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Abstract

Connexin hemichannels have long been considered as
mere structural precursors for gap junctions. In the
last decade, it has become clear that they also act as
individual channels, connecting the intracellular com-
partment and the extracellular environment. Impaire-
ment of connexin hemichannel functionality may result
in disturbance of homeostasis, as exemplified in the
current paper for the intestine and the liver. Research
in this field still has a number of shortcomings, of which
some are also discussed here.

© 2010 Baishideng. All rights reserved.

Key words: Hemichannel; Connexin; Pathophysiology
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CONNEXIN CHANNELS: STRUCTURAL
ASPECTS

The maintenance of tissue homeostasis is governed by
the well-orchestrated interplay between three major com-
municative networks located at the extracellular, intra-
cellular and intercellular level. Direct intercellular commu-
nication is mediated by gap junctions, which arise from the
interaction of two hemichannels of neighbouring cells.
Hemichannels, in turn, are composed of six connexin
(Cx) units (Figure 1). The connexin family comprises as
many as twenty isoforms in mammals. They are named
according to their molecular weight and are expressed in
a cell-specific Wayufs]. In the gastrointestinal tract, Cx40,
Cx45 and particularly Cx43 are expressed by the intestinal
smooth muscle cells and the interstitial cells of Cajal[(”ﬂ. In
the liver, hepatocytes abundantly produce Cx32 and small
quantities of Cx26, while non-parenchymal hepatic cells
mainly harbour Cx43%Y,

CONNEXIN CHANNELS: FUNCTIONAL
ASPECTS

Gap junctions provide a pathway for the intercellular
exchange of small and hydrophilic substances, including
nucleotides (e.g. ATP) and ions (e.g. Ca”™). As numerous
physiological processes are driven by these substances,
gap junctional intercellular communication is considered
as a key mechanism in the maintenance of tissue home-
ostasis' . Gastrointestinal gap junctions play a specific
role in pacemaking and neurotransmission, and thus in

October 15, 2010 | Volume1 | Issue4 |
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Cell 1 Hemichannel

Cell 2 Gap junction

—
Connexin T f
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Figure 1 Molecular architecture of gap junctions. Gap junctions are grouped
in plaques at the cell membrane surface and are composed of twelve connexin
proteins organized as two hexameric hemichannels. The connexin structure
consists of four membrane-spanning domains, two extracellular loops, one
cytoplasmic loop, one cytoplasmic amino tail and one cytoplasmic carboxy tail.

the regulation of motility™, Hepatocellular gap junctions,
on the other hand, essentially underlie most liver-specific
functions, such as xenobiotic biotransformation and albu
min secretion™. Gap junctions are also master regula-
tors of cell growth and cell death™. In fact, a growing
number of reports point to non-gap junctional functions
for connexins in these events. Indeed, connexin proteins
themselves can alter the production of critical homeos-
tasis regulators, such as caspases and cyclins, irrespective
of their channel properties. The mechanisms that govern
these atypical connexin functions remain elusive, but may
involve direct interaction with these regulatory molecules
or the modulation of their gene transcription”’z’()"“]. Ano-
ther gap junction-independent cell signalling platform
for connexins relates to hemichannels. For a long time,
hemichannels have been considered as merely structural
precursors for gap junctions, remaining closed until do-
cking with counterparts from adjacent cells prior to gap
junction formation. It has now become clear that connexin
hemichannels also provide a pathway for communication,
albeit between the intracellular compartment and the
extracellular environment. The substances that travel thr
ough hemichannels are very similar to those that are inter-
cellularly exchanged via gap junctions*”"?. To make
the picture even more complicated, a second set of gap
junction-related proteins has been described in recent
years, the pannexins, which are structurally similar but
phylogenetically unrelated to the connexin family. At
present, three pannexins, namely Panx1, Panx2 and Panx3,
have been identified in humans and rodents, and they
preferentially occur in a hemichannel conﬁguration“’m’w.

CONNEXIN HEMICHANNELS IN THE
INTESTINE AND THE LIVER

Thus far, most attention has been paid to connexin he-
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michannels in nervous tissue as well as their involvement
in cerebral ischemia, in which their opening results in cell
death™™"™". Nevertheless, a limited number of studies have
addressed hemichannels in the gastrointestinal tract and
the liver. In an attempt to characterize gap junctions in a
human intestinal epithelial cell line, Clair and colleagues
found that functional hemichannels composed of Cx20,
Cx32 and Cx43 are abundantly present at the basal side
of these polarized cells"”. Research from the same group
showed that the Cx26 hemichannels facilitate the patho-
genesis induced by Shigella flexneri, the causative agent of
bacillary dysentery that invades the colonic mucosa where
it elicits an intense inflammatory reaction responsible for
destruction of the mucosa. Thus, Shige/la invasion induces
the opening of Cx26 hemichannels, allowing extracellular
release of ATP, which in turn favours bacterial dissemina-
tion'". In a recent i vivo study conducted by Guttman e @/,
increasing levels of Cx43 were observed in mouse colon
infected with the diarrhea-causing Citrobacter rodentium,
wheteby unpaired hemichannels were formed at both the
apical and the lateral membrane surface of the colono-
cytes. Using animals genetically deficient in Cx43, it was
subsequently demonstrated that Cx43 hemichannel open-
ing triggers water release during infectious diarrhea™.
Our group was the first to report the occurrence of Cx32
hemichannels in hepatocytes. Using an 7 vitro model of
Fas-mediated apoptosis, a cell death mode involved in
most liver pathologies, we found that de nove synthesized
Cx32 gathers in hemichannels duting apoptosis, and that
hemichannel opening is critical for the termination of the
cell death responselzoj.

CONCLUSION

Although a large body of evidence is nowadays available,
the concept of functional connexin hemichannels still re-
mains controversial*. A major point of debate concerns
the identity of the molecular constituents of hemichan-
nels. Critics claim that most, if not all, of the functions
that have been attributed to connexin hemichannels, can
actually be ascribed to other channel types, consisting for
example of pannexins”?’. Tn addition, it seems challeng-
ing to discriminate between the functionality of connexin
hemichannels and that of gap junctions, especially in an 7

[

. . 1’2]] . . .
vivo environment . These constraints mainly arise from

the ubiquitous lack of appropriate testing approaches to
unequivocally study connexin hemichannels”"*), includ-
ing pannexin hemichannel- and connexin hemichannel-
specific inhibitors. Undoubtedly, this research field will
become more appealing when such experimental tools are
avaliable. Moreover, it can be anticipated that the basic
knowledge that will be gained by doing so, will also open
new perspectives for the development of new clinical
(gastrointestinal and liver) therapies.
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Abstract

Autoimmune cholangitis would be the appropriate
name to define the immune-mediated bile duct injury
following the breakdown of tolerance to mitochondrial
proteins and the appearance of serum autoantibodies
and autoreactive T cells. Nevertheless, the condition
is universally named primary biliary cirrhosis (PBC).
The disease etiology and pathogenesis remain largely
unknown despite the proposed lines of evidence.
One twin study and numerous epidemiology reports
suggest that both a susceptible genetic background
and environmental factors determine disease onset
while a recent genome-wide association study proposed
highly significant associations with several common
genetic polymorphisms in subgroups of patients. Spe-
cific infectious agents and chemicals may contribute
to the disease onset and perpetuation in a genetically
susceptible host, possibly through molecular mimicry.
Importantly, several murine models have been pro-
posed and include strains in which PBC is genetically
determined or induced by immunization with chemicals
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and bacteria. From a pathogenetic standpoint, new
exciting data have demonstrated the unique apoptotic
features of bile duct cells that allow the mitochondrial
autoantigens to be taken up in their intact form within
apoptotic blebs. We are convinced that the application
of the most recent molecular techniques will soon pro-
vide developments in PBC etiology and pathogenesis
with likely implications in diagnostics and therapeutics.

© 2010 Baishideng. All rights reserved.

Key words: Autoimmune cholangitis; Anti-mitochondrial
antibody; Epithelial cell apoptosis; Innate immunity
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bile duct injury: The case of primary biliary cirrhosis. World J
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URL: http://www.wjgnet.com/2150-5330/full/v1/i4/118.htm
DOI: http://dx.doi.org/10.4291/wjgp.v1.i4.118

INTRODUCTION

The intrahepatic biliary tree is the only target of the im
mune-mediated injury associated with primary biliary
cirrhosis (PBC). In fact, PBC is an autoimmune cho-
langitis characterized at histology by the non suppura-
tive inflammation and destruction of intrahepatic bile
ducts while serology is characterized by the highly spe-
cific antimitochondrial autoantibodies (AMA). From
a clinical standpoint, PBC is considered a peculiar, yet
representative, autoimmune disease’. It affects women
more frequently than men with a female to male ratio of
10 to 1, mostly at post-menopausal age with anecdotal

October 15, 2010 | Volume1 | Issue4 |



cases described in younger subjects”. The diagnosis
of PBC is made when 2 out of 3 criteria (l.e. presence
of serum AMA, increased serum enzymes indicating
cholestasis (i.e. alkaline phosphatase) for longer than
6 mo and a compatible or diagnostic liver histology)
are fulfilled™”. Clinical symptoms commonly found in
reference textbooks include fatigue, pruritus and jaundice;
yet the changing disease scenario has now led jaundice
to be a very rare sign at presentationm while the impact
and specificity of fatigue remains a hot topic for debate".
The increasing availability of serological tests for routine
AMA has significantly changed the spectrum of disease
presentation’”. The need for a liver biopsy at the time
of PBC diagnosis remains debatable and it is currently
indicated only in patients lacking one of the other criteria,
patients requiring accurate staging (although the possibility
of sampling errors should be accounted for) or in patients
enrolled in clinical trials. Discriminating PBC from other
autoimmune or inflammatory liver diseases is usually
casy, mostly based on serum autoantibody profiles. Liver
7. At earlier
stages, bile duct obliteration and granulomas (possibly

histology can be classified into four stages

found at all stages) are strongly suggestive for PBC.
Stage Il demonstrates septal or bridging fibrosis with
ductopenia (over half of the visible interlobular bile ducts
having vanished) while stage IV corresponds to frank
cirrhosis virtually undistinguishable from end stage liver
diseases of different etiologies.

The complete pathways of PBC immunopathogenesis
remain unknown yet several clinical and experimental
findings strongly imply an autoimmune pathogenesis for
PBC with the disease onset recognizing two necessary
components in a permissive genetic background and an

. . 8
environmental trlgger[ 1

ETIOLOGY

As in most complex diseases, it is now widely accepted
that PBC results from an environmental stimulus intet-
vening on a genetically susceptible background. We will
first discuss the somehow overlooked role of female pre-
dominance in autoimmunity in general and in PBC. We
will then review what is known of the genetic bases of
PBC susceptibility and the environmental causes of its
development.

Female preponderance

Among autoimmune diseases, PBC, Sjogren’s syndrome,
SLE, autoimmune thyroid disease and scleroderma ma-
nifest the highest female predominance with 80% of
patients being women. Based on this long-established
observation, three main research directions have been
addressed and will be now discussed.

Sex hormones (i.e. estrogens, androgens and pro-
lactin) have been the first proposed candidates in the sex
bias observed in autoimmunity due to their modulatory
functions within the immune response, particularly acting
on the development of immune cells. Sex hormones may

144

Jgn?s:iﬁm"* WJGP | www.wjgnet.com

Selmi C et a/. Primary biliary cirrhosis

also directly influence the homing of lymphocytes to a
target organ and the process of antigen presentation,
thus influencing the organ specificity of AID as well as
the breakdown of tolerance. The effect of estrogens is
different in normal conditions and in autoimmunity with
a biphasic effect; lower levels facilitate the immune res-
ponse while higher levels suppress it. These data indicate
that estrogen is capable of modulating both pro- and
anti-inflammatory activities of CD4+ T cells and thus
has the potential to influence the outcome of CD4+
T cell-mediated immune responsiveness. Estrogens
may thus be central to the regulation of the balance of
Th1/Th2 cytokines within sites of inflammation and
to the appropriate or inappropriate termination of the
inflammatory response in infections, tolerance deve-
lopment or autoimmunity. Several authors have attempted
to study sex hormone changes in women with PBC. These
have included epidemiological studies in which a negative
association with parity was first denied and ultimately
confirmed”. Of interest, taking hormonal replacement
therapies following menopause was found in this latter
study to be significantly associated with PBC although this
may be secondary to the proposed enhanced rate of bone
loss in chronic cholestasis. Furthermore, the differences
in plasma estrogen levels between women with PBC and
controls observed in eatlier studies may be secondary to
long-standing cholestasis or may account for the wide
variability of their measurements during the reproductive
cycle and should be considered as non conclusive.

A second hypothesis on female predominance is the
persistence of fetal genome parts in women. It has been
hypothesized that the pathogenesis and female predo-
minance of autoimmunity may be secondary to the pre-
sence in affected women of allogenic male fetal cells se
veral years after pregnancy (i.e. fetal microchimerism).
Microchimeric cells were first found in peripheral blood
mononuclear cells from patients with scleroderma and
it was suggested that non-autologous cells may be me-
diating a graft-versus host disease-like reaction in these
patients but other studies have failed to recapitulate these
findings. Several studies found no significant difference
in frequency of male microchimerism in female PBC and
controls"”. We are convinced that available data on the
role of fetal microchimerism in autoimmunity in general
are still controversial while these should be considered as
negative in PBC.

A new fascinating hypothesis on the female predo-
minance of autoimmunity is based on major defects
" and supported by data in other
fields"*". X chromosome inheritance displays a pecu-

of sex chromosomes

liar pattern compared to autosomal chromosomes since
women are functional mosaics for X-linked genes. In
females, most genes on one X chromosome are silenced
as a result of X-chromosome inactivation (XCI). The
result of XCI is to achieve equivalent levels of X-linked
gene products between males and females. More re-
cent data have undermined this dogmatic view by de
monstrating that at least 15% of X-linked genes are capa
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ble of escaping XCI in healthy women and are thus ex
pressed from both X chromosomes. Up to 10% of to-
tal X-linked genes manifest variable XCI patterns in
different individuals"?. We recently proposed a role for
X chromosome based on experimental evidence that
women with autoimmune diseases have a significantly
higher frequency of peripheral blood cells with a single
X chromosome (i.e. X monosomy) compated to healthy
women (Lancet). Importantly, this was observed in di-
seases with different organ specificities including PBC!"",
scleroderma and autoimmune thyroid disease™”. X chro-
mosome loss is indeed preferential and involves more
ol suggesting a
possible critical involvement of X chromosome gene pro-
ducts defects in female preponderance of PBC and other
autoimmune diseases while new factors such as micro-
RNAs?” or epigenetics[21
Other authors have suggested that women affected with

frequently a parentally inherited one

I should not be overlooked.

specific female-preponderant autoimmune diseases, i.e.
scleroderma, manifest a skewed XCI pattern in their
peripheral white blood cells™. In PBC, however, we failed

to demonstrate such preferential inactivation”

Genomics

The genetic bases of PBC are not related to a single gene
or Mendelian compatible with the complex etiology pre-
viously discussed. Variable rates of familial PBC are seen
in different geographical areas, possibly due to different
methods of case definition, but generally 1%-6% of PBC
cases have at least one family member manifesting the
disease while our most recent data obtained interviewing
1032 patients throughout the US indicate 6% of cases
with a first-degree relative also affected”. Such familial
prevalence rates are significantly higher than general
population prevalence estimates, thus indicating a genetic
predisposition to the disease. However, the difficulty
in evaluating these data is that prevalence rates in the
general population are still uncertain and control groups
are not always included in the family studies. On the
other hand, concordance rates in monozygotic twins
for late-onset female-predominant autoimmune diseases
range on average well below 50%. We first reported that
concordance rates for PBC are 63% in 8 monozygotic
sets and null in dizygotic twins”. The phenotypical
discordance observed in some twin pairs could be caused
by epigenetic factors, differences in exposure to envi-
ronmental factors or mere serendipity.

