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Abstract

The facts that # py/ori infection is commoner in duodenal
ulcer (DU) patients than in the normal population, and
that eradication results in most cases being cured,
have led to the belief that it causes DU. However, early
cases of DU are less likely than established ones to be
infected. H pylori-negative cases are usually ascribed
to specific associated factors such as non-steroidal
anti-inflammatory drugs (NSAIDs), Crohn’s disease,
and hypergastrinaemia, but even after excluding
these, several H pylori-negative cases remain and are
particularly common in areas of low prevalence of
H pylori infection. Moreover, this incidence of 4 pylori
negative DU is not associated with a fall in overall
DU prevalence when compared with countries with a
higher H pylori prevalence. In countries with a high
H pylori prevalence there are regional differences in
DU prevalence, but no evidence of an overall higher
prevalence of DU than in countries with a low H pylori
prevalence. There is no evidence that virulence factors
are predictive of clinical outcome. After healing following
eradication of H pylori infection DU can still recur.
Medical or surgical measures to reduce acid output can
lead to long-term healing despite persistence of 4 pylori
infection. Up to half of cases of acute DU perforation are
H pylori negative. These findings lead to the conclusion
that # pylori infection does not itself cause DU, but leads
to resistance to healing, i.e., chronicity. This conclusion
is shown not to be incompatible with the universally high
prevalence of DU compared with controls.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

The award of the Nobel Prize to Warren and Marshall
for the discovery of Hp)//orz'm was rightly acclaimed by
the medical profession, because the eradication of the
organism turns a chronic, relapsing disease into one
that in most (but not all) cases can be readily cured. The
prevalence of infection with the organism is greater in
patients with, than in subjects free of, duodenal ulcer;
the organism is present in most (but not all) cases of the
disease; and its removal results in most (though not all)
cases being cured without relapse. The inference usually
drawn from this combination of events is that H pylori
actually causes duodenal ulcet.

In that case, why do most individuals infected with
the organism not develop the disease? There has been
considerable work done exploring the concept that the
presence or absence of virulence factors explains this
anomaly, but in a recent publicationm we explain why we
do not find this hypothesis convincing;

This unsatisfactory situation, the facts that most
patients with infection do not have a duodenal ulcer, that,
geographically, duodenal ulcer prevalence is not related to
the prevalence of H pylori, and many other anomalies, has
been highlighted in several review articles, such as H pylori:
the African Enigmam. The enigma is two-fold: firstly, that
DU prevalence is not higher in countries with a higher
prevalence of H pylori infection, secondly, that within these
countries, despite an uniformly high H pylori prevalence,
regional differences in DU prevalence are found, that as
described later, are related to diet but not to smoking,
genetic or other factors.

Our continuing search for an explanation of the
anomalies led us to review all the papers that provide
evidence about the following: (1) Is H pylori infection
present at the onset of DU? (2) Is there a dose-response
relationship between H pylori and DU? (3) Does recurrence
or non-recurrence of DU after successful treatment
correlate with H pylori-status? (4) Can we deduce anything
of importance from the prevalence and distribution of H
pylori-negative DU?

The present paper analyses the evidence of the
literature on these subjects and we show how the higher
prevalence of H pyloriin DU than in the normal population
and some of the other anomalies can be explained by a
self-consistent theory, but only by relinquishing the belief

www.wjgnet.com
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that H pylori causes DU.

To the best of our knowledge, no paper has been
published that contradicts statements in this review. We
shall be obliged to readers for letting us know about any
exceptions that we have missed.

Is H pylori infection present at the onset of DU?

One is entitled to expect that the cause always precedes
its effect. The problem with duodenal ulceration is that
the patient usually presents to the physician some time
after the symptoms start: it is unlikely that evidence of
infection has been sought before the symptoms began. It
occurred to us to examine the H pylori-status of patients
with duodenal ulcer in relation to the length of history
before the initial biopsy that established the diagnosis of
DU. Assuming the organism was the cause of the ulcer,
we expected the infection to be manifest at least as often
in the first six months as it was more than six months after
symptoms started. We studied 37 patients: to our surprise,
5 whose history was of less than six months were H pylori-
negative, the remaining 32, all with a length of history
greater than six months, were H pylori-positive. The odds
against this happening by chance were (Fisher’s exact test)
greater than 1000 to 1", It looked as though the DU was
causing the infection, rather than the other way about.

Searching the literature at that time (2001), we could
find only one paper that gave figures for infection status,
distinguished by different lengths of history[s]. Repeating
the search in 2005, we wete only able to find one further
paper with the appropriate data'. Both these papers
showed a higher infection rate later compared with eatlier
in the ulcer disease.

There are two reports”’sl which suggest that pre-
existing H pylori infection predisposes to DU based on
seropositivity. The first paper refers to young inductees
into the Israeli army and the second to an older population
in Hawaii. In the first paper it is noteworthy that 7 of the
29 reported DU cases were H pylorinegative at the time
of diagnosis. However, seropositivity does not mean that
infection is present. After eradication, it can take 5-10
years for seropositive cases to become seronegative. Many
children serorevert after childhood infection and in adults
the conversion/treversion rates per annum vaty between
0.5% and 1%. An approach along these lines therefore
lacks scientific reliability.

Dose-response relationship?

The smallest dose is zero. Many patients develop a DU
in the absence of infection with H pylori. This fact is
usually explained by invoking ‘special’ causes of DU such
as Zollinger-Ellison syndrome and non-steroidal anti-
inflammatory agents (NSAIDs) (see later), but such causes
are not always apparent.

Before the H pylori era, excess gastric hydrochloric acid
was the favoured aetiology of DU. ‘No acid, no ulcer’
has been dogma since Schwartz”, and there has been no
contrary evidence. However, acid is ‘statistically’ greater
than the normal range in only about 15% of (patients
with) DU, the rest having acid in the normal range“m,
albeit with a tendency to be greater than in the normal

www.wjgnet.com

population.

In many countries there is no information about the
actual prevalence of DU in the overall population, and
available information is based on figures obtained from
hospital statistics or small population surveys. From
information that is available, there is no evidence that
there is a higher overall prevalence of DU in those
countries whete there is a higher prevalence of H pylori
infection than in other countries. There is evidence from
India, China and Africa, however, of differences in DU
prevalence between areas known to have a high prevalence
of H pylori infection™"" these differences being related
to the staple diets of the regions'”*" rather than to
smoking, genetic or other factors such as duodenal gastric
metaplasia. There is evidence that different foods contain
agents that are either ulcerogenic or ulceroprotective™ ",

In developed countries, where H pylori prevalence
is about 35% overall, DUs are about 70% H pylori-
positive®”; in developing countries, H pylori prevalence
is about 70% overall, and DUs are H pylori-positive in
about 90% of patients' *******, Therefore in all countries
H pylori-positivity is greater in DU than in non-DU. With
reference to further discussion, it is notable that in areas of
low H pylori prevalence there is a high prevalence of H pylori-
negative, non-NSAID, ulcergth &0 438395163

As mentioned above there is no evidence that the
prevalence of DU is any greater in countries with a high
prevalence of H pylori than in those with a low prevalence
(this finding in itself argues against H pylori being the
prime cause of DU). The prevalence of DU in London
is about 11%!"". Applying this figure to other developed
countries, from the figures quoted previously in every 100
of the population, 35 are H pylori-positive and 65 H pylori-
negative. Thete are 11 patients with DU, of whom perhaps
only one is H pylori-negative, so only 10 of the 35 H pylori-
positive subjects get DU. The remaining 25 (25/35, 71%)
do not. A similar argument in the developing countries
(again assuming an 11% prevalence) yields an estimate
that only 10 of the 70 H pylori-positive subjects get DU.
The remaining 60 of the 70 (86%) do not. The belief that
H pylori is the prime cause of DU demands an explanation
of why in 71%-86% of individuals it does zo¢ produce a
DU.

Weight of infection can be measured by use of the
breath test, but no-one has suggested that the greater the
weight of infection, the greater is the risk of developing
DU. However, there is excellent evidence that the risk
of developing DU increases with the rate at which the
subject sectetes gastric juice when maximally stimulated
with intravenous histamine!'”. The H pylori-lobby suggests
that we cannot demonstrate a dose-relationship of DU with
H pylori because only some strains of the organism possess
virulence factors (of which many have been reported). It
is beyond the scope of this paper to go into that topic, but
there is considerable evidence that virulence factors have

no relationship to clinical outcome.

Does recurrence of DU correspond with H pylori-status?
The answer is, apparently not very well. Ulcers heal with
effective medical suppression of acid without eradication
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When H pylori was discovered and the first results came
in about the effect of its extirpation, it was claimed that
removing H pylori ‘cured’ the disease and that relapses
never occurred. As time passed that picture had to be
modified: there is no doubt that relapses are much less
frequent and many patients have no further trouble, but
there is increasing evidence of a significant recurrence
rate after eradication of H pylori despite lack of recurrence
of the infection. Excluding subjects taking NSAIDs, 9
papers, involving 2928 DU patients in whom H pylori
had been eradicated as proven by multiple tests, reported
recurrent ulceration in 182 (6.1%) over a period up to 5
years'"* One meta-analysis by Laine of 7 trials subjected
to strict criteria reports a recurrence rate of 20% within 6
mo™. Interestingly, a recurrence rate of 6.6% (571/8693)
up to 2 years is given in 12 papers (including 6 meta-
analyses)**"* involving 8693 cases of DU, not excluding
NSAIDs, in whom H pylori had been eradicated. These
recurrence rates, with and without NSAIDs, are virtually
identical (P = 0.4883). In other words, recurrence after
eradication of H pylori cannot be attributed to NSAIDs.
The use of multiple tests for H pylori reduced the risk that
we are dealing here with difficulty in demonstrating the
presence of H pylori after eradication.

What does H pylori-negative DU tell us?

The phenomenon of H pylori-negative DU is an argument
against a blanket role for H pylori as a “cause preceding
effect”. As stated above, this prevalence is greater in
countries with a low, compared with countries with a high
prevalence of the organism, even after excluding DU-
associated factors such as Crohn’s disease and the taking
of NSAIDs. There are 20 such reports[4’6'28’29’34’38’39’51’631
from countries with a low prevalence of H pylori infection
giving a mean of 14.4% (829/5745) of H pylorinegative
DU and 5 reports””™” with a mean of 3.9% (52/1325), P
< 0.0001) from countries with a high prevalence.

Three paperswmm] suggest that despite the low H pylori
prevalence in a population with an increased prevalence of
H pylori-negative DU, there is no decrease in overall DU
prevalence. If H pylori were the primary cause of DU then
one would expect a lower prevalence of DU.

We can offer one supplementary consideration.
Perforation of duodenal ulceration might reasonably be
expected to signify an especially large secretion of gastric
hydrochloric acid. In this context it is interesting that
perforation does not seem to be associated with H pylori.
In 4 reports about patients operated on for perforated
duodenal ulcer H pylori prevalence was significantly less
than in uncomplicated duodenal ulceration"” " (in
211 they were indistinguishable from normal controls).
The only dissenting evidence was from a report by
Matsukara"

INTERPRETATION

How are we to interpret the undoubted relationships
between DU, H pylori and gastric acid? The present

majority view is that H pylori causes DU, not that DU
causes H pylori. The favourable evidence for the former
inference is the greater proportion of H pylori-positive
cases in DU compared with non-DU subjects, and the fact
that clearing the organisms converts the clinical course
of DU from chronic relapsing to (mostly) stable healing,
However, the second of these points is not proof of initial
causation, merely of an interference with healing leading
to chronicity of the ulceration.

If H pylori is not the initial cause of DU?

If we reject H pylori as the cause of DU, how can we
explain the greater proportion of H pylori in DU compared
with non-DU subjects? H pylori can only live within a
relatively narrow band of pH. Both highly acid and highly
alkaline conditions kill the organism""*'"". For example,
in pernicious anaemia the patient is usually H pylori-
positive in the early stages (acid production is reduced
but still abundant) and then becomes H pylori-negative
in the later stages (when all acid production has ceased
and the stomach is exposed to alkaline reflux from the
duodenum)™,

These facts suggest that some patients who develop
a DU may well have so much acid that they are H pylori-
negative. When treated with acid suppression for their
carly symptoms, the gastric acidity may fall enough to
encourage infection with the organism. At this stage
they are investigated and found to be H pylori-positive.
Strange as it may at first seem, we are postulating that
one interpretation of the link between H pylori and DU
in cases that are initially H pylori-negative is that DU (via
its treatment) causes the infection. This would explain the
greater prevalence of H pylori in the subjects with DU as
an outcome of treatment with acid-suppressing drugs.
If the likelihood of a first infection increases with the
presence of virulence factors in the organism - as seems
reasonable - this explains why the virulence factors are
more prevalent in the DU than in the non-DU subjects”.

In developing countries with a high prevalence of H pylori
infection, and where people do not have access to acid-
suppressing drugs and only come to hospital with long-
standing chronic conditions, there is another possible
explanation. With a high H pylori prevalence of 70% it
follows that 30% of DU patients initially would be H pylori
negative and 85% of them will not be hypersecretors
of acid (See ‘Dose Relationship’ above). As a result of
continued exposure to the high prevalence of H pylori a
number of these may become infected, resulting in their
ulceration becoming unremitting and chronic, and causing
them to seek medical help. The result again would be a
higher prevalence of H pylori infection in those diagnosed
with duodenal ulceration.

In addition, the known lability of H pylori infection
could result in some H pylori positive DUs healing as a
result of spontanecous disappearance of the infection,
leaving a preponderance of DU cases with persisting
infection, thus resulting in a higher prevalence of infection
in the DU population.

It is possible to calculate the relationship between the
fraction of established duodenal ulcer patients who are
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H pylori-positive, the fraction of the whole population
who are H pylori-positive, and the fraction, X, of those
initially H pylori-negative duodenal ulcer patients who
become infected so as to produce the observed increase
in established DU patients. We have performed these
calculations on data from 18 reports from countries with a
high prevalence!********" 304 13 reports from countries
with a low prevalence of H pylori infection™**'"J, The
values of X were 0.6 in the developing countries, 0.58
in the developed. The congruence between these two
estimates, while certainly not proof of our hypothesis, at
least suggests that our hypothesis should not be rejected
out of hand. Details of the derivation of the formula and
the statistical interpretations are given in the Appendix.
There remain two important problems. (1) Most
patients with DU have gastric secretion within the range
of normal (though the chance of getting DU does increase
with the rate of secretion). There must be some other
factor to explain why some get an ulcer and others do not.
Our work!"" demonstrated that this factor was unlikely
to be H pylori. We favour the idea that the causative agent
nevertheless involves interference with wound-healing.
NSAIDs can interfere with the healing of H pylori-
negative ulcer, so they may be responsible for part of the
problem, but there is almost certainly more to discover;
(2) We still do not know how H pylori (which can only live
in gastric, not in true duodenal mucosa), makes the ulcer
difficult to heal. The presence of colonised gastric mucosa
within the duodenum might be a factor. H pylori infection
inhibits healing of wounded duodenal epithelium in vitro
due to vacA"". Another factor might be the effect that
the organism has of increasing sub-maximally (gastrin-)
stimulated gastric juice!"'. While the mechanism is in
doubt, the relationship is clear and is the fundamental
reason why the discovery of H pylori is of such enormous
importance for the treatment of duodenal ulcer.

