers, and decreased the GB emptying
volume. Besides, smoking did not delay GB refilling
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significantly in both groups. Because of all these acute
effects, smoking comprises a risk for GB diseases. In
the chronic process, smoking may have these effects by
affecting GB smooth muscle contraction ot by decreasing
cholecystokinin release via the inhibition of intestinal
motility, or by both. Iz vitro studies are needed to evaluate
the effects of smoking on gallbladder smooth muscles
and laboratory studies ate required to show its effects on
cholecystokinin release.
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Abstract

AIM: To evaluate the furazolidone-based triple therapy
in children with symptomatic # pyfori gastritis.

METHODS: A prospective and consecutive open trial
was carried out. The study included 38 patients with
upper digestive symptoms sufficiently severe to warrant
endoscopic investigation. # pylori status was defined
based both on histology and on positive *C-urea
breath test. Drug regimen was a seven-day course of
omeprazole, clarithromycin and furazolidone (100 mg,
200 mg if over 30 kg) twice daily. Eradication of 4 pylori
was assessed two months after treatment by histology
and “C-urea breath test. Further clinical evaluation was
performed 7 d, 2 and 6 mo after the treatment.

RESULTS: Thirty-eight patients (24 females, 14 males)
were included. Their age ranged from 4 to 17.8 (mean
10.9 £ 3.7) years. On intent-to-treat analysis (7 = 38),
the eradication rate of # pylori was 73.7% (95% CI,
65.2%-82%) whereas in per-protocol analysis (7 = 33)
it was 84.8% (95% CI, 78.5%-91%). All the patients
with duodenal ulcer (7 = 7) were successfully treated
(100% vs 56.2% with antral nodularity). Side effects
were reported in 26 patients (68.4%), mainly vomiting
(14/26) and abdominal pain (7 = 13). Successfully
treated dyspeptic patients showed improvement in
78.9% of H pylori-negative patients after six months
and in 50% of H pylori-positive patients after six months
of treatment.

CONCLUSION: Triple therapy with furazolidone achieves
moderate efficacy in A/ pylori treatment. The eradication
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rate seems to be higher in patients with duodenal ulcer.
© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Available treatment regimens for gastritis due to H pylori
show a lower success rate in children than in adult
patients in the same geographic region. Several factors
influence H pylori eradication rate, such as compliance with
treatment, mutations generating resistances, sanctuaries
(sites where there is no contact between the bacterium and
antimicrobial drugs), deficiency in immunity of the host,
low gastric pH, large infecting load, dormant forms and
reinfection. H pylori treatment in children has specific
difficulties and the success rate of the current options is
worse than that in adults. It is speculated that in children
there is less compliance with treatment and the prevalence
of resistant strains is higher due to the greater exposure
to antibiotics because of common childhood diseases. In
addition, patients without peptic ulcer seem to present a
lower success rate™.

The ideal treatment regimen for H pylori eradication
should present a higher than 80% cure index on intention-
to-treat analysis. Antimicrobial resistance is a major
concern and in the past decade there was the emergence
of clarithromycin-resistant strains, reaching 34.7% of
isolates in some, mainly developed countries” . Resistance
occurs due to punctual mutations in the 23S rRNAP,
Nevertheless, in developing countries, resistance to
metronidazole is highly prevalent, possibly due to overuse
of this antimicrobial drug in gynecology and parasite
treatment; thus this drug is not a viable alternative!”.
Although amoxicillin resistance is regarded a rare
phenomenon, recently there are an increasing number of
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Furazolidone emerges as an alternative for therapeutic
regimens in developing countries due to its low cost
and prevalence of resistant strains. This antimicrobial
is a monoamine oxidase inhibitor usually utilized in the
treatment of giardiasis. There are studies demonstrating its
efficacy and safety in several developing countrie™?. The
drug has been used in H pylori treatment regimens since
1990, initially tested in China with a reasonable success
rate and constitutes an alternative in situations where there
is high resistance prevalence to nitroimidazoles. In our
country a triple regimen with furazolidone, clarithromycin
and omeprazole can attain a 90% cure in adult patients
on intention-to-treat analysis'” while with furazolidone,
levofloxacin and rabeprazole can reach 83% eradication as
a third-line regimen'’. Consensus statements providing
guidelines for the management of H pylori infection in
children have made recommendations for therapy based
on data derived from adult trials but have not provided
121 The present
study was to evaluate the triple regimen with omeprazole,
clarithromycin and furazolidone for 7 d in children with
H pylori gastritis, being the first study in children.

suggestions on therapeutic options

MATERIALS AND METHODS
Subjects

To warrant H pylori eradication, patients meeting the
following criteria were included: (1) duodenal ulcer
or erosive duodenitis (# = 7); (2) ulcer-like functional
dyspepsia, according to the Rome Il criteria, sufficiently
severe to justify upper gastrointestinal endoscopy and
without major mucosal abnormalities (z = 29)"""; (3)
upper gastrointestinal bleeding (7 = 1); (4) iron-deficiency
anemia refractory to standard treatment (z = 1). Patients
with former unsuccessful treatment for H pylori or with
other organic diseases that could explain the symptoms
were excluded. The study was approved by the Ethics
Committee of the “Universidade Federal de Sio Paulo/
Escola Paulista de Medicina”. On inclusion of the patients
in the study, the responsible person(s) received written
information about the patients and signed a free and
informed consent.

Diagnosis of infection

Endoscopic examination was performed by our team,
under deep sedation or general anesthesia supervised by
an anesthetist. Four biopsy specimens were collected from
the gastric antrum at approximately 2 cm from the pylorus,
two for rapid urease test and two for histological analysis.
The latter two were fixed in 100 mL/L formol, placed
on filter paper and stained with hematoxylin-eosin and
modified Giemsa. The findings were described according
to modified Sydney criteria. The histological diagnosis of
the infection was established by an experienced pathologist,
based on the typical appearance of the bacterium along
the mucus layer covering the gastric mucous membrane.
Rapid urease test was performed with a non-commercial
solution (100 mg/mL aqueous utea solution with 10 mg/
mL phenol red) as previously described"”. The patient
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Endoscopic findings n %

Nodular gastritis 16 421
Normal 13 342
Duodenal ulcer or erosive bulbitis 4 10.5
Erosive duodenitis and nodular gastritis 1 2.6
Erosive gastritis 1 2.6
Nodular gastritis and esophagitis 1 2.6
Duodenal ulcer and esophagitis 1 2.6
Erosive duodenitis, esophagitis and nodular gastritis 1 2.6

was considered infected when both tests were positive and
non-infected when both were negative.

H pylori treatment

The triple regimen was administered twice daily for seven
days: 100 mg furazolidone or 200 mg furazolidone (> 30
kg), 250 mg clarithromycinor or 500 mg clarithromycin
(> 30 kg), 10 mg omeprazole or 20 mg omeprazole (>
30 kg). Antibiotics were prescribed after meals whereas
omeprazole was adminstered before the first meal. Patients
and their responsible persons were advised to maintain
the treatment even with minor adverse effects. On the last
day of the treatment, a complete physical examination was
performed to evaluate the clinical conditions of patients.
During this examination the patients were asked about
adverse effects, and compliance was controlled by return
of empty medication blisters. Compliance with treatment
was defined by over 75% intake of the prescribed doses.

H pylori eradication

A renewed clinical and endoscopic evaluation was
performed two months after the treatment, with collection
of antrum and corpus biopsies for histology and rapid
urease test. Patients whose responsible persons did not give
consent to another endoscopy were evaluated using the
PC-urea breath test. This test was performed as previously
described™”. The cutoff value of breath test was delta over
baseline 4%o. The patients were submitted to a new clinical
evaluation two and six months after treatment and asked
about the progress of symptoms and the frequency and
intensity of epigastric pain in those with dyspepsia.

Statistical analysis

Continuous variables were expressed by calculation of the
mean and standard deviation. The eradication rates were
expressed by calculation of the proportion with an 85%
confidence interval (95% CI). Treatment groups wete
compared using Pearson’s chi-square test with Fisher’s exact
test when necessary. Factors associated with treatment
success were evaluated by estimation of the odds ratio
with 95% confidence interval. P < 0.05 was considered
statistically significant.

RESULTS

Thirty-eight patients were included (24 females) with their

www.wjgnet.com



5546 ISSN 1007-9327 CN 14-1219/R  World J Gastroenterol September 14, 2006 Volume 12 Number 34
Adverse effect n % E——
radication
Vomiti 14 36.8
S rate (%) Odds ratic' 95%Cl P
Abdominal pain 13 34.2 -
Metallic taste 6 15.8 Demographic data
D'e ah . It Female gender 67 033 003218 027
larrhed : Age <10yr 67 056 01-3.11 047
Nausea 5 13.2 L.
Divgi ) Indication for treatment
1ziness >3 Ulcer-like functional 655 0.00 0.0-1.23 0.08
Headache 2 5.3 d .
yspepsia
Asthenia 1 2.6 L.
i Initial endoscopy
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age ranging from 4 to 17.8 (mean 10.9 £ 3.7) years. Results Histol
. . . . istology
f the en ic examinations are shown in le 1.
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intense in 8 (21 .10/0). Adverse effects
Slight side effects were reported in 26 patients (68.4%), Yes 76.9 1.67 027-937 069

disappearing with the interruption of the treatment
(Table 2). Compliance with the protocol occurred in
33/38 patients (86.6%), intake of medications was not
correct in 4 patients and control of treatment was very
late in one. The eradication rate of infection was 84.8% in
28/33 patients treated according to the protocol (95% CI:
78.5%-91%), and 73.7% by intent-to-treat analysis in 28/38
patients (95% CI: 65.4%-82%). Influence of demographic,
clinical and histologic data on the success of treatment is
shown in Table 3. The infection was eradicated in all the
7 patients with erosive duodenitis or duodenal ulcer, while
only 9/16 (56.2%) patients with nodular antrum gastritis
as a single alteration were successfully treated (P = 0.08).

Evaluation of H pylori eradication was performed
through histology and “C-urea breath test in 26 patients
who were successfully treated and breath test in 2 patients
who were successfully treated. H pylori eradication
evaluation was not performed in 4 patients whose
medication intake was less than 25% of that prescribed.
Results of endoscopy wete normal in 21 (65.6%), nodular
antrum gastritis in 9 (28.1%) and erosive gastritis in 1
(6.5%). Cure of infection was achieved in two patients
with erosive gastritis. After the treatment, among the 26
cured patients, 9 (34.6%) had normal histology, 7 (26.9%)
inactive chronic gastritis, 9 (34.6%) low neutrophil infiltrate
and 1 (3.8%) moderate neutrophil infiltrate. Among
the 6 patients remaining infected, a second endoscopy
revealed low neutrophil infiltrate in 4 (67%) and moderate
neutrophil infiltrate in 2 (33%), decreased neutrophil
infiltrate in 3 (50%). Gastritis activity did not worsen in
any of the patients.

Clinical progress

Success treatment of H pylori infection in patients with
functional dyspepsia is shown in Figure 1. After two
months of treatment, 63% of the eradicated dyspeptic
patients and 60% of the non-eradicated patients reported

www.wjgnet.com

! for therapeutic success; > without duodenal ulcer or erosive duodenitis.
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Figure 1 Patients with non-ulcer dyspepsia reporting symptom improvement
after treatment according to H pylori infection eradication in 2- and 6-mo follow-
up. Continuous line: successfully eradicated patients; Dashed line: not eradicated
patients. P (2 mo) = 1, P (6 mo) = 0.2.

improvement of symptoms (P = 1), while at 6-mo
follow-up 78.9% successfully treated patients and 50%
of the non-eradicated patients reported improvement of
symptoms (P = 0.2). The hematological parameters of the
patients with refractory iron deficiency anemia returned to
normal after treatment and all patients with duodenal ulcer
or erosive duodenitis were asymptomatic.

DISCUSSION

The attained success rate (73.3% by intent-to-treat analysis)
was higher than that observed by a former study with
amoxicillin, clarithromycin and omeprazole for 7 d (50%,
95% CI: 19%-81%) in our service, but similar to that for
10 d (73%, 95% CI: 51%-95%) . There is no other study
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comparing triple therapy for 7 d with a longer treatment
period. Other studies with clarithromycin, amoxicillin and
proton pump inhibitor reported that the eradication rate
of H pylori is 54%-77.8% in children'***”, At present, the
first-line regimen recommended by Brazilian consensus
for the treatment of adults is the triple treatment with
clarithromycin, amoxicillin (ot furazolidone) and proton
pump inhibitor for 7-14 d*!. A seven-day treatment period
was chosen in out study because it is as effective as a ten-
day period. The efficiency of a longer treatment period
(14 d) is only 9% higher with a significant cost increase'™.
In Brazil there are 16% clarithromycin-resistant and 55%
metronidazole-resistant strains, thus requiring alternative
regimens for classical compositions” ", Recently a
sequential therapy has been described, consisting of two
treatment regimes for five consecutive days. In these
studies, amoxicillin and proton pump inhibitor (PPI) are
used for five days followed by PPI, clarithromycin and
tinidazole for another five days””. In children the regimen
is more efficient than the traditional treatment with
amoxicillin, metronidazole and PPI for 10 d (97.3%, 95%
CI: 86.2%-99.5% vs 75.5%, 95% CI: 59.8%-86.7%), and
has no more side effects (global rate 12%)™. A sequential
regimen exposes the patients to three different drug classes
as a first line treatment, which may make the choice of
a second-line treatment difficult in eventual therapeutic
failures.

There are no clinical or laboratory factors associated
with a better result of the treatment (Table 3). The
eradication rate of H pylori observed in our study in
patients with duodenal ulcer is similar to that observed
by Dani and coworkers""” in adults with ulcer disease,
but the difference in the eradication rate of H pylori in
patients with functional non-ulcer dyspepsia did not
reach statistical significance, perhaps due to the small
number of patients with ulcer included in our study (P
= 0.08). A recent study has shown a lower eradication
rate of H pylori in patients with non-ulcer dyspepsia'.
Justifying factors include clarithromycin susceptibility to
strains in patients with dyspepsia, less strain virulence
(CagA negative) and differences in compliance with
treatment. The lowest eradication index of H pylori
observed in children may be due to the low prevalence of
duodenal ulcer™. On the other hand, patients with antral
nodularity present a lower eradication rate of H pylori
(56.2%), but lymphoid follicles are found to be associated
with treatment failure in adult patients™”. Antral nodularity
may be related to a higher inflammation intensity and
more aggressive strains. However, it seems more difficult
to eradicate infection with a CagA negative strain”'. The
high incidence of side effects (67.6%), although slight
and self-limited, constitutes an inconvenience for the
studied regimen. The reported side effects are slight and
do not compromise the success treatment (Table 3). The
reported symptoms may be attributed to clarithromycin or
to furazolidone. Furazolidone is a nitrofuran compound
which has been used in the treatment of giardiasis since
the 1950s. The drug has minimal adverse effects, mostly
nausea, vomiting and diarrhea. Other side effects include
brown discoloration of urine and hemolysis in glucose-
6-phosphate dehydrogenase deficient patients and infants

younger than 1-year old"”. Treatment regimens with
furazolidone usually present a higher incidence of side
effects than traditional alternatives”. Lower furazolidone
doses neither affect the success treatment rate, nor
decrease the frequency of adverse effects''”,

The omeprazole dose used may be considered small
in view of recent evidence that some patients need higher
doses™. The importance of antisecretory drugs in the
eradication regimen is their direct effect on the bacterium
and the better antibiotic activity at high pH'". Cytochrome
P2C19 is responsible for hepatic metabolism of some
proton pump inhibitors, such as omeprazole, and the
CYP2C19 genotype, an isoform, is associated with more
rapid metabolism, constituting another risk factor for
unsuccessful eradication treatment of H pylori™. However,
there ate no studies describing the prevalent genotypes.
Finally, some of our patients used generic omeprazole.
The efficacy of H pylori eradication regimen with generic
medication is lower than that with proprietary drugs in
adult patients in Russia™. Omeprazole bioavailability
depends on its presentation

Most of our patients presented non-ulcer dyspepsia,
a situation in which treatment of H pylori infection is still
controversial. The treatment seems to be beneficial to
some adult patients and it is estimated that 1 in 18 patients
improves after the treatment”™. There are still important
limitations in therapeutic trials for dyspepsia in children.
There are no criteria for the selection of patients and
no validated diagnostic and functional dyspepsia severity
scores in children, which makes the generalization of results
difficult. Over 50% of physicians in USA treat H pylori in
children with dyspeptic symptoms without endoscopy””.
In spite of the higher symptom improvement proportion
among the successfully treated patients (78.9% us 50%), the
study could not draw a conclusion about the clinical validity
of the treatment because of the small number of studied
patients (Figure 1). Other studies have reported a similar
response rate in children with recurrent chronic abdominal
pain®™?, Long-term symptom resolution in patients with
severe symptoms requiring endoscopy shows differences
in epigastric pain resolution between H pylori-negative
(3/26) and positive (7/10) patients (P = 0.001) after one
to two years" . Early clinical evaluation may underestimate
the beneficial effects of the treatment and longer follow-
up periods may show effective H pylori eradication and
symptom resolution.