Studies on polymorphisms associated with PBC are
based on case-control designs[zﬂ and these approaches
are limited by poor control matching criteria and sample
size or selection while very few proposed associations
have been independently confirmed in other populations.
Of interest, a recent multi-center study reported the first
genome-wide association study and identified interleukin
12 and its relative receptor as susceptibility genes for PBC
as well as STAT4 and HLA genotypesm. These data were
significantly strengthened by our most recent independent

study and meta-analysis””.
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A representation of smaller studies on candidate ge
nes is to be subdivided into two separate groups of genes.
Significant associations with specific MHC alleles have

[28-30] .
, In some

been reported in most autoimmune diseases
cases constituting a clinical marker”". The scenario in
PBC is quite different with limited evidence provided
thus far. We contributed in 2003 and 2008 to this issue
and reported that PBC is significantly associated with
various HLLA-B alleles in a small proportion of the pa-
tients studied”””. The association between PBC and
HILA genes should be ultimately seen as weak, if any. The
challenge to identify susceptibility gene(s) that predispose
for the development of PBC is still open. The majority of
such studies not only have been derived solely from case-
control designsm] but were also limited by poor control
matching criteria and sample size or selection. A plethora
of association studies have been conducted, mainly
focused on immune genes that affect the immune system
belonging to both the HLLA family and non-HLA immune
modulators genes, including CTLA-4, IL-1, IL.-10 and
vitamin D-receptor. The discussion of these data goes
beyond the aims of this article and details have been re-
viewed in dedicated articles™*".

Environmental factors

An environmental insult (more likely not harmful in the
general population) is believed to result in tolerance break-
down and PBC onset in the presence of a susceptible
genetic background. Epidemiological data combined with
experimental evidence on infectious agents and xenobio-
tics strongly support this view.

Our 2005 epidemiological study on 1032 patients
with PBC and 1041 rigorously matched controls” de-
monstrated that a high risk of developing PBC is asso-
ciated with a positive family history for PBC, a history
of urinary or vaginal infections, co-morbidity with other
autoimmune diseases, lifestyle factors such as smoking
and previous pregnancies. We also observed that the
frequent use of nail polish also slightly increased the risk
of having PBC. In most cases, these factors had been
previously suggested in smaller studies. Based on these
observations, two main classes of environmental factors
have been suggested in PBC and include infectious
(bacteria, viruses) and chemical (xenobiotics) factors. The
ability of infectious agents, particularly bacteria, to induce
autoimmune responses has been supported by animal
models and molecular mimicry in several autoimmune
diseases and remains the most widely studied mechanism.
The molecular mimicry hypothesis states that microbes
contain peptides sharing different degrees of similarity
with self-proteins, thus leading to a promiscuous immune
response (antibody- and cell-mediated) in turn capable
to recognize both microbial and self-epitopes. This
cross-reactivity is not particularly surprising given the
conserved sequence of mitochondrial enzymes across all
species, from eubacteria to mammals”™. Mitochondria
originated following uptake of bacteria into the precursors
of eukaryotic cells and maintenance as intracellular
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symbionts and this makes it difficult to determine a causal
role for microbial proteins in pathogenesis given their
phylogenetic relationship to the human autoantigen. One
line of argument that we have taken is that the breaking of
tolerance and induction of autoimmunity would be more
likely to occur when the microbial protein is extremely
similar in sequence while it would not be necessary for
tolerance breakdown to take place in the disease target
organm. In this scenario, T-cell activation produces cross-
reacting T-cells leading to self-tissue destruction and this
ultimately perpetuates the autoimmune injury, possibly
through the degeneracy of the T-cell receptor and cross-
priming. Of the bacterial strains suggested to lead to
PBC through molecular mimicry™, most evidence has
been gathered for Escherichia coli(E. coli), primarily based
on the reports of the increased incidence of recurrent
urinary tract infections in patients with pPBC”. Conflicting
evidence has been obtained on the role of Chlamydia
pneumoniae in the pathogenesis of PBC but original data
were not independently recapitulated. Finally, our group
has provided serological and molecular data suggesting
that a ubiquitous xenobiotic-metabolizing Gram-ne-
gative bacterium, Novosphingobium aromaticivorans(IN. aro-
maticivorans), is the best candidate yet for the induction
of PBC as it elicits a specific antibody-reaction (up to
1000-fold higher than against E. c/) and its 16S tRNA
specific sequences can detected in 25% of human fecal
sarnplesm]. Most recently, Mattner ¢z a/*” were able to
induce serum autoantibodies and PBC-like liver lesions
following immunization with IN. aromaticivorans. Whether
the bacterial impact should be regarded as based solely
on cross-reactivity or on the presentation of mimicry
antigens remains to be largely investigated. Similarly, we
cannot but hypothesize a connection between the bacterial
infection and the xenobiotic theory at the present status
of knowledge.

Xenobiotics can be defined as foreign compounds that
are believed to alter or complex to defined self or non-self
proteins and induce a change in the molecular structure
of the native protein sufficient to induce an immune
response[m. Similar to molecular mimicry, therefore,
such immune response may lead to the cross-recognition
of the self form and ultimately chronic autoimmunity.
The main detoxifying organ is the liver, thus potentially
exposing hepatocytes and biliary epithelial cells to che-
mical byproducts. Earlier serological data obtained in
our laboratory by Long e a/*” in 2001 demonstrated that
specific halogenated organic compounds attached to the
major mitochondrial epitope backbone were recognized
by sera from PBC patients with a higher affinity than the
native forms. These results were of critical importance
supporting for the first time an organic compound ser-
ving as mimic for an autoantigen. Afterwards, the same
halogenated compound was found capable to induce
autoantibody production in animal models, albeit no liver
lesions were observed in the short follow—upw. More
recently, Leung ef a/ reported the induction of PBC-like
liver lesions following longer follow-ups in guinea pigs
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exposed to a specific halogenated compound which was
also capable to induce liver lesion in a specific strain of
non obese diabetic (NOD) mouse™**. Finally, the use of
a multiplex approach led to determine that 2-nonynoic
acid is recognized by PBC sera with high affinity™. This
1s particularly interesting since this compound does not
occur naturally and is found in several cosmetic products,
including nail polishm. One should note that data on
molecular mimicry in PBC were mainly obtained from
the study of autoantibodies in sera from patient or animal
models while the study of cellular autoimmunity is limited.

PATHOGENESIS

The ctiology and pathogenesis of PBC remain largely
enigmatic. The disease should be regarded as multifac-
torial and we are convinced that the numerous lines of
evidence provided by clinical and experimental research
will ultimately provide an answer to the several questions
remaining on the table. Prior to illustrating the available
evidence on the immune mechanisms involved in PBC
pathogenesis, it should be clear that the etiology of the
bile duct injury and in particular the strict organ-specificity
of the immune-mediated tissue damage remains to be
clucidated and current hypotheses will be discussed. The
lines of evidence should not be regarded as mutually
exclusive from any causative factor such as susceptibility
genes but rather as terminal mechanisms of the pathway
leading to the clinical manifestations”” ultimately orche-
strated by a specific cytokine patternMS’Sm.

First, the pathogenetic role of AMA is not yet clear,
as discussed in further details below. AMA belong main-
ly to the IgG isotype, in particular IgG3 subclasses,
and thus are potentially pathogenic through different
mechanisms, e.g. complement activation, antibody-de-
pendent cytotoxicity. There are no direct experimental
evidence, however, supporting the involvement of these
mechanisms in the pathogenesis of PBC as serum AMA
are elicited in animal models following several types of
immunization; yet PBC-like liver damage is caused only in
selected cases”. More importantly, AMA can be also of
IgA isotype. The role of such AMA-IgA has been ignored
for long time but may be critical in the pathogenesis of
PBC. It is now well established that AMA-IgA, indeed,
can be detected not only in sera but also in bile, saliva and
urine of patients with PBC, in some cases correlating with
disease severity[szl. Moreover, IgA represents the principal
Ig isotype in epithelial surfaces, including biliary epithelia.
AMA-IgA has been reported to co-localize with the
major AMA autoantigen (i.e. the E2 subunit of pyruvate
dehydrogenase, PDC-E2) both inside the cell cytoplasm
as well as the apical membrane of cholangiocytes in PBC
but not in controls. Thus, AMA-IgA and in particular
AMA-IgA bound to mitochondrial antigen could be
able to disrupt cell metabolism and may also induce
cellular dysfunction and damage thus leading to a tissue
specific injury. We cannot preclude the possibility that the
apical staining obtained with anti-PDC-E2 monoclonal
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antibodies may be secondary to the presence of immune
complexes formed by secreted IgA and AMA antigens, as
some line of evidence seems to suggest[53].

Over the past decade one hypothesis for the selective
destruction of biliary epithelial cells was proposed imp-
lying that the immunodominant autoantigen PDC-E2
should be aberrantly exposed on cholangiocytes cell
surface where it may be recognized by AMA and/or
antigen-specific T cells®*Y. Studies based on in situ
hybridization of PDC-E2 mRNA failed to demonstrate
significant differences in its amount in PBC liver com-
pared with other liver diseases. PDC-E2 may be selectively
over-expressed in small bile duct cholangiocytes as indi-
rectly suggested by early experimental evidence showing
a positive staining of a murine anti-PDC-E2 monoclonal
antibody selectively on the surface of biliary epithelial
cells in the liver of patients with PBC but not in normal
controls. On the other hand, co- or post-translational
modifications of PDC-E2 may cause its abnormal tur-
nover leading to its accumulation. Chemicals (i.e. xeno-
biotics) disposed by the liver may have a role in this
scenario by accumulating in the biliary epithelial cells and
modifying PDC-E2 locally. Solid data to support these
fascinating mechanisms are lacking or weak and we cannot
rule out that the molecules expressed and identified on
the ductular surface and recognized by AMA may not be
PDC-E2 itself but possibly unrelated PDC-E2 mimics
cross-reacting with human PDC-E2.

Does apoptosis hold the key to organ specificity?

Apoptosis of biliary epithelial cells in PBC warrants
further discussion and may prove to be crucial for im-
mune tolerance breakdown”>" as illustrated in other
experimental settings”". Tt was first reported that PDC-E2
remains intact and retains its immunogenicity during
cholangiocyte apoptosis due to a cell-specific lack of
glutathionylation of biliary epithelial cells®™. The intact
PDC-E2 in apoptotic fragments could be taken up by
local antigen presenting cells and transferred to regional
lymph nodes for priming of cognate T cells thus initiating
PBC. This is indeed an attractive possibility, however,
solid data of such antigen presentation are awaited and it
cannot be excluded that the reported mechanisms are not
PBC specific. A major contribution came from Lleo et a/
who most recently demonstrated that PDC-E2 is found in
the blebs of human intrahepatic bile duct cells undergoing
apoptosism and that they could be presented to local
dendritic cells to initiate the immune responsem]. More
importantly, this phenomenon was not observed in other
epithelial cell lines and appears to confirm the importance
of apoptosis in the perpetuation of the autoimmune
injuryﬁs] as well as the view that PBC bile duct cells are
not unique[(’o].

Is PBC an autoimmune disease?

Whether PBC is indeed an autoimmune disease remains
to be clearly determined, based on somehow conflicting
clinical and experimental data. An autoimmune patho-
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genesis for PBC is accepted based on clinical and expe-
rimental findings that make this condition somehow a
model and a paradox for autoimmunity. The former is
represented by the PBC features that are common to the
autoimmune spectrum such as the female predominance,
the genetic predisposition or the presence of specific
autoantibodies in the vast majority of cases as well as
the frequent comorbidities®’. Serum autoantibodies,
however, in the case of PBC also represent the basis
for the disease being a paradox as their direct pathoge-
netic role is still poorly defined. In fact, serum auto-
antibodies are detected in approximately 90% of patients;
yet seronegative cases manifest a similar disease progre-
ssion™. Furthermore, in the autoimmunity paradigm,
the passive transfer of autoantibodies should reproduce
the clinical features and experimental immunization with
the antigen should produce a model disease. This has
been reproduced only in part for PBC, as illustrated in
details below. In autoimmune diseases, the reduction of
autoantibody titers will correlate with disease amelioration;
this criterion is also poorly met in PBC where there is
no correlation between the pattern or titer of AMA and
progression or severity of the disease. Finally, it is well-
established that most autoimmune diseases are responsive
to immunosuppressive therapy while no such agent has
proven effective for PBC. We will now discuss the major
characteristics of PBC in terms of adaptive (humoral
and T cell) and innate immunity as well as the emerging
role of T regulatory cells. Ultimately, the putatively
comprehensive animal models will be discussed.