CONCLUSION

Our present view is that the relationship between duodenal
ulcer, H pylori and gastric acid secretion is most likely to be:

—> | Duodenal ulcer | — Treatment
(acid suppression)

H pyloriinfection
(if not already present)

Acid excess or
some other factors

Failure to heal |<—

APPENDIX

Fraction (= X) of H pylori -ve duodenal ulcers becoming
H pylori + ve, possibly as a result of antacid treatment
X = % Hp+ve DU minus % Hp+ve NUD or Controls

% Hp -ve NUD or Controls

Hypothesis

Whether or not a subject is H pylori-positive (+ve) or H pylori-
negative (-ve) makes no difference to the likelihood that
s/he will develop a duodenal ulcer (DU).

www.wjgnet.com

The diagnosis of most subjects with a DU is only made
after the patient has already been treated with agents that
reduce gastric acid sectetion.

Reduction in gastric secretion is likely to increase the
chance that a -ve patient becomes +ve.

When first diagnosed, most DU patients will include
some who were +ve before they developed DU and others
who had been -ve but became positive during their initial
treatment and before diagnosis.

Calculation
Let
P = population
U = fraction having DU
F = fraction of population H pylori +ve
(so 1-IF = fraction negative)
Then
Confirmed DU (say after 6/12)
=UXP
However, the confirmed DU is made up of two
moieties, one originally +ve, the other originally negative.
The originally positive DU number
=FXUXP
The originally negative DU number
=(1-F) X UXP
Let a fraction X of the originally negative DU be
infected as a result of acid-supptession. Then after 6/12
these will number
=(1-F)xUxXPxX
Therefore the observed positive DUs can be expressed as
(Fx U XP)+ X][(1-F) x U X PJ.
Therefore, the observed proportion of DUs who are
positive is given by
{(F U x P) + X(I-F) x U x P} /(U x P)
ot, dividing by U X P,
F + X(1-F).
Therefore, observed +ve DU/(total DU) = {F + X(1-F)}
=F+X-FX
Therefore, X ( 1-F) = [observed DU+ve/total DU] - F
And X = {[observed DU+ve/total DU] - F}/(1 - F)}

Analysis of the figures quoted
High prevalence countries: Mean Hp+ DUs = 89.395;
(SD 7.602, SE 1.700). Mean Hp+ NUD = 68.350 (SD
12.759, SE 2.853. Mean X = 60.565 (SD 26.466, SE 5.918).
Low prevalence countries: Mean Hp+DU = 70.221;
(SD 14.319, SE 3.183). Mean Hp + NUD = 33.286; (SD
16.014, SE 4.280). Mean X = 58.279; (SD 17.773, SE 4.750)
Difference between high prevalence and low
prevalence countries: for Hp + DU, P = 0.0002 (highly
significant); for X, P = 0.4109 definitely non-significant.
This hypothesis suggests that in all countries there
1s much the same chance of originally H pylori-negative
becoming infected as the ulcer progresses. This fact
provides circumstantial evidence, though certainly not
proof, of our hypothesis.
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Abstract

Mannose-binding lectin (MBL) is a pattern-recognition
molecule that binds to characteristic carbohydrate mo-
tifs present on the surface of many different pathogens.
MBL binding stimulates the immune system via the lectin
pathway of complement activation. In certain clinical
situations, often characterized by pre-existing immune
compromise, MBL deficiency increases the risk of infec-
tious and other disease-specific complications. Many
of the key pathogenic processes inherent to common
gastroenterological diseases, such as infection, immuno-
logical damage, and carcinogenesis, have been linked to
MBL. This editorial reviews the biology of MBL, outlines
key disease associations to document the breadth of
influence of MBL, and finally, highlights the relevance of
MBL to both gastroenterological health and disease.
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INTRODUCTION

Mannose-binding lectin (MBL) is an important component
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of the innate immune system. MBL is primarily produced
by the liver, circulates throughout the body, and is able to
recognize a wide array of common pathogens through
repeating carbohydrate sequences present on microbial
surfaces. MBL binding of pathogens initiates complement
activation via the lectin pathway. There have been a large
number of studies addressing the influence of MBL
deficiency on infection, autoimmunity, and carcinogenesis,
all critical processes in the pathogenesis of gastrointestinal
disease. Genetically determined MBL deficiency
increases the risk and manifestations of a wide range of
diseases, particularly when the immune system is already
compromised. This editorial provides an introduction
to the structure, function and regulation of MBL and
explores its clinical relevance, placing it in the context
of common medical and, in particular, gastrointestinal
conditions.

THE BIOLOGY OF MANNOSE-BINDING
LECTIN

The MBL2 Gene

The capacity of MBL to recognize and eradicate patho-
gens is extremely variable. Within any given population
there are individuals that have varying functional levels of
circulating MBL. The relative sufficiency of MBL func-
tion for any given individual is largely determined by poly-
morphisms within the MBL.2 gene, on chromosome 10.
Three missense mutations within the first exon of MBI.2
significantly effect MBL function (codon 54 ‘B’, codon 57
‘C’, and codon 52 ‘D) (Figure 1). These coding mutations
are collectively designated ‘O’, and the wild-type, sufficient
allele is represented by ©4’ An Australian study of healthy
blood donors found that the prevalence of MBL2 wild-
type coding genotype A/ A was 57.6%, coding mutation
heterozygosity (A/0) was 34.8% (A/D 11%, A/B 19.9%,
A/ C 3.8%), and coding mutation homozygosity (O/0)
was 7.6% (B/B 2.1%, B/C 2.1%, B/D 2.5%, D/D 0.9%)[”.
These frequencies are consistent with other Caucasoid
populationslz’ﬂ. In Asian communities, the most common
mutation is also the B’ allele, but the ‘D’ allele is virtually
absent".

Further variability of MBL function is due, at least in
part, to other polymorphisms within the promoter (position
-550, G to C substitution, alleles ‘H’ and ‘L.” and position
-221, G to C substitution, alleles ‘X’ and ‘Y"); and 5’-un-
translated (position +4, C to T, alleles ‘P’ and ‘Q’) regions
of the gene (Figure 1). When inherited in the context of a
normal coding allele (4), the promoter region haplotypes
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Figure 1 Schematic representation of the four exons of the MBL2 gene, with the
important polymorphisms identified. The peptides self associates into a homotrimer
(structural subunit). Each peptide contains a lectin domain (green) to bind the
specific, microbial carbohydrate motifs. Functional MBL circulates in higher-order
multimers.

HY, LY, and L.X are associated with high, intermediate,
and low serum MBL concentrations, respectively. The
genotypes O/0, A/0O and 1.XA/I.XA, are all associated
with low antigenic and functional levels of MBL (com-
pated to .A/.A). The O/O genotype is cotrelated with the
most extreme MBL deficit (Figure 2). Low levels of MBL
associated with the common polymorphic variants appear
to result from impaired oligomerization of the MBL triple
helix (see below) into functional higher order multimers',
as well as increased susceptibility to degradation by metal-

loproteinases'”.

The MBL Protein

The basic structural subunit of MBL is a homotrimer of
MBL peptides, entwined in a triple helix (Figure 1). Each
peptide contains a lectin domain to bind the specific oligo-
saccharide motifs present on the surface of many different
microorganisms'”. Functional MBL circulates as a higher-
order multimer (tetramers, pentamers and hexamers) of
the basic MBL subunit. This oligomerization allows high-
affinity interaction between MBL and the microorganism.
Binding of MBL to pathogens causes a conformational
change in the MBL multimer, and activation of associated
molecules, the MBL-associated serine proteases (MASPs),
that initiate the lectin-complement pathway.

The lectin-complement pathway

The enzymatic cascade of complement activation is a
vital aspect of innate immunity. Complement-derived
opsonization also provides an effective means of
articulation with adaptive immunity through subsequent
phagocytosis and antigen processing. The classical
complement pathway is initiated by the binding of the C1
complex (Clq, r and s) to bound antibody on pathogen
surfaces and the alternative pathway by binding of C3b
to hydroxyl or amino groups on cell-surface molecules,
as a result of spontaneous C3 turnover”. The lectin-
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Figure 2 Distribution of plasma MBL levels within a normal population, stratified
by MBL2 genotype (Figure reproduced from Worthley et al® with permission). The
0/0 genotype is associated with the most extreme deficit in circulating MBL level
(shown) and activity.

complement pathway is the third arm of complement
activation. Higher order MBL multimers circulate in a
functional complex with three serine proteases MASP-1,
MASP-2, MASP-3 and one non-protease molecule,
MAp19"¥. This complex is analogous to the C1 complex
that initiates the classical complement pathway, except
that MBL binds to pathogens independently of antibody.
Once activated, MASP-2, like its classical-pathway
counterpart Cls, cleaves C4 to C4b, producing C4b2a,
the C3 convertase. Subsequent production of C3b, also a
key opsonin, generates the C5 convertase, which in turn
produces the chemoattractant C5a, and, through C5b,
the formation of the membrane-attack complex, C5b-C9
(Figure 3).

Recently, an additional mechanism of lectin-mediated
complement activation, which bypasses the classical
pathway proteins, has been described. Selander e a/'"
demonstrated that an MBL-dependent alternative pathway
mediated C3 deposition in C2 deficient serum. This bypass
pathway may be of particular significance in the presence
of complement deficiencies'"",

THE CLINICAL RELEVANCE OF MANNOSE-
BINDING LECTIN

MBL binds a broad range of bacteria, viruses, fungi and
protozoa (Table 1). Its affinity for Gram-negative and
Gram-positive bacteria is mediated through cell surface
components, such as lipopolysaccharide (endotoxin) and
lipoteichoic acid, respectively. MBL deficiency increases
vivo susceptibility to many common bacterial infections, in-
cluding Nezsseria meningitidis'™ , Streptococcus pnenmoniad™, and
Staphylococens anrens™. MBL deficiency may also increase
the risk of several viral infections and some of the most
compelling data in this area have been conducted in viral
hepatitides, discussed below.

The balance of evidence suggests that MBL deficiency
is most relevant when immunity is already compromised as
a consequence of immunological immaturity, for example

www.wjgnet.com
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Figure 3 The lectin and classical complement pathways (Figure reproduced from
Worthley et a® with permission).

[15]

in young children"”, or is impaired by comorbidity or

medical therapy, such as in cystic fibrosis''”, after chemo-
therapy , or following transplantatlon[ o2 . In the pedi-
atric populatlon, MBL exerts greatest influence during an
immunological “window of vulnerability”, between the de-
cline in maternal passive immunity but before the develop-
ment of a fully mature adaptive immune system. There is a
strong association between MBL deficiency and childhood
infection, which has been found for both milder respira-
tory tract infections managed within the community”, as
well as more severe infections requiring hospitalization“S].
In cystic fibrosis (CF), innate immunity is compromised in
part by impaired mucociliary clearance and bronchiectasis.
In one series of CF patients, those with mutant MBL2 al-
leles had worse pulmonary function and shorter survival to
end-stage CF". The same investigators reported success-
ful MBL replacement in the management of one patient
with rapidly progressive CF™. Several studies have shown
an association between MBL deficiency and risk or severity
of infection following Chemotherapym’lgl.

A number of autoimmune disorders are associated with
MBL. This may in part relate to the role of MBL in re-
moving pathogens and apoptotic bodies, thus minimizing
the emergence of cross-reactivity or auto-immunogenic
epitopesm]. Inherited deficiencies within the classical com-
plement pathway predispose to systemic lupus erythemato-
sus (SLE), thus it was logical to evaluate the role of MBL

www.wjgnet.com

Haemophilus influenzae
Neisseria meningitidis
Neisseria gonorrhoeae
Escherichia coli
Kilebsiella spp.
Pseudomonas aeruginosa
Salmonella montevideo
Salmonella typhimurium
H pylori

Chlamydia trachomatis
Chlamydia pneumonia
Proprionibacterium acnes
Mycobacterium avium
Mycobacterium tuberculosis
Mycobacterium leprae

Leishmania chagasi

in this condition. A recent meta-analysis concluded that
deficient MBIL.2 genotypes increase the risk of developing
SLEPY. Other studies have shown that MBL deficiency
increases the risk of SLE-related complications, such as
arterial thrombosis™. The effect of variant MBL and risk
of vascular complications extend beyond patients with
SLE. Several studies have now demonstrated an associa-
tion between MBL2 mutations and risk of coronary artery
disease™ . These results have been supported by a pop-
ulation-based study from Denmark, that genotyped 9 245
individuals for MBIL.2 coding mutations” Although MBL
deficiency did not greatly increase the rate of morbidity or
mortality within the population, those with biallelic muta-
tions had a significantly greater risk of hospitalization for
cardiovascular disease compared to those without deficient
alleles [RR = 1.2 (1.0-1.4), P = 0.02]*\.

To this point, all of the disease associations presented
have identified the wild-type (A/A4) MBL2 gene as ad-
vantageous. The global preservation of MBI.2 -deficient
haplotypes, however, hints at a selective advantage, at least
under certain circumstances, of the deficient state. The
concept of heterosis, whereby a heterozygous trait may
demonstrate a selective advantage, has many well known
examples, such as the AF508 mutation in the cystic fibrosis
transmembrane conductance regulator (CFTR) gene and
resistance to cholera toxin®". MBL-facilitated opsonization
and phagocytosis could theoretically enhance the infec-
tivity of some intracellular pathogens. The dichotomous
nature of MBL deficiency is supported by several clinical
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studies that show it to be protective against several obligate
intracellular organisms, including Mycobacterium leprae™, M.
tuberculosis™, and Leishmania chagas?™.

Both plasma-derived as well as recombinant MBL are
now available for therapeutic use, albeit that the indications
for replacement are still evolving. The results from the first
phase I trial conducted in healthy, MBL-deficient individu-
als, has been published”. This study confirmed that MBL
replacement is a technically viable option. Phase II trials

are eagetly awaited.

MALADIES OF THE BOWEL AND LIVER

Innate immunity has developed multiple strategies for
protecting us against microbiological threats. Pattern-
recognition molecules, such as toll-like receptors (TLR),
NOD2/CARD15, and MBL, ate particularly important
in the alimentary tract, characterized by its large surface
area and intimate relationship to the bowel contents, pat-
ticularly the extreme microbial burden found within the
colonic lumen. In addition to initiating inflammation, the
capacity for immune tolerance is critical for normal bowel
function. Although it is clear that the liver is the chief con-
tributor to plasma MBL, mucosal MBL production may be
relevant in localized immune defence, particularly within
the alimentary tract™. The following examples present
some of the better developed areas of gastroenterologi-
cal MBL research, including inflammatory bowel disease,
carcinogenesis, gastrointestinal and hepatotropic infection,
and chronic liver disease.