The tested regimen may be supetrior to the regimen
with clarithromycin, amoxicillin and omeprazole, and
can be used in the treatment of infection in patients
with duodenal ulcer. Its success rate is lower in non-ulcer
dyspepsia. Treatment regimens with a longer time should
be tested in children.
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Abstract

AIM: To investigate the frequency of the common
NOD2/CARD15 susceptibility variants and two functional
polymorphisms of OCTN cation transporter genes in
Hungarian pediatric patients with Crohn’s disease (CD).

METHODS: A cohort of 19 unrelated pediatric and 55
unrelated adult patients with Crohn’s disease and 49
healthy controls were studied. Genotyping of the three
common CD-associated CARD15 variants (Arg702Trp,
Gly908Arg and 1007finsC changes) with the SLC22A4
1672C—T, and SLC22A5 -207G—C mutations was
performed by direct sequencing of the specific regions of
these genes.

RESULTS: At least one CARD15 mutation was present
in 52.6% of the children and in 34.5% of the adults
compared to 14.3% in controls. Surprisingly, strongly
different mutation profile was detected in the pediatric
versus adult patients. While the G908R and 1007finsC
variants were 18.4% and 21.1% in the pediatric group,
they were 1.82% and 11.8% in the adults, and were
1.02% and 3.06% in the controls, respectively. The
R702W allele was increased approximately two-fold in
the adult subjects, while in the pediatric group it was
only approximately 64% of the controls (9.09% in the
adults, 2.63% in pediatric patients, and 4.08% in the
controls). No accumulation of the OCTN variants was
observed in any patient group versus the controls.
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CONCLUSION: The frequency of the NOD2/CARD15
susceptibility variants in the Hungarian pediatric CD
population is high and the profile differs from the
adult CD patients, whereas the results for SLC22A4
and SLC22A5 mutation screening do not confirm the
assumption that the carriage of these genotypes means
an obligatory susceptibility to CD.

© 2006 The WIG Press. All rights reserved.

Key words: OCTN1; OCTN2; NOD2/CARD15; Crohn’s
disease

Bene ], Magyari L, Talian G, Komldsi K, Gasztonyi B, Tari B,
Varkonyi A, Mdzsik G, Melegh B. Prevalence of SLC22A4, SL-
C22A5 and CARD15 gene mutations in Hungarian pediatric
patients with Crohn’s disease. World J Gastroenterol 2006;
12(34): 5550-5553

http://www.wjgnet.com/1007-9327/12/5550.asp

INTRODUCTION

Crohn’s disease (CD) is a chronic inflammatory disorder
of the gastrointestinal tract. Although the peak onset
of the disease typically occurs in the second and third
decades of life") the incidence of pediatric cases has been
strongly increasing recently” Despite the comprehensive
research that has been made to discover the background
of the disease, the etiology is still unknown. Besides
the environmental effects, it is supposed that genetic
susceptibility plays a crucial role in the development of the
disease™".

Genome-wide linkage analyses have resulted in
identification of several loci of potential CD susceptibility
genes” ', CARD15 (NOD2) gene, which is located at
the pericentromeric region of chromosome 16, was
the first gene to be identified as CD gene!*'. NOD2
is an intracellular protein expressed in peripheral blood
monocytes, Paneth and intestinal epithelial cells; and it
1s important for inflammatory signal transduction via
activation of the transcription factor, nuclear factor
kappa-B (NF-kB)!"”. Several studies on Caucasian
populations have reported an association between CARD
mutations and CD. Three coding variants (R702W, G908R
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and 1007finsC) have been identified as independent risk
factors for development of CD.

Recently two polymorphisms in the carnitine/organic
cation transporter gene cluster (SLC22A4 and SLC22A5,
encoding OCTN1 and OCTNZ2, respectively) have been
found to confer risk for CD"”. The aim of the present
study was to investigate the prevalence of these two
functional variants of the SLC22A4 and SLC22A5 genes
and the three CARD15 mutations in Hungarian pediatric
population with CD.

MATERIALS AND METHODS

Patients

We examined 19 pediatric (14 males and 5 females; mean
age: 13.4 years) and 55 adult (27 male and 28 female with
real maturity onset disease; mean age: 42.3 years) patients
with CD. This cohort was compared with 49 age- and sex-
matched healthy controls (28 males and 21 females; mean
age: 14.4 years). Both the pediatric and adult CD patients
exhibited different clinical manifestations, therefore they
represented mixed clinical CD populations. The diagnosis
was confirmed by clinical, radiological, endoscopic and
histological findings. Informed consent was obtained from
each participant of the study and the study design was
approved by the Local Ethics Committee.

Methods

Genomic DNA from the patients and the controls was
isolated from peripheral blood using standard desalting
procedure.

The presence of the NOD2 and OCTN variants was
detected by direct sequencing using the primers designed
in our laboratory. The primers’ sequences for the PCR
amplification as well as for the sequencing and annealing
temperatures are listed in Table 1. The PCR was carried
out in a final volume of 50 pL containing 200 pmol/L of
each ANTP, 2 units of Taq polymerase, 5 ul. of reaction
buffer [100 mmol/L Tris HCI (pH 9.0), 500 mmol/L
KCl, 15 mmol/L MgClz, 0.2 umol/L of each primer and
1 png of DNA to be amplified. The amplification was
performed for a total of 35 cycles in an M]J Research
PTC-200 thermal cycler. The amplification conditions
were: pre-denaturation at 95°C for 2 min, denaturation at
95°C for 30 s, annealing for 30 s at the temperatures listed
in Table 1 for the different SNP, primer extension at 72°C
for 30 s, and the final extension at 72°C for 5 min. For
DNA sequencing, a BigDye Terminator labeling was used
and the analysis was performed in an ABI 3100 automatic
sequencet.

Statistical analysis

Chi-square test (cross-table analysis) was used to analyze
the possible associations with mutations in comparison
of ecither the susceptibility variants and/or the normal
haplotypes. P < 0.05 was considered statistically significant.

RESULTS

The allele frequencies are shown in Table 2. A total of

5551
SNP Primers Tannealing
(<)
NOD2/ R702W  F: GAGCCGCACAACCTTCAGATC 50

CARD15 R: ACTTGAGGTGCCCAACATTCAG
GI908R F: GTTCATGTCTAGAACACATATCAGG 50
R: GTTCAAAGACCTTCAGAACTGG
1007finsC F: CCTTGAAGCTCACCATTGTATC 50
R: GATCCTCAAAATTCTGCCATTC
OCTN1 C1672T  F: AGAGAGTCCTCCTATCTGATTG 54
R: TCCTAGCTATTCTTCCATGC
OCTN2 G-207C  F: AGTCCCGCTGCCTTCCTAAG 58

R: GTCACCTCGTCGTAGTCCCG

Pediatric ~ Adult Controls
patients patients children
n =19 (%) n = 55 (%) n = 49 (%)
CARD15 genotype
R702W CcC 18 (94.7) 46 (83.6) 46 (93.9)
CT 1(5.3) 8(14.6) 2(41)
TT - 1(18)  1(20)
T allele 2.63 9.09 4.08
frequency (%)
GI908R GG 14 (73.7) 53 (96.4) 48 (98.0)
GC 3(158) 2(3.6) 1(2.0)
cc 2(10.5) - -
Callele 18.4 1.82 1.02
frequency (%)
1007finsC -- 13 (68.5) 44 (80.0) 46 (93.9)
-insC 4(21.0) 9(164) 3(6.1)
insC insC 2(105) 2(3.6) -
Cins allele 21.1% 11.8% 3.06%
frequency (%)
SLC22A4 genotype
C1672T cCc 4(21.0) 18(32.7) 12(24.5)
CT 11 (58.0) 30 (54.5) 25(51.0)
TT 4(21.0) 7(128) 12 (245)
T allele 50.0 40.0 50.0
frequency (%)
SLC22A5 genotype
G-207C GG 3(15.8) 14 (25.5) 10 (20.4)
GC 7 (36.8) 31(56.4) 26(53.1)
cCc 9(474) 10(18.1) 13(26.5)
Callele 65.8 46.4 53.1

frequency (%)

52.6% of pediatric patients with Crohn’s disease carried
at least one NOD2 mutation compared to 34.5% of adult
patients and to 14.3% of the controls (pediatric patients us
controls P < 0.05).

While the T allele frequency, leading to heterozygous
and homozygous R702W mutation, was increased
approximately two-fold in the adult CD population (9.09%)
compared to the controls (4.08%), it was only 2.63% in
the pediatric CD patients (Table 2; P < 0.05 comparing
the pediatric susceptibility and/or normal variants versus
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the same values of the adult patients or the controls).
By contrast, the C allele frequency, encoding the G908R
variant, was found highly elevated (18.4%) in pediatric
patients, and was only 1.82% in adult CD patients, and
1.02% in the controls (P < 0.05). For the 1007finsC
variant, a significantly increased prevalence was found both
in pediatric (21.1%) and in adult CD (11.8%) patients as
compared with the controls (3.06%) (P < 0.05).

There were no significant differences in the allele
frequencies of SLC22A4 C1672T and SLC22A5 G-207C
mutations when compared either the results of the
pediatric or the adult CD populations to the results of the
controls (Table 2).

DISCUSSION

The carriage rate for the three common CD-associated
CARD15 mutations was reported 31% in a pediatric CD
population in North America”, 60% in Germanym],
51.5% in the Isracli Jewish patients"” and 40.7% in an
Italian cohort™. In two studies, the cytosine insertion
mutation 3020insC was significantly more common in the
pediatric CD population'®*!! whereas among the Jewish
patients G908R missense mutation was the most frequent
variant!”?,

An association of the three CARD15 mutations
R702W, G908R and 1007finsC with CD has been con-
firmed in several studies' "'**, although different allele fre-
quencies have been observed. While the allele frequencies
of the three mutations were almost the same (8.3%, 8.3%
and 7.4%) in the Ttalian pediatric patients™, the G908R
variant was the most frequent among Jewish children'”
and 1007finsC was more common in Germany'" and in
the USA®!. An earlier onset of disease was found in the
presence of a CARD15 mutation in three additional stud-
ies™®?!. These findings suggest that CARD15 mutations
may be more frequent in pediatric CD.

To our surprise, in our study groups, two mutations,
G908R and 1007finsC, were significantly more frequent
in the pediatric population with the allele frequencies of
18.42% in children versus 1.02% in controls and of 21.05%
in children versus 3.06% in controls, respectively. The ge-
notyping results for the adult population are in agreement
with previous Hungarian ﬁndings[%’zﬂ.

The OCTN1 and OCTN2 transporters mediate the
transport of carnitine and a wide range of organic cat-
ions™>" and have an important role in the energy supply
of epithelial cells. Recently, it has become clear that the
OCTN1 also transports the ergothioneinem, and the af-
finity parameters make it almost unquestionable that the
carnitine transport function is secondary. A C1672T mis-
sense substitution in exon 9 of the SLLC22A4 gene results
in marked changes in OCTN1 transporter activity, whereas
G-207C transversion in the SLC22A5 promoter region
causes OCTN2 promoter function impairment.

By resequencing the five genes in the IBD5 interval,
which harbors the cytokine gene cluster, and, therefore,
is an attractive candidate region for IBD, Peltekova ez al™®
identified 2 novel polymorphisms in the SLC22A4 and
SLC22A5 genes. These two mutations (SLC22A4 C1672T
and SLC22A5 G-207C) form a two-allele risk haplotype

www.wjgnet.com

(OCTN-TC) which was associated with CD and showed
significant interactions with CD-associated CARD15 muta-
tions. This observation has been repeatedly confirmed™ ™,
although, in the absence of the IBD5 risk haplotype, no
association of OCTN1/2 variants with CD was reported
in two studies”™". While a Belgian group™ found that
the OCTN did not play a role in the susceptibility to CD,
the two functional vatiants in the SLC22A4 and SLC22A5

genes were completely absent in ]apanese[%].

In our study, which is probably the first in the interna-
tional literature for pediatric population, we could not find
accumulation of any of the susceptibility haplotypes either
in the pediatric or in the adult CD subjects, thereby not
supporting the susceptibility role of the above haplotypes
in the development of CD.

In conclusion, we observed an accumulation of
CARD15 mutations in pediatric cases, whereas the results
for SLC22A4 and SLC22A5 mutation screening do not
confirm the assumption that the carriage of these geno-
types means significant susceptibility to CD. However,
for genotype-phenotype correlations, further studies are
needed with larger study populations.
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Abstract

AIM: To assess the efficacy of peginterferon alpha 2b at
doses of 50 ug weekly and 80 ng weekly (based on body
weight) plus ribavirin in HCV genotype 2 and genotype 3
chronic hepatitis C patients.

METHODS: During the study period of Jan 2002 to Dec
2003, all patients diagnosed as chronic hepatitis C or
HCV related compensated cirrhosis were treated with
peginterferon alpha 2b 50 ug S/C weekly (body weight <
60 kg) or 80 ug S/C weekly (body weight > 60 kg) plus
ribavirin 800 mg/d for 24 wk.

RESULTS: Overall 28 patients, 14 patients in each group
(based on body weight) were treated during the period.
Out of 28 patients, 75% were genotype 3, 18% were
genotype 2 and 7% were genotype 1. The mean dose of
peginterferon alpha 2b was 0.91 pg/kg in group 1 and
1.23 ug/kg in group 2 respectively. The end of treatment
and sustained virologic response rates were 82% and
78% respectively. Serious adverse effects were seen in
3.5% patients.

CONCLUSION: Low dose peginterferon alpha 2b in
combination with ribavirin for 24 wk is effective in HCV
genotype 2 and 3 chronic hepatitis C patients.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

The hepatitis C virus is a major cause of liver diseases
affecting 170 million people worldwide". In India, the
estimated prevalence of hepatitis C virus infection is 1.8%.
Genotypes 2 and 3 are predominant in Indian population”.

Therapy for chronic hepatitis C has greatly improved
over the last decade and is still evolving™®. The
introduction of pegylated form of interferons and
addition of ribavirin have further improved the efficacy of
therapy in chronic hepatitis C. Higher sustained virological
response (SVR) rates in patients with chronic hepatitis C
have been reported with pegylated form of interferons
compared with standard interferons both as monotherapy
as well as in combination with ribavirin” .

Peginterferon alpha-2b is recommended at a dose of
1.5 pg/kg body weight in combination with tibavirin for
treatment of chronic hepatitis C. An earlier study has
reported similar efficacy of peginterferon alpha-2b at
doses of 1 pug/kg and 1.5 pg/kg body weight in treatment
of chronic hepatitis C as monotherapym. Recent studies
have shown that 82%-90% SVR could be achieved in HCV
genotype 2 and 3 patients using peginterferon and ribavirin
combination"".