Autoantibodies

Serum AMA are highly specific for PBC and detected in
nearly 100% of patients when tested using techniques
based on recombinant mitochondrial antigens (immu-
noblotting or ELISA) which allow higher sensitivity and
specificity. In most clinical settings, however, indirect
immunofluorescence remains the test used for initial
screening of cases and might lead to falsely positive or
negative results. AMA autoantigens have been known
since 1987"Y. Antibodies react with lipoilated domains
within components of the 2-oxoacid dehydrogenase
(2-OADC) family of enzymes within the mitochondrial
respiratory chain, most frequently the E2 and E3 bind-
ing protein (E3BP) components of the pyruvate dehy-
drogenase complex (PDC-E2) and the E2 components
of the 2-oxo glutarate dehydrogenase (OADC-E2) and
branched-chain 2-oxo acid dehydrogenase (BCOADC-E2)
complexes. The immunodominant epitopes in all major
antigens contain the motif DKA, with lipoic acid attached
to lysine (K). The necessary/sufficient role of lipoic acid
in the epitope recognition by AMA is unclear based on se-
rum reactivity studies, as briefly mentioned above. Serum
antinuclear antibodies (ANA) have been detected in as
many as 30% of patients with PBC and indirect immuno-
fluorescence more specifically produce a ‘nuclear rim’ or
‘multiple nuclear dots’ pattern, based on the recognition
by the autoantibodies of gp210 and nucleoporin 62 (within
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Peculiarity
Monocytes Increase in absolute number
Increase in pro-inflammatory cytokines upon infectious
challenge
Elevated IgM B cell response to bacterial stimuli
NKT cells Increased NKT cells in PBC peripheral blood and liver

Increased NKT cytotoxic activity
Liver histology Focal duct obliteration with granuloma formation

PBC: primary biliary cirrhosis models.

the nuclear pore complex) and Sp100 and PML (possibly
also cross-reacting with small ubiquitin-like modifiers,
SUMO) respectively® . Rim-like ANA, in fact, react
against proteins of the nuclear pore complexes (NPC),
supramolecular structures that include gp210 (a 210-kDa
transmembrane glycoprotein involved in the attachment
of NPC constituents within the nuclear membrane), p62
(a nuclear pore glycoprotein), and the inner nuclear mem-
brane protein lamin B receptor (LBR). Serum anti-gp210
ANA are detected in about 25% (10%-40%) of AMA-
positive and up to 50% of AMA negative patients (in
both cases with high specificity). Autoantibodies reacting
with p62 ot LBR are found in about 13% and 1% of pa-
tients with PBC respectively. Interestingly, the presence of
anti-gp210 and anti-p62 ANA in the same serum is rare.
It was first supposed that ANA-positive patients are motre
frequently AMA-negative, possibly because of the lack of
a masking effect of these latter antibodies in such sera, yet
this remains to be determined. Interestingly, these PBC-
specific ANA have been consistently found associated
with more severe!™ and rapidly progressing disease®*".
Similar to AMA, the pathogenic role of ANA in PBC re-
mains enigmatic although cross-sectional and longitudinal
data demonstrate an association between ANA positivity
and a poorer prognosis.

T cell autoimmunity

T-helper (CD4+) TCR+ and CD8+ T cells are most
commonly seen around injured bile ducts in PBC. Auto-
reactive T cells have been well characterized in PBC
from both the liver and in peripheral blood of affected
individuals. Autoreactive cytotoxic T lymphocytes (CTL)
have been well characterized in PBC and currently con-
sidered major effectors in the tissue injury encountered
in PBC. The MHC class [ restricted epitope for CTLs,
namely amino acid 159-167, also maps in close vicinity
to the epitopes recognized by CD4+ cells and by AMA.
Moteovet, the use of tetramer technology has shown a
10-fold higher prevalence of PDC-E2159-167 specific
CTL in the liver as compared to peripheral blood of
patients with PBC. PDC-E2 specific autoreactive CD4+
T cell (T-helper) clones were first isolated by in vitro
stimulation of intrahepatic or petipheral lymphocytes to
PDC-E2. It is of note that the autoepitope for T cells
ovetlaps with the B cell (AMA) counterpart and includes
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the lipoilated amino acid of the inner lipoilated domain.
Similar to CTL, there is also a specific 100-150 fold in-
crease in the number of autoreactive CD4+ T cells in the
PBC hilar lymph nodes and liver when compared with
peripheral blood, regardless of the AMA status’.

Innate immunity

Following decades in which adaptive immunity was con-
sidered self-sufficient to explain autoimmunity, the study
of innate immunity has received a significant impetus over
the past few years and is no longer overlooked by clinical
immunologists. This interest has been growing” since ev-
idence has been provided that the cellular components of
the innate immune system such as monocytes, dendritic
cells (DC), natural killer (NK) and NK T cells modulate
the function of both the humoral and cellular adaptive
immune responses. Immunological features such as elevat-
ed levels of polyclonal IgM and hyper-responsiveness to
CpG, increased levels of NK cells and cytokine responses
in patients with PBC compared to controls ultimately sug-
gest a determinant role of innate immunity in the onset
and perpetuation of PBC (Table 1). The liver express ef-
fective immune responses against a wide range of patho-
gens from viruses to multicellular parasites. In that sense,
the environment of an inflammatory milieu seems to be
critical for effective immunogenic signals to be delivered
to intrahepatic T cells. The tolerogenic potential of intra-
hepatic DC and sinusoidal endothelial cells is, on the other
hand, based on their hyporesponsiveness to lipopolysac-
charide as a “pathogen associated molecular pattern”
(PAMP) by reason of an altered expression of toll-like
receptors (TLR), with deprivation of crucial upregulating
signals for antigen presentation and co-stimulatory activ-
ity. Some of the innate immunity cells are known for their
regulatory function in detailing the quality and quantity of
subsequent adaptive immune responses including antigen-
specific antibody and T cell responses. Innate immunity
is involved in several aspects of autoimmunity’"™ and in
PBC these may include the presence of epithelioid granu-
lomas. Recent data have supported a role for memory B
cells, monocytes and NKT cells. It is common to observe
clevated levels of IgM in PBC sera, independent of the
AMA or ANA status, while their reduction during medi-
cal treatment” support a direct link. It has been reported
that hyper-IgM is secondary to a chronic polyclonal innate
immune response of memory B cells to bacterial stimuli
represented by unmethylated CpG motifs that share im-
munostimulatory effects on human cells”. Following
stimulation with synthetic oligodeoxynucleotides contain-
ing such motifs, cultured peripheral blood mononuclear
cells from patients with PBC also secreted higher amounts
of IgM compared to controls and this is reduced by ur-
sodeoxycholic acid™. Alternatively, one may hypothesize
that the hypet-IgM in PBC patients is the tesult of a failed
attempt at preservation of the state of tolerance. This
could follow the exposure to chemical-metabolizing bac-
teria as indicated in recent reports of the presence of IgG
antibodies against xenobiotic modified PDC-E2 and of a
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Mouse model  Adaptive immunity Innate immunity
Spontaneous Ae2(a.b)-deficient AMA -
Lymphocytic CD8+

infiltrates
Decreased T
regulatory cells
PBC-like liver

lesions
dnTGFbRII AMA NKT cells
Deficient T reg worsen liver
function injury
IL2Ra”" AMA -
Portal tract CD4+
and CD8+ cells
NOD.c3c4 Lymphocytic -
infiltrate
AMA, ANA
Induced N. aromaticivorans AMA NKT cells are
on NOD 1101 PBC-like liver required

lesions
Disease transfer by

T cells
Xenobioticon ~ Lymphocytic CD8+ -
C57BL/6 infiltrate
AMA
PBC-like liver
lesions

AMA: antimitochondrial autoantibodies; ANA: antinuclear antibodies;
NOD: non obese diabetic; PBC: primary biliary cirrhosis models.

possible association of N. aromaticivorans. The monocyte
activation by PAMP through TLR induces the release of
pro-inflammatory cytokines by monocytes, characteristic
of the innate immune response, including IL-1, IL-06,
IL-18, IL-12 and TNF-o which mediate the amplification
of T-cell mediated immune response against pathogens.
Peripheral monocytes from patients with PBC and con-
trols challenged with different ligands for TLR2, TLR3,
TLR4, TLR5 and TLR9Y produce a significantly increased
level of all pro-inflammatory cytokines compared to
healthy controls””. From the innate immunity perspective,
these findings suggest that peripheral blood monocytes
from patients with PBC are more sensitive to infectious
stimuli resulting in the secretion of pro-inflammatory cy-
tokines. The mechanisms for such increased sensitivity are
currently unknown but might reflect or be secondary to
the higher frequency of recurrent Gram-negative bacte-
rial infections (e.g. urinary tract infections) in PBC. This
effect is seen as a consequence of the constant exposure
of monocytes and B cells to bacterially derived products
from the portal blood but with inflammation compensat-
ing for such hyporesponsiveness and inducing efficient in-
trahepatic T-cell priming and subsequent effective cellular
immune responses.

The role of NKT cells in autoimmunity is also at-
tracting growing attention. The presence of NKT cells
restricted for the o-galactosylceramide (o GalCer) in a
CD1 context has been evaluated and reported a higher
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prevalence of these cells in the affected tissue than in pe-
ripheral blood". This behavior resembled that of NKT
cells in other liver diseases and healthy controls while
Chuang ef af recently demonstrated a marked increase in
the frequency and absolute number of blood and liver
NKT cells in PBC patients. We are well aware that the
innate immune system hyper-responsiveness is likely
not sufficient for the breakdown of tolerance; we can
hypothesize that these alterations might play a role in the
initiation and/or perpetuation of the autoimmune in-
jury. This is particularly intriguing considering the study
by Mattner ¢ a/ demonstrating that N. aromaticivorans is
capable of inducing autoreactive AMA and chronic T
cell-mediated autoimmunity against small bile ducts in a
murine model of PBC in an NKT-dependent fashion™".

T regulatory cells

T regulatory cells (Tregs) are CD4" CD25™" cells and
play a role in the prevention of autoimmune disease as
demonstrated in several clinical settingswg]. As an example,
in chronic autoimmune hepatitis therapeutic attempts are
ongoing in animal models based on cell expansionm]. In
fact, some studies have demonstrated that the transfer of
T cells lacking the CD4" CD25"™" Tregs subset into athy-
mic nude mice results in the development of various T
cell-mediated autoimmune diseases™”. Experimental data
demonstrate that PBC patients displayed significantly low-
er frequencies of CD4~ CD25™" Tregs as percentages of
total TCR—a[3+ /CD4" T cells which may contribute to the
breakdown in tolerance in PBC"", possibly through inter-
leukin 2™, The recently defined field of CD8+ FoxP3+

regulatory cells has not been investigated in PBC.

ANIMAL MODELS

The development of an animal model is of obvious
importance in elucidating the mechanism(s) responsible
for the initiation and progression of PBC and to inve-
stigate new medical treatments. Several models, mostly
murine™, have been proposed for PBC and are illustrated
in Table 2. These include both spontaneous and induced
models and have subsequently been utilized to prove
specific mechanistic hypotheses in PBC pathogenesis and
data have demonstrated that CD8+ T cells are required to
transfer disease® while B cell depletion has unexpected
consequences on biliary disease®

Two animal models, i.e. dnTGFBRII and IL-2Ra.-
knockout mouse, point out the possible crucial role of
Tregs deficiency in the loss of immune tolerance with
consequent development of autoimmune response again-
st PDC-E2 in PBC. In particular, a mouse with dominant
negative form of transforming grown factor 3 (TGF)
receptor II, (dnTGFBRI) showed PBC-like liver
disease, e.g. 100% AMA positivity against PDC-E2",
TGEp receptor II is essential for signal transduction of
TGFE that is a key regulator of lymphocytes activation'™
A mouse deficient for 112 receptor IL-2R which is highly
expressed on Tregs developed 100% AMA positivity
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against PDC-E2, 80% ANA positivity and lymphocyte
infiltration around the portal tracts associated with cho-
langiocyte injury[sﬂ. As previously mentioned, animal
models support our hypothesis that xenobiotics can in-
duce tolerance breakdown. Firstly, loss of tolerance has
been demonstrated in rabbits immunized with 6-bromo-
hexonate, a xenobiotically modified hapten mimicking
lipoic acid, coupled with bovine serum albumin'’.
The immunized rabbits were able to produce not only
antibodies against the xenobiotic but also high titer of
anti-PDC-E2 antibodies. Anti-PDC-E2 antibodies in this
model were not, however, sufficient to induce specific
hepatic lesions, at least in the short follow—upw. More
recently, induction of PBC-like lesions was obtained in a
NOD background by Wakabayashi ez 2/ and in guinea pigs
by Leung ef a/ exposed to xenobiotic immunization™",
Furthermore, an animal model is derived from a vatiant
of the NOD mouse model (NOD.c3c4). It has been
described that NOD.c3c4 manifests autoimmune chole-
stasis and PBC-specific serology, showing AMA positi-
vity of 50%-60% and ANA positivity of 80%-90%.
Histologically, it presents lymphocyte infiltration around
portal tracts with chronic nonsuppurative destructive
cholangitis and epithelioid granuloma formations; never-
theless, the morphological features of bile ducts differ
somewhat from those in human PBC™. Finally, we submit
that the PBC-like model induced by N. aromaticivorans

[40]

immunization' " awaits further recapitulation.

CONCLUSIONS AND FUTURE
DIRECTIONS

In conclusion, we recapitulate our current working hypo-
thesis™. Three major events in PBC are represented, i.e.
bile duct cell apoptosis, female predominance and genetic
susceptibility. A mimicking microorganism (possibly
N. aromaticivorans as discussed below) enters the human
system through the digestive mucosa and its PDC-E2-
like proteins are modified within the liver by xenobiotics
to form immunoreactive adducts. These modifications
could be then sufficient to trigger the innate immune
system to initiate a cascade of local inflammatory events
resulting in local dendritic cell activation and antigen
processing. Mucosal antigen-presenting cells in turn could
activate autoreactive T and B cells that are directed to the
liver through the portal system. T' cells, therefore, could
participate directly, not only to the autoimmune injury, but
also to its amplification and perpetuation. B cells, on the
other hand, could secrete AMA, particulatly of the IgA
type. AMA-IgA could be then transported to the vascular
side of biliary epithelial cells where they could recognize
PDC-E2-like molecules located on the luminal surface
cell membrane. AMA-IgA/PDC-E2-like molecules
engagement could initiate apoptotic signaling cascade.
Ultimately, the immune complexes of post-apoptotic
PDC-E2 and IgG-AMA and the direct cytopathic effects
of autoreactive T cells (and possibly AMA) lead to the
selective bile duct destruction.
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Recent years have had a tremendous impact on our
knowledge of PBC causes and consequences, as well
represented by data on apoptosis or genomic associations.
We are convinced that future studies should be dedicated
to overcoming conceptual and logistical obstacles. Firs-
tly, the role of xenobiotics and bacteria in the onset of
PBC should be further studied by means of new mo
lecular multiplex tools (including but not limited to pro-
teomics) and available animal models. Secondly, only
the collection of large series of patients and, quite cru-
cially, representative families and the use of genome-
wide analysis on larger numbers of polymorphisms will
allow the determination of the genetic bases of PBC,
similar to what was recently observed in other autoi-
mmune diseases. Thirdly and most importantly, it is time
to prove the AMA pathogenic role in PBC and the pro-
posed animal models may be a good starting point to
achieve this goal. Ultimately, we are convinced that newer
discoveries in the field of molecular biology will provide
exciting data in PBC pathogenesis, as in the case of new
cytokine paradigms™, microRNA®! DNA methylation""
P2 with putative therapeutic

implications. Among these, the use of epigenetic drugs[zzl,

antisense miRNAP as well as new biologics[%] may be of

or copy number variations

seminal importance, similar to what was recently observed
. 95
for new compounds targeting nuclear receptors’”.
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Abstract