MBL and inflammatory bowel disease

Inflammatory bowel disease (IBD) is a pathological spec-
trum encompassing ulcerative colitis (UC), Crohn’s dis-
ease (CD), and indeterminate colitis. The resultant IBD
phenotype is the consequence of multiple interactions
between environmental factors, particularly enteric flora,
and the host response to this environment, determined by
immunogenetic, epithelial, and other non-immune genetic
P, MBL, as an important component of innate im-
munity, has engendered considerable research interest. In
an carly study of 340 unrelated patients with IBD geno-
typed for MBIL.2 exon 1 coding mutations, the frequency
of deficient alleles was significantly lower in patients with
UC than either the control group (P = 0.02), or those with
CD (P = 0.01)"". This study suggests that MBL deficiency
could be protective against UC; alternatively, it could be
interpreted that MBL deficiency, in individuals otherwise
predisposed to IBD, may skew the phenotype away from
the UC spectrum of disease towards CD. This concept is
supported by another study that genotyped MBL.2 in pa-
tients with CD, UC, or healthy controls™. In this study the
allele frequency of coding mutations was approximately
30% in patients with CD, 8% in UC, and 16% in healthy
controls. In addition, the frequency of homozygosity or

factors

compound heterozygosity for coding mutations (i.e. O/O
MBL.2 genotype) within the IBD group was significantly
higher than in the healthy control population and the as-
sociation was strengthened if the small number of UC
patients were excluded from the analysis (16% »s 0%; P =

0.05). The study also assessed anti-Saccharomyces cerevisiae
antibody (ASCA) and MBL levels within the same sub-
sets of patients, albeit slightly different numbers within
each group™. CD patients with MBL deficiency were
significantly more likely to be positive for ASCA and for
their lymphocytes to proliferate in response to mannan.
Thus, it appears that MBL deficiency could impair normal
processing of mannan-expressing microbial antigens, such
as those found on the cell surface of many common mi-
croorganisms. The accumulated antigens could then stimu-
late the immune system, and contribute to the produc-
tion of ASCA and possibly the pathogenesis of Crohn’s
disease™. ASCA is a well established phenotypic marker
of IBD, tending to aggregate with Crohn’s rather than the
ulcerative colitis phenotype, and within CD the presence
of ASCA is particularly associated with the fibrostenosing
phenotype and ileal inflammation””. Thus, MBL. deficiency
might act primarily to influence IBD-specific phenotype in
these patients. It should be noted, however, that a follow-
up study, testing a larger cohort of CD patients (# = 241),
failed to confirm the significant association between vati-
ant MBL genotypes and ASCA positivity™”. The observed
trend, however, did show that the frequency of ASCA
positivity was proportional to the relative deficiency of
the coding genotype, with 54% ASCA positivity for 4/ A,
58% for A4/ 0, and 67% for O/O"". Nevertheless, further
studies into the role of MBL as a marker or regulator of
IBD phenotype are warranted. Finally, the contribution of
M. avinm subspecies paratuberculosis to the pathogenesis of
Crohn’s disease is controversial'. Nevertheless, it would
be interesting to investigate whether, in a fashion analo-
gous to M. tuberculosis, MBL might predispose to Crohn’s
disease by facilitating the infectivity of this obligate intrac-
ellular pathogen.

MBL and coeliac disease

Cocliac disease is an important autoimmune disorder in-
volving the alimentary tract'*”. The majority of patients
with coeliac disease express the major histocompatability
complex (MHC) molecule DQ2 and the remainder usu-
ally carry DQ8". But HLA genes convey only about 40%
of the genetic risk, and although 30%-40% of Caucasians
carry DQ2 or DQ8, less than 3% of these will develop
coeliac disease™. In one study, 117 patients with histo-
logically and serologically confirmed coeliac disease were
genotyped for MBIL.2 exon 1 mutations, and compared to
a healthy blood donor population. There was a significant
difference in the frequency of the O/O genotype between
those with coeliac disease (13%) and the control group (5%)
(P = 0.04™. A follow-up study included a detailed assess-
ment of the cocliac disease patients’ MHC™!, HLA sus-
ceptibility alleles and MBIL.2 exon 1 coding mutations were
genotyped in 147 healthy controls and 149 patients with
cocliac disease, enriched with 29 cocliac disease patients
known to be negative for DQ2 and DQS8, which is ex-
tremely rare”™. As in their first study, patients with coeliac
disease had a greater frequency of the O/O genotype than
healthy controls, but in addition, the association between
coeliac disease and MBL deficiency was even stronger in
the small number of patients negative for DQ2 and DQS8.

www.wjgnet.com
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It is likely that in those rare cases of coeliac discase that
are negative for DQ2 and DQ8, the non-HLA susceptibil-
ity genotypes would exert a greater effect. Their study also
analyzed apoptosis within small intestinal biopsy speci-
mens, and showed that MBL tended to aggregate to ateas
of apoptosis within the epithelium. MBL has been impli-
cated in the normal clearance of apoptotic bodies™*”, The
authors postulated that the association between MBL and
coeliac disease, and indeed other autoimmune conditions,
could relate to impaired apoptosis, whereby MBL deficien-
cy impairs the normal removal and clearance of apoptotic
cells, that may subsequently reveal previously hidden self-
antigen, causing loss of self-tolerance, and spreading of
autoimmunity™”, The association between variant MBL2
alleles and coeliac disease has also been confirmed within
the Finnish population”,

MBL and colorectal cancer

Experimentally there is the suggestion that MBL (both
wild-type and the mutant B allele) may possess anti-
colorectal cancer tumour activitym. In vitro MBL binds
specifically to oligosaccharide moieties on colorectal can-
cer cell line SW1116"". The investigators transplanted
SW1116 cells subcutancously in nude mice, resulting in
palpable tumor masses at three weeks. In order to evaluate
the in vivo anti-tumoral activity of MBL, the mice wete ad-
ministered one of four different intra-tumoral injections.
The first group received an injection with vaccinia virus
carrying the wild-type ({4°) MBL.2 allele, the second group
with the variant B’ allele and the two control groups re-
ceived vaccinia virus alone, or saline alone. Intra-tumoral
administration of the recombinant vaccinia virus carrying
a MBL.2 gene (either the 24’ or B’ allele) significantly re-
duced tumor size as compared with the two control groups
(P < 0.005), and also prolonged survival”. These labora-
tory results have not, however, been reflected in clinical tri-
als. In fact, patients with colorectal cancer have increased
activation of the lectin-complement pathway and increased
levels of serum MBL™. In patients undergoing surgery
for colorectal cancer, however, low preoperative levels
of serum MBL has been linked to an increased risk of
developing post-colectomy pneumoniam]. Most recently,
increased preoperative serum levels of MASP2 predicted
adverse outcome following colorectal cancer surgery, both
in terms of disease recurrence (P = 0.03; HR = 1.4, 1.0-2.0)
and survival (P = 0.0005; HR = 1.4, 1.2-1.7)"". There are
several possible explanations for these results. A preop-
erative elevation in acute phase markers, such as CRP, is
known to predict worse outcome”™ and the elevation in
MASP2 may simply reflect a heightened inflammatory
state. Alternatively, MASP2 may meaningfully influence tu-
mor progression. Further studies are required to clarify the
role of the lectin-complement pathway in cancer.

MBL and gastrointestinal infection

Despite the well-established role of MBL in innate im-
munity, there have been relatively few studies detailing
the clinical effect of MBL deficiency in enteric infections.
One notable exception analyzed the association between
MBL deficiency and risk of Cryptosporidium parvum enteri-
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tis. This study included 72 African patients with acquired
immunodeficiency syndrome (AIDS) and diarrhea. They
were genotyped for exon 1 MBL.2 mutations and had their
duodenal aspirates tested for MBL. Patients with biallelic
coding mutations (O/0) had a significantly greater chance
of cryptosporidiosis compared to those who were either
wild-type ot heterozygous for MBL.2 mutation (A/A or
A/ 0, respectively) (OR = 8.2; 95% CI: 1.5-42; P = 0.02)"”,
This study places MBL’s anti-microbial function back in
the context of the ‘window of vulnerability’ hypothesis.
Of further interest from this study was the detection of
MBL within some of the duodenal aspirates. The presence
of albumin in the intestinal lumen led the authors to pos-
tulate that MBL entered the bowel through mucosal leak-
age of serum; however, local intestinal production could
not be excluded. The association between MBL deficiency
and cryptosporidiosis was recently confirmed in a second
case-control study, this time in young (< 3 year) Haitian
children. Mean serum MBL levels wete significantly lower
in the cases (1110 »s 2395 ng/mlL, P = 0.002), and 37% of
the cases compated to only 10% of the healthy controls
wete found to be deficient in MBL (level < 70 ng/mL)
(P = 0.005)"". Unlike the earlier study, MBL.2 genotyping
was not performed, and thus MBL deficiency secondary to
entetic protein loss, as a consequence of cryptosporidiosis,
could not be excluded. When considered together, how-
ever, these two studies present compelling evidence for the
role of MBL in the host defense against Cryprosporidinm spp.
infection.

Another study analyzed serum MBL levels in a pedi-
atric population presenting with Escherichia coli 0157: H7
colitis. MBL levels were measured in patients with un-
complicated E. ¢o/i 0157:H7 colitis, patients in whom the
colitis was complicated by haemolytic uraemic syndrome
(HUS), and in normal and disease (rotavirus enteritis) con-
trol groups®™. MBL deficiency was not associated with an
increased risk of either infection nor the complication of
HUS, albeit that without analysis of MBL.2 genotype, over-
all MBL status may be more difficult to assess.

H pylori is one of the most common human bacte-
rial infections, affecting approximately 50% of humans,
although only 10%-20% of those affected will develop
a clinical disorder™. Several immunogenetic polymor-
phisms are associated with clinical outcomes in H pylori
infection™, as well as with the risk of infection itself®”".
H pylori activates MBL i vitro™”, and a recent study dem-
onstrated that H pylori-related chronic gastritis causes an
increase in gastric mucosal MBL expression, but no as-
sociation was found between MBL2 genotype and risk of
chronic gastritis®”. A recent study was performed to in-
vestigate whether MBL deficiency increased the risk of H
pylori infection®®, Two normal populations (166 blood do-
nors and 108 stem cell donors) were included in the analy-
sis. All individuals were genotyped for MBI 2, had their pe-
ripheral MBL activity characterized by level and functional
assays, and were tested for serological evidence of H pylori
infection. In this study, MBL deficiency did not increase
the risk of H pylori infection, and in one population greater
MBL activity actually increased the risk of infection.

It is worth noting that MBL has been implicated in
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mediating gastrointestinal ischemia/reperfusion injury in
mice™. MBL-null mice (deficient in the two murine genes
encoding MBL) developed only minor gut injury after in-
duced ischemia/reperfusion insult compared to the wild-
type mice. MBL has been implicated as a mediator of
ischemia/reperfusion injury in both the myocardium® and
the kidney™ and thus clinical correlation of MBL status
and risk or outcome following mesenteric ischemia may
yield interesting results.

MBL and viral hepatitides

MBL was first isolated from hepatocytes[(’5], and the liver
produces most if not all of the circulating MBL™. There
is obviously considerable functional reserve in hepatic
MBL production, because in the setting of cirrhosis, unlike
many other hepatic proteins, MBL production appears to
be increased”. The viral hepatitides have stimulated con-
siderable MBL-related research. In one study of chronic
hepatitis B virus (HBV) infection, MBL codon 54 (B) mu-
tations were significantly associated with risk of develop-
ing both symptomatic cirrhosis and spontancous bacterial
peritonitis (SBP)”. The increased risk of SBP in patients
with MBL deficiency is biologically plausible, given that
low levels of ascitic fluid opsonins are important in the
pathogenesis of SBP, and MBL deficiency would be likely
to compound this deficit®™. A second study by the same
investigators recently confirmed the association, extending
the results from their previous study, to include the low
expression haplotype XA as a risk factor, as well as the
‘B’ allele. The odds ratio for developing cirrhosis and he-
patocellular carcinoma was 1.97 for patients with X4 and
1.90 for those with YB (P = 0.002)'”. A study from the
U.S. confirmed these findings, which is important given
that the age and route of acquisition of HBV may vary be-
tween different countries". It is likely that MBL plays an
important role in the pathogenesis of HBV-related chronic
disease, even though some small studies have failed to con-
firm the association”"™. Tt will be interesting to examine
the influence of MBL status upon the rate or type of drug
resistance that emerges in individuals during long-term an-
tiviral therapy.

Many of the studies analyzing MBL in chronic hepati-
tis C virus (HCV) infection have investigated the role of
MBL mutations on rate of sustained viral response follow-
ing interferon alpha (IFN-q) monotherapy. Two studies,
from the same Japanese group, reported that patients who
failed to eradicate HCV following IFN monotherapy were
more likely to have variant MBI.2 alleles, either the ‘B’
coding mutation™™ or the ‘IL.XPA’ haplotype'™. A third
Japanese study addressed whether MBL deficiency altered
the course of HCV chronic liver disease”. In their cross-
sectional study, 52 patients with chronic HCV and 50 con-
trols were genotyped for the ‘B’ coding mutation in exon 1
of MBL.2. All patients with HCV had the stage and activity
of their liver disease categorized as “chronic inactive hepa-
titis”, “chronic active hepatitis” (CAH), or cirrhosis. No
significant differences in the frequency of mutations was
found between the patients and the controls, but within
the HCV-infected group, all of the patients with heterozy-
gous or homozygous codon 54 mutations had either CAH

or cirrhosis, whilst none of those in the “chronic inactive
hepatitis” group had mutations. This represented a signifi-
cantly higher frequency of mutation in the advanced (CAH
plus cirrhosis) liver disease group (P = 0.0405)". A final
study from Scotland sought to test the Japanese findings in
a Caucasoid population””. This study failed to find an as-
sociation between MBL deficiency and either progression
of liver disease or response to IFN-q, therapy. This study,
however, did not perform MBIL.2 genotyping, but stratified
MBL concentrations into four groupings for compatison.
On balance, thete appears to be an association between
MBL status and HCV in terms of both disease progres-
sion and response to monotherapy, at least in the Japanese
population. The development of newer anti-viral treat-
ment regimens, including pegylated-IFN in combination
with ribavirin treatment, makes it necessaty to re-evaluate
immunogenetic influences, at least, any which are hoped to
inform therapy.