Interferon-based regimens are associated with significant
side effects and costs. The cost of therapy in developing
countries is a major limiting factor in initiating treatment.
There is limited data on efficacy of low dose peginterferon
alpha 2b plus ribavirin on chronic hepatitis C. It would be
worthwhile to study whether the dose of peginterferon
alpha-2b could be lowered from 1.5 pg/kg body weight to
1 pg/kg body weight in combination with standard dose
of ribavirin without compromising the efficacy of therapy
in HCV genotype 2 and 3 chronic hepatitis C patients.

Therefore, we conducted a non-randomized pilot study
to assess the efficacy of peginterferon alpha-2b, at doses
of 50 pg and 80 pg (based on body weight) plus ribavirin
at standard dose in HCV genotype 2 and 3 related chronic
hepatitis and compensated cirrhotic patients.

MATERIALS AND METHODS
Subjects

All patients with chronic liver disease attending our
hospital from Jan 2002 to Dec 2003 were evaluated
for HCV infection. After detailed history and clinical
examination, patients underwent routine hematological
investigations, liver function test, abdominal ultrasound
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and upper GI endoscopy. All patients were tested for the
presence of anti-HCV antibodies with Abbott diagnostic
test kit according to the manufacturer’s instructions.
Those patients who tested positive for anti-HCV were
further investigated for HCV RNA. HCV RNA was tested
by RT-PCR (SDS) using 30 base pair long dual labeled
oligonucleotide TagMan probe (Rotorgene from Corbett
research Australia). HCV genotype was tested by molecular
based linear array system using COBAS AMPLICOR.

All patients diagnosed with chronic hepatitis C and
compensated cirrhosis were eligible for study. Patients
meeting with the following criteria were excluded: Presence
of decompensated cirrhosis, hepatitis B coinfection,
HIV co-infection, renal failure, concomitant malignancy,
co-morbid serious cardiac and respiratory diseases,
neuropsychiatric disorders, pregnancy, lactating mothers
and alcohol abuse.

Study protocol
All eligible patients who gave informed consent were
included in the study. Patients were treated with either 50
ug or 80 pg subcutaneous (s/c) weekly dose of pegylated
interferon alpha 2b based on body weight plus 800 mg
daily dose of ribavirin. Those patients who weighed less
than 60 kg were administered a dose of 50 pg per week of
pegylated interferon alpha 2b while those weighing more
than 60 kg received 80 pg S/C per week. All patients were
evaluated as outpatients weekly for 4 wk, then at wk 8, 12,
16 and 24 during treatment. Following the completion of
treatment, patients were evaluated at wk 4, 12 and 24. On
each visit during follow-up, routine hematological workup
was done. Besides, relevant investigations were performed
as and when necessary. Qualitative HCV RNA was tested
after 12 wk of treatment, at end of treatment (24 wk) and
6 mo after completion of treatment. Liver biopsy was not
considered mandatory in study protocol and was done
in those patients who agreed to undergo the procedure.
Side effects of the therapy were carefully recorded during
follow-up. Sustained virologic response was defined as
normalization of ALT and negative HCV-RNA 6 mo after
completion of therapy.

Informed, written consent was taken from all the
patients. Our hospital ethics committee approved the study
protocol.

Statistical analysis

The quantitative values were expressed as mean £ SD.
Fisher’s exact test was used for statistical comparison of
the data. P < 0.05 was considered as significant.

RESULTS

Overall 28 patients (25 males and 3 females) were included
in the study. The demographic profile and clinical
characteristics of the patients are shown in Table 1.
Fifteen out of 28 patients (54%) were chronic hepatitis
and the remaining 13 (46%) were compensated cirrhosis
(Child A). Eighteen (64%) of 28 patients had elevated ALT
> 1.5 times the upper limit. The pretreatment ALT levels
were 89 TU/L + 28 TU/L. Out of 28 patients, 75%, 18%
and 7% were genotype 3, 2 and 1 respectively. Fourteen

Demographic profile

M/F 25:3

Age (yr) 475+13.2

Body weight (kg) 60.6 = 9.18
Clinical profile

Chronic hepatitis C (1) 15

Compensated cirrhosis (1) 13

ALT (>401U/L) 18

ALT (<40TU/L) 10
Molecular profile

Genotype 3 (n) 21

Genotype 2 (n) B

Genotype 1 (n) 2

Follow-up (mo) 181+ 6.7

patients (mass < 60 kg) were administered 50 pg S/C
weekly dose of peginterferon alpha 2b plus 80 mg oral
daily dose of ribavirin. The mean dose of peginterferon
alpha 2b was 0.91 pg/ kg body weight (0.6 pg/kg + 1.22
ug/kg) in this group.

The second group of 14 patients (mass > 60 kg)
received 80 pg S/C weekly dose of peginterferon alpha 2b
with daily oral dose of 800 mg ribavirin. The mean dose
of peginterferon alpha 2b in this group was 1.23 pg/kg
(1.03 pg/kg + 1.33 pg/kg). One patient discontinued
treatment due to severe side effects and another patient
lost to follow up after 2 wk. Twenty-six out of 28 patients
completed the 24 wk treatment. At the end of 24 wk
treatment, 23 patients were negative for HCV RNA and 3
patients tested positive for HCV RNA. On further follow
up, one patient tested positive for HCV RNA 6 mo after
completion of therapy. Overall, at the end of treatment,
23 (82%) of 28 patients showed response to therapy. The
SVR was achieved in 22 (78%) out of 28 patients. Though
the dose per kg body weight of peginterferon alpha 2b
was significantly different in two groups (P < 0.002), there
was no difference in response to therapy with respect
to dose or genotype (Table 2). During the follow-up of
18.1 * 6.7 mo, one non-responder patient developed
hepatocarcinoma (HCC) and died of liver failure following
variceal bleeding.

One patient (3.5%) developed unbearable weakness
and burning in urethra and discontinued the treatment.
Seven (25%) of 28 patients developed mild leucopenia and
thrombocytopenia which required temporary interruption
of treatment for 1-2 wk. However, none of these 7
patients discontinued treatment any more and completed
the 24 wk treatment.

DISCUSSION

The combination of peginterferon and ribavirin is the
mainstay of treatment in chronic hepatitis C. Both forms
of peginterferon alpha 2a and alpha 2b in combination
with ribavirin have shown SVR rates from 79%-93% in
genotype 2 and 3 chronic hepatitis C patients, making
it a potentially curable disease!"*". In our study, end
of treatment response (ETR) and SVR rates were 82%
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Abstract

AIM: To investigate the effect of serum derived from
rats treated with electroacupuncture at stomach meridian
acupoints on the expression of epidermal growth factor
receptor (EGFR) gene in gastric mucosal cells.

METHODS: The stress-induced gastric mucosal injury
in rat model was established by water-immersion and
restrained stress methods. 52 rats were randomly
divided into: normal group (7 = 8), model group (7 =
8), model serum group (7 = 12), stomach serum group
(n = 12), and gallbladder serum group (7 = 12). The
gastric mucosal cells were separated by pronase-EDTA
digestion method and incubated with serum. The EGFR
gene expression in gastric mucosal cells was detected by
reverse transcription-polymerase chain reaction (RT-PCR)
method.

RESULTS: Compared with normal group (0.6860 =+
0.0594), the serum derived from rats of the stomach
group (1.2272 + 0.0813, » = 0.00 < 0.01) and
gallbladder group (0.9640 + 0.0387, » = 0.00 < 0.01)
had a tendency to enhance the EGFR gene expression
in gastric mucosal cells. Such tendency existed in the
model group (0.7104 + 0.0457) but with no significant
difference (P = 0.495 > 0.05) and in model serum group
(0.8516 £ 0.0409) with an extremely obvious difference
(P =0.001 < 0.01). Furthermore, the EGFR gene
expression in stomach serum group was significantly
higher than that in gallbladder serum group (P = 0.00 <
0.01).

CONCLUSION: The present study shows that serum

derived from rats treated with electroacupuncture at
stomach meridian acupoints can distinctly increase
the EGFR gene expression of gastric mucosal cells.
Therefore, there is certain meridian specificity in the
serum, which could provide a proof for the TCM theory
“particular relation between meridian and internal
organ”.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Gastric mucosal damage is a common pathological
reaction in the diseases of the digestive system. The
acupuncture and moxibustion are very effective cure
for this damage“’zl. Previous experimental studies
demonstrated that epidermal growth factor (EGF) and
transforming growth factor-oo (TGF-a) were the most
important peptides for the repair of the gastric mucosal
injury”. Acupuncture at gastric meridian acupoint could
alter gastric motility and secretion and also the content of
gastrin, substance P, EGF and TGF-q in serum and gastric
mucosa ™. Recent research indicated that EGFR was
closely related to the healing of impaired gastric mucosa,
which was of great importance to the gastric mucosal
protection and repair after damagem. The EGFR belongs
to the family of trans-membrane tyrosine protein kinase
(TPK). Activation of EGFR stimulates cell proliferation,
differentiation, adhesion, and migrationp’g]. The aim of this
study was to examine the effect of serum derived from
rats treated with electroacupuncture at stomach meridian
acupoints on the expression of EGFR gene in gastric
mucosal cells. This would hopefully clarify the humoral
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mechanism of acupuncture effect on gastric mucosal cells
and the essential correlation of the meridian acupoints and
internal organs.

MATERIALS AND METHODS

Reagents

Pronase and dithiothreitol (DTT) wete purchased from
MERK. Bovine serum albumin (BSA) was obtained
from Biosharp. Percoll was purchased from Pharmacia,
Dulbecco’s Modified Eagle Medium (DMEM) from
Hyclone, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid (HEPES) from Biosource, Trizol reagent was obtained
from Invitrogen. AMV reverse transcriptase, ribonuclease
inhibitor (RNasin), dNTPs, Taq DNA polymerase, 100 bp
DNA ladder, diethylpyrocarbonate (DEPC), oligodT18
primer, and gelose were purchased from Promega.
Tyrosine kinase inhibitor (PD153035) was purchased
from Calbiochem. EGFR and the internal control,
glyseraldehyde-3-phosphate dehydrogenase (GAPDH)
were obtained from Invitrogen. All other reagents were
analytically pure.

The stress-induced gastric mucosal injury in rats
Water-immersion and restrained stress methods were
adoptedm. Before modelling, the experimental rats were
fasted for 24 h and had free access to water only. Rats were
fixed on boards and were immersed vertically in a homeo-
static bath at 23 + 1°C for 10 h, with the liquid sutface up
to the level of the xiphoid process of the sternum.

Experimental design

Sprague-Dawley (SD) male and female rats, with an aver-
age weight of 200 * 30 gm, were supplied by the Experi-
mental Animal Center at Hunan Agriculture University
(Permission number: 20030316) 2 wk before the experi-
ment. During this period, they had access to Purina rat
chow and water. Animals were fasted overnight before the
experiments. Fifty-two rats were randomly divided into
normal group, model group, model serum group, stomach
serum group and gallbladder serum group. 8 rats were in
the normal group and model group. Each of the model
serum group, stomach serum group and gallbladder serum
group included 12 rats.

Four rats of each of the model serum group, stomach
serum group, and gallbladder serum group were selected
at random for deriving serum, and the remaining 8 rats
were used for isolating gastric mucosal cells. Acupoints
location was defined by reference of rat-acupoint-atlas
and analogy to human body"". According to the induction
stated above, three pairs of acupoints consisting of
Sibai (ST 2), Liangmen (ST 21), and Zusanli (ST306) in
the stomach Meridian, were designed, which represent
acupoints of different level (head, trunk, and limb). Also, 3
pairs of acupoints of the gallbladder Meridian in the same
horizontal level were selected: Yangbai (GB 14), Riyue
(GB24), and Yanglingquan (GB 34).

Pairs of stainless-steel needles of 0.25 mm in
diameter were inserted into the acupoints stated above
in experimental rats. The needles were connected to
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the output of an electronic pulse generator, a medical
electroacupuncture stimulator (Model G6805-1, made by
Shanghai Medical Electro-apparatus Factory, China), which
achieves intermittent-and-irregular wave (intermittent
wave: 4 Hz, irregular wave: 20 Hz), constant time of 30
min per day, ten days, while there was a light vibration in
the lower limbs of rats.

Isolation of gastric mucosal cells

Animals were fasted overnight before the experiments. All
experiments were performed using freshly isolated gastric
mucosal cells. The contents of the stomach were washed
out with phosphate-buffered saline (PBS). The stomach
was then ligated at the base of the forestomach and the
proximal end of the antrum to obtain mucosal cells pri-
marily from the oxyntic region. After being transformed
into inside-out gastric bags, they were filled with 2.5 mL
of 1 mg/mL pronase solution in buffer A (0.5 mmol/L
NaH2POs4, 1.0 mmol/L NazHPOs4, 20 mmol/I. NaHCOs,
80 mmol/L NaCl, 5.0 mmol/L KCI, 50 mmol/L HEPES,
11 mmol/L glucose, 0.02 mmol/L BSA, 2 mmol/L
EDTA, pH 7.4). The filled gastric bags were incubated
in pronase-free buffer A at 37°C for 30 min. The gastric
bags were then transferred into buffer B (0.5 mmol/L
NaH2POs4, 1.0 mmol/L. NazHPOs, 20 mmol/I. NaHCOs,
80 mmol/L NaCl, 5.0 mmol/L KCI, 50 mmol/L HEPES,
11 mmol/L glucose, 0.01 mmol/L BSA, 1 mmol/L
CaCl, 1.5 mmol/L MgCl, pH7.4) and gently agitated by
a magnetic stirrer at room temperature for 1h. The gas-
tric mucosal cells dispersed in buffer B were collected by
centrifuging at 3000 rpm for 5 min and subsequently re-
suspended in serum-free DMEM" ",

Serum collection

The blood was sampled from carotid artery after rats were
treated according to the requirement of experimental pro-
cedures. Then the blood was transferred into centrifuge
tubes and placed steadily for 2 h at 37°C. Tubes were cen-
trifuged at 2500 rpm for 10 min. The serum was carefully
sucked and frozen at -20°C. The gastric mucosal cells were
incubated with 100 mL/L serum at 37°C for 30 min in the
experimentm’m.

RNA extraction

Following the treatment stated above, gastric mucosal cells
obtained from each rat were collected in Eppendorf tubes
and kept in the -80°C. Eight samples from each group
were selected randomly for RNA extraction. Total RNA
was isolated from samples of gastric mucosal cells by using
a guanidium isothiocyanate/phenol chloroform single step
extraction kit from Stratagene. Total RINA was precipitated
in ethanol and resuspended in sterile RN Aase-free water
for storage at -80°C untill use. Total RNA was quantified
spectrometrically at 260 nm, and the quality of isolated
RNA was analyzed on agarose gels under standard condi-
tions.

Reverse transcription reaction
Total RNA (10 uL, about 0.5 pg/sample) was reverse
transcribed (RT) using oligo (dT) 18 primers 1 pl, 5 X



Yang ZB et a/. Egfr gene expression and electroacupuncture

5559

500 bp

M A B C D E

Figure 1 Electrophoresis of EGFR mRNA and GAPDH
mRNA RT-PCR product in gastric mucosal cells. M:
Marker; A: Normal group; B: Model group; C: Model
serum group; D: Stomach serum group; E: Gallbladder

426 bp GAPDH  serum group.

EGFR Forward primer: 664 bp
5'-AGT GGT CCT TGG AAA CTT GG-3'
Reverse primer:
5'- GTT GAC ATC CAT CTG GTA CG-3'
GADPH  Forward primer: 426 bp

5'-TGC TGA GTA TGT CGT GGA GTC -3'

Reverse primer:
5'-AAG GCC ATG CCA GTG AGC TTC -3

RT-buffer 4 uL, dNTPs (10 mmol/L) 1 pL, RNasin (20
MU/uL) 0.5 pL, M-MULV reverse transcriptase (200
MU/uL) 1 pL, and DEPC-treated water 2.5 pL in a 20
uL reverse transcription reaction system. The reaction was
performed at 42°C for 30-60 min so that target mRNA
was transcribed into cDNA. The tubes were cooled and
centrifuged for several seconds.