Protein induced by vitamin K absence or antagonist II
(PIVKA-1I) is a putative specific marker of hepatocellular
carcinoma (HCC), but it may also be produced by a
small number of gastric cancers. To date, 16 cases of
PIVKA-II -producing gastric cancer have been reported,
2 of which were reported by us and all of which were
identified in Japan. There are no symptoms specific to
PIVKA-II -producing gastric cancer, and the represen
tative clinical symptoms are general fatigue, appetite
loss, and upper abdominal pain. Serum alpha-feto-
protein (AFP) levels are also increased in almost all
cases. Liver metastasis is observed in approximately
80% of cases and portal vein tumor thrombus is ob-
served in approximately 20% of cases. Differential dia-
gnosis between metastatic liver tumor and HCC is often
difficult. Grossly, almost all cases appear as advanced
gastric cancer. Histologically, a hepatoid pattern is
observed in many cases, in addition to a moderately to
poorly differentiated adenocarcinoma component. The
production of PIVKA-TI and AFP is usually confirmed
using immunohistochemical staining. Treatment and

144

Jgn?s:iﬁmg"‘ WJGP | www.wjgnet.com

129

prognosis largely depends on the existence of liver meta-
stasis, and the prognosis of patients with liver metas-
tasis is very poor. PIVKA-1I may be produced during the
hepatocellular metaplasia of the tumor cells.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Since Liebman ez a/" reported the increase of protein
induced by vitamin K absence or antagonist II (PIVKA-
II) in the serum of hepatocellular carcinoma (HCC)
patients, PIVIKA-II has been regarded as a tumor mar-
ker of HCC. PIVKA-TI has been reported to be a more
specific marker than alpha-fetoprotein (AFP), another
tumor marker of HCC™. The production of AFP
and PIVKA-TI by HCC cells has been elucidated mot-
phologicallyw. However, serum AFP or PIVKA-TI levels
may increase in patients with tumors other than HCC, and
if such tumors metastasize to the liver, it may be difficult
to clinically differentiate them from HCC. Although the
number of reported cases of AFP-producing gastric
cancer has been gradually increasingls’gj, only 16 cases of
PIVKA-II -producing gastric cancer have been reported
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Case Age Sex Serum AFP Serum PIVKA- Macroscopic Tumor size (cm) Histological Liver Treatment Prognosis  Ref.
(ng/mL) I (AU/mL) type type metastasis
1 56 M 2810 2.45 0-TIc 6.5 x4.5 por + tubl + ) subtotal gastrectomy ~ Alive without "
hepatoid tumor (17
mo)
2 43 M 483380 134 Borrmann 3 75 %70 por +) best supportive care Died of 0
disease (3 mo)
3 42 F 190 29 Borrmann 3 ND por (+) TACE + systemic Died of 2
chemotherapy disease (3 mo)
4 63 M 120000 >8 Borrmann 1 ND por + hepatoid +) systemic chemotherapy Died of i
disease (2 mo)
5) 72 M 14500 328 Borrmann 1 ND por +) best supportive care Died of &
disease (1Imo)
6 71 M 73 5.15 Borrmann 2 About 2 tub2 (+) subtotal gastrectomy ~ Alive 2mo) ™
+ enucleation of liver
metastasis + HAIC
7 71 M 1230 28.5 Borrmann 2 About 4 por +) best supportive care Died of L
disease (3 mo)
8 55 M 247000 320 Borrmann 1 ND por (+) systemic chemotherapy Died of [17]
disease (4 mo)
9 71 M 18551.7 1.08 Borrmann 3 ND tub2 +) systemic chemotherapy Died of =
disease (5 mo)
10 87 F 490200 2284  Borrmann2 3.8 x23/45X  por+tub2 + +) best supportive care Died of =
32 hepatoid disease (1 mo)
1 49 M 21552.9 3.7 Borrmann 2 5x5 tub2 + +) HAIC Died of B
hepatoid disease (5 mo)
12 68 M 4 15.6 Borrmann 3 about 15 por + tub2 -) Ppreoperative Alive without
chemotherapy + tumor (15
pancreatico-spleno total mo)
gastrectomy
13 45 M 13827 0.405 Borrmann 2 ND tub2 +) systemic chemotherapy Died of =
disease (6 mo)
14 61 M 495.2 0.635 Borrmann3 8.0 X 7.0/9.5 X  tub2 + pap + +) total gastrectomy + Died of B
8.5 por + hepatoid postoperative adjuvant disease (6 mo)
chemotherapy
15 61 M 9630 0.091 Borrmann 2 45x4.0 por + hepatoid -) distal gastrectomy with ~Alive without !
resection of the extra-  tumor (9 mo)
gastric tumor
16 71 M 296838 56.387 Borrmann 1 ND por + hepatoid (+) systemic chemotherapy Died of =

disease (6 mo)

HAIC: hepatic arterial infusion chemotherapy; ND: no data; pap: papillary adenocarcinoma; por: poorly differentiated adenocarcinoma; TACE:

transcatheter arterial chemoembolization; tubl: well differentiated tubular adenocarcinoma; tub2: moderately differentiated tubular adenocarcinoma; Ref:
references; PIVKA-II : Protein induced by vitamin K absence or antagonist I ..

to date!""®), 2 of which were reported by us'”*!. The

exact definition of PIVKA-II -producing gastric cancer
has not been established yet. However, we propose to
make a diagnosis of PIVKA-II -producing gastric cancer
when a patient with gastric cancer has high serum level of
PIVKA-II and PIVKA-II production by gastric cancer
cells is confirmed by immunohistochemistry, or when
in a patient with gastric cancer and high serum level of
PIVKA-II, the other sources of PIVKA-II production,
such as HCC and vitamin K deficiency, are ruled out.
In this paper, we review the clinicopathological features
of PIVKA-II-producing gastric cancer; furthermore,
we discuss the differential diagnosis between HCC and
liver metastasis of PIVIKKA-II-producing gastric cancer,
and the mechanism of PIVKA-II production by gastric
cancer cells. In addition, we compare PIVKA-TI- and
AFP-producing gastric cancers.
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CLINICAL FEATURES

Epidemiology

PIVKA- II -producing gasttic cancer is very rare, with only
16 cases reported to date""™) and its precise prevalence
has not been elucidated. Table 1 summarizes the clini-
copathological features of the reported cases of PIVKA-
[I-producing gastric cancer. Interestingly, all of the
reported cases were identified in Japan. The reason for this
is unclear, but the following possibilities are conceivable: (1)
PIVKA- II -producing gastric cancer is especially prevalent
in the Japanese; and (2) in Japan, PIVKA-II -producing
gastric cancer is correctly diagnosed because of sufficient
endoscopic, laboratory, radiological, and pathological
examinations. The serum AFP levels were increased in all
but one case and liver metastasis was detected in all but
three of the reported PIVKA- II -producing gastric cancer

October 15, 2010 | Volume1 | Issue4 |



Figure 1 Contrast-enhanced computed tomography image of liver
metastasis of protein induced by vitamin K absence or antagonist
II -producing gastric cancer. Multiple low density nodules, which are poorly
enhanced, are observed in the liver.

cases. PIVKA- I -producing gastric cancer predominantly
occurs in elderly men. The patients’ ages ranged from
42-87 years (mean, 62 years). Fourteen cases were male
and 2 cases were female; thus, the male-to-female ratio is
7:1.

Symptoms and signs

There are no symptoms specific to PIVKA-II -producing
gastric cancer, and the representative clinical symptoms
are general fatigue, appetite loss, and upper abdominal
pain. A mass in the abdomen or right hypochondrium
and abdominal distention or discomfort are also occasio-
nally seen. These symptoms are considered to be related
to the gastric tumor or metastatic liver tumor. Tarry
stool, back pain, edema in the lower leg, and pyrexia
were observed in a small number of cases.

Laboratory data

Serum PIVKA-IT levels (normal value < 0.04 AU/mL)
in the reported cases ranged from 0.091-320 AU/mL
(median, 4.4 AU/mL). Serum AFP levels (normal value <
20 ng/ml) wete abnormally high in all but one case (range,
4-490200 ng/mL; median, 14164 ng/mL). AFP can be
fractionated into 3 isoforms: L1 is produced in non-
neoplastic liver disease, L2 is produced in yolk sac tumors,
and 1.3 is produced in HCC and hepatoblastoma”. The
AFP fractions were examined in 3 PIVKA- II -producing
gastric cancer cases, and the 1.3 fraction was increased
in all of those cases'***), With regard to other tumor
markers, serum carcinoembryonic antigen (CEA) levels
are often increased.

Anemia is often observed because of malnutrition
and/or bleeding from the tumor. Thrombocytosis and hy-
poproteinemia are occasionally observed. Serum aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
lactate dehydrogenase (LDH), alkaline phosphatase (ALP),
and gamma-glutamyl transpeptidase (gamma-GTP) levels
are often increased because of frequent liver metastasis,
and total and direct bilirubin levels are also occasionally
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Figure 2 Gross appearance of a case of protein induced by vitamin K
absence or antagonist II -producing gastric cancer. A large Borrmann type 3
tumor occupies the gastric body.

increased. Serum C-reactive protein (CRP), white blood
cell count, and erythrocyte sedimentation rate (ESR) are
increased if the tumor is complicated by inflammation.

Endoscopy

The most important test in the clinical diagnosis of gastric
cancer is upper digestive tract endoscopy. The features
describing the gross appearance of PIVKA- Il -producing
gastric cancer are presented in the PATHOLOGICAL
FEATURES section.

Clinical imaging findings

Liver metastasis was observed in 13 (81%) of the 16 re
ported cases of PIVKA-II-producing gastric cancer,
and there were multiple metastatic foci in the majority of
those cases. Metastatic tumors were commonly observed
in most parts of the liver. Portal vein tumor thrombus was
observed in 3 (19%) of the 16 cases; furthermore, lymph
node metastasis was often observed.

By abdominal ultrasonography, metastatic liver foci
usually present as an intermingled pattern of hyperechoic
and hypoechoic areas. By abdominal computed tomo-
graphy (CT), metastatic liver tumors are generally obser-
ved as low density areas. By contrast-enhanced CT, the
marginal zone of metastatic liver tumors may be enhan-
ced, but the internal portion is pootly enhanced (Figure
1). By angiography, arterial blood flow in the metastatic
liver tumors is scarce. In patients with portal vein tumor
thrombus, a filling defect is observed on portography.

PATHOLOGICAL FEATURES

Gross appearance

PIVKA-II -producing gastric cancer occupies the gasttic
body and the pylotic antrum with almost the same fre-
quency. One reported case presented with a 0- I c-type
eatly cancer, and the remaining 15 cases presented with
advanced cancer (Borrmann type 1, 4 cases; Borrmann
type 2, 6 cases; and Borrmann type 3, 5 cases) (Figure 2).
There were no Borrmann type 4 cases. The diameter of

October 15, 2010 | Volume1 | Issue4 |
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Figure 3 Gross appearance of liver metastasis of protein induced by
vitamin K absence or antagonist I -producing gastric cancer. Multiple
nodular tumors and portal vein tumor thrombi (arrows) are observed.

the tumor ranged from 2-15 cm (mean, 6.5 cm). As men-
tioned above, multiple liver metastases are frequently
detected in PIVKA- I -producing gastric cancer, and
the presence of portal vein tumor thrombus is not rare

(Figure 3).

Microscopic findings

In many cases, gastric biopsy specimens have the histolo-
gical appearance of pootly or moderately differentiated
adenocarcinoma; however, a hepatoid pattern is also fre
quently detected by the examination of operation or
autopsy materials. Careful examination is required be-
cause it may be difficult to differentiate between the hepa-
toid pattern and poorly differentiated solid-type adeno
carcinoma. The tumor generally shows a medullary growth
pattern, and there have been no reports of the scirrhous
type. Lymphatic and venous invasion is frequently ob-
served, and venous invasion may be very conspicuous.
The histological appearance of liver metastasis basically
resembles that of a primary gastric tumor, but the hepa-
toid pattern may be more conspicuous. In a case that
we reported'”, a gastric tumor in an area other than the
venous invasion primarily demonstrated the histological
appearance of a moderately to poorly differentiated ade-
nocarcinoma (Figure 4A), while almost the entire intra-
venous part of the tumor and liver metastases showed the
hepatoid pattern (Figure 4B, C). This finding may suggest
that the hepatoid component is especially prone to venous
invasion and metastasis to the liver.

Immunohistochemical staining

The primary gastric tumor and metastatic liver tumor
show positive immunohistochemical staining for PIVKA-
I in the majority of the cases, and positive staining is
most frequently observed in the area of the hepatoid
structure. However, in a case that we reported, positive
staining for PIVKA-II was primarily observed in the area
of the tubular structure™ (Figure 5A). Cases with very
few!™ or no™" PIVKA-TI -positive tumor cells have also
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Figure 4 Microscopic appearance of protein induced by vitamin K absence
or antagonist II -producing gastric cancer. A: Gastric tumor with the
appearance of a moderately to poorly differentiated adenocarcinoma (HE stain;
the scale bar indicates 50 um); B: Intravenous tumor with a hepatoid pattern (HE
stain; the scale bar indicates 100 um); C: Metastatic liver tumor with a hepatoid
pattern (HE stain; the scale bar indicates 50 pm).

been reported. In both cases with no PIVKA-II -positive
tumor cells, a biopsy specimen was used for immuno-
histochemical staining, and the size of the sample may be
the cause for the negative staining;

Immunohistochemical staining for AFP is also positive
in the primary gastric tumor and metastatic liver tumor
in the majority of cases (Figure 5B), and positive staining
is most frequently observed in the area of the hepatoid
structure. However, in a case in which a biopsy specimen
was used for immunohistochemical staining, no AFP-
positive tumor cells were detected"”.

October 15, 2010 | Volume1 | Issue4 |
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Figure 5 The results of immunohistochemical staining. A: The tumor cells
forming glandular structure are positive for protein induced by vitamin K absence
or antagonist 1I; B: The tumor cells are also positive for alpha-fetoprotein. All
scale bars indicate 25 um.

P ECNAT \ N

DIFFERENTIAL DIAGNOSIS BETWEEN
HCC AND LIVER METASTASIS OF PIVKA-
II-PRODUCING GASTRIC CANCER

It is often difficult to differentiate between HCC and
liver metastasis of PIVKA-TII-producing gastric cancer
because PIVKA-1II is a putative specific marker of HCC
and PIVKA-II -producing gastric cancer frequently me-
tastasizes to the liver. HCC usually occurs in patients
who are infected with the hepatitis virus and have liver
cirrhosis or chronic hepatitis. Accordingly, when multiple
liver tumors are found in a patient without an undetlying
liver disease, the possibility of metastatic liver tumor
should be considered even if the serum PIVKA-II levels
are abnormally high, and systemic examination, including
upper digestive tract endoscopy, should be performed. If
gastric cancer is found in such a patient, histological exa-
mination by biopsy and immunohistochemical staining
for AFP and PIVKA-TI is necessary. If a hepatoid pat-
tern is found in the gastric tumor and the tumor cells
are positive for AFP and PIVKA-TI, it is probable that
the liver tumor is a result of the metastasis of PIVKA-
I -producing gastric cancer. However, it is noteworthy
that a hepatoid pattern and positive staining for AFP and
PIVKA- I may not be confirmed in a biopsy specimen

(44
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because of the limited size of the sample. It was recently
reported that immunohistochemical staining for SALL4,
a stem cell marker, was positive in all cases of AFP-
producing gastric carcinoma and completely negative in
HCC?". This marker may also be useful to differentiate
between PIVKA- Il -producing gastric cancer and HCC,
although further examination is required to confirm this.
In addition to the above-mentioned histopathological
examination, radiographic examination such as contrast-
enhanced CT is also useful for differential diagnosis.