MBL and liver transplantation

One of the more exciting recent reports regarding MBL
and hepatobiliary disease, addressed the role of MBL defi-
ciency following orthotopic liver transplantation oL,
OLT provides the unique opportunity not only to evaluate
the role of MBL in post-transplant infection, but also to
assess the contribution of hepatic and extra-hepatic MBL
production, because in many recipients the MBIL.2 geno-
type will be different in the liver. The study reported the
clinical results from 49 transplants, in which 49 of the do-
nors were genotyped for MBI.2, 25 of the recipients were
genotyped, and serum samples were collected from 25 of
the recipients to evaluate the change in serum MBL con-
centration post-transplant. There was an impressive cor-
relation between the risk of post-transplant clinically sig-
nificant infection and the relative deficiency of the donot
MBL.2 genotype, with infection occurring in 12% receiving
a wild-type A/A liver, 39% of those receiving an A4/ O liv-
et, and in 67% of those receiving an O/O donor liver (P =
0.01)*". Tn addition, the post-transplantation serum MBL
level was predicted by the hepatic, not the extra-hepatic,
genotype. Nevertheless, as only 25 of the recipients, and
thus only 25 extra-hepatic genotypes were analyzed, this
study was too small to detect more subtle changes in the
risk of infection, conferred through local, extra-hepatic
MBL production'””.

MBL and hepatic synthesis

The site of MBL production has been a contentious area.
Undoubtedly, the liver produces the majority of MBL and
most if not all of the circulating MBL within peripheral
blood. This view is supported by the liver transplantation
study above, as well as a report documenting that suc-
cessful allo-SCT failed to correct peripheral blood MBL
deficiency™ ™. Nevertheless, MBL. mRNA is expressed in
extra-hepatic tissue™ ") possibly including haemopoietic
lineagesm, and there have now been two allo-SCT studies
that support a contribution from donor (i.e. hematopoi-
etic) MBL2 genotype, and risk of post-transplant infec-
tion™™!. The most important issue is not whether extra-
hepatic MBL production significantly influences peripheral
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blood MBL levels, but whether it contributes in a clinically
meaningful way to local, tissue-specific immunity.

CONCLUSION

MBL has stimulated a great deal of basic and clinical gas-
troenterological research and has provided new insights to
the pathogenesis of infectious and immune disorders with-
in the bowel and liver. The possibility of a local, mucosal
effect of MBL as suggested by gene expression”™™ as
well as clinical studies™” is an exciting discovery. Further
work is needed to clarify whether mucosal production
occurs, and if so whether it contributes to local immune
surveillance in health, or under certain situations, even ex-
acerbates alimentary tract disease.

Despite the promise of replacement therapy and
the value of MBL in predicting the risk of disease and
disease-specific complications, for now investigation of
MBL status remains primarily a research tool. Future
studies more rigorously examining MBL status by both
measurement of MBL levels and MBL2 genotyping in
large patient cohorts will help clarify the most important
disease associations and identify those clinical settings
in which MBL replacement therapy is most likely to be
beneficial. Now that MBL replacement has been shown
to be feasible, the first trials of MBL replacement therapy
in several clinical settings, including recurrent infection,
severe sepsis, and liver transplantation, are likely to be
reported in the next few years. This prospect of MBL
replacement therapy represents the culmination of several
decades of basic and translational research and is an
exciting advance in the field of innate immunity.
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Abstract

The liver is considered the major “control center” for
maintenance of whole body cholesterol homeostasis. This
organ is the main site for de novo cholesterol synthesis,
clears cholesterol-containing chylomicron remnants
and low density lipoprotein particles from plasma and
is the major contributor to high density lipoprotein
(HDL; good cholesterol) formation. The liver has a
central position in the classical definition of the reverse
cholesterol transport pathway by taking up periphery-
derived cholesterol from lipoprotein particles followed
by conversion into bile acids or its direct secretion into
bile for eventual removal via the feces. During the
past couple of years, however, an additional important
role of the intestine in maintenance of cholesterol
homeostasis and regulation of plasma cholesterol levels
has become apparent. Firstly, molecular mechanisms of
cholesterol absorption have been elucidated and novel
pharmacological compounds have been identified that
interfere with the process and positively impact plasma
cholesterol levels. Secondly, it is now evident that the
intestine itself contributes to fecal neutral sterol loss
as a cholesterol-secreting organ. Finally, very recent
work has unequivocally demonstrated that the intestine
contributes significantly to plasma HDL cholesterol levels.
Thus, the intestine is a potential target for novel anti-
atherosclerotic treatment strategies that, in addition to
interference with cholesterol absorption, modulate direct
cholesterol excretion and plasma HDL cholesterol levels.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Maintenance of cholesterol homeostasis in the body
requires accurate metabolic cross-talk between processes
that govern de novo cholesterol synthesis and turnover
to adequately cope with (large) fluctuations in dietary
cholesterol intake. Imbalance may lead to elevated plasma
cholesterol levels and increased risk for cardiovascular
diseases (CVD), the main cause of death in Western
society. A multitude of epidemiological studies has shown
the direct link between high plasma cholesterol, particulatly
of low density lipoprotein (LDL) cholesterol, and risk
for CVD. Treatment of high plasma cholesterol has been
focused for many years on interference with cholesterol
synthesis by application of statins. Statins are competitive
inhibitors of 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase, the rate-controlling enzyme in
the cholesterol biosynthesis pathwaym. Inhibition of
cholesterol synthesis leads to reduced production of very
low density lipoprotein (VLDL) particles by the liver
and particularly, up-regulation of LDL receptor activity.
Both processes contribute to lowering of plasma LDL-
cholesterol levels®. Large clinical trials have established the
beneficial effects of statin treatment”. However, a relative
large number of hypercholesterolaemic patients do not
adequately respond to statin therapy or remain at risk for
CVD despite substantial reductions in LDL cholesterol™”,
Consequently, alternative strategies are currently actively
pursued, particularly high density lipoprotein (HDL)-
raising approaches. These approaches are considered
particularly promising, as data from epidemiological
studies indicate that every 1 mg/dL increase in HDL
cholesterol reduces CVD risk by 2%-3%'*". In addition,
strategies aiming at interference with intestinal cholesterol
metabolism are gaining interest. A major development
has been the introduction of ezetimibe, a potent inhibitor
of intestinal cholesterol absorption that reduces plasma
LDL-cholesterol by approximately 20% in mildly
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hypercholesteroleamic patients™. Likewise, phytosterol/
stanol (esters)-enriched functional foods have successtully
been introduced for lowering of plasma cholesterol levels
through interference with cholesterol absorption'”.

Recently obtained insights in intestinal cholesterol
trafficking may open even more promising avenues for
further developments. It appears that the intestine actively
excretes cholesterol and thereby, significantly contributes
to fecal sterol excretion. In addition, it appears that the
intestine is an important source of HDL-cholesterol, also
known as “good” cholesterol. Thus, the intestine is an
attractive target for new therapeutic strategies aimed to
alter plasma cholesterol profiles and to reduce the risk for
CVD. This review summarizes the important new findings
regarding the mechanism(s) of intestinal cholesterol
absorption, with specific focus on newly identified
transporter proteins, the novel concept of direct intestinal
cholesterol secretion and the role of the intestine in HDL
biogenesis.

SOME BASIC FEATURES OF CHOLESTEROL

Cholesterol is essential for mammalian life as a structural
component of cellular membranes, influencing membrane
organization and thereby membrane properties'’.
Cholesterol is the precursor molecule of steroid hormones
and therefore, essential for metabolic control. In the
liver, cholesterol can be converted into bile salts, which
represents the major pathway for cholesterol metabolism
in quantitative sense. Bile salts are amphipathic molecules
that facilitate the absorption of dietary cholesterol, fats
and fat-soluble vitamins in the small intestine. Recently, it
has become clear that bile salts are able to regulate gene
expression through activation of the nuclear receptor,
the farnesoid X receptor (FXR)!"'""?. Cholesterol or
more correctly, oxidized cholesterol acts as a ligand for
the nuclear liver X receptor (LXR or NRH2 or NRH3)
and directly contributes to regulation of expression
of genes involved in cholesterol, lipid, and glucose
metabolism. Accumulation of free cholesterol rather than
cholesterylesters, has been shown to induce apoptosis
in macrophages by activating the Fas pathway'". Thus,
cholesterol is a key component in cellulat and whole-body
physiology and cholesterol homeostasis is tightly regulated
at a variety of levels.

Body cholesterol derives from two sources, i.e., de novo
biosynthesis and diet. Cholesterol is synthesized from
two-carbon acetyl-CoA moieties. The rate-controlling
enzyme in the synthetic pathway is HMG-CoA reductase,
a highly regulated enzyme that catalyses the conversion of
HMG-CoA into mevalonate. Cholesterol itself regulates
feed-back inhibition of HMG-CoA reductase activity, as
accumulation of sterols in the endoplasmic reticulum (ER)
membrane triggers HMG-CoA reductase to bind to Insig
proteins, which leads to ubiquitination and degradation
of HMG-CoA reductase™'". In addition, cholesterol
regulates the gene expression of HMG-CoA reductase
indirectly by blocking the activation of the transcription
factor, sterol regulatory element-binding protein 2
(SREBP2). Under low-cholesterol conditions, SREBP2
in the ER binds to the SREBP cleavage activating protein
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(SCAP), which escorts SREBP2 to the Golgi. In the Golgi,
SREBP2 is cleaved to generate its transcriptionally active
form, which activates transcription of the HMG-CoA
reductase encoding gene. Upon accumulation of sterols
in the ER-membrane, binding of cholesterol to the sterol-
sensing domain of SCAP causes a conformation change,
which induces binding of SCAP to the ER anchor protein
Insig, preventing exit of SCAP-SREBP2 complexes to the
Golgi thereby preventing activation of SREBP2!"",

The contribution of the two sources to the total pool
of cholesterol differs between species and prevailing diet
composition, but the total cholesterol pool is similar in
rodents and humans when expressed on the basis of
body weight". Cholesterol synthesis in the liver is highly
sensitive to the amount of (dietary) cholesterol that reaches
the liver from the intestine via the chylomicron-remnant
pathway'"”\. The Western-type human diet provides
approximately 400 mg of cholesterol per day. On top of
this, the liver secretes approximately 1 gram of cholesterol
into bile per day™. Intestinal cholesterol absorption
efficiency in humans is highly variable, ranging from 15%
to 85% in healthy subjects”". After uptake by enterocytes,
cholesterol is packed with triglycerides into chylomicrons
and secreted into the lymph. In the circulation, the
triglycerides are rapidly hydrolyzed and free fatty acids are
taken up by the peripheral tissues. Cholesterol-enriched
chylomicron remnants are subsequently cleared by the
liver. Since chylomicron remnants, which contain most of
the cholesterol that is being absorbed from the intestine,
are rapidly taken up by the liver, interference with the
absorption process directly influences hepatic cholesterol
synthesis.

The healthy liver is perfectly equipped for handling
large amounts of cholesterol. When relatively large
amounts of cholesterol reach the liver, de novo synthesis
and LDL uptake are rapidly down-regulated. In addition,
the liver can dispose excess cholesterol molecules in
several ways. A rapid response involves esterification
of cholesterol by Acyl CoA cholesterol acyltransferase
(ACAT) 2 for storage as cholesterylesters in cytoplasmic
lipid droplets. Cholesterylestet can be hydrolyzed when
necessary and this esterification/hydrolysis cycle provides
cells with short-term buffering capacity for cholesterol.
The liver, like the intestine, is able to produce and secrete
VLDL particles, which consist of a neutral lipid core
composed of cholesterylesters and triacylglycerols and
a monolayer surface containing phospholipids, free
cholesterol, and a variety of apolipoproteins. Finally,
cholesterol can be converted into bile acids by the
hepatocytes, followed by their secretion into the bile
along with significant amounts of free cholesterol and
phosphatidylcholine. In humans, cholesterol lost via the
feces consists of approximately 50% acidic (= bile acids)
and 50% neutral sterols, emphasizing the point that
conversion into bile acids represents a major pathway for
cholesterol elimination.

Peripheral cells, e.g., macrophages, muscle and fat
cells, are not able to form lipoproteins or to metabolize
cholesterol extensively. Therefore, these cell types depend
massively on efflux pathways for removal of their excess
cholesterol. It is generally assumed that HDL is the
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primary acceptor for cholesterol efflux from cells. HDL
cholesterol can subsequently be taken up by the liver for
further processing. This pathway is generally referred to
as the reverse cholesterol transport (RCT) pathway. The
RCT pathway is particularly important for removal of
excess cholesterol from macrophages, as accumulation
of esterified cholesterol in these cells is considered a
primary step in the development of atherosclerosis.
Several epidemiological studies have shown that plasma
HDL is an independent, negative risk factor for the
development of CVD. The common hypothesis is that
high HDL cholesterol levels decrease the risk for CVD by
removing the excess of cholesterol from the macrophages
and enhancing RCT. Recent work, however, indicates that
this is an oversimplification and that current concepts
of RCT require re-definition”. In addition, the anti-
inflammatory and anti-oxidant features of molecules rather
than cholesterol associated with the HDL particles, like
paraoxonase, platelet activating factor-acetylhydrolase or
lysophospholipids, are becoming increasingly apparent™ ™,

TOWARDS UNDERSTANDING OF
INTESTINAL CHOLESTEROL ABSORPTION

In the past years, insight in regulation of cholesterol
absorption has greatly increased by identification of
transporter proteins involved. In addition, unraveling of
molecular regulation of their expression is progressing,
Yet, it should be realized that besides transporter proteins,
the presence of bile acids in the intestinal lumen is an
essential prerequisite for absorption to occur™. Micellar
solubilization of (dietary/biliary) cholesterol is necessary
for its absorption as exemplified by the fact that fractional
cholesterol absorption is virtually zero in bile-diverted rats
and Cyp7al-deficient mice with a strongly diminished bile
acid pool size™,

Identification of novel proteins involved in cholesterol
absorption

Cholesterol absorption has long been considered a merely
passive process, despite the fact that the process is clearly
selective since dietary cholesterol is absorbed with a relative
high efficiency whereas structurally similar phytosterols are
not. Several candidate intestinal cholesterol transporters
have been proposed during the past couple of years, e.g,,
SR-B1%" and aminopeptidase N but their role (if any)
has remained elusive so far. The recent identification of
the Niemann-Pick C1 like 1 (NPC1L1) protein as a crucial
molecule involved in cholesterol uptake by enterocytesl29J
and of Abcg5 and Abcg8 proteins as (intestinal)
cholesterol efflux transporterspo“%zj, has provided definite
proof that cholesterol absorption is a protein-mediated,
selective and active process.