Polymerase chain reaction (PCR)

An aliquot of the RT product of each sample (1/20 of the
total volume) was used in the PCR amplification reactions
for EGFR and GAPDH. The PCR reaction contained 4
uL ¢cDNA, 10 X PCR buffer 5 pL, dNTPS (10 mmol/L)
1 pL, oligonucleotide primers sense/antisense (10 mmol/
L) 1 uL. (primer sequences are stated below), Taqase 1
ul, ddH20 32 ul in a total volume of 50 pl.. Reaction
mixtures were incubated for predenaturation at 94°C for
2 min, followed by 38 cycles for EGFR (denaturation at
94°C for 30 s, annealing at 53°C for 1 min, and extension
at 72°C for 1 min) and 25 cycles for GAPDH (denaturation
at 94°C for 30 s, annealing at 56°C for 30 s, and extension
at 72°C for 30 s), and a final extension at 72°C for 5 min.

Primer design and the RT-PCR product electrophoresis

To use of the relatively quantitative method to measure
EGFR gene expression, rat GAPDH was selected as in-
ternal control substance. The primer sequences and sizes
of amplification products are as shown in Table 1. Five
microliter PCR products were analyzed on 10 g/L agarose
gel containing ethidiumbromide with TBE buffer at 80 V
for 40 min and photographed under UV illumination. The
band intensities were quantified by densitometry. EGFR
and GAPDH PCR products were, respectively, 664 and
426 base pairs (Table 1). EGFR and GAPDH were deter-
mined by computer-assisted densitometric scanning. Sig-
nals were quantified by density analysis of the digital im-
ages using Eagle Eye II image software (Stratagene) and
EGFR/GAPDH quotient indicated the relative expression
of EGFR. Experiments were performed in triplicate.

Statistical analysis
The data for each group were expressed as mean + SD.

Group EGFR mRNA/GAPDH mRNA
Normal group 0.6860 + 0.0594
Model group 0.7104 + 0.0457"
Model serum group 0.8516 + 0.0409"
Stomach serum group 1.2272 +0.0813"
Gallbladder serum group 0.9640 + 0.0387""

"P < 0.01 vs Model group; ‘P < 0.01 vs Stomach serum group.

Comparison between groups was assessed using one-
way analysis of variance (ANOVA). Differences were
considered statistically significant if the P value was less
than 0.05. Software SPSS 13.0 was used in all statistical
tests.

RESULTS

Expression of EGFR gene in gastric mucosal cells

By using RT-PCR, the EGFR gene expression in gastric
mucosal cells were detected in rats of normal group and
model group as a weak signal but it was well-defined
among other groups: model serum group, stomach serum
group and gallbladder serum group. Compared with
Model serum group, the serum in stomach serum group
and gallbladder serum group appeared to up-regulate
significantly the EGFR gene expression in gastric mucosal
cells, P < 0.01, and obvious difference between stomach
serum group and gallbladder serum group was found (P <
0.01). However, there was no difference between normal

group and model group, P > 0.05 (Table 2; Figure 1).

DISCUSSION

According to the classical Traditional Chinese Medicine
(TCM) theory, there is a particular relation between
meridian acupoints and viscera and the functional activities
of the organism can be regulated by acupuncture at the
meridian acupoints. However, it is still unknown how
the acupuncture regulates the functional activities of
the organism, and what is essential for the relationship
between meridian acupoints and viscera. The present study
proved that the acupuncture at the stomach meridian
acupoints could improve gastric mucosal protection
mechanism and that it is a very effective cure for
gastrointestinal diseases™"". Acupuncture at acupoints of
Sibai (S§T2), Liangmen (ST21), and Zusanli (ST36), could
produce certain ameliorative effect through the following
mechanisms: augmentation of the gastric antrum,
reinforcement of pressure on gastric pyloric sphincter,
stimulation or inhibition of related gastrointestinal peptide
secretion "™ All of these have provided experimental
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evidence for the theory of “Particular relationship
between gastric meridian and the stomach”. However, the
functional mechanism of the repair of gastric mucosal
lesion is not entirely clear, and the humoral factor of
acupuncture and moxibustion effect is still unknown.

The mucosal lining of the gastrointestinal tract,
especially the stomach, is easily exposed to a variety of
exogenous injurious agents, including non-steroidal anti-
inflammatory drugs and ethanol. Each of these agents
either alone or in combination with others may induce
mucosal injury. However, a number of in vivo and in vitro
studies have demonstrated that the gastric mucosa of
animals possesses the inherent capacity to tepair after mild
injury"”. The cellular protective functions against damage
maybe accomplished in several ways. There are evidences
for participation of both the early phase of epithelial
repair, known as restitution, marked by increased cell
migration but no proliferation, and the delayed phase of
cell renewal, marked by proliferation, differentiation and
migration[zo’m].

In general, EGFR is one of the recently described
members of cell membrane proteins. It is made of 1186
amino acids. As a trans-membrane receptor of tyrosine
protein kinase family, EGFR plays a very important role in
regulating healing process of damaged gastric mucosa, and
regulates cell metabolism, proliferation, differentiation,
migration and other biological phenomena. Many studies
indicated that there was an elevated EGFR expression
during the healing course of damaged gastric mucosa.
Therefore, EGFR is of a great importance to the gastric
mucosal protection and injury healing™*". The relationship
between EGFR and its downstream signal transduction
pathway and the healing of gastric mucosal injury is
increasingly becoming a focus of researchers’ attention.
This study assessed, by RT-PCR methods, the EGFR
mRNA expression in gastric mucosal cells of the rat after
incubation with 10% serum for 30 min. The data showed
that EGFR mRNA expression in gastric mucosal cells was
enhanced shortly after incubation with the serum derived
from the rats. Meanwhile, it was proved that the serum
derived from the rats treated with electroacupuncture
had an obvious tendency to stimulate the EGFR mRNA
expression in gastric mucosal cells. In addition, EGFR
mRNA expression in stomach serum group was much
higher than that in model serum group and gallbladder
serum group. Therefore, we hypothesize that the serum
derived from rats treated with electroacupuncture contains
many kinds of active substances that stimulated the EGFR
gene in the gastric mucosal cells. This study also indicated
that the discrepancy in the expression of EGFR gene
may be the underlying mechanism of different effect of
electroacupuncture at acupoints of gastric meridian and
that of gallbladder meridian. Thus, this could be a proof
for the TCM theory “particular relation between SMFY
and the stomach”. The active substance (s) in the serum
derived from the rats treated with electroacupuncture
at stomach meridian acupoints is (are) unknown, and
therefore, more research using proteomic technology is
needed.
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Abstract

Arteroportal fistula is a rare cause of prehepatic portal
hypertension. A 44-year-old male with hepatitis virus
C infection was admitted for acute variceal bleeding.
Endoscopy showed the presence of large esophageal
varices. The ultrasound revealed a mass near the head
of pancreas, which was characterized at the color-
Doppler by a turbulent flow, and arterialization of portal
vein flow. CT scan of abdomen showed a large aneurysm
of the gastroduodenal artery communicating into the
superior mesenteric vein. The sinusoidal portal pressure
measured as hepatic vein pressure gradient was normal,
confirming the pre-hepatic origin of portal hypertension.
The diagnosis of extrahepatic portal hypertension
secondary to arteroportal fistula was established,
and the percutaneous embolization was performed.
Three months later, the endoscopy showed absence
of esophageal varices and ascites. At the moment, the
patient is in good clinical condition, without signs of
portal hypertension.

© 2006 The WIG Press. All rights reserved.
Key words: Portal hypertension; Arteroportal fistula;
Portal shunt; Esophageal varices bleeding; Embolization;
Interventional radiology; Psudoaneurysm
Marrone G, Caruso S, Miraglia R, Tarantino I, Volpes R, Luca
A. Percutaneous transarterial embolization of extrahepatic

arteroportal fistula. World J Gastroentero/ 2006; 12(34):
5562-5564

http://www.wjgnet.com/1007-9327/12/5562.asp

INTRODUCTION

Extrahepatic arteroportal fistula is a rare disorder

www.wjgnet.com

of hepatic vasculature characterized by anomalous
communication between arteries and portal vein
system most commonly caused by abdominal trauma,
and iatrogenic damage induced by procedures such
as liver biopsies, tumors and congenital vascular
malformations'. Arteroportal fistula may cause severe
portal hypertension which leads to gastroesophageal
variceal bleeding, refractory ascites, diarrhea, and hepatic
encephalopathy. The recent progress in computed
tomography and magnetic resonance technology with
no invasive angiography imaging , makes it possible to
confirm the suspicious arteroportal fistula at the Doppler
ultrasonography and guide the choice of the treatment.
The hepatic vein portal pressure gradient (HVPG)
measurement may verify the diagnosis of extrahepatic
portal hypertension.

CASE REPORT

A 44-year-old male was admitted to our Institution because
of acute variceal bleeding and a clinical diagnosis of
cirrhosis. The patient underwent a total gastrectomy in
1984 for gastroduodenal ulcer. In December 2000, there
was a biopsy-proven chronic active hepatitis secondary to
hepatitis virus C infection; and a long-term biochemical
and virological response was obtained with a 12-mo course
of combined antiviral treatment with PEG-IFN plus
Ribavirine. Upon admission, the liver function tests were
made and the results were: AST 34 U/L, ALT 61 U/L,
INR 1.2, PT 63%, serum albumin 33 g/L, serum bilirubin
1.1 mg/dL, and platelets count 15 x 10% yL.

The endoscopy showed the presence of large
esophageal varices with cherry red spots, localized in the
medial and lower third of the esophagus and extended
into the subcardial tract; the varix actively bleeding
was treated with banding legations. Two days later, the
ultrasonography showed homogeneous liver texture,
enlarged spleen (a longitudinal diameter of 16.3 c¢cm) and
absence of ascites. However, an anechoic mass 2.5 cm in
diameter was detected next to the head of the pancreas.
The color-Doppler demonstrated turbulent flow, and
arterialization of portal vein flow, with an increased
peak velocity (83 cm/sec) (Figure 1). All these findings
were suggestive for extrahepatic arteroportal fistula. A
16 slices-MDCT scan of the abdomen was performed,
using 150 mL of isosmolate iodate contrast media (1.8
mL/kg), injection-velocity of 5 mL/sec, pitch 1, thickness
of 2.5 mm, interval reconstruction of 0.6 mm, and
triple-phase acquisition. Maximum Intensity Projection
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Figure 1 Color -Doppler US showed an anechoic mass, 2.5 cm in diameter, next
to the head of the pancreas with turbulent flow inside.

Figure 3 Celiac axis arteriogram
confirmed a large aneurysm of
gastro-duodenal artery and a
fistulous communication with the
main portal vein.

(MIP) and Volume Rendering (VR) 3D angiography
reconstructions cleatly confirmed the presence of a large
aneurysm filled by a dilated gastroduodenal artery, draining
into the superior mesenteric vein (Figure 2). Other CT
findings were normal liver, presence of esophageal varices
and splenomegaly (volume of 910 mL). The HVPG was
normal (5 mmHg), confirming the extrahepatic origin
of portal hypertension. The diagnosis of extrahepatic
portal hypertension secondary to arteroportal fistula was
established. However, the patient refused the percutancous
arterial embolization of the fistula.

Seven months later a clinical examination revealed the
presence of ascites. The MRI confirmed the presence
of free fluid into the abdomen, bilateral pleural effusion
and no changes in the aneurysm. The percutaneous
embolization was then accepted. The initial angiogram of
the celiac axis confirmed the large aneurysm of the gastro-
duodenal artery and a fistulous communication with the
main portal vein (Figure 3). After selective catheterization
of the aneurysm, several metallic coils (8 mm in diameter)
wete placed in both the aneurysm and the fistula. The
post-procedure arteriogram showed the complete
occlusion of the fistula (Figure 4).

One month later, the endoscopy demonstrated the
absence of esophageal varices. Three months later, a CT
scan showed a complete thrombosis of the arteroportal
fistula, the absence of ascites and pleural effusion, and a
significant reduction of the spleen volume (689 mL). Now,
the patient is free of symptoms with normal liver function

Figure 2 MDCT 3D reconstruction showed the presence of a large aneurysm filled
with a dilated gastroduodenal artery and draining into the superior mesenteric vein.

Figure 4 Arteriogram performed
after coils embolization showed
complete occlusion of the fistula.

tests: AST 34 U/L, ALT 32 U/L, serum bilirubin 0.8
mg/dL, albumin 3.9 g/dL, PT 98%, INR 0.8, and platelets
count 22 x 10° pL.

DISCUSSION

The arteroportal fistula is a rare disorder of hepatic
vasculature characterized by anomalous communication
between the arteries and portal venous system.
Extrahepatic arteroportal fistulas are less common
than the intrahepatic ones. The most common causes
of arteroportal venous fistula are traumas, iatrogenic
damage and congenital vascular malformations'’. In our
patient there was no history of traumas or other vascular
malformations, suggesting that the previous gastrectomy
might be the most likely cause of arterioportal fistula.
It is known that this vascular disorder may cause portal
hypertension in non-cirrhotic liver™, due to an increased
arterial blood flow. In addition, the nodular regenerative
hyperplasia and hepatoportal sclerosis with fibrosis may
develop during the follow-up period and worsen portal
hypertension'”,

In our case, the arteroportal venous fistula was well
detected by Doppler ultrasonography, and confirmed
by computed tomography and magnetic resonance
angiography.

Severe portal hypertension with large esophageal
varices, ascites and pleural effusion was maintained by the
increased portal venous inflow. This is confirmed by a

www.wjgnet.com
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normal value of HVPG that rules out the hepatic origin
of portal hypertension. The arteroportal venous fistula
can be treated with percutaneous arterial occlusion'.
Notably, esophageal varices and ascites disappeared after
the embolization, which further confirmed the role of
increased portal blood inflow.

In conclusion, arteroportal fistula is a rare cause of
portal hypertension in non-cirrhotic liver and may cause
variceal bleeding and ascites. Imaging studies are useful
to detect it and the HVPG measurement is useful in
confirming the extrahepatic origin of portal hypertension.
The percutaneous arterial embolization is an effective
therapy for these patients.

www.wjgnet.com
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Abstract

Esophageal cancer (EC) is a highly lethal disease.
Approximately 50% of patients present with metastatic
EC and most patients with localized EC will have local
recurrence or develop metastases, despite potentially
curative local therapy. The most common sites of distant
recurrence are represented by lung, liver and bone while
brain and breast metastases are rare. Usually patients
with advanced disease are not treated aggressively and
their median survival is six months. We report a woman
patient who developed breast and brain metastases
after curative surgery. We treated her with a highly
aggressive chemotherapeutic and surgical combination
resulting in a complete remission of the disease even
after 11-year follow-up. We think that in super selected
patients with more than one metastasis, when functional
status is good and metastases are technically resectable,
a surgical excision may be considered as a salvage
option and chemotherapy should be delivered to allow a
systemic control.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Esophageal cancer (EC) is a highly lethal disease, with an
estimated annual incidence of 14550 new cases and 13
770 related deaths in 2006 in the USA". Approximately
50% of patients present with metastatic disease and most
patients with localized EC will have local recurrence
or develop metastases, despite potentially curative local
therapy”.

The most common sites of distant recurrence are
represented by lung, liver and bone™ while brain and breast
metastases are rare. Brain metastases have been reported
only in 3.6% of all resected patientsm but their incidence
in all patients with EC is higher™.

Extra mammary malignancies rarely metastasize to the
breast, usually in patients with disseminated neoplasmsm
and according to literature data, only few cases of breast
metastases from EC have been reported so far,

The case presented here is a woman with EC who
underwent surgery and later developed synchronous
solitary breast and brain metastases. She showed
uncommon sites of recurrence of the disease. Generally,
patients with EC are not treated aggressively in the
presence of advanced diseases. Nevertheless, we
performed a highly combined aggressive chemotherapeutic
and surgical approach resulting in a complete remission of
the disease even after 11-year follow-up. Together with the
clinical case description, considering the rarity of the event,
we discussed the features connected with the diagnosis and
management of such an uncommon presentation of the
metastatic disease.