TREATMENT AND PROGNOSIS

Operations were performed on 3 cases without liver
metastasis' Y. In one of those 3 cases, preoperative
chemotherapy [low-dose cisplatin (CDDP) and continu-
ous 5-fluorouracil (5-FU) i.v]] was administered”. The
operative surgical procedures used were subtotal gas-
trectomy, pancreatico-spleno total gastrectomy, and distal
gastrectomy with resection of the extra-gastric tumor
according to the spread of the tumor.

Chemotherapy is the main treatment option for pa-
tients with liver metastasis, although gastrectomy was also
performed in two cases'™*, Only best supportive care was
performed in four cases with liver metastasis' *'*'*'”. Sys
temic chemotherapy or hepatic arterial infusion chemo-
therapy, and usually, several anti-cancer drugs such as
CDDP, 5-FUj, and mitomycin C are used in combination;
however, the effect is generally poor. Although the effica-
cy of TS-1, a novel oral derivative of 5-FU, has been repor
ted for several cases of AFP-producing gastric cancer™?"!
long-term survival with TS-1 therapy has not been repor-
ted for PIVKA- II -producing gastric cancer ™%,

The prognosis largely depends on the existence of
liver metastasis. All 3 patients without liver metastasis
are alive without tumor at 9, 15, and 17 mo after surgery.
Twelve of the 13 patients with liver metastasis died from
their disease and the longest survival period of those
patients was 6 mo. The cause of death in the majority of
those cases was hepatic failure. The follow-up period for
the only patient who was still alive with liver metastasis

was only 2 mo'"”.

MECHANISM OF PIVKA-II PRODUCTION
IN GASTRIC CANCER

Glutamic acid, located near the N-terminal of the pro-
thrombin precutsor is converted to gamma-carboxyl
glutamic acid by vitamin K-dependent carboxylase, and
PIVKA-TI is produced when this mechanism is dis-
turbed. PIVKA-II had been known to be produced in
the absence of vitamin K or when a vitamin K antagonist
is used, and PIVKA-II has been regarded as a specific
tumor marker of HCC since 1984 when Licbman ¢ a/"
reported that it was increased in HCC patients. The inct-
eased production of the prothrombin precursor in tumor
cells, abnormalities in vitamin K-dependent carboxylation,
and vitamin K deficiency in tumor tissue have been spe-
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culated to be the underlying mechanisms of PIVKA-II
production in HCC™. We speculate that gastric cancer
produces PIVKA- I #ia hepatocellular metaplasia because
an HCC-like histological pattern is observed in many PIV
KA- I -producing gastric cancer cases, almost all PIVICA-
Il -producing gastric cancer cases have increased serum
AFP levels, and the 1.3 fraction of AFP was increased
(HCC-like pattern) in all cases in which the AFP fractions
were examined. The liver is derived from an outpouching
of the foregut, as is the stomach, so it is not particularly
surprising that the neoplastic gastric mucosa may some-
times differentiate into hepatic-type cells.

In addition, we speculate that many PIVKA-II -pro-
ducing gastric cancers occur initially as common gastric
adenocarcinomas and that the hepatoid component
arises during tumor progression, given that almost all
cases are advanced cancers and the hepatoid pattern is
most frequently observed in the deep invasive portion.
Fujii ez al’! performed loss of heterozygosity analysis
on AFP-producing gastric cancer using a panel of mi-
crosatellite markers, and concluded that AFP-producing
carcinoma foci may evolve through genetic progression
and/or genetic divergence. They also described that the
silencing of a crucial gene on 13q may be involved in the
acquisition of the AFP-producing phenotype. Further
examination is required with regard to the genetic evo-
lution of PIVKA-II -producing gastric cancer.

COMPARISON BETWEEN AFP- AND
PIVKA-II -PRODUCING GASTRIC
CANCERS

It has been reported that AFP-producing gastric cancer
comprises 2.7%-5.4% of all gastric cancer’”. According
to a review of 270 cases of AFP-producing gastric cancer
by Adachi ¢z a”, AFP-producing gastric cancer shows a
male predominance (73%), predominant tumor location
in the gastric antrum (57%), lymph node metastasis
(83%), and liver metastasis (33%). Histologically, AFP-
producing gastric cancer is classified as hepatoid adeno-
carcinoma-type or non-hepatoid adenocarcinoma-
type, with the latter including fetal gastrointestinal tube-
type and yolk sac—typem. Hepatoid adenocarcinomas
are more invasive, especially to the small veins, than the
non-hepatoid adenocarcinoma—type[24]. The prognosis
for AFP-producing gastric cancer is worse than for con-
ventional gastric cancer, and the 5-year survival rates
for hepatoid and non-hepatoid AFP-producing carci-
nomas are 21.4% and 38.2%, respectively[s]. Thus, it
seems that the clinicopathological features of PIVKA-
I -producing gastric cancer resemble those of AFP-
producing gastric cancer, especially AFP-producing he-
patoid adenocarcinoma, although the frequency of liver
metastasis and portal vein tumor thrombus is higher and
the prognosis is worse in PIVKA-II -producing gastric
cancer than in AFP-producing gastric cancer. The possi-
bility that PIVKA-II production is related to a worse
prognosis has also been observed in HCCP,
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The mechanisms responsible for the production
of AFP and PIVKA-II in HCC appear to be indepen-
dent™ and HCCs produce either or both of AFP and
PIVKA-II. However, as mentioned above, PIVKA-II
-producing gastric cancer is far rarer than AFP-producing
gastric cancer, and almost all PIVKA- I -producing gastric
cancers also produce AFP. The reason for this is uncleat,
but the following possibilities are conceivable: (1) AFP can
be produced not only via hepatocellular metaplasia but
also via retrodifferentiation to fetal gastrointestinal tract or
yolk sac in gastric cancer; (2) hepatoid catcinoma of the
stomach may possess different cytological characteristics
from those of HCC; and (3) gastric cancer producing only
PIVKA-II might be overlooked because PIVKA-TI is
not measured so frequently as AFP.

PIVKA- IT -producing cancers other than HCC and
gastric cancer

Malignant tumors other than HCC and gastric cancer
that produce PIVKA-II have been reported although
the frequency is extremely low. To date, PIVIKA-II -pro-
ducing cancers in the lung[%’m, colon™ adrenal cortex™,
ovary™ and pancreas" have been reported. Serum
AFP levels were increased in all of those cases. Immu-
nohistochemically, all of those cases were positive for
PIVKA-TI and all but one case were positive for AFP.
Histologically, hepatoid structure was obsetved in all but
one case. Liver metastasis was observed in 2 (33%) of the
6 cases. Four patients died and the median survival period
was 14.5 mo. Two patients were alive for 4 and 48 mo
respectively and liver metastasis was not present in either
of those cases.

CONCLUSION

PIVKA-II -producing gastric cancer is a very rare subtype
of gastric cancer, and AFP is also produced in almost all
cases. The hepatoid pattern is often detected histologically,
and the production of PIVKA-II by tumor cells is usually
confirmed immunohistochemically. Liver metastasis and
portal vein tumor thrombus are frequently observed, and
almost all patients with liver metastasis die within 6 mo.
Hepatocellular metaplasia of tumor cells is suggested to
be the mechanism of PIVKA-II production. Analysis
of a larger number of cases is needed to clarify the clini-
copathological features of this very rare subtype of gastric
cancet.

REFERENCES

1 Liebman HA, Furie BC, Tong M], Blanchard RA, Lo K], Lee
SD, Coleman MS, Furie B. Des-gamma-carboxy (abnormal)
prothrombin as a serum marker of primary hepatocellular
carcinoma. N Engl | Med 1984; 310: 1427-1431
Nakao A, Suzuki Y, Isshiki K, Kimura Y, Takeda S, Kishi-
moto W, Nonami T, Harada A, Takagi H. Clinical evaluation
of plasma abnormal prothrombin (des-gamma-carboxy pro-
thrombin) in hepatobiliary malignancies and other diseases.
Am | Gastroenterol 1991; 86: 62-66
3 Fujiyama S, Morishita T, Hashiguchi O, Sato T. Plasma ab-
normal prothrombin (des-gamma-carboxy prothrombin)

October 15, 2010 | Volume1 | Issue4 |



10

11

12

13

14

15

16

17

18

19

20

21

as a marker of hepatocellular carcinoma. Cancer 1988; 61:
1621-1628

Sakisaka S, Watanabe M, Tateishi H, Harada M, Shakado
S, Mimura Y, Gondo K, Yoshitake M, Noguchi K, Hino T.
Erythropoietin production in hepatocellular carcinoma cells
associated with polycythemia: immunohistochemical evi-
dence. Hepatology 1993; 18: 1357-1362

Ishikura H, Kirimoto K, Shamoto M, Miyamoto Y, Yamagiwa
H, Itoh T, Aizawa M. Hepatoid adenocarcinomas of the
stomach. An analysis of seven cases. Cancer 1986; 58: 119-126
Ooi A, Nakanishi I, Sakamoto N, Tsukada Y, Takahashi Y,
Minamoto T, Mai M. Alpha-fetoprotein (AFP)-producing
gastric carcinoma. Is it hepatoid differentiation? Cancer 1990;
65:1741-1747

Chang YC, Nagasue N, Abe S, Taniura H, Kumar DD, Naka-
mura T. Comparison between the clinicopathologic features
of AFP-positive and AFP-negative gastric cancers. Am | Gast-
roenterol 1992; 87: 321-325

Nagai E, Ueyama T, Yao T, Tsuneyoshi M. Hepatoid adeno-
carcinoma of the stomach. A clinicopathologic and immuno-
histochemical analysis. Cancer 1993; 72: 1827-1835

Koide N, Nishio A, Igarashi J, Kajikawa S, Adachi W, Amano
J. Alpha-fetoprotein-producing gastric cancer: histochemical
analysis of cell proliferation, apoptosis, and angiogenesis. Am
J Gastroenterol 1999; 94: 1658-1663

Kudo M, Takamine Y, Nakamura K, Shirane H, Uchida H,
Kasakura S, Kajiwara T, Ibuki Y, Hirasa M, Tomita S. Des-
gamma-carboxy prothrombin (PIVKA-II) and alpha-fetopro-
tein-producing Ilc-type early gastric cancer. Am | Gastroenterol
1992; 87: 1859-1862

Inoue T, Takada T, Takada M, Shoda M, Tsumura Y, Hari
J, Ohe M, Nakamura T, Imamura Y, Fujiwara T. [A case of
PIVKA-II and AFP producing gastric carcinoma] Nippon Sho-
kakibyo Gakkai Zasshi 1994; 91: 84-88

Oinuma T, Kawano M, Ogonuki H, Mizoguchi K, Ebihara
T, Suzuki T, Takamiya H, Sugaya H, Harada T. [A case of
gastric cancer with liver metastasis showing positive immu-
nohistochemical staining of PIVKA-II on the stomach and
liver] Nippon Shokakibyo Gakkai Zasshi 1994; 91: 1022-1026
Hyodo T, Kawamoto R. Double cancer of the stomach, one
AFP-producing tumor. | Gastroenterol 1996; 31: 851-854
Yamada N, Yanagisawa Y, Murayama H, Aoyagi Y. A case
report of AFP and PIVKA-II producing gastric cancer. Endos
For Dig Dis 1997; 13: 16-20

Cho H, Imada T, Tokunaga M, Hasuo K, Oshima T, Doi C,
Rino Y, Noguchi Y, Amano T, Kondo J. Alfa-fetoprotein
producing carcinoma of the stomach: report of two cases.
Yokohama Igaku 1998; 49: 865-869

Yoshimoto M, Takahashi T, Tsujisaki M, Kazama Y, Naka-
hara S, Shimizu H, Arimura Y, Endo T, Imai K. A case of
PIVKA-II-producing gastric carcinoma. Jpn | Cancer Clin 2001;
47: 302-306

Ando E, Oriishi T, Toyonaga A, Tobaru T, Tanaka M, Shima-
mura R, Terai Y, Nakajima Y, Sata M. Alpha-fetoprotein-
and des-gamma-carboxy prothrombin-producing advanced
gastric cancer. Eur | Gastroenterol Hepatol 2002; 14: 687-691
Ishii T, Ozasa R, Miyajima N, Bann N, Hirata Y, Ishidate T,
Sumiyoshi Y, Hori Y. [A case of AFP and PIVKA-II producing
gastric carcinoma forming a massive tumor embolus in the
portal vein]. Nippon Shokakibyo Gakkai Zasshi 2002; 99: 275-281
Takahashi Y, Inoue T. Des-gamma carboxy prothrombin
(PIVKA-II) and alpha-fetoprotein producing gastric cancer
with multiple liver metastases. Pathol Int 2003; 53: 236-240
Okuse C, Yotsuyanagi H, Takahashi Y, Hayashi T, Suzuki M,
lino S, Ogata S, Maeyama S, Uchikoshi T, Iwabuchi S. [Gastric
cancer with liver metastasis producing alpha-fetoprotein
(AFP) and protein induced by vitamin K absence or antago-
nist II (PIVKA-II); a case report]. Nippon Shokakibyo Gakkai
Zasshi 2003; 100: 28-34

Takano S, Honda I, Watanabe S, Soda H, Nagata M, Hoshino
I, Takenouchi T, Miyazaki M. PIVKA-II-producing advanced
gastric cancer. Int | Clin Oncol 2004; 9: 330-333

144

TR
Reishideng”

WJGP | www.wjgnet.com

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Takahashi Y et a/. PIVKA- II -producing gastric cancer

Sohda T, Tomioka Y, Inomata S, Morita I, Eguchi K, Aoyagi
K, Watanabe H, Nakamura S, Sakisaka S. Alpha-fetoprotein
(AFP)- and des-gamma-carboxy prothrombin (DCP)-pro-
ducing adenocarcinoma of the stomach with liver metastasis
in a patient with chronic hepatitis C. Intern Med 2005; 44:
294-298

Takahashi Y, Endo H, Tange T, Kurabayashi R, Nomura S,
Kaminishi M, Tange T. Des-gamma carboxy prothrombin
(PIVKA-II)- and alpha-fetoprotein (AFP)-producing gastric
cancer. | Gastroenterol 2005; 40: 432-433