The identification of NPCI1L1 is strongly facilitated
by the discovery of a powerful cholesterol absorption
inhibitor named ezetimibe". Ezetimibe and analogs
comprise a new class of sterol absorption inhibitors
that reduce diet-induced hypercholesterolemia in mice,
hamsters, rats, rabbits, dogs, monkeys and humans™”"".
Using a bioinformatics approach, Altmann ef al”” have

identified the NPCI1L1 protein as a putative cholesterol
transporter in intestinal cells. NPC1L1 is expressed in
the intestine at the brush border membrane and Npe7/7-
deficient mice show a 69% reduction in fractional
cholesterol absorption. Importantly, treatment with
ezetimibe could not further reduce fractional cholesterol
absorption efficiency in these mice, indicating that
NPC1L1 at least is involved in a pathway targeted by
ezetimibe™. In support of this, recent studies have shown
that ezetimibe glucuronide, the active molecule, indeed
binds to cells expressing NPC1L1"", Using intestinal
brush border membrane (BBM) fractions, the authors
showed that ezetimibe binds specifically to a single site in
the brush border membrane and that this binding is lost
in BBM fractions of Npc1/1- deficient mice®™. The exact
cellular localization of NPCI1L1 is, however, still under
debate. TIyer ¢t a/”” showed that NPC1L.1 is glycosylated
and enriched in the BBM of rat enterocytes. Davies
et alwho were the first to identify NPC1L1 as a homolog
of the Niemann Pick type C (NPC) protein™, showed
in HepG2 cells that NPC1L1 is localized to a subcellular
vesicular compartment but not in the plasma membrane.
Using immortalized fibroblasts from wild-type and
Npe1/1 knock-out mice these authors also showed that
lack of NPC1L1 activity causes dysregulation of caveolin
transport and localization, suggesting that the observed
sterol transport defect may be an indirect result of the
inability of Npel/1-deficient cells to propetly target and/or
regulate cholesterol transport in the cells.

Another possible mechanism of action of ezetimibe
has been proposed by Smart and colleagues™'). These
authors described the presence of a stable complex
of annexin (ANX) 2 and caveolin (CAV) 1 located in
enterocytes of zebrafish and mouse. Disruption of
this complex by morpholino antisense oligonucleotides
in zebrafish prevented normal uptake of cholesterol.
Ezetimibe treatment of zebrafish, C57Bl/6 mice fed a
Western type diet and LDL receptor knock-out mice
disrupted the ANX2-CAV1 complex, suggesting that
ANX2 and CAV1 ate components of an intestinal sterol
transport complex and targets for ezetimibe. Interestingly,
C57BL/6 mice fed a standard diet did not show distuption
of the ANX2-CAV1 complex upon ezetimibe treatment,
but did show decreased cholesterol absorption!",
Moteover, recent research using CAV1-deficient mice
revealed that inhibition of cholesterol absorption by
ezetimibe did not require the presence of CAV1™. In
addition, rabbits did not appear to form the ANX2-CAV1
complexes, yet, their cholesterol absorption efficiency
was still inhibited by ezetimibe!*. Collectively, these
studies make a mode of action in which ezetimibe acts by
deregulating the ANX2-CAV1 complex less likely.

Other proteins critical in control of sterol absorption
are the ATP-binding cassette (ABC) transporter proteins,
G5 and G8. ABCG5 and ABCGS act as functional
heterodimers'™ and are localized at the canalicular
membrane of hepatocytes and at the brush border
membrane of enterocytes. Mutations in the human
genes encoding ABCG5 or ABCGS8 have been shown
to cause the inherited disease sitosterolemia®™ >, which
is characterized by an accumulation of plant sterols
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(e.g., sitosterol, campesterol) in blood and tissues due
to their enhanced intestinal absorption and decteased
biliary removal. Thus, ABCG5/ABCGS limit plant sterol
absorption by effective efflux back into the intestinal
lumen. Since ABCG5/ABCGS8 also accommodate
cholesterol, as evidenced from the fact that Abcg5/g8-
deficient mice show a strongly reduced biliary cholesterol
secretion™, this system also provides a means to control
cholesterol absorption efficiency. Yet, Abcg5 and/or
Abeg8 deficiency in mice clearly enhances phytosterol
absorption™ ™ but reported effects on cholesterol
absorption efficiency are minimal™*". On the other hand,
overexpression of ABCGS and ABCGS in mice as well as
pharmacological induction of their expression did lead to a
strongly decreased fractional cholesterol absorption!*****,
indicating that ABCG5 and ABCGS play a role in control
of cholesterol absorption under certain conditions.

Other transporter proteins, like the scavenger receptor
BI (SR-BI) and ABCAT1 have been suggested to play a role
in control of cholesterol absorption. In the small intestine,
SR-BI is localized both at the apical membrane and at
the basolateral membrane of enterocytes, with different
expression levels along the length of the small intestine™.
It was reported that mice deficient in SR-B1, however,
show only a small increase in fractional cholesterol
absorption efficiency and a small decrease in fecal neutral
sterol output”’. On the other hand, intestine-specific
overexpression of SR-BI in mice did lead to increased
cholesterol and triglyceride absorption in short-term
absorption experiments””, indicating that SR-BI might
have a role in cholesterol absorption.

Although earlier reports”™ have suggested an apical
localization, it is evident that ABCA1 is localized at the
basolateral membranes of chicken enterocytes”™ and
human CaCo-2 cells™”. The conflicting results yielded in
studies assessing intestinal cholesterol absorption in mice
lacking Abcal®", suggest that the overall effect of Abcal
on absorption is very minor. However, as will be described
later, this protein does have an important function in
intestinal cholesterol metabolism.

After uptake, cholesterol is esterified by the enzyme
ACAT 2 in the endoplasmic reticulum (ER) of enterocytes.
It was reported that .Acaz2-deficiency in mice on a low-
cholesterol chow diet did not affect cholesterol absorption
efficiency, however, Acat2-deficient mice did show a
clear reduction in cholesterol absorption upon feeding a
high-fat/high-cholesterol diet and as a consequence, are
resistant to diet-induced hypercholesterolemia®™, Other
proteins crucial for cholesterol absorption are those
involved in chylomicron formation, like apolipoprotein
B (apoB) and microsomal triglyceride transfer protein
(MTP), and proteins involved in intracellular chylomicron
trafficking such as SARA2. Mutations in the MTP gene
result in abetalipoproteinemia, an inherited human disease
characterized by extremely low plasma cholesterol and
triglyceride levels and absence of apoB-containing particles.
Patients suffer from fat and cholesterol malabsorption
and neurological diseases due to malabsorption of lipid-
soluble vitamins. Mutations in SARA2 cause chylomicron
retention disease or Anderson disease”, both of which
are characterized by the inability to secrete chylomicrons
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Figure 1 Schematic overview of the major routes of cholesterol in enterocytes.
Dietary and biliary cholesterol are taken up via the action of NPC1L1. In the
ER, cholesterol is esterified and incorporated into chylomicrons, which are
subsequently secreted into lymph. Non-esterified sterols can be re-secreted into
the intestinal lumen via the action of ABCG5/G8 or secreted towards ApoA1 via the
action of ABCA1. ABCA1, ABCG5, ABCG8: ATP-binding cassette transporter A1,
G5, G8; ACAT2: Acyl-coenzyme A: Cholesterol acyl transferase 2; ApoAl, ApoB48,
apolipoprotein Al, B48; C: Cholesterol; CE: Cholesterylester; ER: Endoplasmatisch
reticulum; MTP: Microsomal triglyceride transfer protein; NPC1L1: Niemann Pick
C 1 like 1 protein; SARA2: Sar1-ADP-ribosylation GTPase 2; TG: Triglycerides.

causing severe fat malabsorption and accumulation of
chylomicron-like particles in enterocytes. SARA2 belongs
to the Sar1-ADP-ribosylation factor family of small
GTPases and is involved in intracellular trafficking of
chylomicrons through the secretory pathwayls()].

The major routes of cholesterol in enterocytes and the
proteins involved are depicted schematically in Figure 1.

Regulation of cholesterol absorption

As indicated above, cholesterol can be taken up from the
intestinal lumen by NPCI1L1 and effluxed back into the
lumen via ABCG5 and ABCG8. When both processes
are active and present in the same cells, a classical futile
cycle arises, enabling very sensitive regulation. Interference
with this system has a great potential for reducing plasma
cholesterol.

An established application hereof is provided by
ezetimibe that interferes with NPC1L1 activity™ ",
Lowering of NPC1L1 expression provides another
potential means to reduce cholesterol absorption.
Mechanisms involved in transcriptional control of
NPC1L1 are beginning to be unraveled. The nuclear
receptor peroxisome proliferator-activated receptor
(PPAR) 8/ (NR1C2) has been shown to decrease
cholesterol absorption, presumably by decreasing
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NPCTL1 expression”. Activation of PPARS/P by the
synthetic agonist GW610742 resulted in a 43% reduction
of cholesterol absorption in mice, which coincides with
unchanged intestinal expression of .4beg5 and Abeg8 but
a decreased intestinal expression of Np¢7/7. Treatment
of human colon-derived CaCo-2 cells with ligands for
PPARS/B, but not for PPARy or PPARq, decreased
NPCT1L1 expression as well® Whether PPARS/B
regulates NPC1L1 directly or indirectly via transcriptional
repression, is still under investigation.

The major regulatory pathways in cholesterol
metabolism are controlled by the nuclear receptor liver X
receptor (LXR). Two LXR isotypes have been identified in
mammals, i.e., LXRo, (NR1H3) which is mainly expressed
in the liver, kidney, intestine, spleen and adrenals, and
LXRB (NR1H2) which is expressed ubiquitously. Natural
ligands for both LXRs are oxysterols. After activation,
LXR heterodimerizes with retinoid X receptor (RXR)*",
Activated RXR/LXR heterodimers bind to specific LXR
response elements (LXREs) in the promoter regions of
their target genes and activate gene transcription. LXR
target genes include many genes involved in cellular
cholesterol efflux like ABCA7, ABCG1, ABCG5, and
ABCG8P*  genes involved in bile acid synthesis
[cholesterol-7a -hydroxylase (Cyp7al)] in rodent models and
genes involved in lipogenesis like sterol regulatory element-
binding protein (SREBP) 1C, fatty acid synthase (FAS)
and acetyl-CoA carboxylase (ACC). Global LXR activation
by synthetic agonists therefore has a plethora of effects
including elevated HDL levels, hypertriglyceridemia,
hepatic steatosis, increased biliary cholesterol excretion,
reduced intestinal cholesterol absorption efficiency
and increased neutral sterol loss via the feces™*. The
decreased intestinal cholesterol absorption is primarily
due to increased cholesterol efflux of cholesterol towards
the intestinal lumen due to increased Abeg5 and Abegs
expression, as fractional cholesterol absorption was
reduced upon LXR activation in wild-type mice but
remained unaltered in Abeg5/g8-deficient mice™” and
Abeg5-deficient mice™ under these conditions. Other
mechanisms, such as reduced intestinal Npel/7 expression
after LXR activation contribute to reduced cholesterol
absorption, as recently shown in ApoFE2-knock-out mice'®”.,

Dietary phytosterols and phytostanols and their esters
have been introduced in functional foods to suppress
intestinal cholesterol absorption and hence to reduce
the risk for CVD".. Phytosterols and stanols are thought
to decrease cholesterol absorption by competing with
cholesterol for incorporation into mixed micelles in
the intestinal lumen'®

suggested additional mechanisms involving alterations
[69]

. However, several recent studies

of intestinal gene expression. Igel and colleagues
showed for the first time that phytosterols and stanols
are actually taken up by the enterocytes and subsequently
re-secreted into the gut lumen, most probably through
the action of Abcg5/Abcg8 transporters. This finding
indicated that phytosterols and stanols, in addition
to modes of action within the intestinal lumen, exert
metabolic actions from inside the enterocytes. Moreover,
dietary phytostanol consumption (2.5 g) once a day
reduces LDL cholesterol as effective as consumption

of 2.5 g phytostanols ingested in three daily portions'”,

suggesting that luminal concentrations may not be the
key to the control of metabolic actions. The identification
of a phytosterol-derived agonist for the nuclear receptor
LXR"" has led to the proposal that phytosterols and
stanols decrease cholesterol absorption via activation of
intestinal LXR. Iz vitro studies in CaCo-2 cells indicated
that phytostanols indeed are able to induce the expression
of ABCAT, an established LXR target genemj. Recent
in vivo studies, however, showed that dietary phytosterols
and phytostanols decrease cholesterol absorption without
activating LXR in rodent models. Field ez al™ showed that
addition of 2% phytostanols to a chow diet do not affect
intestinal expression of ABC sterol transporters and Npel/1
in male golden Syrian hamsters. Likewise, Calpe-Berdien
et al’" showed very recently that decreased cholesterol
absorption upon addition of 2% phytosterol to a Western
type diet is not associated with transcriptional changes in
Abeal, Abegs, Abeg8 or Npelll in C57BL/6], ApoE’/’ and
LDLs”" mice. Plésch and colleagues™ have shown similar
results using 0.5% phytosterol or phytostanol in a semi-
synthetic diet containing 0.2% cholesterol in C57BL mice.
Additionally, these authors showed that the plant sterol/
stanol-induced reduction of cholesterol absorption in mice
is not influenced by Abgg5-deficiency (J. Nutr., in press),
indicating that intra-luminal events are most relevant for
the inhibitory effect of these dietary compounds.

The modes of action of the different cholesterol
absorption decreasing compounds are schematically
depicted in Figure 2.

NOVEL ROLE OF THE INTESTINE IN
REVERSE CHOLESTEROL TRANSPORT

It is clear that the intestine plays a major role in cholesterol
homeostasis as a cholesterol absorbing organ. However,
recent studies revealed that the intestine also acts as an
excretory organ in the reverse cholesterol transport (RCT)
pathway[66’75]. This pathway is classically defined as the
HDL-mediated flux of cholesterol from peripheral cells
to the liver, followed by its secretion into bile and disposal
via the feces. RCT is extremely important in prevention of
CVD as it removes excess cholesterol from macrophages
present in the arterial vessel wall. The amount of
cholesterol secreted into bile is substantial. As only part of
it is absorbed by the intestine, it contributes significantly
to cholesterol loss via the feces. However, a novel pathway
that contributes to fecal cholesterol loss has recently been
established.

Already in the nineteen-sixties, it was suggested that
non-dietary cholesterol present in the intestinal lumen
consists of a fraction secreted by the liver into the bile and a
second fraction directly secreted by the intestine. Measuring
dietary cholesterol, cholesterol absorption and cholesterol
loss via the feces in patients with complete obstruction
of common bile duct due to carcinoma of the head of
the pancreas unequivocally established the presence of
intestinally secreted cholesterol in the feces”. By intestinal
perfusion studies in humans, Simmonds e# al™ have tried
to quantify this route. In a triple lumen tube system,
perfusion studies were carried out using micellar solutions
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with radio-labeled cholesterol. Decrease in specific activity
was interpreted as sectetion of endogenous cholesterol
from the intestine and the contribution of endogenously
secreted cholesterol from the intestine was estimated to be
about 44% of total fecal output, but direct proof for the
existence of this pathway could not be provided'”.