CASE REPORT

In June 1995 a 51-year-old white woman patient with EC
was admitted to our hospital. She complained of severe
dysphagia and dyspeptic disorders associated with a weight
loss. Her history revealed recent onset of dysphagia,

www.wjgnet.com
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Figure 1 Barium swallow shows the presence of a stenotic
trait in the middle thoracic esophagus.

Figure 2 Esophageal histological
sample (haematoxylin-eosin stain 20 x)
shows the presence of squamous cell
carcinoma with involvement of muscular
tunic.

Figure 3 A squamous pearl at a higher magnification (haematoxylin-eosin stain
200 x).

present at first due to solid foods and then due to fluids
as well. The difficult food intake caused a subsequent
5 kg weight loss during the five months prior to our
observation. Since she had no other specific complaints,
we decided to submit our patient to instrumental checks.
Barium swallow showed the presence of a 4 cm sten-
otic trait in the middle thoracic esophagus (Figure 1) and
a next esophagogastroduodenoscopy revealed a vegetant
mass in the esophageal lumen causing the stenosis. A biop-
sy of the mass was performed and histologic examination
revealed a squamous esophageal carcinoma (Figures 2 and
3). The tumor marker values were increased and carbo-
hydrate antigen 19-9 (CA19-9) was 250 U/mL (normal <
40 U/mL) while carcinoembryonic antigen (CEA) was 24

www.wjgnet.com

Figure 4 Mammography shows a well-
defined nodule without calcification.

ug/L (normal < 3 pg/L). Other laboratory findings were
normal.

Total body CT scan, abdominal ultrasonography and
bone scintigraphy revealed that the disease was at stage 1la,
we therefore decided to treat the patient surgically. In July
1995, subtotal esophagectomy was performed with dissec-
tion of lymph nodes and retrosternal reconstruction using
tubulized gastric stump. Surgical operation was radical and
the lymph nodes were negative for metastases. Histological
examination confirmed the presence of squamous carci-
noma and pathological stage of the disease was T2 No Mo.
The woman underwent periodical clinical checks.

In November 1995, the patient noted the presence of
an approximately 3 cm X 3 ¢cm nodule in the upper lat-
eral quadrant of the left breast. At clinical examination,
it appeared as a hard mass not fixed to the surrounding
structures. The tumor marker carbohydrate antigen 15-3
(CA15-3) was normal. A mammography confirmed the
presence of the nodule (Figure 4) and fine-needle aspira-
tion cytology under ultrasound guidance was performed,
indicating the presence of squamous carcinoma cells.

Total body CT scan requested for restaging showed also
a1 cm X 1 cm focal lesion in the frontal right lobe of the
brain. Therefore, we treated the woman with a palliative
chemotherapy schedule based on cisplatin (25 mg/m’iv a
day) from d 1 to d 5, and 5-fluorouracil (1000 mg/m’iv a
day) from day 1 to day 5 by continuous infusion every four
weeks'"". After the first cycle administration we observed
remarkable reduction of the breast metastasis at clinical
examination.

Taking into account either the palliative medical
treatment or her relatively young age and good general
conditions, we decided to perform surgical excision
of both metastases followed by chemotherapy. In
the following ten days, either tumorectomy or brain
metastasectomy of the breast lesion was performed.
Histological examination (Figures 5 and 0) revealed the
presence of esophageal metastatic tumor. No surgical
complication occurred. One month later, we resumed
chemotherapy and further five courses of treatment were
delivered.

In the following time the patient began to start again
her daily activities and underwent periodical clinical and
instrumental checks, which were always negative. The
woman enjoyed good health after eleven years.
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Figure 5 The right side of breast histological sample shows an infiltranting
squamous carcinoma’s focus with peritumoral inflammation while the left side
shows a normal mammary duct section (haematoxylin-eosin stain 40 x).

Figure 6 Squamous carcinoma infiltrating the cerebral parenchyma
(haematoxylin-eosin stain 100 x).

DISCUSSION

EC is treatable but rarely curable. Patients with metastatic
EC have a median survival time of six months!!),
Moreover the reported 5-year survival rate ranges from
20% to 36% after intentionally curative surgerym] due to
a high rate of either local or distant recurrence. Distant
metastasis rate is reported to be 26% within 20 mo after
radical surgery'”. Early metastatic relapse after complete
resection of any apparentlylocalized primary tumor
indicates that micrometastatic tumor cell spread at the time
of surgery is undetectable by current staging methods and
routine histopathologym.

Commonly EC metastasizes to the lungs, liver and
bone® but rarely to the brain and exceptionally to the
breast'”. We observed an unusual metastatic pattern
with both solitary breast and brain single metastases
in our patient. Breast metastases from non-mammary
malignancies are very rare and their incidence ranges from
0.5% to 5.1% of all breast tumors'”. They usually occur in
the upper outer quadrant and their prognosis is poor™”.

Clinical and radiological aspects of secondary breast
tumors are heterogeneous, though in most cases they
appear as a solitary palpable, usually mobile mass.
Mammographic finding consists of a round, dense
and well-circumscribed mass, without spiculature,
microcalcification or skin thickening. Furthermore, growth

is usually rapid"”. However, differential diagnosis is needed
for correct treatment choice and it is reasonable to obtain
a histological or cytological sample of the lesion.

The presence of metastatic lesions in any patient
is an indication for a systemic treatment of primary
cancer. Anyhow it has been reported that curative surgery
for breast metastasis is a correct choice of treatment
if metastases in other sites are controlled by other
modalities”.

For the case reported here, we made a disease restaging
which showed concomitant presence of a brain metastasis
because of the detection of her breast metastasis. This
feature represents a further worsening of the prognosis of
our patient. As a matter of fact patients with brain metas-
tases from EC have a median survival time of 3.9 mo''.
However it has been reported that an intensive brain
tumor treatment may result in a longer survival time of
selected patients with good Karnofsky performance status
(KPS)"" after excision of a single brain metastasis from
EC". Even the presence of multiple or recurrent brain
metastases does not automatically controindicate surgery
because it can prolong survival and enhance the quality of
life""”. Currently surgery followed by whole brain radiation
therapy (WBRT) is considered the standard treatment™
for a single brain metastasis.

For the case reported here, we began chemotherapy
in order to obtain a systemic control of the disease. Since
we observed a remarkable reduction of the breast lesion
after only one course of chemotherapy, we modified our
treatment plan. Since the patient was relatively young and
in good functional status, we decided to perform radical
excision of her metastatic EC followed by chemotherapy.
Brain radiotherapy was not performed. This combined
aggressive chemotherapeutic and surgical approach
resulted in a complete remission of the disease even after
11-year follow-up.

Generally, the prognosis of patients with recurrent EC
is poort, but in some cases surgical resection, chemotherapy
or radiotherapy has been proven effective’”’

Our experience suggests that when functional status
is good and metastases are technically resectable, surgical
excision may be considered in selected patients with more
than one metastasis and chemotherapy should be delivered
to allow a systemic control.
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Abstract

Collision tumors are thought to arise from the accidental
meeting and interpenetration of two independent
tumors. We report here a highly unusual case of a
61-year old man who had a unique tumor that was
composed of a metastatic adenocarcinoma from the
stomach to the rectum, which harbored a collision
tumor of primary rectal adenocarcinoma. The clonalities
of the two histologically distinct lesions of the rectal
mass were confirmed by immunohistochemical and
molecular analysis. Although histologic examination is
the cornerstone in pathology, immunohistochemical
and molecular analysis can provide evidence regarding
whether tumors originate from the same clone or
different clones. To the best of our knowledge, this is the
first reported case of such an occurrence.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

The term collision tumor refers to two coexisting, but
independent tumors' . Malignant neoplasms originating
from two or more distinct topographic organs may
form a collision tumor. A possible explanation for this
is field cancerization, which occurs due to long-term
exposure to carcinogens, whereby multiple carcinogenic
transformations give rise to genetically unrelated secondary
primary tumors with independent mutations™” and thus,
the chance of tumor collision may be increased. However,
there is no explanation for the occutrence of many
collision tumors. As most diagnoses are made based on
the histology alone, the question is whether histologic
classification can accurately reflect the molecular findings
in these tumors. If two tumors arise independently
and are associated with coincidence only, the genetic
alterations are expected to be different from each other
because of the different tumor origins. We report here
a rare collision tumor of the rectum that was composed
of a rectal adenocarcinoma within the metastatic gastric
adenocarcinoma. Furthermore, in an effort to find the
molecular evidence both for the histologic diagnosis
of this collision tumor and for the clonality of the two
separate components, we characterized the molecular
alterations of each tumor component by examining the
microsatellite instability (MSI) and loss of heterozygosity
(LOH), and performed an immunohistochemical analysis
as well. The findings of this tumor represent an entity that
has never been described at this location.

CASE REPORT

A 61-year old man presented with postprandial epigastric
pain for 5 mo. Upper gastrointestinal endoscopy suggested
an ulcerofungating tumor spreading from the gastric body
and antrum to near the esophagogastric junction, and
biopsy revealed a poorly differentiated adenocarcinoma.
The patient underwent radical total gastrectomy for
the gastric cancer with regional lymph node dissection.
During the operation, the rectum showed a tumor that
was considered to be a distant metastasis from the gastric
cancer. So, low anterior resection of the rectum with
regional lymph node dissection was also performed for the
distant metastasis of the gastric carcinoma.

The resected rectum revealed a relatively ill-defined
ulcerofungating mass measuring 7 cm X 6 cm. Sectioning
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Results
Immunohisto Antibody
-chemical markers Rectal tumor Primary stomach
Source Clone Dilution Primary rectum Metastatic stomach
CK7 DakoCytomation OV-TL 1:200 Positive Negative Negative
CK20 DakoCytomation Ks20.8 1:50 Positive Positive Positive
P53 DakoCytomation DO-7 1:50 Positive Positive Positive
MuUC2 Novocastra Ccp58 1:500 Negative Positive Positive
MUC5AC Novocastra CLH2 1:500 Negative Negative Negative
CDX2 Novocastra CDX2-88 1:100 Positive Positive Positive
: A-' ok g, s '~ well-differentiated tubular adenocarcinoma cells seen in the
= rectal wall were not found in the gastric wall. The proximal
4 AEARY resection margin was tumot-involved, but the distal
L p . resection margin was tumor-free. Multiple regional lymph
*p _‘ J c"" a nodes (7 = 60) showed poorly-differentiated metastatic
] el # adenocarcinoma (7 = 47).
e i N 2 3 Immunohistochemical staining was performed to
] - il distinguish the two components of the rectal tumor. The
o i characteristics of the antibodies used in this study and
ol F £ the results are presented in Table 1 as well as in Figure

Figure 1 Histological features of rectal tumor showing the interface of a tubular
adeonicarcinoma component of primary rectal cancer (right) and a poorly-
differentiated adenocarcinoma component metastasized from the stomach (left)
(hematoxylin and eosin; x 40) (A), immunohistochemical analysis showing positive
MUC2 in metastatic gastric carcinoma and negative MUC2 in primary rectal
carcinoma (x 200) (B), and negative CK7 in metastatic gastric carcinoma and
positive CK7 in primary rectal carcinoma (x 200) (C).

revealed a whitish granular infiltrating tumor with
extension into the perirectal soft tissue. Any regional
differences of the tumor were not grossly identified. The
resected stomach revealed a Borrmann type IV mass,
measuring 14 cm X 14 cm, at nearly the entire gastric wall.
Microscopically, the rectum showed a larger component
of poorly differentiated adenocarcinoma with a focal
signet-ring cell appearance involving the entire rectal
wall. A smaller component of well-differentiated tubular
adenocarcinoma invading into the perirectal soft tissue was
noted within the poorly differentiated adenocarcinoma.
Both components collided with each other with no
intermingling at their interface (Figure 1A). The surgical
margins were tumor-free. Multiple regional lymph nodes
(n = 28) showed metastatic adenocarcinoma (#z = 206), of
which two revealed feature of well-differentiated tubular
adenocarcinoma and 24 revealed pootly-differentiated
adenocarcinoma. The stomach mass was an invasive,
pootly-differentiated adenocarcinoma invading into the
perigastric soft tissue and showing the same histologic
features as the larger component of the rectal tumor. The
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1B and C. In summary, the primary gastric carcinoma
as well as the metastatic gastric carcinoma in the rectum
displayed both strong and diffuse staining for MUC2,
but negative staining for cytokeratin 7 (CK7), whereas
the primary rectal carcinoma component showed
focal positive immunoreactivity for CK7, but negative
staining for MUC2. The distribution of immunostaining
was well correlated with the histologic distinction
between metastatic gastric and primary rectal carcinoma
components in the collision tumor.

The tissue of both tumors and their non-tumor
counterparts were scraped from 10 pm-thick formalin-
fixed, paraffin-embedded sections, and then genomic DNA
was extracted using the DNeasy tissue kit (Qiagen, Hilden,
Germany). DNA sample pairs were amplified using the
microsatellite instability MSI/LOH starter kit (Applied
Biosystems, Forster City, CA, USA). Genetic stability was
analyzed using the Bethesda reference panel that includes
BAT25, BAT26, D2S123, D5S346 and D175250". Both
the primary and metastatic gastric carcinoma components
as well as the primary rectal carcinoma component showed
microsatellite stability (Figure 2). LOH analysis was carried
out using 3 polymorphic microsatellite repeat markers
including D28123, D5S346 and D175250. A value below
0.6 or above 1.6 was interpreted as evidence of LOH,
whereas values between these figures were considered
retention of heterozygosity. LOH was found in both
primary and metastatic gastric carcinoma components,
but not in primary rectal carcinoma component (Table 2).
Eight months after surgery, the patient died of recurrent
gastric cancet.

DISCUSSION

Collision tumor is considered as a double tumor showing
a ‘side by side’ or ‘one upon another’ pattern. It can
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Figure 2 Microsatellite instability phenotype analysis showing no microsatellite
instability in the primary rectal tumor (A), the metastatic gastric tumor (B) and the
primary gastric tumor (C). Blue and green line: Normal tissue; Black and red line:
Tumor tissue.

Loss of heterozygosity

Tumor Rectal

Microsatellite Chromoso- suppressor o Primary

marker mal region i i
t:4 gene Primary Metastatic oo 1

rectum stomach
D25123 2p16 hMSH2  No (0.95) No (0.93) No (1.03)
D55346 5q21 APC No (1.31) Yes (0.50) Yes (0.54)
D175250 17q11.2-12 P53 No (1.01) Yes (0.41) Yes (0.43)

occur within the same organ, or in adjacent organs,
or in conjunction with systemic malignancym. Several
hypotheses have been suggested as the mechanisms
for collision tumor. The simplest is that two primary
tumors occur in continuity by an accidental “meeting”.
Two different tumors may also contiguously develop
because the region is altered by the same carcinogenic
stimuli. Another hypothesis is that the presence of the
first tumor alters the microenvironment, making the
development of the second adjacent tumor more likely®.
In our case, because the primary rectal cancer occupied a
smaller portion of the lesion within the larger portion of
metastatic gastric cancer, suggesting that metastatic gastric
carcinoma to the rectum probably makes some changes
in microenvironment and metabolic condition of the
rectum, in which a second primary rectal cancer may have
developed in association with a previous metastatic focus
rather than a metastasis harboring rectal adenocarcinoma.
Therefore, we can postulate that substances produced by
gastric adenocarcinoma stimulate the immediate adjacent
mucosa to undergo increased proliferation and neoplastic
transformation.