Iso Y, Sawada T, Shimoda M, Rokkaku K, Ohkura Y, Kubota
K. Solitary AFP- and PIVKA-II-producing hepatoid gastric
cancer with giant lymph node metastasis. Hepatogastroen-
terology 2005; 52: 1930-1932

Tanaka H, Ishii S, Akutsu N, Ohashi H, Tokuno T, Suzuki T,
Okuda H, Shinomura Y, Imai K. [A case of AFP and PIVKA-
II producing gastric carcinoma] Nippon Shokakibyo Gakkai
Zasshi 2006; 103: 426-431

Tsuchida Y, Kaneko M, Fukui M, Sakaguchi H, Ishiguro T.
Three different types of alpha-fetoprotein in the diagnosis
of malignant solid tumors: use of a sensitive lectin-affinity
immunoelectrophoresis. | Pediatr Surg 1989; 24: 350-355
Ushiku T, Shinozaki A, Shibahara J, Iwasaki Y, Tateishi Y,
Funata N, Fukayama M. SALL4 represents fetal gut differen-
tiation of gastric cancer, and is diagnostically useful in dis-
tinguishing hepatoid gastric carcinoma from hepatocellular
carcinoma. Am | Surg Pathol 2010; 34: 533-540

Okazaki M, Yamamura ], Kawasaki Y, Ohtsuru M, Koba-
yakawa K, Yasuda S, Oka H, Yamamura M, Hayashi Y. [A
case of advanced gastric cancer producing alpha fetoprotein
with multiple liver metastases responding to TS-1 after TAE]
Gan To Kagaku Ryoho 2001; 28: 2073-2077

Fujita H, Yoshioka I, Inokuchi M, Iwata K, Ajisaka H, Yama-
moto S, Kaji M, Maeda K, Yabushita K, Konishi K, Miwa A.
[A patient with advanced gastric cancer in the gastric tube
whose QOL was improved by TS-1] Gan To Kagaku Ryoho
2002; 29: 443-447

Huisse MG, Leclercq M, Belghiti ], Flejou JF, Suttie JW, Be-
zeaud A, Stafford DW, Guillin MC. Mechanism of the abnor-
mal vitamin K-dependent gamma-carboxylation process in
human hepatocellular carcinomas. Cancer 1994; 74: 1533-1541
Fujii H, Ichikawa K, Takagaki T, Nakanishi Y, Ikegami M,
Hirose S, Shimoda T. Genetic evolution of alpha fetoprotein
producing gastric cancer. ] Clin Pathol 2003; 56: 942-949

Kono K, Amemiya H, Sekikawa T, lizuka H, Takahashi A,
Fujii H, Matsumoto Y. Clinicopathologic features of gastric
cancers producing alpha-fetoprotein. Dig Surg 2002; 19:
359-365; discussion 365

Adachi Y, Tsuchihashi J, Shiraishi N, Yasuda K, Etoh T, Kita-
no S. AFP-producing gastric carcinoma: multivariate analysis
of prognostic factors in 270 patients. Oncology 2003; 65: 95-101
Suzuki M, Shiraha H, Fujikawa T, Takaoka N, Ueda N,
Nakanishi Y, Koike K, Takaki A, Shiratori Y. Des-gamma-
carboxy prothrombin is a potential autologous growth factor
for hepatocellular carcinoma. ] Biol Chemn 2005; 280: 6409-6415
Tamano M, Sugaya H, Oguma M, Murohisa T, Tomita Y,
Matsumura A, Kojima K, Terano A. Immunolocalisation of
PIVKA-II in paraffin-embedded specimens of hepatocellular
carcinoma. Liver 1999; 19: 406-410

Nasu M, Soma T, Fukushima H, Kudo K, Matsubara O.
Hepatoid carcinoma of the lung with production of alpha-
fetoprotein and abnormal prothrombin: an autopsy case
report. Mod Pathol 1997; 10: 1054-1058

Oshiro Y, Takada Y, Enomoto T, Fukao K, Ishikawa S, lijima
T. A resected case of metachronous liver metastasis from
lung cancer producing alpha-fetoprotein (AFP) and protein
induced by vitamin K absence or antagonist II (PIVKA-II).
Hepatogastroenterology 2004; 51: 1144-1147

Miyashita K, Nagasaka A, Nakanishi M, Kudo T, Wakahama
O, Nishikawa S, Higuchi A, Sato H. [An alpha-fetoprotein

October 15, 2010 | Volume1 | Issue4 |



39

Takahashi Y et a/. PIVKA- II -producing gastric cancer

and PIVKA-II producing carcinoma of the colon: report of a
case]. Nippon Shokakibyo Gakkai Zasshi 2000; 97: 1480-1486
Hirashima N, Kumada K, Sakakibara K, Hirai T, Matsuura H,
Itazu I, Koide T, Nojiri O, Kano H, Nishiyama M. [A case of
hepatocellular carcinoma, gastric cancer and adrenocortical
cancer showing positive immunohistochemical staining of
PIVKA-II on adrenocortical tissue] Nippon Shokakibyo Gakkai
Zasshi 1995; 92: 799-803

144

TR
Reishideng”

WJGP | www.wjgnet.com

136

40

41

Senzaki H, Kiyozuka Y, Mizuoka H, Yamamoto D, Ueda S,
Izumi H, Tsubura A. An autopsy case of hepatoid carcinoma
of the ovary with PIVKA-II production: immunohistoche-
mical study and literature review. Pathol Int 1999; 49: 164-169
Matsueda K, Yamamoto H, Yoshida Y, Notohara K. Hepatoid
carcinoma of the pancreas producing protein induced by
vitamin K absence or antagonist II (PIVKA-II) and alpha-feto-
protein (AFP). | Gastroenterol 2006; 41: 1011-1019

S- Editor Zhang HN L- Editor Hughes D E- Editor Liu N

October 15, 2010 | Volume1 | Issue4 |



J G F

World Journal of
Gastrointestinal Pathophysiology

Online Submissions: http:/ /www.wjgnet.com/2150-53300ffice

wjgp@wijgnet.com
doi:10.4291/wigp.v1.i4.137

World | Gastrointest Pathophysiol 2010 October 15; 1(4): 137-143
ISSN 2150-5330 (online)
© 2010 Baishideng. All rights reserved.

REVIEW

Ischemic post-conditioning to counteract intestinal

ischemia/reperfusion injury

Yan-Fang Guan, Timothy A Pritts, Marshall H Montrose

Yan-Fang Guan, Marshall H Montrose, Department of Mo-
lecular and Cellular Physiology, University of Cincinnati College
of Medicine, 231 Albert Sabin Way, Cincinnati, OH 45267,
United States

Timothy A Pritts, Department of Surgery, University of Cin-
cinnati Medical Arts Building, 222 Piedmont Avenue, Cincin-
nati, OH 45219, United States

Author contributions: Guan Y performed the literature search
and drafted the paper; and Pritts TA and Montrose MH reviewed
and edited the manuscript.

Supported by NIH R21 DK074976 (MHM)

Correspondence to: Yan-Fang Guan, MD, Department of Mo-
lecular and Cellular Physiology, University of Cincinnati College
of Medicine, 231 Albert Sabin Way, Cincinnati, OH 45267, United
States. guan@uc.edu

Telephone: +1-513-5583791 Fax: +1-513-5585738

Received: June 21, 2010 Revised: September 29, 2010
Accepted: October 6, 2010

Published online: October 15,2010

Abstract

Intestinal ischemia is a severe disorder with a variety
of causes. Reperfusion is a common occurrence during
treatment of acute intestinal ischemia but the injury
resulting from ischemia/reperfusion (IR) may lead to
even more serious complications from intestinal atrophy
to multiple organ failure and death. The susceptibility
of the intestine to IR-induced injury (IRI) appears
from various experimental studies and clinical settings
such as cardiac and major vascular surgery and organ
transplantation. Whereas oxygen free radicals, activation
of leukocytes, failure of microvascular perfusion, cellu-
lar acidosis and disturbance of intracellular homeo-
stasis have been implicated as important factors in
the pathogenesis of intestinal IRI, the mechanisms
underlying this disorder are not well known. To date,
increasing attention is being paid in animal studies to
potential pre- and post-ischemia treatments that protect
against intestinal IRI such as drug interference with
IR-induced apoptosis and inflammation processes and
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ischemic pre-conditioning. However, better insight is
needed into the molecular and cellular events associated
with reperfusion-induced damage to develop effective
clinical protection protocols to combat this disorder. In
this respect, the use of ischemic post-conditioning in
combination with experimentally prolonged acidosis
blocking deleterious reperfusion actions may turn out to
have particular clinical relevance.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Reperfusion following ischemia (IR) causes severe injury
(IRI) to the intestine that is life threatening. Here we
overview methods to prevent or at least diminish these
deleterious effects of IR. Special attention is being paid to
ischemic post-conditioning (POC) with manipulation of
the intracellular pH (pHi). Ischemia occurs when an organ
lacks sufficient blood supply as a result of, for example,
shock, vascular disease or organ transplantation. Complete
cessation of oxygenation for more than 20 min typically
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results in irreversible organ damage causing cell death
within hours!". The intestine is particularly susceptible
to ischemia because its high rate of oxygen use renders
it relatively incapable of increasing oxygen transport in
the face of hypoxic stress. Intestinal ischemia can result
from intestinal intussusception, acute mesenteric arterial
occlusion, hemodynamic shock and bowel disease!™”. The
compromising effects of ischemia concern various aspects
of intestinal physmlogy including impaired capillary blood

B4 Bl (671 , increased

flow™", acidosis"”, changed villus structure
rnucosal permeability™ and reduced mitochondrial acti-
vity leading to decreased NADPH production”™'". Dur-
ing the ischemia event, aside from inadequate oxygen
supply that compromises mitochondrial oxidative phos-
phorylation, there is an accumulation of metabolites
that, directly or through mediators, may lead to cellular
injury"?. Prolonged ischemia (10-12 h) causes the affected
intestinal area to die which evokes wide-spread systemic
adverse effects due to the intestinal release of toxic sub-
stances into the circulation that subsequently affects other
organs like the heart, lungs, liver and kidney and eventually
. Therefore,
acute intestinal ischemia can be a devastating disease
with a high mortality rate, depending to some extent on
the underlying cause: venous thrombosis 32%; arterial
embolism 54%; non-occlusive ischemia 73%; and arterial
thrombosis 77%"".

Paradoxically, restoration of blood flow by reperfusion

results in sepsis and multiple organ failure

may intensify rather than decrease organ damage (“oxygen
paradox”)m depending on the duration and intensity of
the ischemia and on the timing of oxygen reintroduction
to the tissues'”'*"". The intestine is, with the heart, lungs,
brain and kidney, among the organs most sensitive to
IR. In the intestinal mucosa, IR induces damage that
is characterized by altered microvascular and epithelial
permeability as a result of complex interactions between
the endothelium and various cell types and cellular
", In this in-
jury process, activation of neutrophils, mast cells and

necrosis and/or apoptosis of villous cells

platelets and increased release of endothelial factors are
involved" ", Cytokines such as TNF-q, IL-1 and IL-6
and oxygen free radicals are assumed to be important
pathogenic mediators in IRI, as is capillary no-reflow!”",
A neurotransmitter believed to be released from the
injured intestine and playing a main role in the aggravation
of intestinal IRI is serotonin which controls intestinal
movement, platelet activity and vasoconsttiction'™.

As a result of reperfusion, the injured intestine may
increase the release of toxic substances into the circula-
tion that subsequently cause sepsis and multiple organ

21 Eventually, IR may cause loss of mucosal

failure
barrier function, bacterial translocation and strong activa-
tion of inﬂammatory responses leading to endothelial
|, This inflammatory aspect of IR includes

both cellular and humoral components and increasing evi-

destruction™

dence highlights the role of leukocytes and leukocyte adhe-
sion molecules in intestinal IRT?"*",

For some time, necrosis has been considetred to be the
main effect of ischemia on intestinal epithelial cells but,
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to date, apoptosis seems to be the principal contributor
to IR-induced cell death™
“programmed cell death” are the endoprotease cysteines
called caspasesm.

. The main executors of this

TREATMENTS TO COUNTERACT IRI

For the reasons given above, there is a strong and in-
creasing interest in understanding and counteracting the
damaging effects of IR on the intestinal mucosa. Various
approaches to diminish the deleterious consequences
of IR have been tested in animal models and 7z vitro.
Many of these involve pretreatment (before the start
of experimentally induced ischemia) with exogenous
substances to interfere with the various processes that
underlie the IRI syndrome such as intracellular signaling
pathways, free radical dynamics and inflammation. The
vast number of drugs tested in such pretreatment studies
is steadily increasing and include anti-cytokine-induced
neutrophil chemoattractant antibody""
NMDA receptor antagonists
peroxisome proliferator-activated receptor—gamma ago
nist™ 7l Although these pre-treat-
ment studies do not have immediate clinical applications,

, propofol™, cur-

[34] [33]

cumin” , carnitine”,

.3
and erythrop01et1n[

they have increased our understanding of the IRI disease
process. This is exemplified by pretreatment studies with
nitroglycerin as follows. Due to its strategic location
at the luminal surface of vessels, the vascular endothelium
1s particularly sensitive to IR. Endothelial functioning is
impaired by the sudden increase in oxygen free radical
species upon reperfusion. Paradoxically, free radicals
(including oxygen free radicals and nitric oxide) are also
involved in the protective process of ischemic precon-
ditioning whereby a given stimulus increases tissue tole-
rance to IR damage[38]. Interestingly, it has been shown in
both human and animal studies” """ that nitroglycerin can
induce a protective phenotype that limits tissue damage by
IR. It appears that nitroglycerin protects the endothelium
against post-ischemic endothelial dysfunction via a me-
chanism that is mediated by oxygen free radical release
and opening of mitochondrial permeability transition

However, no pretreatments have found clinical appli-
cation yet because treatment should be initiated shortly
before the onset of ischemia, a moment that, obviously,
cannot be precisely anticipated in a clinical setting, For
this reason, attention is being increasingly focused at other
protective treatments of the intestine, namely directly after
ischemia, of which we will summarize the most charac-
teristic ones below.

Melatonin, applied intraperitoneally in rat at the start
of reperfusion, appears to exert a strong antioxidant effect
that prevents intestinal IRI in a dose-dependent manner'*”
and the administration before mesenteric reperfusion
of allopurinol, a xanthine-oxidase inhibitor™, offered
protection against IRI as well. Although use of allopurinol
to inhibit xanthine oxidase prior to intestinal reperfusion
is utilized by some clinicians, substantial clinical evidence
to support this practice has not been generated. Intestinal
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regional hypothermia applied during mesenteric ischemia
reduced the pro-inflammatory responses induced by
IR™. Also, whereas no significant effect was found on
microvascular barrier function during reperfusion in
dogs, it has been claimed that hypothermia does protect
the rat intestine against IRI. Apparently, this protection
is associated with diminished NF-kB activity, induction
of iINOS and expression of heme oxygenase—lf451. After
mesenteric IR, moderate hypothermia may have beneficial
effects on the intestine, heart and liver”.