Since these early experiments, the focus of research
has shifted more towards the liver. Biliary cholesterol and
bile acid secretions are believed to represent the major
pathways for removal of excess cholesterol. However,
recent calculations of cholesterol fluxes in different
mouse models again emphasize the relevance of intestinal
cholesterol secretion. A striking example is provided by
the Cyp7al-deficient mouse™. Cyp7al is important for
converting cholesterol into bile acids and catalyzing the
formation of 7o-hydroxycholesterol™. As Cyp7al is rate-
controlling in this pathway, it is regulated in a complex
manner involving multiple nuclear receptors. Cyp/al-
deficiency in mice leads to significantly decreased fecal
bile acid loss and bile acid pool size. Surprisingly, fecal
neutral sterol output is increased two times in Cyp/al™
mice, although biliary cholesterol concentration remains
unaffected”™. As dietary intake and cholesterol absorption
are known, it can be calculated from these data that direct
intestinal cholesterol secretion contributes at least 30% to
the increased fecal neutral sterol output.

Plosch and colleagues'® showed that the pathway of
intestinal cholesterol secretion can be induced in mice by
treatment with the synthetic LXR agonist T0901317. In
C57BL/6 mice, efflux of cholesterol from the intestinal
epithelium into the lumen, calculated from the difference
between dietary and biliary input minus fecal output,
contributed up to 36% of the total fecal cholesterol loss.
Pharmacological LXR activation in these mice tripled the
intestinal cholesterol secretion, showing that this represents
a valid, inducible pathway for removal of cholesterol in
mice.

To further characterize this route, Kruit ¢ @/ studied
the effects of LXR activation by the synthetic agonist
GW3965 in wild-type and Mdr2-deficient mice. Mdr2-Pgp
(or Abcb4 according to the new nomenclature) mediates
the ATP-dependent translocation of phospholipids at the
canalicular membrane of hepatocytes. Consequently, Mdr2-
deficiency leads to the inability to secrete phospholipids
into the bile. Due to the tight coupling of phospholipid
and cholesterol secretion, these mice also show a severely
impaired biliary cholesterol secretion™ . Despite the
impaired biliary cholesterol secretion, chow-fed Mdr2”
mice showed a similar fecal neutral sterols loss as wild-type
mice, suggesting that the intestine indeed contributes to
the fecal neutral sterol loss. LXR activation increased fecal
neutral sterol output to a similar extent in Mdr2”" and wild-
type mice, although biliary cholesterol secretion remained
impaired in Mdr2"" mice but increased in wild-type mice.
These data show that the increased fecal cholesterol loss
upon LXR activation is independent of biliary cholesterol
secretion. Although fractional cholesterol absorption
decreased to a greater extent in Mdr2’ mice compared to
wild-type mice upon LXR activation, it could be calculated
that at least 57% of fecal cholesterol originates from

intestinal secretion in Mdr2” mice™.
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Figure 2 Schematic overview of the regulation of cholesterol transport in
enterocytes. Plant sterols, ezetimibe PPARS/B agonists and LXR agonists all
reduce cholesterol absorption through different mechanisms. Plant sterols interfere
with micellisation of cholesterol. Ezetimibe binds to NPC1L1 and thereby interferes
with the cholesterol uptake. Agonists for PPARS/B reduce expression of NPC1L1
and thereby the amount of NPC1L1 protein. Agonists for LXR increase the
expression of ABCG5 and ABCG8 and thereby enhance the efflux of cholesterol
towards the intestinal lumen. LXR: Liver X Receptor; PPARS/p: Peroxisome
proliferators-activated receptor &/f.

The most intriguing question, namely the origin of
intestine-derived cholesterol has remained unanswered
so far. Part of the cholesterol could, in theory, originate
from enhanced sloughing of intestinal cells or reflect a
consequence of increased intestinal de novo cholesterol
synthesis. Indeed, increased intestinal cholesterol synthesis
has been found in Cj/p7a7'/ " mice™. Upon LXR activation,
however, intestinal HMGCoA reductase gene expression
remained unchanged[66’75], indicative for unchanged
cholesterol synthesis, while fecal sterol loss increased 3
times. Staining for the proliferation marker Ki-67 has
revealed no signs of increased intestinal cell proliferation
upon LXR activation, making the possibility of
enhanced cell shedding less likely'"™. Using intravenously
injected radiolabeled cholesterol as a marker, Kruit and
colleaguesm additionally showed that fecal loss of plasma-
derived cholesterol is 1.7-fold higher upon LXR activation
in Mdr2”" mice, suggesting that the intestine plays an
important role independently of biliary cholesterol in
cholesterol transport from plasma to the feces.

Further research should be done to identify the
putative proteins involved in this pathway. The sterol efflux
proteins, ABCG5/ABCGS, seem to be good candidates,
as increased fecal neutral sterol output upon LXR
activation requires the presence of Abcg5 and Abcg8[49]
and transgenic mice overexpressing human ABCGS
and ABCGS (hG5G8Ty) showed significantly-increased
fecal neutral sterol loss™. However, deficiency of Abeg5
and/or Abeg8 leads to only mild">*"
fecal neutral sterol loss and the increased fecal neutral
sterol excretion loss in the AG5G8Tg mice was inhibited
in hG5G8Tg mice lacking Mdr2 (Mer'/'/ij'G(S’Tg mice),

[46] .
or no' " decrease in
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suggesting that biliary cholesterol secretion is responsible
for the increased fecal sterol loss in AG5G8Tg mice™,
However, /G5G8Tg mice showed a high expression
of human ABCG5 and ABCGSE in the liver but their
expression in the intestine was far less pronounced™.
Thus, the question whether intestinal ABCG5 and ABCG8
are important for intestinal cholesterol efflux under normal
conditions still remains unanswered.

Virtually nothing is known about transporter systems
involved in uptake of plasma cholesterol by enterocytes
prior to its excretion into the intestinal lumen. LXR
activation can upregulate a number of cholesterol
transporters, of which only SR-BI is known to be involved
in cholesterol uptake, at least in the liver. Chow-fed
SR-B1”" mice show only a small decrease in fecal neutral
sterol loss, suggesting a relatively small contribution
of intestinal SR-B1 to the control of fecal cholesterol
excretion. However, basolaterally localized SR-B1 in
enterocytes could theoretically play a role in cholesterol.
When free cholesterol in enterocytes decreases due to
activation of ABCG5 and ABCGS, uptake of the sterol
from the plasma compartment may become energetically
favorable.

INTESTINAL CONTRIBUTION TO HDL
BIOGENESIS

The intestine along with the liver, has been known for
many years to synthesize and secrete apolipoprotein A-I
(ApoA-I), the principal apolipoprotein of HDL. Already in
1977, Glickman and Green™ have described the synthesis
of ApoA-I by the intestine of rats. One year later, Wu
and Windmueller™ estimated that intestinally synthesized
ApoA-I contributes up to 56% of total plasma ApoA-I
in rats. A potential role for the intestine in HDL particle
assembly was initially suggested from experiments in
hepatectomized dogs and studies describing the presence
of HDL in mesenteric lymph™ ™. More recently, in vitro
studies using the human colon carcinoma cell line CaCo-2
showed that basolateral efflux of cholesterol occurs in high
density ApoB-free, ApoA-I containing lipoproteins™".

In addition to ApoA-I, ATP-binding cassette (ABC)
transporter 1 (ABCAT1) is of crucial importance for HDL
formation. Three different groups have independently
reported mutations of the ABCA1 gene as the cause of
Tangier disease””". Tangier disease is characterized by
almost complete absence of plasma HDL, abnormal
accumulation of cholesteryl esters in reticuloendothelial
cells of many tissues and early incidence of atherosclerosis.
No abnormalities in the ApoA-I protein™ or in protein
synthesis have been found. These findings and the
subsequent generation of Abcal” mice which also lack
plasma HDLP" underscore that ABCA1 is crucial for
HDL formation.

ABCA1 performs the rate-controlling step in HDL
formation by mediating the efflux of cholesterol and
phospholipids to nascent ApoA-I. ABCAT1 is widely
expressed throughout the body", however not all tissues
are important for the regulation of plasma HDL. Bone
marrow transplantation studies in which bone marrow of
wild-type and Abeal” mice was transplanted into Abeal”

or wild-type mice, respectively, revealed that macrophage
expression of Abcal contributes only minimally to plasma
HDL"", Macrophage ABCA1 is, however, important for
the development of atherosclerosis because deficiency
of Abcal in bone marrow-derived cells increased the
susceptibility to atherosclerosis in sensitive strains of
mice”™). Conversely, overexpression of ABCAT in
bone marrow-derived cells inhibited the progression of
atherosclerotic lesions in such mice!".

As both the liver and intestine synthesize ApoA-I
and express significant levels of ABCA1, they are
prone to contribute to plasma HDL levels. Indeed,
mice overexpressing human ABCAT in the liver and
macrophages showed increased plasma HDL levels. Since
macrophage ABCA1 can only minimally increase plasma
HDL"", this indicates that plasma HDL is controlled by
hepatic ABCA1. A similar conclusion can be drawn from
studies employing adenoviral Abcal transfer to mouse liver
in vivd™"'" . Basso ef al showed that treatment of C57BL/6
mice with adenovirus containing ~4BCA7-GFP resulted in
a 2-fold increase in plasma HDL levels. Wellington ez a/""!
treated mice with increasing doses of ABCAT7-containing
adenoviruses, resulting in a dose-dependent increase in
hepatic ABCA1 protein expression. HDL cholesterol was
increased in mice injected with low doses of adABCAT,
but surprisingly higher doses did not further raise plasma
HDL levels"”. Liver-specific Abcal knockdown by 50%
in mice using siRNA resulted in a 40% decrease of plasma
HDL cholesterol levels, indicating that hepatic Abcal
expression correlates with plasma HDL levels in mice""”.

The creation of liver-specific Abcal knock-out
(Abcal™ ™ mice definitively showed that the liver is
the major contributor to plasma HDL as liver-specific
deficiency of Abcal results in a decrease of plasma HDL
cholesterol levels by 80%. Further analysis revealed that
vivo catabolism of HDL ApoA-I isolated from wild-type
mice was 2-fold higher in Abcal™™" mice due to a 2-fold
higher rate of catabolism of ApoA-I in the kidneys""!,
These data unequivocally demonstrate that hepatic Abeat is
responsible for the maintenance of the circulating plasma
HDL by direct lipidation of lipid-poor ApoA-1 containing
particles. These data also show that, although the liver is
the major organ responsible for HDL levels, additional
extra-hepatic sites also contribute to HDL biogenesis.

To address the contribution of intestinal Abcal
to plasma HDL, intestine-specific Abcal knockout
(Ahnﬂ'j/ “) mice were created using the Cre/Lox system
with the Cre transgene under the control of the villin
promoter ™, Brunham ef 4/ showed that intestinal .4bcal
deficiency resulted in a 30% decrease in plasma HDL
cholesterol levels, indicating that intestinal Abcal is
critically involved in HDL biogenesis. Combined deletion
of both hepatic and intestinal A4bcal resulted in a 90%
decrease of plasma HDL, which was similar to the level
found in the whole-body Abcal”" mice, proving that
the liver and intestine are really the two major sites for
HDL biogenesis. Absence of intestinal Abcal resulted
in decreased transport of dietary cholesterol into plasma
HDL, but total intestinal cholesterol absorption was not
affected. Surprisingfr y, lymphatic HDL content was hardly

affected in Abeal”” mice. In contrast, HDL was virtually
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Figure 3 Schematic overview of the involvement of the intestine in cholesterol
homeostasis. The intestine is critically involved in the control of plasma cholesterol
due to its role in intestinal cholesterol absorption (1), direct cholesterol excretion
into the intestinal lumen (2), and HDL biogenesis (3). CM: Chylomicron; HDL:
High density lipoprotein; LDL: Low density lipoprotein; VLDL: Very low density
lipoprotein.

absent in lymph of Abeat™ ™" mice, indicating that lymph
HDL originates from the plasma compartment rather
than directly from the intestine!'”. This finding has
solved a long-lasting debate on the origin of lymphatic
HDLPH#0 1 would be interesting to see whether
lack of intestinal Abcal influences the development of
atherosclerosis.

Modulation of plasma HDL by intestine- specific LXR
activation

As discussed above, LXR is a major regulator of
cholesterol metabolism and LXR agonists are considered
promising candidates for novel treatment strategies against
atherosclerosis. Indeed, treatment of ApoE”’ and LDLr"
mice, both are sensitive to atherosclerosis development,
with synthetic LXR agonists inhibited the development
of atherosclerosis'"™'"”. However, general LXR activation
also leads to increased lipogenesis, hypertriglyceridemia
and hepatic steatosis in rodents™ and is therefore not
recommended for its use in humans. Specific LXR
activation in the intestine may be beneficial in this respect,
as it can theoretically lead to decreased cholesterol
absorption, increased intestinal cholesterol excretion
and plasma HDL levels. The preliminary data from our
laboratory, using an intestine-specific LXR agonist in
Wistar rats, showed that intestine-specific LXR activation
indeed has the desired effect in this model without adverse
effects on triglyceride metabolism.

CONCLUSION

During the past 5 years, a number of developments have
greatly contributed to appreciation of the important role
of the intestine in maintenance of cholesterol homeostasis
(Figure 3). The most important developments include
the identification of transporter proteins involved in
uptake and secretion of cholesterol by enterocytes, the
establishment of the direct cholesterol excretion pathway

www.wjgnet.com

of the intestine, and the definition of the role of the
intestine in HDL biogenesis.