Collision tumor needs to be distinguished from
composite tumor, which is characterized by two divergent
lineages originating from the same neoplastic clonal
proliferationm, because different treatments are warranted
depending on the type of collision tumor encountered'”,
The behavior of collision tumor depends on the individual
clements. Definitive conclusion could not be drawn with
regard to the prognosis of this type of collision tumor

in our case. However, it is important to differentiate
between a case with rectal carcinoma coincidentally having
a metastatic gastric carcinoma component and a case with
only a primary rectal carcinoma component because of
the difference in prognosis. The prognosis of patients
with only primary rectal carcinoma is determined by the
staging at diagnosis and it is likely to be more favorable
than that of patients with an additional metastatic gastric
adenocarcinoma in the rectum.

Genetic analysis provides evidence regarding
whether the tumors originate from the same clone or
from different clones. The panels for each anatomically
different site of tumor are then compared to identify
the conserved and unique mutations. If the mutational
profiles are predominantly unmatched, the diagnosis of a
second primatry tumor can be established. In an effort to
determine the clonality of the two separate components in
this patient’s rectal tumor, we chatracterized the molecular
alterations of each tumor component, by MSI and LOH
analysis. It has been recently reported that the pattern of
MSI findings is a useful tool in determining whether a
patient has double primary tumors or a single clonal tumor
with metastasis. Kim ef a/”' reported that high coincident
MSI is observed in 17.7% of patients with colon and
stomach cancers, suggesting that a genetic defect of
mismatch repair deficiency may be responsible for a small
subset of double primary cancers of the colorectum and
stomach. In this case, we could not find any discriminating
pattern of MSI in both primary and metastatic gastric
carcinoma components, as well as in primary rectal
carcinoma component. The clonal evolution of cancet
can be followed up by using markers that identify LOH.
However, carcinogenesis is most often not a single event,
but rather the result of many mutations that accumulate
over time. Blaker ¢ a/” reported that LOH patterns of
primary colon cancer and metastatic tumors are different
in about half of the cases. In our case, LOH analysis
showed that the two components of rectal tumor were
collision tumor.

The mucin gene family consists of at least nine MUC
genes whose tissue distribution has mainly been studied
with antibodies that recognize the core protein of different
mucins. At immunohistochemical level, the expressed main
mucin types are MUC1 for the intestinal type, MUC5AC
for the diffuse type, and MUC2 for the mucinous type in

M MUC2 expression has been shown to be
11

gastric cancer
significantly lower in non-mucinous colorectal cancer
Different expressions of vatious types of CK in tumors
at different primary sites can be a clue to the origin of a
neoplasm. It has been reported that carcinomas of the
colon generally express CK20, whereas the CK7 expression
is usually negative, and the expressions of CK7 and CK20
in carcinomas of the stomach have yielded more variable
results''”. However, carcinomas of a gastrointestinal
origin exhibit overlapping and heterogeneous expressions
of each mucin and also CK, and there is no definitively
consistent immunoreactivity pattern. In this study,
primary gastric carcinoma as well as metastatic gastric
carcinoma in the rectum displayed strong and diffuse
staining for MUC2, but negative staining for CK7, whereas
the primary rectal carcinoma component showed focal
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positive immunoreactivity for CK7, but negative staining
for MUC2. The distribution of immunostaining was
significantly correlated with the histologic distinction
between metastatic gastric and primary rectal carcinoma
components in collision tumor.

To the best of our knowledge, although one of the
tumors with a significantly elevated risk is colorectal
cancer after the diagnosis of stomach cancer, rectal
collision tumor with primary rectal adenocarcinoma
and metastatic gastric adenocarcinoma is an entity that
has not been previously described at this location. Our
immunohistochemical and molecular approach clearly
demonstrates that the two components of adenocatcinoma
of the rectum have a different clonality.
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Abstract

We herein present a case of a 75-year-old female with
mucosa-associated lymphoid tissue (MALT) lymphoma of
the transverse colon with the stage IE (Ann Arbor clas-
sification). Colonoscopy revealed the tumor’s appearance
as a Ila plus Tc-like early colon cancer as defined ac-
cording to the macroscopic classification of the Japanese
Research Society for Cancer of Colon, Rectum and Anus,
measuring less than 2 cm in diameter. Histologically, the
tumor was diagnosed as MALT lymphoma because of the
presence of lymphoepithelial lesions consisting of diffuse
proliferation of atypical lymphocytes and glandular de-
struction. The majority of these lymphocytes immunohis-
tochemically stained for the B-lymphocyte marker. The
patient first underwent A pylori eradication therapy with
Lansap®. However, the tumor size gradually increased
over the next 4 mo and the patient eventually underwent
surgical resection. The operative procedure included a
partial colectomy with dissection of the paracolic lymph
nodes. The tumor measured 45 mm x 30 mm in diam-
eter and histological examination showed that the lym-
phoma cells had infiltrated the muscle layer of the colon
without nodal involvement. The patient has had no re-
currence postoperatively without any chemotherapy.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

The term mucosa-associated lymphoid tissue (MALT)
lymphoma was first introduced by Isaacson and Wrightm
in 1983. This entity includes low-grade gastric B-cell
lymphoma and immunoproliferative small intestinal
disease. MALT lymphomas occur in a variety of extra-
nodal organs, such as the gastrointestinal (GI) tract and the
non-GI tract, in which the stomach is the most common
site™. Since convincing evidence has been presented
showing the relationship between H pylori and gastric
MALT lymphoma, the therapeutic strategy has been
altered for patients with gastric MALT lymphoma in the
carly stages[“’g]. In contrast, a treatment for colonic MALT
lymphoma has not yet been established. In the present
report, we describe a case of colonic MALT lymphoma
which did not response to H pylori eradication treatment
and, therefore, underwent a surgical resection, and also
provide a literature review on this rare entity.

CASE REPORT

A 75-year-old female was admitted to Nagasaki Prefectural
Shimabara Hospital for surgical treatment of MALT
lymphoma of the transverse colon on June 21, 2005.
The patient had shown a positive fecal occult blood test
on January 20, 2005 without any clinical symptoms and
signs. Her past histories included hypertension, diabetes
mellitus, and cholecystolithiasis. The results of complete
blood counts, blood chemistries and tumor markers, such
as carcinoembryonic antigen, were all within the normal
limits. Colonoscopy revealed the tumot’s appearance as [[a
plus I c-like early colon cancer”, measuring less than 2
cm in diameter, in the transverse colon (Figure 1). Biopsy
specimens histologically showed lymphoepithelial lesions
with diffuse proliferation of atypical small lymphocytes
and some glandular destruction. These lymphocytes
immunohistochemically showed diffusely positive staining
for L-26 (Figure 2) and bcl-2, but negative staining for
CD3, CD5, CD10, CD79a, UCHL-1 and cyclin D1.
These findings were compatible with MALT lymphoma
of the colon. Barium enema showed a flat-elevated
lesion in the transverse colon (Figure 3). Abdominal and
chest CT demonstrated neither abnormal lesions nor
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Figure 1 Colonofiberscopy
showing the tumor’s
appearance as a lla plus
II c-like early colon cancer.

Figure 2 Biopsy specimens histologically showing diffuse proliferation of
atypical small lymphocytes in the mucosal layer (A: x 40 magnification, HE)
and glandular destruction (B: x 200 magnification, HE). These lymphocytes
immunohistochemically showing diffusely positive staining for L-26 (C; x 200
magnification, ABC method).

enlargement of lymph node. According to the Ann Arbor
classification, this MALT lymphoma belonged to the
stage IE. The patient first underwent H pylori eradication
therapy with Lansap® because of positive reaction to a
urea breath test (UBT). However, over the course of 4
mo, the tumor gradually increased in size, although H pylori
were eradicated. The patient was considered to be a non-
responder to eradication therapy, and was indicated for
surgical resection. A partial colectomy with dissection
of the paracolic lymph nodes was performed on June
23, 2005 (Figure 4). The tumor grossly appeared to be
a Ila plus Il c-like early colon cancer, measuring 45
mm X 30 mm in diameter. Resected specimens were
histologically and immunohistochemically reconfirmed
to be MALT lymphoma without nodal involvement. The
lymphoma cells infiltrated mainly into the mucosa and
submucosal layer, and partly infiltrated into the muscular
layer of the colon (Figure 5). The patient has had no
recurrence postoperatively without any chemotherapy.

DISCUSSION

MALT lymphoma is defined as extra-nodal marginal
zone B-cell lymphoma of MALT type in peripheral

www.wjgnet.com

Figure 3 Barium enema
showing a flat and well-
circumscribed tumor in the
transverse colon (arrows).

P i T

Figure 4 Resected specimens showing a flat-elevated tumor with slight
depression, measuring 45 mm x 30 mm in diameter.

Figure 5 The lymphoma cells mainly infiltrated into the mucosal and submucosal
layers, and partly infiltrated into the muscular layer of the colon (x 20 magnification,
HE).

B-cell lymphoma according to morphologic features,
immunophenotype, genetic features, postulated normal
counterpart, and clinical features' """,

H pylori eradication therapy is currently widely
recognized as an initial therapy in cases with low-grade
(stage 1) gastric MALT lymphoma'""". In contrast, it
has not yet been clarified whether H pylori eradication,
or chemotherapy, or surgery should be performed in
colonic MALT lymphoma compared with gastric MALT
lymphoma, because the colorectal MALT lymphomas are
rare. The individual clinical details of colorectal MALT
lymphoma are summarized in Table 1'°*. Some reports have



Matsuo S ef a/. MALT lymphoma of the colon 5575
Author Yr  Age/Sex Location/Size Symptoms/Signs H pylori Treatment Outcome
Schmid™! 1994  65/M S/25cm ND ND  Polypectomy NED for 9 mo

1994  47/M  T/15cm ND ND Polypectomy and chemotherapy =~ NED for 24 mo
1994 64/M T/1.5cm ND ND Left hemicolectomy Died, 7 d (Cardiac failure)
Matsumoto™ 1997 72/FE  R/ND Rectal bleeding + Eradication NED for 12 wk
Yasui"” 1999 76/M  C/30 x 15 mm Fecal occult blood ND Partial resection” ND
Orita™ 1999 64/F R/34x48cm Fecal occult blood ND Abdominoperineal resection NED for 35 mo
Inoue™ 1999 62/F  R/ND Hematochezia - Eradication NED for 53 wk
Raderer®! 2000 67/M D'/15cm None + Eradication NED for 4 mo
Hasegawa®™ 2000  72/F S/3.0x15cm  Abdominal pain, fever ND  Sigmoidectomy ND
Yoshimura® 2002 74/M  T/8x4cm Fecal occult blood ND Chemotherapy NED for 20 mo
Nakase'™ 2002  66/F D,S,R/ND Hematochezia = Eradication NED for 1.5 yr
2002 33/F R/ND Fever, hematochezia - Eradication NED for 10 mo
2002 62/F  R/ND Hematochezia - Eradication NED for 6 mo
Hisabe™ 2002  70/F R/15cm Abdominal discomfort = Eradication NED for 20 mo
Takada™ 2003  44/M  C/1.1x0.9cm Fecal occult blood = Partial resection’ ND
Lee®™ 2005 47/M  R/ND Tenesmus, mucoid sool - Chemotherapy and radiation NED for 3 mo
Kikuchi®! 2005 71/M  R/3.5cm Fecal occult blood - Eradication’ NED for 12 mo
2005 80/F C,R/25cm Anal bleeding - Eradication NED for 6 mo
2005 70/F  R/1.5cm Abdominal discomfort - Eradication NED for 20 mo
Our case 2006 75/F  T/45%3.5cm Fecal occult blood + Partial resection after eradication ~ NED for 12 mo

Location; R: Rectum, S: Sigmoid colon; D: Descending colon; T: Transverse colon; C: Cecum; ND: Not described; NED: No evidence of disease. "This patient had

MALT lymphomas in the stomach and the descending colon, simultaneously. *These patients performed laparoscopy-assisted colon resection. *This patient has

received repeated eradication.

described the successful regression of colorectal MALT
lymphoma by means of eradication therapy in H pylori-
positive patients' ", Even in cases with colorectal MALT
lymphoma negative for H pylori, the regression of the tumor
was also recognized as a result of H pylori eradication
therapy!”*****", In prospective studies of gastric MALT
lymphoma, eradication therapy was not effective in patients
negative for H py/(m{z&”]. Grunberger e7 al™” reported that
antibiotic eradication therapy was not effective in patients
infected with H pylori suffering from extra-gastric MALT
lymphoma. Therefore, they suggested that H pylori did
not play a role in the development of extra-gastric MALT
lymphomas. Similarly, antibiotic eradication therapy was
not effective in our present case. These results may suggest
that colorectal MALT lymphomas are not directly related
to H pylori infection, while gastric MALT' lymphomas are
strongly associated with H pylori infection. In the future,
a definite pathogenesis of colorectal MALT lymphoma
should be clarified when cases of colorectal MALT
lymphomas have accumulated. As a speculation, colorectal
MALT lymphomas may be caused by unknown antibiotic-
sensitive microorganisms other than H pylori, although
that is not clear. In gastric MALT lymphoma, indeed,
Helicobacter heilmannii-associated MALT lymphoma other
than H pylori has been reported to be completely regressed
by eradication therapym.

Surgical resection is mandatory when a colorectal
MALT lymphoma does not respond to eradication therapy
or chemotherapy, and it is localized without dissemination.

In conclusion, the present case with colonic MALT
lymphoma eventually underwent surgical resection of
the colon after the failure of eradication therapy. Surgical
intervention is now the procedure of choice for colorectal
MALT lymphoma because its pathogenesis and therapeutic
strategy have not yet been established.
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Abstract

A case of a large multiplex recurrent hydatid cyst
involving the left gluteal muscle and the left iliopsoas,
accompanied with degeneration of the musculature
of the left upper leg is presented along with a review
of the relevant literature. Very few such cases have
been reported worldwide. The presented case is also
distinguished by the involvement of muscles of distant
anatomic areas.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Echinococcosis is a zoonotic infection caused by
tapeworms of the genus Echinococcus which inhabits in the
small intestine of carnivores. The adult worms produce
eggs that are released with the feces and spread in various
ways, such as through the wind, water or flies”. After
ingestion by the host, the embryos migrate through the
intestinal wall and are either arrested in the capillary
bed of the liver developing into liver cysts, or manage
to penetrate into systemic circulation thus ending up in
remote organs. The lung, the brain, and the muscles or

bones are the more frequently involved distant organs.
Due to their physiologic role as capillary filters and their
vast capillary volume, the liver and lung are most often
affected. Other manifestations are found in 15% of the
patients, with the skeletal system making up for 1%-4%
of all cases”. Voluntary muscles are a very rare site of
infection, counting for less than 1% of total”.

In this report, we present a case of a large multiplex
recurrent hydatid cyst involving the left gluteal muscle and
the left iliopsoas, accompanied with degeneration of the
musculature of the left upper leg, To our knowledge, less
than 50 such cases have been reported in the literature
worldwide. The presented case is also distinguished by the
involvement of muscles of distant anatomic atreas, while
no liver, lung or bone lesions were identified.

CASE REPORT

A 78-year-old Caucasian male was admitted to our clinic,
with a swelling of the waist and the left upper leg. The
patient had been operated four times over the past 18 years
for echinococcosis of the musculature of the left upper
leg. During this period, he suffered recurrent swellings of
the thigh that were treated as abscesses. His past medical
record was otherwise unremarkable.

On physical examination, a mass was located in the
left waist and the upper part of the left gluteus muscle. A
communicating fistula with a daughter cyst was identified
in the median part of the left gluteus muscle. Another
communicating fistula extended from the daughter
cyst to 5 cm above the knee joint where a third cyst
was palpable. The aforementioned findings were also
visible on ultrasound (US) and MRI studies. The lesions
of the primary and daughter cyst in the waist and the
communicating fistula were located supetficially at the fascia
of the left gluteus muscle (maximum diameter 10 cm).

There were no signs of calcification in any of these
cysts. No liver or lung manifestations were present. Anti-
echinococcal IgG was positive for infection (title 2,2,
positive if > 1.1, ELISA).