Reperfusion of ischemic tissue is generally associated
with intense inflammation-mediated tissue injury. In
animal models, the 7z vivo anti-inflammatory actions of
physalins, natural steroidal compounds, appear to be most-
ly due to the activation of glucocorticoid receptors[%]. Fo-
llowing IR, dexamethasone and physalin B and F markedly
prevented neutrophil influx and increased vascular per
meability in the intestine and the lungs. Moreover, hemo-
rrhage was prevented in the intestine of reperfused ani
mals. Dexamethasone and physalins effectively suppre-
ssed the increase in organ (intestine and lungs) and serum
concentrations of TNF-alpha. Interestingly, treatment
with these compounds was associated with enhancement
of IL-10. The anti-inflammatory effects of dexametha-
sone and physalins were reversed by pretreatment with the
corticoid receptor antagonist RU486. Therefore, the i vivo
anti-inflammatory actions of physalins, natural steroidal
compounds, appear to be mostly due to the activation of
glucocorticoid receptors. Compounds derived from these
so-called secosteroids may represent novel therapeutic op-
tions for the treatment of inflammatory diseases including
IRT™,

Another way to reduce neutrophil infiltration during
IRI has been pursued by luminal treatment with special
amino acid-based solutions of rodent small bowel throu-
ghout reperfusion after 60 min ischemia. This reduced
neutrophil infiltration while electrophysiology and histo-
logy revealed good preservation of mucosal structure
and barrier function”. Finally, post-treatment with sim-
vastatin, which has anti-inflammatory and antioxidant
actions, resulted in a significant increase in bowel and
mucosal weight in ileum and in villus height and crypt
depth in jejunum and ileum in rat. Moreover, simvastatin
reduced intestinal injury score as well as the apoptosis
index, indicating that this drug inhibits programmed cell
death following intestinal IR™,

Unfortunately, up to now these animal studies have
not resulted in protocols that can be reliably applied in
the clinic. Below we will consider the implications of
the particulatly interesting recent finding that brief inter-
mittent episodes of ischemia and reperfusion after a pro-
longed petiod of ischemia could reduce the deleterious
effects of IR on the intestine, a phenomenon called ische-
mic “post conditioning” (POC).

ISCHEMIC POSTCONDITIONING AND pHi

Post-conditioning has been shown to protect against
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various pathological events including necrosis, apoptosis
and microvascular injurym]. More specifically, it attenuates
IRI in the heart, spinal cord, brain, kidney, liver, muscle
and lung in the experimental setting[so’sﬂ. Recently, POC
was tried as a protection paradigm against IRI in the
intestine™”
evaluation and measurement of wet-to-dry weight ra-
tios did not reveal a significant difference between the
1schemic and post-conditioned rabbit intestine in the

| However, semiquantitative histopathological

degree of necrosis, tissue wet-to-dry weight ratios or blo-
od flow™ a negative result casting doubt on the poten-
tial efficacy and reliability of POC applications in the
clinical setting. These ambiguous effects of POC on the
animal intestine may be due to the high complexity by
which POC changes ischemic tissue including delaying
realkalinization of tissue pH, triggering release of auta
coids, modulating the activity of ion channels and activa
ting kinases”™. Since these processes together may act on
multiple cellular and molecular targets and may severe
ly affect intestinal functioning, However, at the same time,
these multiple actions of POC differ from the mono-
therapy approach by drugs that have failed to consistently
reduce IRI and therefore might be promising in human
trials provided that current POC protocols are adequately
improvedm. Such an improvement might be obtained
by strengthening the delaying action of POC on real-
kalinization by combining POC with prolonged acidosis.
This approach appears to substantially limit heart infarct
size in animal models™*"™, raising the possibility that this
modification of the POC protocol might also be effective
in blocking the deleterious effects of IR in the (human)
intestine. Lowering the pH of the reperfusion medium
might prevent activation of Na'/H' exchange processes,
as was shown for reperfusion of ischemia-exposed astro-
cytes™ and heart””, This notion opens avenues to pro-
tocols preventing or curing IRI. Therefore, here we will
pay attention to the way the intracellular pH (pHj) is con-
trolled by cellular factors and can be manipulated 7 vivo.

The pHi is essential for maintaining cellular home-
ostasis in the intestinal mucosa. Even small changes in pHi
(less than 0.1 units) may alter ion channel properties and
depress the activity of key enzymes involved in glycolysis
and ATP synthesis. Consequently, mucosal cells possess
homeostatic mechanisms to stabilize their pHi. If such
mechanisms become impaired by prolonged ischemia, cell
death will be the result. As we have shown for the mouse
iejunum™, cellular inactivation and subsequent cell death
are concomitant with intracellular acidosis. Consequently,
restoration of the pHi by reperfusion will help intestinal
epithelial cells to recover. However, this recovery will only
take place when ischemia-induced acidosis is not too se-
vere; otherwise acidosis will remain and reperfusion will
cause cells to die™. This condition of recovery might be
improved by experimentally intervening with the pHi.

A particular role in the maintenance of the pHi is
played by short-chain fatty acids (SCFAs) produced by
the bacterial flora in the intestinal lumen and by the
various types of Na'/H" exchanger protein (NHEs) res-
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ponsible for controlling pHi homeostasis during the con-
tinuously changing luminal environment. SCFAs include
N-butyrate, acetate, propionate and isobutyrate and
induce acidification of the rat colon, probably by non-
ionic diffusion and other means of cellular absorption of
the acid moiety”™. After exposure to acetate, propionate
or n-butyrate, all colonocytes acidify rapidly and over
90% reveal pHi alkalinization™. NHE proteins exchange
extracellular sodium ions for intracellular protons with a
1:1 stoichiometry. Identified functions of NHE include
regulation of the pHi, in particular during recovery from
an acid load, maintenance of cell volume in response to
an osmotic load and transepithelial Na" absorption[m’éz].
Out of the 10 known NHE isoforms, NHE2 and NHE3
are present in the brush border of the duodenum'™®, in
the apical membrane of villus cells of the small intestine
and in surface cells of the colon. NHEL1 is found in the
basolateral membrane of epithelial cells in all intestinal
segments'®. A primary role of mammalian NHE is to
regulate the cytosolic pH. NHEs are activated by de-
creased pHiand upon activation raise the pHito normal
value. The ubiquitous NHET1 is a major regulator of
pHi. Through its coordinate functions in H"-efflux, actin
anchoring and scaffolding, NHET1 is assumed to promote
protein activities and interactions, assembling signaling
complexes in specialized plasma membrane domains and
coordinating divergent signaling pathwaysm. NHES3 is
an important contributor to the regulation of pHi, Na"
and water homeostasis of the organism as it catalysis Na"
and fluid (re)absorption across epithelia. NHE3-null mice

show a disturbed acid-base balance!™.

MECHANISM OF POC WITH PROLONGED

ACIDOSIS

The mechanism by which POC with prolonged acidosis
would protect organs against IRI is largely unknown. In
the rat heart, the beneficial effect of delaying the recovery
of pHiduring reperfusion is possibly due to inhibition by
low pH of the activity of calpajnlssj, the calcium-binding
protein that leads to cardiac contractile dysfunction fol-
lowing ischemic insult. Whereas IR causes endothelial
dysfunction, reoxygenation at low pH (6.4) enhances
the recovery of acetylcholine-induced vasorelaxation, an
improvement of endothelial functioning that likely acts
through preservation of cGMP signaling®. Recently, a
comparative proteomics approach revealed that the IR-
protective action of POC on the rat intestinal mucosa
involves the expression of proteins functionally concerned
with cellular energy metabolism, anti-oxidation and anti-
apoptosis ",

Therefore, lowering the pHiduring POC might protect
against the deleterious effects of intestinal IR. In view
of this latter data, it might be investigated if SCFAs, as
natural regulators of the pHi and inhibitors of NHEs"™,
could be used to fine-tune the pHiof intestinal epithelial
cells as a component of POC.

In the heart, recovery from ischemia is enhanced by
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reintroducing blood flow through repeated intermittent
occlusions and reperfusions. The mechanism by which
this “IR cycling” protects against IRI is not known but it
has been supposed that the intermittent ischemia prevents
formation of mitochondrial permeability transition pores
by maintaining an acidic myocardial pHi for several mi-
nutes until survival kinases can be activated™, This is
another argument for assuming that regulating the pHi
may be of importance in preventing IRI.

CONCLUSIONS AND PERSPECTIVES

IRI is a major clinical problem because of the sequelae of
a number of clinical conditions. To protect against IRI,
some compounds successfully tested in animals and 7 vitro
systems might give rise to the development of novel IRI
therapeutics but most of them may not have substantial
clinical relevance as they have to be administered well
before ischemia has started. Therefore, post-ischemic
treatments seem to be more promising. Among these, of
the various approaches under study, the most promising
one may be POC, especially when combined with
manipulation of the pHi. Since POC with prolonged
acidosis was recently shown to protect the heart against
IRI, it would be interesting to use an intestinal 7z vivo
model and real-time imaging techniques to study the
action of POC on intestinal structure and functioning™ .

In general, the development of successful POC pro-
tocols would strongly benefit from better knowledge
about the molecular mechanisms of action and optimal
ways of the application of POC. For some organs, such
information is now becoming available. Ischemic POC
probably reduces myocardial apoptosis by increasing
BCL-2 protein expression via activation of opioid recep-
tors and the JAK-STAT signaling pathwaym] and neuro-
protective POC action on the spinal cord seems to involve
phosphatidylinositol 3-kinase and ERK pathways[m.
Furthermore, cardioprotective effects of POC depend
critically on the duration of reperfusion and reocclusion
episodesm]. More information of this kind may support
the development of sophisticated POC protocols in
which fine-tuned periods of intermittent ischemia and
reperfusion are combined with drugs that have proven
their potential use in pretreatment studies and act speci-
fically on molecular POC targets at the proper cell physio-
logical conditions (pH, temperatute ef).

Another interesting perspective offered is the intri-
guing fact that transient non-lethal IRI of one organ
confers resistance to a subsequent episode of lethal IRI
in a remote organ (“remote precondjtiomng”)m; a POC
protocol successfully applied to the intestine might exert
remote, protective effects on other organs such as the
heart, lungs, kidney and brain, finding widespread clinical
application in protecting the whole body against the devas-
tating effects of ischemia and IR.

Finally, while emphasis in this review has been placed
on the potential protective effects against IRI of POC,
especially in combination with pHi manipulation, a quite
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different, but nevertheless promising, approach to solve
at least partly the IRI problem is worth mentioning, As
inflammation is a main aspect of IRI, controlling the

attraction of leukocytes would be a clinically highly re-

levant tool in counteracting the damaging effects of IRL

Such control could be effectuated by pharmacological
manipulation of Toll-like receptors (TLRs) which regulate
the organism’s defense against infections and sense host

tissue injury by recognizing products of dying cells. Better
understanding of TLR involvement in IRI may enable
the invention of novel TLR-based therapies for IRI in the

intestine

[77,78]
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Abstract
. . . INTRODUCTION
Granulocytic sarcoma is an uncommon and localized
extramedullary tumor composed of immature granu- Granulocytic sarcoma (GS), also known as one variant

locytic cells. It may present in association with acute  of myeloid sarcoma in the World Health Organization
myeloid leukaemia, myelodysplastic syndrome and classification, is an extramedullary solid tumor com-

chronic myeI_OQenous leUKae_mia' _GranU|0C_ytic sarcoma posed of myeloid precursor cells. The World Health Or
may occur in any anatomical site but involvement

of the gastrointestinal tract is rare, especially in the
rectum. We report on the case of a 17 year old female
who presented with rectal bleeding, abdominal pain
and weight loss one mo prior to admission. Recto-
sigmoidoscopy revealed a rectal polypoid and ulcerated ) ; ) i .
mass. The histological examination of the mass showed ~ commonly in patients with acute myeloid leukacmia
granulocytic sarcoma. Bone marrow examination was ~ (AML) and less commonly in those with myelodysplastic
compatible with acute promyelocytic leukaemia (FAB syndrome or chronic myeloproliferative disorders. In-
type M3). This case report is a reminder of this peculiar cidence of GS varies from 2% to 7% in AML patients and

ganization classification of hematopoietic tumors divides
myeloid sarcoma into 2 major categories. The more
common form is GS, composed mainly of myloblasts,
neutrophils and myeloid precursors. The less common
form is monoblastic sarcoma!’. This tumor occurs

sign of tumoral syndrome in acute myeloid leukaemia. most frequently occurs in acute myeloblastic leukaemia
We also discuss diagnostic methods and analyze the =~ with maturation [French-American-British (FAB) M2]*".
disease course. However, other subtypes including FABM4 or M5 and
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M7 have also been described”. GS can occur in any
organ but the most common sites are the skin, bone/
spine and lymph nodes'". However, gastrointestinal tract
involvement is relatively rare, especially in the rectum. We
present a case of rectal GS in a patient with AML (FAB
type Ms) who presented with rectal bleeding;

CASE REPORT

A 17 year old female was admitted in July 2005 to our
department of Internal Medicine complaining of rectal
bleeding, abdominal pain especially located in the left
lower quadrant and loss of appetite one month prior
to admission. She had no significant medical history.
On admission, she was in a stable clinical condition
with normal vital signs but looked pale. No hepato-
splenomegaly, lymphadenopathy, petechiae or ecchymotic
areas were noted. Rectal examination confirmed the
presence of blood in the stools and revealed a polypoid
and ulcerated mass measuring 2 cm in great diameter
budding through the anal verge.

A full blood count showed a hemoglobin of 60 g/L,
hematoctit of 20%, white cell count of 4 X 10°/L with
20% of blasts and platelet count of 49 x 10°/L. Blood
chemistry profile showed levels of total protein of 53 g/L,
serum albumin of 25 g/L and lactate dehydrogenase of
743 1U/L. Bone marrow examination revealed hypercel-
lularity with an excess of myeloblasts (80%) and mark-
edly depleted hematopoietic cells. The blasts were large
with large and irregular nuclei, small basophilic cytoplasm
and several azurophilic granules inside. Auer rod bodies
and faggot formation were noted in some myeloblasts.
Karyotype of the bone marrow cells was 46XX, t(15;17)
(922;q21). The diagnosis was acute promyelocytic leukae-
mia (FAB type Ms). Rectosigmoidoscopy revealed a rectal
polypoid and ulcerated mass measuring 2 cm in great di-
ameter budding through the anal verge (Figure 1). Biopsy
specimens of the mass showed a massive infiltration of
the rectal mucosa by large atypical myeloid cells. Their cy-
toplasm was eosinophilic and granular. Nuclei were round
or convoluted with fine chromatin and one or more fine
nucleolus (Figure 2). In addition, lymphocytes, plasma
cells and neutrophils were also present. Immunohisto-
chemical stains showed that the infiltrating cells were reac-
tive for myeloperoxidase (Figure 3), lysozyme and CD43.
T- and B- cells markers (CD3, CD45) as well as CD30
were negative. These features confirmed the diagnosis of
a GS infiltrating the rectum.