A wealth of data indicate that the intestine should be
considered a promising target for development of anti-
atherosclerotic drugs that, in addition to intetference with
cholesterol absorption, may directly modulate cholesterol
excretion and plasma HDL cholesterol levels.
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Abstract

Trichinosis is one of the most common food-borne para-
sitic zoonoses in Thailand and many outbreaks are re-
ported each year. This paper reviews the history, species,
and epidemiology of the disease and food habits of the
people with an emphasis on the north, northeast, cen-
tral and south regions of Thailand. The earliest record
of trichinosis in Thailand was in 1962 in the Mae Sariang
District, Mae Hong Son Province. Since then, about 130
outbreaks have been reported involving 7392 patients
and 97 deaths (1962-2005). The highest number of cas-
es, 557, was recorded in 1983. The annual epidemiologi-
cal surveillance reports of the Bureau of Epidemiology,
Department of Disease Control, Ministry of Public Health,
Thailand, show that trichinosis cases increased from 61
in 1997 to 351 in 1998. In contrast to these figures, the
number of reported cases decreased to 16 in 1999 and
128 cases in 2000. There was no record of trichinosis
in 2001, but then the figures for 2002, 2003 and 2004
were 289, 126 and 212 respectively. The infected pa-
tients were mostly in the 35-44 years age group and the
disease occurred more frequently in men than women
at a ratio of 1.7-2.0:1. There were 84 reported cases
of trichinosis in Chiang Rai, Nan, Chiang Mai, Si Sa ket,
Nakhon Phanom, Kalasin, Nakhon Ratchasima, Nakhon
Nayok, Nakhon Pathom and Surat Thani, provinces locat-
ed in different parts of Thailand in 2005. The outbreaks
were more common in the northern areas, especially in
rural areas where people ate raw or under-cooked pork
and/or wild animals. This indicates the need for health
education programs to prevent and control trichinosis as
soon as possible in the high-risk areas.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Trichinosis is one of the most widespread helminthic
zoonoses. Unlike other parasitic infections, it has been a
major public health problem and reported in many Asian
countries, including China, Japan, Korea and Thailand" .
Since 1835, controversy has surrounded the discovery
and description of Trichinella. In that year the organism, T.
spiralis, was initially observed by a first-year medical stu-
dent, James Paget, later famous for other medical achieve-
ments, but it was named and described by his professor,
Richard Owen. Until recently, that species was the only
one known". However, seven distinct species of Trichinella
are now recognized, 1. spiralis, T. pseudospiralis, T. native, T
nelsoni, T. britovi, T. papuae and T.ourrell”"®. In Thailand,
human trichinosis was first reported in June 1962. The
causative agent of most outbreaks of this disease has been
identified as T. ¢ira/ixl]], but an outbreak in the Ta Sae Dis-
trict, Chumporn Province in 1994 was due to T. pseudispira-
/"™ Trichinosis infections in humans are characterized by
an initial phase dominated by gastro-intestinal symptoms
(vomiting and diarrhea), followed by a stage lasting about 2
mo, of fever, sub-cutaneous edema, muscle pain, cachexy,
myocardiosis and weakness. Death occurs in up to 40% of
cases either due to anaphylactic shock or the consequences
of the myocardiosis”™"**). In eight cases of childhood
trichinosis reported in Thailand, major symptoms and
signs were fever, myalgia, puffy face and eyelids. Labora-
tory examinations showed leukocytosis, eosinophilia and
elevation of muscle enzymes”. The outbreaks of trichi-
nosis in Thailand seem to depend in part on the density
of Trichinella contamination in domestic and wild animals,
but they are also influenced by social and other factors,
including people’s eating habits” . This study includes a
review of the history, species, epidemiology of trichinosis
and food habits of Thai people based on previous studies
and the annual epidemiological surveillance reports from
2002-2005 from the Bureau of Epidemiology, Department
of Disease Control, Ministry of Public Health, Thailand.
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HISTORICAL REVIEW OF TRICHINOSIS IN
THAILAND

The first outbreak of trichinosis in Thailand was in 1962
and involved 56 patients resulting in 11 deaths in the Mae
Sariang District, Mae Hong Son Province. Meat from pigs
was the source of outbreak'. The number of outbreaks
has tended to increase in recent years. The annual epidemi-
ological surveillance report dated 15 November 2005
recorded 7392 patients and 97 deaths. The highest annual
number of hospital recorded trichinosis cases was 557 in
1983. This figure is considered an underestimation of the
actual number of cases involved in the outbreaks® ™. In
April 1973, an outbreak of trichinosis occurred in the Mae
Sruay District, Chiang Rai Province. Thirty-one persons
were involved, ranging from 9 to 72 years, and one adult
female died””. Tn 1980, trichinosis was reported in the
Pluak Dang District of Rayong Province, the infection
being caused by the consumption of wild squirrel™,
An epidemic of trichinosis involving 177 patients and 13
deaths occurred in April 1981 in Kok-Ta-Back Village,
Nong-Pai District, Petchabun Province, and reported the
fourteenth outbreak of human trichinosis in Thailand"*,
Khambooruang™ reported 118 discrete outbreaks of
the disease involving 5400 patients and 95 deaths. In the
south of Thailand, an outbreak of trichinosis affecting 59
individuals resulting in one death occurred in Chumporn
Province during 1994-1995. This was the first report of an
epidemic of human infection caused by T. pseudospiralis”.

Figure 1 T. spiralis in Thailand™. A: Adult female T. spiralis
with fully formed larvae in uterus; B: Adult male T. spiralis
claspers on tail (lower end).

Figure 2 T. pseudospiralis in Thailand®”. A: Adult male T.
pseudospiralis; B: Adult female T. pseudospiralis containing
eggs and larvae.

Takahashi e o/ reported 120 outbreaks from 1962 to
2000 involving nearly 6700 patients and 97 deaths. The
highest number of cases was in Chiang Mai, Chiang Rai
and Nan provinces, 1776, 1739 and 894 respectively.
Chotmongkol ez al” presented the case of a 49-year-old
man with progressive generalized muscle hypertrophy
and weakness for 3 mo. Histologic findings from muscle
biopsy demonstrated a nurse cell-larva complex. Treatment
with albendazole resulted in a very favorable outcome.
Trichinosis remains a major public health problem in
Thailand, often associated with rural people celebrating
local and traditional festivals, such as the northern Thai
New Year and wedding ceremonies, at which raw and/or
under-cooked wild animals are eaten.

SPECIES OF TRICHINOSIS IN THAILAND

Seven species belonging to the Trichinella genus, five with
encapsulated larvae and two with non-encapsulated larvae
in host muscles and three additional genotypes, have been
described to date: T. spiralis, T. nativa, T. britovi, I. nurrells,
1. nelsoni, T. pseudospiralis, and T. papuae. In Southeast Asia,
T. spiralis and T. pseundospiralis have been documented in
domestic animals and/or humans in Cambodia, Indone-
sia (Bali and Sumatra), Lao PDR, Malaysia, Myanmar and
Thailand"*'">"*">* In Thailand, the causative agent of
most outbreaks of trichinosis has been identified as 1. spi-
ralis" (Figure 1). Meanwhile, Jongwutiwes ez al"” reported
human infection by T. pseudospiralis (Figure 2). An outbreak
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of trichinosis affecting 59 individuals, of whom one died, 400 7 351 o Case
350

occurred in south Thailand during 1994-1995. After that,
there were no reports of other species of Trichinella in this
country in either humans or animals®™ Until recently, T.
spiralis and T. psendospiralis wete the only human- infecting
species in Thailand.

EPIDEMIOLOGY OF TRICHINOSIS IN
THAILAND

Trichinosis is more common in temperate regions than in
tropical regions. The epidemiology of trichinosis was first
reported in 1962 in patients who consumed pig meat'",
The second outbreak was in 1963 at Prao District, Chi-
ang Mai Province. Since then, outbreaks have occurred
each year, mostly in the northern patt of Thailand where
people have eaten raw or under-cooked pork and/or wild
animals'™™*". The annual epidemiological surveillance re-
ports indicated that trichinosis cases increased from 61
in 1997 to 351 in 1998. In 1999 and 2000, the number of
reported cases decreased to 16 and 128 respectively. No
cases were recorded in 2001, hospital based or by the Bu-
reau of Epidemiology, that cleatly showed a human trichi-
nosis case this year, but then 289, 126 and 212 occurred in
2002, 2003 and 2004 respectively. In 2005, 75 cases were
reported by the Butreau of Epidemiology, Department of
Disease Control, and Ministry of Public Health (Figure 3).
Since then, about 130 outbreaks have been reported total-
ing 7392 patients and 97 deaths.

Since 2002, the distribution of human trichinosis
cases by age groups has been considered by the annual
epidemiological surveillance reports which data were the
hospital based. The youngest patient was about 1 yeat
old. Charkrit™ reported a patient of the same age. It is
not uncommon to see patients in the 10-14 and 65+ age
groups, but most patients are in the age 35-44 groups,
morbidity rate was 0.04 per 100000 of people (Figure 4).
Infection occurs in men more frequently than women at
the ratio of 1.7-2:1 (calculated from trichinosis cases of
2002-2005). This result was similar to the 1.2-2.6:1 found
by Charkrit™*¥,

The epidemiological surveillance reports of trichinosis
have been conducted almost every year and data investiga-
tion reveals that the outbreaks have occurred predomi-
nantly in rural areas. The north part of Thailand is respon-
sible for 96.4% of all cases reported from 1962 to 20007,
The annual epidemiological surveillance reports from
2002 to 2005 found consistently high numbers of cases
(289, 126, 30 and 60 respectively) in the north region. The
figures for 2004 reported 124 in the northeast, the first
time that a region other than the north has had the highest
number of cases. Only small numbers of trichinosis cases
were recorded in the central and south regions in 2005
(Figure 5). In 2005, 75 trichinosis cases were reported, the
highest number occurring in October, August, Match and
September, 36, 16, 7 and 5 respectively. The cases were
reported in Chiang Rai, Nan, Chiang Mai, Si Sa ket, Nakon
Phanom, Kalasin, Nakhon Ratchasima, Nakhon Nayok
and Surat Thani, all provinces located in different parts
of Thailand. The main age group was 35-44 years and the
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Figure 5 Human trichinosis by region in Thailand from 2002-2005.

youngest patient was 1.

Most outbreaks occurred in the north region, including
60.84% of all cases reported from 1962 to 2005. These
results were different from those of Takahashi e a/ (2000)
that reported the north region was responsible for 96.4%
of all cases. The most severely affected areas in the north
region were the highland provinces of Chiang Rai, Nan,
Chiang Mai, Mae Hong Son and Payao. (Figure 6). The
numbers of cases in other parts of Thailand were very few.
In the central region, Uthai Thani, Karnchanaburi Nakhon
Pathom and Nakhon Nayok provinces reported 0.28% of
the total number of cases. Chumporn, Songkla and Surat
Thani were the only three provinces of the south region in
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Provinces in which
trichinosis was reported
1 Chiang Rai

2 Payao

3 Mae Hong Son

4 Chiang Mwai

5 Lampang

6 Nan

7 Phrae

8 Uttaradit

9 Pitsanuloke

10 Non Bua Lam Phu
11 Nong Kai

12 Sakon Nakhon

13 Nakon Phanom

14 Kalasin
15 Khonkaen

27
16 Chaiyapum
--f-l 'I 17 Phetchanun

! 18 Kamphangphet
3 - 19 Uthathani
ﬂ 20 Kanchanaburi

21 Nakhonratsima
22 Buriram
Figure 6 Provinces trichinosis reported in Thailand from 1962-2005.

23 Sri Saket
24 Nakon Nayok
25 Rayong

Table 1 Distribution of trichinosis in humans by province in

Thailand from 2002-2005

Region Province Total cases (%)

North Chiang Mai, Chiang Rai, Nan, 60.87

Phrae, Uttaradit, Payao,

Mae Hong Son, Petchabun,

Kamphaengpetch, Pitsanuloke,

Lampang

Nong Bua Lam Phu, Buri Rum, 38.59

Kalasin, Sakol Nakorn, Sri Saket,

Nong Kai, Khon Kaen, Nakhon Phanom,

Nakhon Ratchasima

East Rayong 0.18

Central Uthai Thani, Karnchanaburi, 0.18
Nakhon Nayok, Nakhon Pathom

South Chumporn, Songkla, Surat Thani 0.18

Northeast

which cases of trichinosis were observed, these account-
ing for only 0.28% of cases (Table 1). The northeast of
Thailand was responsible for the highest number of cases
in 2004 and the second highest (38.5%) in 2005. Provinces

Figure 7 The dishes of raw or under-cooked wild boar are the favorite local foods
that are the major sources of infection in Thailand. A: Lahb is made from wild pig
or reptile; B: Nham is also made from wild pig and fermented for a few days.

involved were Nong Bua Lam Phu, Buri Ram, Kalasin,
Sakol Nakorn, Sri Saket, Nong Kai, Khon Kaen, Nakhon
Phanom and Nakhon Ratchasima. These results showed
trichinosis as a serious problem, particularly in the north
and northeast regions of Thailand.

SOURCE OF THAI HUMAN INFECTION

Trichinosis is a parasitic disease of mammals caused by
the nematode parasite Trichinella spp. It has an important
zoonosis with humans becoming infected by eating raw
or inadequately cooked infected meat. Infection is more
common in omnivores (horses, humans, pigs and rats) and
carnivores (cats, dogs, and seals). Pigs and rodents seem to
play the most important role in the epidemiology of the
disease. The main source of infection in Thailand has been
pigs, but wild boar, jackal and black bear were also report-
ed as sources of trichinosis™*. All trichinosis cases gave a
history of having consumed raw pork in the form of “lahb”
and “nahm,” favorite dishes of north Thailand”” (Figure 7).
Lahb is made from chopped raw pork mixed with lemon
juice, roasted rice powder, finely cut red onion and parsley
(Figure 7A). Nahm is also made from chopped raw pork
mixed with salt, garlic and chili, tightly wrapped in banana
leaves for a few days for fermentation (Figure 7B)™. Some
Thai dishes are proven as viable T. spiralis larvae sources
due to cooking procedures’”. Srikitjakarn ez a/*” reported
T. spiralis was found in 1.67% of 421 dogs in Tarae Dis-
trict, Sakonnakon Province. Raw dog meat was a source of
infection in Kaeng Khlo District, Chaiyaphum Province
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in December 1984, The incidence of T. spiralis larvae
in dog meat in the areas favoring dog meat consumption
is a major public health problem in the future. The major
source of infection is wild boar, free roaming pigs located
in the north, and wild animals from Laos and Myanmar
sold in Thailand".

In conclusion, various studies of trichinosis in
Thailand since the first outbreak up until recent years
have shown that most of the outbreaks occurred in
the north of the country, an area in which some of the
favorite traditional dishes involve meat from pigs and
wild boars, often eaten raw or under-cooked. No vaccines
have yet been developed. Treatment exists for humans
if diagnosis is done promptly. Better prevention and
control of trichinosis require health education to stop the
consumption of infected and under-cooked meats.

ACKNOWLEDGMENTS

Mr. Bob Tremayne for assistance with the English-
language presentation of the manuscript, and Professor
Drz. Prakrob Wirojanakut for helpful comments.