The patient was submitted to perform a complete
cystopericystectomy of both primary and daughter cysts
and radical excision of the fistula. The overlying skin was
excised and the surgical wound was primarily closed. The
lesions were easily dissected from the underlying fascia
that did not need removal. The cysts contained purulent
material. The wound was drained for 24 h. The surgical
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Figure 1 Preoperative appearance
of the lesion, where primary
cyst, communicating fistulas and
daughter cysts are discernible.

specimen was submitted for histopathological examination
which confirmed the diagnosis. The postoperative course
was uneventful and the patient was discharged on the 6"
postoperative day. He has been followed up for 16 mo and
no recurrent cyst was evident on CT and MRI scan.

DISCUSSION

Soft tissue hydatid disease is rare even in endemic areas,
such as the Mediterranean. Intramuscular lesions in the
absence of liver, lung or bone manifestations are most
uncommon'. In our case, we encountered an extended
soft tissue disease with no signs of systemic infection
but a history of multiple recurrences. To our knowledge,
very few similar cases have been reported in the literature
worldwide (Table 1). Recurrences had developed in the
form of abscess-like lesions in multiple sites of the leg
which is also uncommon in intramuscular infections.
Quality of life of this patient was poor due to constant
symptomatic hymenitis, possibly a result of chronic
local inflammation. He also experienced mobilization
difficulties(Figure 1).

Determining the ideal therapeutic approach for
a recurrent musculosceletal hydatid cyst can be quite
challenging for the general surgeon. Moreover, the
rarity of the disease renders the decision making on the
favorable treatment quite difficult. Conservative treatment,
complete excision and simple drainage have all been
suggested as adequate!"”’. Hydatid disease progresses slowly
and is rarely life-threatening, especially when located in the
soft tissue or muscles, thus supporting a more conservative
therapeutic approach. Additionally, co-morbid conditions
and advanced age of the patient as well as the surgeon’s
experience are of great importance for the final decision.
However, in case the disease causes profound disabilities
or mobilization problems, complete cystopericystectomy
should always be consideted.

The nature of the lesion should be well documented
and evaluated. Radical surgical therapy is especially
indicated in cases of unilocular manifestations as only this
method offers hope of permanent cure”. Therapeutic
dilemmas could atise in cases of extended disease with
many muscles or muscle layers in different sites of the
body which are communicating vz fistulas. Communication
between lesions should always be suspected and revealed,
even if primary and daughter cysts are distant. Complete
surgical treatment should include the primary lesion, the
daughter cysts and the communicating fistulas as a whole
specimen.

Hydatid disease may occur anywhere in the musculo-

www.wjgnet.com

Author n Site of infection Liver/lung/bone
involvement
Merkle et al® 8 Iliopsoas, left adductor musculature, Yes

left femur, left medial gluteal muscle,
musculature of right upper leg

Rieber et al'® 1 Paravertebral structures Yes
Sennarogluetal 1 Infratemporal Yes
Von Sinner™"! 1 Pelvic Yes

Torricelli et al” 14  Bone infection with adjacent soft
tissue involvement in 12 cases

Aydin et al™ 1 Cerebral Yes
Duncan et al'¥ 1  Biceps brachii No
Dahniya et al®” 7 5 bone infections without soft tissue No

involvement, 2 primary intramuscular
(left shoulder, rectus femoris and
vastus lateralis)

skeletal system, from the big toe to the crown of the
head™™". In endemic areas, echinococcosis should be
always suspected and bared in mind in the differential
diagnosis of cystic lesions in soft tissue, even if the
radiological appearance is not typical. Once the diagnosis
is established, the surgeon should consider performing a
radical procedure aiming in minimizing the possibility of a
recurrence.
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Abstract

Mirizzi syndrome (MS) is an uncommon complication of
gallstone disease and occurs in approximately 1% of all
patients suffering from cholelithiasis. The syndrome is
characterized by extrinsic compression of the common
hepatic duct frequently resulting in clinical presentation
of intermittent or constant jaundice. Most cases are not
identified preoperatively. Surgery is the indicated treat-
ment for patients with MS. We report here a 71-year-
old male patient referred to the surgical outpatient
department for diffuse upper abdominal pain and mild
jaundice (bilirubin rate: 4.2 mg/dL). Ultrasound examina-
tion revealed a stone in the cystic duct compressing the
common hepatic duct. The patient had a history of gas-
trectomy for gastric ulcer 30 years ago. MRCP revealed a
stone impacted in the cystic duct causing obstruction of
the common hepatic duct by extrinsic compression. With
these findings the preoperative diagnosis was indicative
of MS. At laparotomy a moderately shrunken gallbladder
was found embedded in adhesions containing a large
stone which was palpable in the common bile duct. The
anterior wall of the body of the gallbladder was opened
by an incision which extended longitudinally along the
gallbladder towards the common bile duct. The stone
measuring 3.0 cm in diameter, was then removed set-
ting astride a large communication with the common bile
duct. A Roux-en-Y cholecysto-choledocho-jejunostomy
was performed. The subhepatic region was drained. The
patient had an uneventful recovery. He was discharged
eleven days after operation and remained well after a
30-mo follow-up.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Mirizzi syndrome (MS) is a rare complication of long-
standing cholelithiasis, which results from impaction of a
large calculus or multiple small stones in the cystic duct or
in the neck of the gallbladder causing extrinsic narrowing
of the common hepatic duct. This condition may result
in the clinical presentation of intermittent or constant
jaundice. MS occurs in approximately 1% of all patients
with cholelithiasis. Although modern imaging techniques
are available, the majority of cases are identified during
surgery. During the last two decades, 27 patients suffering
from MS have been treated in our department“’zl, we
present hete a case of a 71-year-old male patient with MS
and a literature review.

CASE REPORT

A 71-year-old male patient was referred to the surgical
outpatient department for diffuse upper abdominal
pain and mild jaundice (bilirubin rate: 4.2 mg/dL).
Ultrasound examination tevealed a stone in the cystic duct
compressing the common hepatic duct (Figure 1). The
patient had a history of gastrectomy for gastric ulcer 30
years ago, thus ERCP was not feasible. MRCP revealed
a stone impacted in the cystic duct causing obstruction
of the common hepatic duct by extrinsic compression.
With these findings the preoperative diagnosis was
indicative of MS. At laparotomy a moderately shrunken
gallbladder was found embedded in adhesions containing
a large stone which was palpable in the common bile
duct (Figure 2A). It was obvious that the local operative
circumstances required great surgical care. Therefore the
anterior wall of the body of the gallbladder was opened
by an incision which extended longitudinally along the
gallbladder towards the common bile duct. The cystic
duct could not be identified. The stone measuring 3.0
cm in diameter was then removed setting astride a large
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1 Gall bladder
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3 Common hepatic duct
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Figure 1 Ultrasound showing a stone compressing the common hepatic duct.

communication with the common bile duct (Figure 2B).
Based on this finding and because the risk of stricture at
the site of fistulae was significant, we decided to bypass
the cholecystocholedochal fistulus defect rather than to
close it directly or by using a gallbladder flap for closing
the opening of the common bile duct around a T-tube.
A Roux-en-Y cholecysto-choledocho-jejunostomy was
performed (Figure 2C). The subhepatic region was
drained. The patient had an uneventful recovery. He was
discharged on the 1" postoperative day and remained
well after a 30-mo follow-up.

DISCUSSION

MS was first described in 1948 as obstructive jaundice due
to a gallstone impacted in the cystic duct or Hartmann’s
pouch compressing the common hepatic duct”,

McSherry ez al”in 1982 suggested a subclassification
of MS into two types. The first type concerns the external
compression of the common hepatic duct by a calculus
in the cystic duct or Hartmann’s pouch, whereas in the
second type the stone has entered partly or completely
into the common bile duct, resulting in a cholecysto-
choledochal fistula. Furthermore, in 1989 a new
classification of patients with MS and cholecystobiliary
fistulae was presented by Csendes ez al”' which includes
four types: type I lesion includes those with external
compression of the common bile duct; type II lesion is a
cholecystobiliary fistula present with erosion of less than
one third of the circumference of the bile duct; type II
lesion is a fistula involving up to two-thirds of the duct
citcumference; type IV lesion is a complete destruction of
the bile duct.

MS and cholecystobiliary fistulae therefore appear to
be different, evolving stages of the same pathological
condition, thus it is reasonable that Lubbers! proposes
that the term MS can now be abandoned, since it is only
the first stage of a more complex process.

Gallstone erosion into the common duct is nevertheless
a rare complication of cholelithiasis with an incidence rate
ranging from 0.7% to 1.4% of all patients undergoing

www.wjgnet.com

Figure 2 Schematic representation of the described technique during laparotomy
(A, B) and Roux-en-Y cholecysto-choledocho-jejunostomy (C).

cholecystectomy'”.

The clinical diagnosis of MS is difficult, since there are
no pathognomonic patterns of presentation. Ultrasound
is diagnostically the best screening method, with ERCP
and/or MRCP to confirm the diagnosis. MRCP can
be as good as ERCP in the diagnosis and its ability to
delineate details of biliary structures, but its disadvantage
compared to ERCP is its inability to confirm the presence
of fistulae and does not afford therapeutic stenting. On
the other hand, T2 weighted sections can differentiate a
neoplastic mass from an inflammatory one, that cannot be
detected by ultrasonogram or CT scan. Finally intraductal
ultrasound, as an adjunct to ERCP, can also be of helpm.
Despite of all these modern diagnostic tools, the problem
may become apparent only during surgery.

Surgical treatment for type I MS is partial
cholecystectomy leaving the neck of the gallbladder
in place“oj. In some cases, open or laparoscopic total
cholecystectomy may be performedm. However some
authors consider this a contraindication for laparoscopic
cholecystectomy'* ",

Surgical treatment of type II MS is less cleatly defined.
Corlette and Bismuth!”” have recommended partial
cholecystectomy, oversuturing of the gallbladder cuff and
insertion of a T-tube through the fistula as an adequate
treatment for type I MS.

Choledochoplasty is an acceptable therapeutic approach
but the amount of gallbladder tissue employed for this has
not yet been standardized""’.

Furthermore, cholecystoduodenostomy has been
described"” and hepaticojejunectomy® can also be used if
complete destruction of the common hepatic duct occurs.

Reconstruction of the extrahepatic biliary tree in case
of MS type I with bypass of the lesion using a Roux-
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en-Y cholecysto-choledochal-jejunostomy as in out case
can be carried out. To our knowledge, this is the first case
described in the literature.

In conclusion, since the preoperative diagnosis of MS
cannot be achieved, an awarded suspicion is necessary to
avoid a lesion of the biliary tree if firm adherence around
Carlot’s triangle is found. The success of treatment is
related to a precocious recognition of the condition even
at the time of surgery when the individual characteristics
of each case are considered”.
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Abstract

Ever since its earliest reports, portal venous gas (PVG)
has been associated with nhumerous intraabdominal
catastrophes and has served as an indication for
urgent surgical exploration. It is traditionally regarded
to be an ominous finding of impending death, with
highest mortality reported in patients with underlying
bowel ischemia. Today, computed tomography has
demonstrated a wider range of clinical conditions
associated with PVG, some of which are ‘benign’ and do
not necessarily require surgery, unless when there are
signs of intraabdominal catastrophe or systemic toxicity.
One of these ‘benign’ conditions is Crohn’s disease.
The present report describes a 19-year-old Chinese boy
with Crohn’s pancolitis who presented with septic shock
associated with PVG and portal vein thrombosis, and
was successfully managed surgically. To our knowledge,
this is the first report of PVG and portal vein thrombosis
associated with Crohn’s disease in a Chinese patient. In
addition, we have also reviewed the reports of another
18 Crohn’s patients with PVG previously described in the
English literature. Specific predisposing factors for PVG
were identified in 8 patients, including barium enema,
colonoscopy, blunt abdominal trauma, and enterovenous
fistula. The patients who developed PVG following barium
enema and blunt trauma were all asymptomatic and no
specific treatment was necessary. Eleven patients (58%)
who presented with signs of intraabdominal catastrophe
or systemic toxicity required either immediate or
eventual surgery. The overall mortality rate among the
19 patients was only 11%. The present literature review
has shown that the finding of PVG associated with Crohn’
s disease does not always mandate surgical intervention.
It is the clinical features and the related complications
that ultimately determine the treatment approaches. The
overall outcome of PVG associated with Crohn’s disease
has been favourable.
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INTRODUCTION

Portal venous gas (PVG) is a rare radiological finding that
occurs when intraluminal gas from the gastrointestinal
tract or gas-forming bacteria enters the portal venous
circulation", Factors predisposing to PVG include bowel
mucosal injury, bowel distension, and sepsis”. Ever since
its earliest reports™ PVG has been associated with nu-
merous intraabdominal catastrophes and has served as an
indication for urgent surgical exploration. It is traditionally
regarded to be an ominous finding of impending death,
with highest mortality reported in patients with underly-
ing bowel ischemia”. However, it is becoming apparent
that there are conditions in which the finding of PVG is
relatively ‘benign’ and does not always indicate surgery, and
these conditions include digestive tract dilatation, ulcera-
tive colitis, Crohn’s disease, and complications of iatrogenic
and endoscopic procedures”. Remarkably, there are reports
of PVG occurring in patients with uncomplicated Crohn’

s disease after blunt trauma®”

or colonic diagnostic proce-
dures™ which resolves spontaneously without treatment.
On the other hand, when PVG occurs in Crohn’s patients
with signs of intraabdominal catastrophe or systemic tox-
icity, urgent surgery is warranted, and the final outcome
has mostly been favourable!""®. The present report de-
scribes a 19-year-old Chinese boy with Crohn’s pancolitis
who presented with septic shock associated with PVG and
portal vein thrombosis, and was successfully managed sur-
gically. To our knowledge, this is the first report of PVG
and portal vein thrombosis associated with Crohn’s discase
in a Chinese patient. The literature of PVG associated with
Crohn’s disease is also reviewed, with special emphasis on
the clinical features, the vatious predisposing factors, and
the treatment approaches.
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Figure 1 Computed tomography of the abdomen showing evidence of
portal venous gas (long arrow), portal vein thrombosis, gross ascites, and
pneumoperitoneum (short arrow).

CASE REPORT

A 19-year-old Chinese boy presented to the Accident and
Emergency Department of our hospital with fever, hypo-
tension, and abdominal distension. He had been diagnosed
with Crohn’s pancolitis a year ago and had been treated
with mesalazine, but the drug compliance was poor. One
month prior to this hospitalization, he had been admitted
to another hospital because of fever and bloody diarrhoea.
He was treated as a flare-up of Crohn’s disease with in-
travenous steroid and antibiotics. However, his condition
remained static despite a week of medical treatment, and
he insisted to be discharged against medical advice. He
consulted a Chinese herbalist and consumed some Chinese
herbal medicines, but his condition continued to detetio-
rate. He became so ill that his parents finally brought him
to our hospital to seek for further medical treatment.

On arrival, his temperature was 38°C, blood pressure
86/40 mmHg and heart rate 153 beats/min respectively.
The abdomen was grossly distended and tense, although
no frank peritoneal sign could be elicited. Initial blood
tests showed leukocytosis, coagulopathy, and metabolic
acidosis. He was immediately admitted to the Intensive
Care Unit (ICU); aggressive fluid resuscitation and antibi-
otics were given. After initial stabilization, an urgent com-
puted tomography (CT) of the abdomen and pelvis was
petrformed, which showed evidence of portal venous gas,
portal vein thrombosis, gross ascites, and pneumoperito-
neum (Figure 1). The small bowel appeared thickened and
inflamed, but the large bowels wete not cleatly demon-
strated. The diagnosis was compatible with Crohn’s disease
with bowel perforation and septic shock, and hence an
emergency laparotomy was arranged.