The patient received chemotherapy according to the
AIDA protocol (All- trans Retinoic acid (ATRA) + Ida-
rubicin). Induction treatment consisted of oral ATRA
of the dose of 45 mg/m2 per day associated to intra-
venous idarubicin at the dose at 12 mg/ m’ per day on
d 2, 4, 6 and 8 until complete remission. Bone marrow
examination at 1 mo follow-up revealed no blast cells
and rectosigmoidoscopy showed no mass in the rectum.
The patient tolerated the treatment well. After 2 wk of
complete remission, treatment was consolidated with 3
courses chemotherapy. At the 4 year follow-up, the patient
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verge.

Figure 2 Tumoral cells with eosinophilic cytoplasm, round or convoluted
nuclei with fine chromatin and one or more fine nucleolus (HE stain x 400).
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Figure 3 Cytoplasmic expression of myeloperoxydase (brown staining x
400).

remained in complete clinical, cytogenetic (karyotype of
the bone marrow cells was 46xx) and molecular (transcript
PML/RARA was negative) remission.

DISCUSSION

GS represents an extramedullary tumor of myeloblasts
and /or immature myeloid cells. It was first described by
Burns in 1811 and given the name chloroma in 1853 by
King because of a characteristic greenish color caused by
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myeloperoxidase in the tumor cells'. This unusual tumor
can present in four clinicopathological situations: firstly,
an additional manifestation in a patient known to have
leukaemia; secondly, as a sign of AML in a non leukemic
patient at presentation as in the present case; thirdly, as
a sign of impending blast crisis in chronic myeloid leu-
kaemia or leukemic transformation in myelodysplastic
disorders; and fourthly, as an isolated event”. GS involves
any site but most commonly affects the skin (13%-22%),
bone/spine (9%-25%) and lymph nodes (15%-25%)"".
Involvement in the gastrointestinal tract is relatively rare
and occurs mostly in the small bowel. However, involve-
ment of the colon and rectum is exceedingly rare. To
our knowledge, only five patients with isolated colonic
and three with rectal granulocytic sarcoma have been de-
scribed in the literature!*,

The most common presentation of GS is abdominal
pain, change in bowel habit, small bowel obstruction and
less commonly, hemorrhagem. In a patient with AML,
gastrointestinal bleeding may result from the complication
of thrombocytopenia or other coagulopathy disorders
caused by leukaemia, especially in FAB Ms type. But
this can also be the consequence of infiltration of the
gastrointestinal tract by GS.

GS may range from well differentiated tumors on
histological examination to those with virtually no evi-
dence of myeloid differentiation. Immunohistochemical
study can increase the accuracy of the diagnosis[s]. In
fact, the chloroacetate esterase, lysozyme, CD34 and mye-
loperoxidase stain confirm the granulocytic nature of
the tumor cells”. In our patient, tumor cells were immu-
nohistochemically positive for lysozyme, myeloperoxidase
and CD43. B-cell and T cell lymphomas were excluded
by negative stains for CD3 and CD20. The chromosome
rearrangement in our patient was t (15;17) which has not
been reported with GS previously in the literature. GS
has been treated with systemic chemotherapy, surgical
resection and radiation therapy. Although only a few large
series comparing treatment modalities of GS are available
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in the literature, systemic chemotherapy seems to offer the
most benefit?. In our patient, clinical symptoms and GS
improved 3 wk after chemotherapy.

In conclusion, GS of the large intestine has seldom
been described; this involvement is usually asymptomatic
but patients may present with acute abdominal pain,
change in bowel habit and rectal bleeding. In addition to
thrombocytopenia, rectal involvement of GS must be
considered in a patient with AML who presents with rec-

tal bleeding.
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Abstract
There are unstructured abstracts (no more than 256 words) and
structured abstracts (no more than 480). The specific require-
ments for structured abstracts are as follows:

An informative, structured abstracts of no more than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections.
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Instructions to authors

AIM (no more than 20 words): Only the purpose should be
included. Please write the aim as the form of “To investigate/
study/...; MATERIALS AND METHODS (no more than
140 words); RESULTS (no more than 294 wortds): You should
present P values where appropriate and must provide relevant
data to illustrate how they were obtained, e.g, 6.92 & 3.86 »s 3.61
+1.67, P < 0.001; CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.

Text

For articles of these sections, original articles, rapid communi-
cation and case reports, the main text should be structured
into the following sections: INTRODUCTION, MATERIALS
AND METHODS, RESULTS and DISCUSSION, and should
include appropriate Figures and Tables. Data should be pre-
sented in the main text or in Figures and Tables, but not in both.
The main text format of these sections, editorial, topic highlight,
case reportt, letters to the editors, can be found at: http://www.
wjgnet.com/2150-5330/g_info_20100316080000.htm.

Illustrations

Figures should be numbered as 1, 2, 3, ez., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are
applicable. Figures should be either Photoshop or Illustrator
files (in tiff, eps, jpeg formats) at high-resolution. Examples can
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf;
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wignet.com/1007-9327/13/4986.pdf; http://www.
wignet.com/1007-9327/13/4498.pdf. Keeping all elements
compiled is necessary in line-art image. Scale bars should be
used rather than magnification factors, with the length of the
bar defined in the legend rather than on the bar itself. File na-
mes should identify the figure and panel. Avoid layering type
directly over shaded or textured areas. Please use uniform
legends for the same subjects. For example: Figure 1 Patholo
gical changes in atrophic gastritis after treatment. A: ..; B: ..; C:
vy D B Frol G Lllee Tt is our prmclple to pubhsh hlgh
resolution-figures for the prlntecl and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e#., and mentioned
clearly in the main text. Provide a brief title for each table.
Detailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement, but not duplicate the text. Use one hotizontal line
under the title, a second under column heads, and a third below
the Table, above any footnotes. Vertical and italic lines should be
omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted.
‘P < 0.05, "P < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, °P < 0.05 and ‘P <
0.01 are used A third seties of P values can be expressed as P
< 0.05and ‘P < 0.01. Other notes in tables or under illustrations
should be expressed as 'E °E °F; or sometimes as other symbols
with a superscript (Arabic numerals) in the upper left corner. In
a multi-curve illustration, each curve should be labeled with @, o,
m, 0, A, /\, ¢l in a certain sequence.
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Instructions to authors

obtaining written permission to use any copyrighted text and/or
illustrations.

REFERENCES

Coding system

The author should number the references in Arabic numerals ac-
cording to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content
or after the cited authot’s name. For citation content which is
part of the narration, the coding number and square brackets
should be typeset normally. For example, “Crohn’s disease
(CD) is associated with increased intestinal permeability"?”. Tf
references are cited directly in the text, they should be put to-
gether within the text, for example, “From references"” ! we
know that...”

When the authors write the references, please ensure that
the order in text is the same as in the references section, and
also ensure the spelling accuracy of the first authot’s name. Do
not list the same citation twice.

PMID and DOI

Pleased provide PubMed citation numbers to the reference list,
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nih.gov/sites/entrez?db=pubmed and http://www.cro-
ssref.org/SimpleTextQuery/, respectively. The numbers will be
used in E-version of this journal.

Style for journal references

Authors: the name of the first author should be typed in bold-
faced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbre-
viated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be in
its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748/wjg.13.5396).

Style for book references

Authors: the name of the first author should be typed in bold-
faced letters. The surname of all authors should be typed with
the initial letter capitalized, followed by their abbreviated middle
and first initials. (For example, Lian-Sheng Ma is abbreviated as
Ma LS, Bo-Rong Pan as Pan BR) Book title. Publication number.
Publication place: Publication press, Year: start page and end

page.

Format

Journals

English journal article (list all authors and include the PMID where
applicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. Workd |
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748 /wijg.13.6356]

Chinese journal article (list all authors and include the PMID where
applicable)

2 Lin GZ, Wang XZ, Wang P, Lin ], Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-dia-
rrhoea. Shijie Huaren Xiaohna Zazhi 1999; 7: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson ], Kreitman M. Signa-
ture of balancing selection in Arabidopsis. Proc Nat! Acad
S USA 2006; In press

Organization as anthor

4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with im-
paired glucose tolerance. Hypertension 2002; 40: 679-686

144
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v

[PMID: 12411462 PMCID:2516377 DOI:10.1161/01.
HYP.0000035706.28494.09]

Both personal anthors and an organization as author

5 Vallancien G, Emberton M, Harving N, van Moorselaar
RJ; Alf-One Study Group. Sexual dysfunction in 1, 274
European men suffering from lower urinary tract symp-
toms. | Uro/ 2003; 169: 2257-2261 [PMID: 12771764
DOI:10.1097/01.ju.0000067940.76090.73]

No author given

6 21st century heart solution may have a sting in the tail.
BM]J 2002; 325: 184 [PMID: 12142303 DOI:10.1136/
bmj.325.7357.184]

Volume with supplement

7  Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan.
Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.52.7 x]

Issue with no volume

8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

Books

Personal anthor(s)

10 Sherlock S, Dooley J. Diseases of the liver and billiary sys-
tem. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all anthors)

11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450

Author(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34

Conference proceedings

13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tu-
mours V. Proceedings of the 5th Germ cell tumours Confe-
rence; 2001 Sep 13-15; Leeds, UK. New York: Springer,
2002: 30-56

Conference paper

14 Christensen S, Oppacher E An analysis of Koza's compu-
tational effort statistic for genetic programming, In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors.
Genetic programming. EuroGP 2002: Proceedings of the
5th European Conference on Genetic Programming; 2002
Apr 3-5; Kinsdale, Ireland. Betlin: Springer, 2002: 182-191

Electronic journal (list all authors)

15 Mortse SS. Factors in the emergence of infectious disea-
ses. Emerg Infect Dis serial online, 1995-01-03, cited
1996-06-05; 1(1): 24 screens. Available from: URL: http://
www.cde.gov/ncidod/eid/index.htm

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., as-
signee. Flexible endoscopic grasping and cutting device
and positioning tool assembly. United States patent US
20020103498. 2002 Aug 1

Statistical data
Write as mean = SD or mean * SE.

Statistical expression

Express # test as ¢ (in italics), F test as I (in italics), chi square
test as XZ (in Greek), related coefficient as r (in italics), degree
of freedom as v (in Greek), sample number as # (in italics), and
probability as P (in italics).
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Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 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 pg/L; CO, volume fraction, 50 mL/L CO,, not 5% CO,;
likewise for 40 g/L formaldehyde, not 10% formalin; and mass
fraction, 8 ng/g, efe. Arabic numerals such as 23, 243, 641 should
be read 23243 641.

The format for how to accurately write common units and
quantums can be found at: http:/ /wwwwijgnet.com/2150-5330/
g _info_20100107160355.htm.

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,
HBYV, ECG, WBC, RBC, CT, ESR, CSE, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, 4 area, /
length, 7 mass, I volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoRI, Hindl, BamHI, Kbo 1, Kpn 1, ete.
Biology: H. pylori, E coli, ete.

Examples for paper writing
Editorial: http://www.wjgnet.com/2150-5330/g_info_2010
0316080010.htm

Frontier: http://wwwwijgnet.com/2150-5330/g_info_20100316
102300.htm

Topic highlight: http:/ /www.wjgnet.com/2150-5330/g_info_20
100316080012.htm

Observation: http://www.wjgnet.com/2150-5330/g_info_
20100316080004.htm

Guidelines for basic research: http://www.wjgnet.com/2150-
5330/g_info_20100316103422.htm

Guidelines for clinical practice: http://www.wijgnet.com/2150-
5330/g_info_20100316103458.htm

Review: http://www.wijgnet.com/2150-5330/g_info_20100316
080006.htm

Original articles: http://www.wignet.com/2150-5330/g_info_
20100316080000.htm

Brief articles: http://www.wjgnet.com/2150-5330/¢_info_
20100316105425.htm

Case report: http://www.wjgnet.com/2150-5330/¢g_info_
20100107153410.htm

Letters to the editor: http://www.wjgnet.com/2150-5330/
g info_20100107154228.htm

Book reviews: http://www.wjgnet.com/2150-5330/¢_info_
20100316105850.htm

Guidelines: http://www.wjgnet.com/2150-5330/g_info_
20100316105919.htm
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Instructions to authors

SUBMISSION OF THE REVISED MANUSCRIPTS
AFTER ACCEPTED

Please revise your article according to the revision policies
of WJGP. The revised version including manuscript and
high-resolution image figures (if any) should be copied on a
floppy or compact disk. The author should send the revised
manuscript, along with printed high-resolution color or black
and white photos, copyright transfer letter, and responses to
the reviewers by coutier (such as EMS/DHL).

Editorial Office

World Journal of Gastrointestinal Pathophysiology
Editorial Department: Room 903, Building D,

Ocean International Center,

No. 62 Dongsihuan Zhonglu,

Chaoyang District, Beijing 100025, China

E-mail: wigp@wjgnet.com

http://www.wjgnet.com

Telephone: +86-10-59080038

Fax: +86-10-85381893

Language evaluation

The language of a manuscript will be graded before it is
sent for revision. (1) Grade A: priority publishing; (2) Grade
B: minor language polishing; (3) Grade C: a great deal of
language polishing needed; and (4) Grade D: rejected. Revised
articles should reach Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/2150-5330/g_info_20100107155448.htm.

Responses to reviewers

Please revise your article according to the comments/suggestions
provided by the reviewers. The format for responses to the
reviewers’ comments can be found at: http://www.wjgnet.

com/2150-5330/g_info_20100107154656.htm.

Proof of financial support
For paper supported by a foundation, authors should provide
a copy of the document and serial number of the foundation.

Links to documents related to the manuscript

WJGP will be initiating a platform to promote dynamic
interactions between the editors, peer reviewers, readers and
authors. After a manuscript is published online, links to the
PDF version of the submitted manuscript, the peer-reviewers’
report and the revised manuscript will be put on-line. Readers
can make comments on the peer reviewer’s report, authors’
responses to peer reviewers, and the revised manuscript. We
hope that authors will benefit from this feedback and be able

to revise the manuscript accordingly in a timely manner.

Science news releases

Authors of accepted manuscripts are suggested to write a
science news item to promote their articles. The news will be
released rapidly at EurekAlert/AAAS (http://www.eurekalert.
org). The title for news items should be less than 90 characters;
the summary should be less than 75 words; and main body less
than 500 words. Science news items should be lawful, ethical,
and strictly based on your original content with an attractive
title and interesting pictures.

Publication fee

Authors of accepted articles must pay a publication fee.
EDITORIAL, TOPIC HIGHLIGHTS, BOOK REVIEWS and
LETTERS TO THE EDITOR are published free of charge.
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