Intraoperatively, generalized peritonitis with 2-3 L of
faeculent fluid and pus was noted throughout the peri-
toneal cavity. The small and large bowels were densely
matted together by inflammatory adhesions. The large
bowel appeared shrunken and chronically diseased, but no
petforated site was identified. No obvious stricture or pet-
foration was noted along the small bowel. The adhesions
between the bowels were removed, and this already result-
ed in a blood loss of 9 L because of severe coagulopathy.
Damage control surgery with packing of all the raw areas
was done and the patient was sent back to the ICU for

Figure 2 Photograph of the total colectomy specimen showing the classical
features of Crohn’s colitis: cobblestone mucosa with skipped lesions.

Figure 3 Computed tomography of the abdomen showing evidence of partial
recanalization of the portal vein (long arrow) with increasing surrounding collaterals
(short arrow).

further stabilization. NovoSeven (recombinant coagula-
tion factor VIla) and blood products were given to correct
the coagulopathy. A second-look laparotomy performed
24 h later showed no more active bleeding from the raw
areas. No obvious perforated site was identified along the
gastrointestinal tract. The small bowel appeared edema-
tous but viable, while the large bowel appeared shrunken
and unhealthy. Thus a total colectomy was performed to
remove the diseased large bowel (Figure 2). The abdomen
was temporarily closed using a sterile plastic bag to avoid
abdominal compartment syndrome. The abdomen was
subsequently closed at a 31 laparotomy 48 h later and an
end ileostomy was fashioned. Pathological examination of
the resected colon showed severe Crohn’s colitis with mul-
tiple ulcerations and deep fissures but without perforation.

The postoperative course was very stormy and the
patient had prolonged stay in the ICU. Peritoneal swab cul-
tures and blood cultures grew Enterococens and Methicillin-
resistant Staphylococcns anrens and so vancomycin was added
to the treatment regimen. For the portal vein thrombosis,
anticoagulation therapy was not started initially because
of coagulopathy. Nevertheless, partial recanalization of
the portal vein with increasing collaterals was evident on
follow-up CT a few weeks later (Figure 3). One month
after the 3" surgery, he developed an episode of massive
intraabdominal haemorrhage secondary to erosion of a
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uthor (yr ex/age inical features redisposing iagnostic reatment perative utcome
Author (yr) Sex/ Clinical f Predisposi Di i T O i O
factors modality findings
Reiner et al F/34  Fever and abdominal pain Enterovenous Plain X-ray  Antibiotics and  Ileitis Survived
(1978)" fistula surgery
Sadhu et al F/64  No symptom or morbidity Barium enema  Plain X-ray = No treatment / Survived
(1979)®
Gosink M/45 Fever and abdominal pain / us Surgery Inflamed colon Survived
(1981)™
Pappas et al M/36 No symptom or morbidity Sigmoidoscopy, Plain X-ray = No treatment Survived
1984 arium enema
(1984)” b
Huycke et al M/22  Resolution of toxic megacolon; Colonoscopy Plain X-ray ~ Antibiotics and  Ileitis and colitis, Survived
(1985)™ developed abdominal pain surgery no perforation
and free peritoneal air after
colonoscopy
Katz et al M/14 No symptom or morbidity Barium enema  Plain X-ray  Antibiotics Survived
(1986)""
Ajzen et al M/64 Severe epigastric pain Enterovenous Us, CT Surgery Tleitis Died of sepsis
1 istula and liver failure
988)™! fistul d liver fail
1 mo later
Venugopal etal F/27  Fever / CT Surgery Ileitis, no perforated ~ Survived
(1990)™ or ischaemic bowel
Kirsch et al F/26  Epigastric pain and chills / Plain X-ray, Antibiotics / Survived
(1990) CT
Delamarreetal M/70 Fever / CT Antibiotics / Survived
(1991)*!
al-Jahdali et al F/40  Fever / CT Antibiotics Tleitis Survived
(1994)™! (Surgery 2 wk
later)
Hong et al M/58 Fever, status post-low / CT Antibiotics / Survived
(1997)"! anterior resection and
small bowel resection
Hong et al F/71  Abdominal pain / CT Antibiotics Ischaemic and Died of disseminated
(1997)! (Developed free peritoneal (Surgery 2wk perforated cytomegalovirus
air 2 wk later) later) small bowel infection
Hong et al M/24 Fever (Developed abdominal / CT Antibiotics Tleitis Survived
(1997)"! pain 4 wk later) (Surgery 4 wk
later)
Brandon et al F/59  Fever and abdominal pain / CT Surgery Tleitis and colitis Survived
(2000)""
Nesher et al No symptom or morbidity Blunt trauma CT No treatment / Survived
(2002
Paran et al F/25  No symptom or morbidity Blunt trauma CT No treatment / Survived
(2003)"”
Thethy et al F/58  Fever / CT Surgery Sigmoid inflammatory Survived
(2005)" mass
Present case M/19 Septic shock with free / CT Surgery Colitis, no perforation Survived

peritoneal air

US: Ultrasonography; CT: Computed tomography.

mesenteric vessel by an infected collection and required a
4" laparotomy for haemostasis. Fortunately, he recovered
quite uneventfully thereafter and was subsequently dis-
charged home 2 mo after the first surgery.

The patient was put on maintenance mesalazine and
azathioprine and remained well and asymptomatic 14 mo
after the surgery. A CT enteroclysis was performed later
and showed no evidence of small bowel involvement.

DISCUSSION

Portal venous gas was first described by Wolfe and Evans

www.wjgnet.com

in 1955 in 6 neonates with fatal necrotizing enterocolitis™.

In 1960, Susman and Sentutia reported the similar finding
in an adult, critically ill with small bowel infarction'. Since
then, PVG has been reported with increasing frequency
in the literature. One of the first reviews by Liecbman ez a/
evaluated 64 patients with PVG on plain X-ray reported in
the literature before 19777 According to that review, al-
though PVG was observed in association with vatious clin-
ical conditions, it was mostly (72%) found among patients
seriously ill with necrotic bowel. The overall mortality was
75%, and this led the authors to recommend urgent surgi-
cal exploration for PVG except for patients with stable
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ulcerative colitis who had undergone barium enemas, be-
cause 5 such patients survived with conservative treatment.
Over the last 2 to 3 decades, advances in diagnostic radiol-
ogy, including the development of ultrasonography and
CT, have increased the sensitivity of imaging PVG. Bran-
don e# al suggested that early recognition using CT, with
appropriate surgical intervention, improves the chance for
patient survival when PVG is identified"”. Moreover, PVG
on CT has been found to be associated with a wider range
of clinical conditions, some of which are ‘benign’ and do
not necessarily require surgical intervention, especially
when there are no signs of intraabdominal catastrophe
or systemic toxicity[m]. A recent study of 17 patients with
PVG detected by CT has actually reported a mortality rate
as low as 29%". Today, PVG is recognized as a mere di-
agnostic clue in patients with suspected acute abdominal
pathology and is not itself a predictor of mortality. The
more relevant prognosticator is the clinical condition in
which PVG occurs.

One of the relatively ‘benign’ conditions that are as-
sociated with PVG is Crohn’s disease. Including the pres-
ent case, 19 cases of PVG associated with Crohn’s disease
were reported in the English literature (Table [ 1
4 of these patients, PVG was iatrogenic in origin, resulting
from barium enema™”" or colonoscopy“zj. Two patients
developed PVG after blunt abdominal trauma®”. It has
been postulated that elevated intraluminal pressure (during
colonic diagnostic procedures) or intraperitoneal pressure
(associated with blunt trauma) can permit bowel gas or
gas-forming bacteria to gain access to the portal venous
circulation through microscopic mucosal injury. Another
factor predisposing to PVG is the development of entero-
venous fistula between the bowel lumen and the mesenter-
ic venous system, which is an extremely rare complication
reported in 2 patients with Crohn’s disease! ™. In the re-
maining 11 patients, no specific predisposing factors could
be identified. PVG in these patients is thought to be the
result of mucosal injury and sepsis[2J associated with bowel
inflammation and portal pyaemia. The occurrence of PVG
does not seem to be associated with the anatomical loca-
tion of Crohn’s disease involvement. Both ileal and colonic
diseases can develop PVG.

The finding of PVG associated with Crohn’s disease
does not always mandate surgical intervention. It is the
clinical features and the related complications that ulti-
mately determine the treatment approaches. The presenta-
tion of PVG following blunt trauma'®” and barium ene-
ma™*" is remarkably innocuous; all the 5 reported patients
were asymptomatic and no specific treatment was neces-
sary (except in 1 patient who was given ‘prophylactic anti-
biotics’ for 48 h*"). Intravenous antibiotics were adminis-
tered to patients who developed fever, and 3 of them had
complete resolution of symptoms with this simple medical
treatment" >, Eleven patients (58%) who presented with
signs of intraabdominal catastrophe or systemic toxicity
required either immediate or eventual surgery. All these pa-
tients underwent resection of the inflamed small and large
bowels. The overall mortality rate among the 19 patients
was only 11%; a patient with enterovenous fistula died of
sepsis and liver failure 1 mo after surgerymj, while another
patient who underwent surgery for ischemic and perfo-

rated small bowel finally died of disseminated cytomegalo-
virus infection!"’.

The combination of extensive pylephlebitis (or septic
thrombosis of the portal vein) and PVG that occurs in
our case is an extremely rare complication among patients
with Crohn’s disease; only 1 similar case was reported in
the German literature®™. Severe active Crohn’s disease and
sepsis are the 2 predisposing factors™. Although PVG
itself is not a predictor of mortality, the finding of PVG
combined with pylephlebitis is generally regarded as an
ominous prognostic sign”, Nevertheless, as illustrated in
our case, favourable clinical outcome in these patients can
still be achieved with early CT diagnosis, maximal organ
support in the ICU, aggressive medical treatment, and
prompt surgical intervention.

In conclusion, the finding of PVG associated with
Crohn’s disease does not always mandate surgical interven-
tion. It is the clinical features and the related complications
that ultimately determine the treatment approaches. The
overall outcome of PVG associated with Crohn’s discase
has been favourable.
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TO THE EDITOR

We read with interest the article entitled “Bleeding gastric
varices: Results of endoscopic injection with cyanoacrylate
at King Chulalongkorn Memorial Hospital” by Noophun
et al"'. They performed n-butyl-2-cyanoacrylate (CA)
injection therapy for bleeding gastric varices in twenty-
four patients, and hemostasis was achieved in seventeen
(71%) patients. They concluded that CA injection
therapy was effective and safe for bleeding gastric varices.
However, we disagreed with the author’s conclusion.
Their hemostasis rate was relatively low, and two of the
24 patients developed setious complications as a result of
glue embolism. Although CA injection therapy has been
accepted as the first line treatment especially in Europe and
Asia, hemostasis and obliteration of gastric varices are still
a therapeutic challenge and many serious complications
as a result of CA injection have been reported”. In
addition, there is no reimbursement from the insurance
companies in Japan if CA is used for obliterating varices
and therefore this therapeutic option is not widely
practised there. Although conventional endoscopic
injection sclerotherapy using ethanolamine oleate has been
reported to be ineffective for bleeding gastric varices” | we
conducted endoscopic injection sclerotherapy combined

with a vasoactive drug for bleeding gastric fundal varices.
We have reported a series of thirty patients with bleeding
gastric fundal varices treated with endoscopic injection
sclerotherapy using 5% ethanolamine oleate plus infusion
of Vasopressinm. With our method, continuous injection
of 5% ethanolamine oleate mixed with contrast medium
through a double lumen catheter was performed under
fluoroscopic guidance until it filled the varices and their
feeder veins, and thrombin glue was sprayed at the
puncture site during withdrawal of the injector needle
to prevent bleeding. We have achieved a high rate of
hemostasis (93%) with a relatively low rebleeding rate
(19%) over follow-up period of up to 5 years without any
serious complicationsm. We would like to recommend
our sclerotherapy under fluoroscopic guidance method
combined with medical therapy as an alternative to CA
injection therapy for bleeding gastric varices, although
randomized trials with a larger number of patients are
warranted. If CA is to be used, aliquots of 1.0 mLL CA
per injection must be strictly enforced to prevent any
embolic complications. Injections can be repeated if
bleeding continues, as long as only 1.0 mL CA is injected
each time". Fluoroscopic guidance might also be useful in

minimizing this cornplicationm.
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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.ic02006.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

ILTS 12th Annual International Congress
3-6 May 2006

Milan

ILTS

www.ilts.org

Internal Medicine: Gastroenterology
22 July 2006-1 August 2006
Amsterdam

Continuing Education Inc
jbarnhart@continuingeducation.net

6th Annual Gastroenterology And
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

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

International Gastrointestinal Fellows
Initiative

22-24 February 2006

Banff, Alberta

Canadian Association of Gastroenterology
cagoffice@cag-acg.org

WWWw.cag-acg.org

Canadian Digestive Disease Week
24-27 February 2006

Banff, Alberta

Digestive Disease Week Administration
cagoffice@cag-acg.org

WWW.cag-acg.org

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 Seminar: XI Gastroenterology Seminar
Week

4-8 February 2006

Titisee

Falk Foundation e.V.
symposia@falkfoundation.de

European Multidisciplinary Colorectal
Cancer Congress 2006

12-14 February 2006

Berlin

Congresscare

info@congresscare.com
www.colorectal2006.org

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 IT, Inmunoregulation 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

Internal Medicine: Gastroenterology
22 July 2006-1 August 2006
Amsterdam

Continuing Education Inc
jbarnhart@continuingeducation.net

6th Annual Gastroenterology And
Hepatology

15-18 March 2006

Rio Grande

Office of Continuing Medical Education
cmenet@jhmi.edu
www.hopkinscme.net

Hepatitis 2006

25 February 2006-5 March 2006
Dakar
hepatitis2006@mangosee.com

mangosee.com/mangosteen/
hepatitis2006/ hepatitis2006.htm

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

5th International Congress of The
African Middle East Association of
Gastroenterology

24-26 February 2006

Sharjah

InfoMed Events
infoevent@infomedweb.com
www.infomedweb.com

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

13th International Symposium on Pancreatic
& Biliary Endoscopy

20-23 January 2006

Los Angeles - CA

laner@cshs.org

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 Meeting™
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 Gastro-
enterology and Endoscopy London, United
Kingdom 2009
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cite their own unrelated published articles.

Statistical data
Present as mean £ SD or mean * SE.

Statistical expression

Express 7 test as 7 (in italics), F test as I (in italics), chi squate test as y (in
Greek), related coefficient as 7 (in italics), degree of freedom as y (in Greek),
sample number as 7 (in italics), and probability as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pressure,
pB)= 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose
concentration, ¢ (glucose) 6.4 = 2.1 mmol/L; blood CEA mass concentration,
p (CEA) = 8.6 24.5 ug/1L; CO:2 volume fraction, 50 mL/L COz not 5% COx;
likewise for 40 g/L. formaldehyde, not 10% formalin; and mass fraction,
8ng/g, efe. Arabic numerals such as 23, 243, 641 should be read 23 243 641.
The format about how to accurately write common units and quantum
is at: http:/ /www.wjgnet.com/wjg/help/15.doc
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Abbreviations

Standard abbreviations should be defined in the abstract and on first mention
in the text. In general, terms should not be abbreviated unless they are
used repeatedly and the abbreviation is helpful to the reader. Permissible
abbreviations are listed in Units, Symbols and Abbreviations: A Guide for
Biological and Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly used
abbreviations, such as DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC,
RBC, CT, ESR, CSE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used
directly without further mention.

Italics

Quantities: 7 time or temperature, ¢ concentration, .4 area, /length, 7 mass,
17 volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoR1, Hindl, BamHI, Kbo 1, Kpn 1, ete.

Biology: H pylori, E coly, ete.
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white photos, copyright transfer letter, the final check list for authors, and
responses to reviewers by a courier (such as EMS) (submission of revised
manuscript by e-mail or on the WJG Editorial Office Online System is NOT
available at present).

Language evaluation

The language of a manuscript will be graded before sending for revision.
(1) Grade A: priority publishing; (2) Grade B: minor language polishing;
(3) Grade C: a great deal of language polishing; (4) Grade D: rejected. The
revised articles should be in grade B or grade A.
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