REFERENCES

1 Boonthanom P, Nawarat A. The outbreaks of trichinosis at
Amphur Mae Sarialng. Bull Pub Health 1963; 33: 301-308

2 Yamaguchi T. Present status of trichinellosis in Japan.
Southeast Asian | Trop Med Public Health 1991; 22 Suppl: 295-301

3 Miyazaki I. Helminthic zoonoses. International Medical
Foundation of Japan, Tokyo, Japan, 1991: 452-459

4 Sohn WM, Kim HM, Chung DI, Yee ST. The first human case
of Trichinella spiralis infection in Korea. Korean | Parasitol
2000; 38: 111-115

5  Wang ZQ, Cui J. The epidemiology of human trichinellosis in
China during 1964-1999. Parasite 2001; 8: S63-S66

6  Wang ZQ, Cui ], Xu BL. The epidemiology of human trichinel-
losis in China during 2000-2003. Acta Trop 2006; 97: 247-251

7 Chotmongkol V, Intapan PM, Koonmee S, Kularbkaew C,
Aungaree T. Case report: acquired progressive muscular hy-
pertrophy and trichinosis. Am | Trop Med Hyg 2005; 72: 649-650

8 Markell EK, John DT, Krotoshi WA. The blood and tissue-
dwelling nematode: In Markell and Voge’s Medical Parasitol-
ogy. 8" ed. USA, 1999: 340-345

9  Garkavi BL. The species of Trichinella isolated from wild car-
nivores. Veterinariia 1972; 10: 90-91

10 Geller ER, Malykhina AN, Silakova LN, Timonov EV. Mor-
pho-physiologic criteria for the taxonomic independence of
the species Trichinella pseudospiralis Garkavi, 1972. Parazi-
tologiia 1977; 11: 113-116

11 Pozio E, Khamboonruang C. Trichinellosis in Thailand:
epidemiology and biochemical identification of the
aethiological agent. Trop Med Parasitol 1989; 40: 73-74

12 Pozio E, La Rosa G, Murrell KD, Lichtenfels JR. Taxonomic re-
vision of the genus Trichinella. | Parasitol 1992; 78: 654-659

13 Pozio E, Varese P, Morales MA, Croppo GP, Pelliccia D, Brus-
chi F. Comparison of human trichinellosis caused by Trichi-
nella spiralis and by Trichinella britovi. Am | Trop Med Hyg
1993; 48: 568-575

14 Pozio E, La Rosa G, Yamaguchi T, Saito S. Trichinella britovi
from Japan. ] Parasitol 1996; 82: 847-849

15 Pozio E, La Rosa G. Trichinella murrelli n. sp: etiological agent
of sylvatic trichinellosis in temperate areas of North America.
J Parasitol 2000; 86: 134-139

16 Pozio E. Taxonomy of Trichinella and the epidemiology
of infection in the Southeast Asia and Australian regions.
Southeast Asian | Trop Med Public Health 2001; 32 Suppl 2:

www.wjgnet.com

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

129-132

Jongwutiwes S, Chantachum N, Kraivichian P, Siriyasatien P,
Putaporntip C, Tamburrini A, La Rosa G, Sreesunpasirikul C,
Yingyourd P, Pozio E. First outbreak of human trichinellosis
caused by Trichinella pseudospiralis. Clin Infect Dis 1998; 26:
111-115

Schalm S, Eberhard HD. Fever, myalgia, and eyelid edema.
Med Klin (Munich) 2000; 95: 103

Remig J, Froscher W. Acute trichinosis. 193 cases in an epi-
demic. Dtsch Med Wochenschr 1987; 112: 1855-1859

Clausen MR, Meyer CN, Krantz T, Moser C, Gomme G, Kay-
ser L, Albrectsen J, Kapel CM, Bygbjerg IC. Trichinella infec-
tion and clinical disease. QJM 1996; 89: 631-636

Holstein A, Wieczorek G, Nahrwold D, Egberts EH. Father
and son with muscle pain and loss of muscle strength. Acute
trichinosis. Internist (Berl) 1999; 40: 673-677

Levy Y, Rimbrot S, Raz R. Myalgia, fever, abnormal muscle
enzymes and blue urine in a farmworker from Thailand. Isr
Med Assoc | 2001; 3: 704

Valdes PV, Prieto A, Diaz A, Calleja M, Gomez JL. Micro-
calcifications of pectoral muscle in trichinosis. Breast ] 2005; 11:
150

Limsuwan S, Thisyakorn U. Trichinosis in children, report of
8 cases. Thai | Pediatrics 1993; 32: 265-270

Kapel CM. Sylvatic and domestic Trichinella spp. in wild
boars; infectivity, muscle larvae distribution, and antibody
response. | Parasitol 2001; 87: 309-314

Petri WA Jr, Holsinger JR, Pearson RD. Common-source
outbreak of trichinosis associated with eating raw home-
butchered pork. South Med ] 1988; 81: 1056-1058

Kociecka W, Majchrowicz H, Szulc M. Trichinellosis focus
resulting from consumption of wild boar meat. Przegl
Epidemiol 1992; 46: 195-205

Oivanen L, Mikkonen T, Sukura A. An outbreak of
trichinellosis in farmed wild boar in Finland. APMIS 2000; 108:
814-818

Pozio E. Factors affecting the flow among domestic, synan-
thropic and sylvatic cycles of Trichinella. Vet Parasitol 2000; 93:
241-262

Bureau of Epidemiology. Annual Epidemiological Surveil-
lance Report: Trichinosis. Department of Disease Control,
Ministry of Public Health, Thailand, 1995-2005

Morakote N, Khamboonruang C, Siriprasert V, Suphawitaya-
nukul S, Marcanantachoti S, Thamasonthi W. The value of
enzyme-linked immunosorbent assay (ELISA) for diagnosis of
human trichinosis. Trop Med Parasitol 1991; 42: 172-174
Morakote N, Sukhavat K, Khamboonruang C, Siriprasert V,
Suphawitayanukul S, Thamasonthi W. Persistence of IgG,
IgM, and IgE antibodies in human trichinosis. Trop Med Parasi-
tol 1992; 43: 167-169

Limsuwan S, Siriprasert V. A clinical study on trichinosis in
Changwat Phayao, Thailand. Southeast Asian | Trop Med Public
Health 1994; 25: 305-308

Chumkasian P. Trichinosis in Thailand. Annual Epidemio-
logical Surveillance Report, Bangkok, Office of permanent
secretary, MOPH, Thailand, 1999

Takahashi Y, Mingyuan L, Waikagul ]J. Epidemiology of
trichinellosis in Asia and the Pacific Rim. Vet Parasitol 2000; 93:
227-239

Ittiprasert W, Butraporn P, Kitikoon V, Klongkamnuankarn
K, Pholsena K, Vanisaveth V, Sakolvaree Y, Chongsa-nguan
M, Tapchaisri P, Mahakunkijcharoen Y, Kurazono H, Hayashi
H, Chaicumpa W. Differential diagnosis of schistosomiasis
mekongi and trichinellosis in human. Parasitol Int 2000; 49:
209-218

Khamboonruang C, Nateewatana N. Trichinosis: A recent
outbreak in Northern Thailand. Southeast Asian ] Trop Med
Public Health 1975; 6: 74-78

Dissamarn R, Chai-ananda P. The present position of trichino-
sis in thailand. Bull Off Int Epizoot 1965; 63: 217-219
Wiwatanaworapant T. Trichinosis: a case report. Siriraj Hosp
Gaz 1980; 32: 220-222



Kaewpitoon N ef a/. Trichinosis: Epidemiology in Thailand

6445

40

41

42

43

44

45

46

Chalermchaikit T, Nawarat A, Muangyai M, Brahmasa R,
Chumbkasian P. Epidemiological surveillance of trichinosis
outbreak in Petchaboon province. Thai | Vet Med 1982; 12: 1-23
Oonsombat P, Attanatho V, Trishnananda M. Human trichi-
nosis: the fourteenth outbreak in Thailand. Siriraj Hospital Ga-
zette 1982; 34: 69-72

Pinanong M, Tongma S, Hongphinyo V. Human trichinosis:
an outbreak at Petchaboon province. Royal Thai Air Force Med
Gaz 1985; 31: 87-94

Khamboonruang C. The present status of trichinellosis in
Thailand. Southeast Asian | Trop Med Public Health 1991; 22
Suppl: 312-315

Charkrit S. Study on clinical manifestations of trichinosis in
Payao province. Com Dis | 1998; 24: 242-247

Doege TC, Thienprasit P, Headington JT, Pongprot B, Tarawa-
nich S. Trichinosis and raw bear meat in Thailand. Lancet 1969;
1: 459-461

Suriyanon V, Klunklin K. Human trichinosis: analysis of cases

47

48

49

50

51

during the tenth outbreak in North Thailand. Southeast Asian |
Trop Med Public Health 1972; 3: 390-396

Dissamarn R, Indrakamhang P. Trichinosis in Thailand dur-
ing 1962-1983. Int | Zoonoses 1985; 12: 257-266

Srikitjakarn L, Korakovit M, Toboran P, Srutaravong V, Bet-
termann G, Lingelback W. Trichinella spiralis in dog meat for
human consumption in Sakon Nakon province. Thai Vet Med
Assoc 1981; 32: 271-277

Chitchang S, Vongmek V, Leelasupasri S. Trichinosis for dog
meat at Changwat Chaiyaphum. Royal Thai Army Med ] 1985;
38: 305-309

Railliet A. Trichinella spiralis: In Chapter 21; Parasitic Diseases.
Despommier DD, Gwadz RW, Hotez PJ and Knirsch CA. 4"t
ed. New York: Apple Trees Productions, 2000; 125-132
Lindsay DS, Zarlenga DS, Gamble HR, al-Yaman F, Smith
PC, Blagburn BL. Isolation and characterization of Trichinella
pseudospiralis Garkavi, 1972 from a black vulture (Coragyps
atratus). ] Parasitol 1995; 81: 920-923

S- Editor Pan BR L- Editor Alpini GD E- Editor Ma WH

www.wjgnet.com



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

World ] Gastroenterol 2006 October 28; 12(40): 6446-6452
World Journal of Gastroenterology ISSN 1007-9327
© 2006 The WJG Press. All rights reserved.

COLORECTAL CANCER,

Identification of specific genes and pathways involved in
NSAIDs-induced apoptosis of human colon cancer cells

Richard H Huang, Jianyuan Chai, Andrzej S Tarnawski

Richard H Huang, Department of Medicine, Division of
Gastroenterology, University of California Irvine and VA Long
Beach Healthcare System, California, United States

Jianyuan Chai, Department of Medicine, University of California
Irvine and VA Long Beach Healthcare System, California,

United States

Andrzej S Tarnawski, Department of Medicine, Division of
Gastroenterology, University of California Irvine and VA Long
Beach Healthcare System, California, United States

Supported by VA Merit Review to Andrzej S Tarnawski
Correspondence to: Professor Andrzej S Tarnawski, Department
of Medicine, VAMC, Long Beach, 5901 E. 7th St, Long Beach,
CA 90822, United States. andrzej.tarnawski@med.va.gov
Telephone: +1-562-8265437 Fax: +1-562-8268016

Received: 2006-04-08 Accepted: 2006-07-03

Abstract

AIM: To study whether indomethacin (IND), a
nonselective cyclooxygenase (COX) inhibitor or NS-398
(NS), a COX-2-selective inhibitor, induces apoptosis in
human colon cancer cells and which apoptosis-related
genes and pathways are involved.

METHODS: Human colon cancer Caco-2 cells were
treated with either: placebo, IND (0.05-0.5 mmol/L)
or NS (0.01-0.2 mmol/L) for 1, 5 and 18 h. We then
studied: (1) Cell death by the TUNEL method, (2) mRNA
expression of 96 apoptosis-related genes using DNA
microarray, (3) expression of selected apoptosis related
proteins by Western blotting.

RESULTS: Both IND and NS induced apoptosis in
30%-50% of Caco-2 cells in a dose dependent manner.
IND (0.1 mmol/L for 1 h) significantly up-regulated pro-
apoptotic genes in four families: (1) TNF receptor and
ligand, (2) Caspase, (3) Bcl-2 and (4) Caspase recruiting
domain. NS treatment up-regulated similar pro-apoptotic
genes as IND. In addition, IND also down-regulated anti-
apoptotic genes of the IAP family.

CONCLUSION: (1) Both non-selective and COX-2-
selective NSAIDs induce apoptosis in colon cancer cells
in a dose dependent manner. (2) Both NSAIDs induce
apoptosis by activating two main apoptotic pathways:
the death receptor pathway (involving TNF-R) and the
mitochondrial pathway. (3) IND induces apoptosis by
up-regulating pro-apoptotic genes and down-regulating
anti-apoptotic genes, while NS only up-regulates pro-
apoptotic genes. (4) Induction of apoptosis in colon
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cancer cells by NSAIDs may explain in part, their
inhibitory action on colon cancer growth.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Colorectal cancer (CRC) is the second most lethal cancer
in the USA. Numerous studies suggest that nonsteroidal
anti-inflammatory drugs (NSAIDs) have antineoplastic
effects. Epidemiological studies have shown a reduction in
the risk of death from colorectal cancer associated with the
use of NSAIDs!". Perhaps the most compelling evidence
for the chemopreventive role of NSAIDs is provided by
the clinical studies in patients with familial adenomatous
polyposis (FAP), an inherited predisposition for CRC**,
In these studies, the NSAID sulindac and the selective
cyclooxygenase-2 inhibitor (COX-2) celecoxib, reduced
both the number and the size of colorectal adenomas in
FAP patients. Similarly, NSAIDs prevent tumor formation
in a variety of animal models of CRC™Y,

How exactly do NSAIDs exert their effects to prevent
tumorigenesis? A large body of evidence suggests
that NSAIDs exert their chemopreventive actions by:
(1) inhibition of cell growth and proliferation and (2)
induction of apoptosism. The mechanisms by which
NSAIDs achieve these processes are still incompletely
understood. One widely studied mechanism is »ia the
COX-2 dependent pathways.

NSAIDs are known as the inhibitors of the
cyclooxygenase (COX-1 and COX-2) enzymes, which
are involved in the conversion of arachidonic acid to
cicosanoids. COX-1 is expressed constitutively in a variety
of tissues and plays a role in platelet aggregation and
gastric cytoprotection. COX-2, is inducible particularly
during inflammation in cells such as endothelial cells,
macrophages and intestinal epithelial cells"". Interestingly,
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COX-2 expression has been shown to be dramatically
increased in colon cancer cells compared to normal
colonic mucosa and is associated with a several-fold
increase in concentration of prostaglandin E2 (PGE2)""",
Studies from our lab demonstrated that COX-2 generated
PGE: promotes colon cancer cell growth by transactivating
epidermal growth factor receptor'’. The increased
expression of COX-2 also seems to prevent cancer cells
from undergoing programmed cell death, at the same time,
promoting angiogenesis, enhancing metastatic potential
and modulating cell proliferation. Direct evidence for the
role of COX-2 in colon cancer tumorigenesis has been
reported in many studies. Using APC knockout mice,
which develop polyps in their intestinal tracts due to
the mutation of the APC gene, Oshima and colleagues
wete able to show a significant reduction of intestinal
polyps when either one or both of COX-2 alleles were
deleted"™". Furthermore, the COX-2 selective inhibitor
NS-398, has been reported to suppress tumor growth in
different cancer cell lines, to induce apoptosis in human
colon cancer cells and to have anti-angiogenic effects”"”,

However, recent data suggest that COX-2 may not
be the sole target for the action of NSAIDs. The anti-
neoplastic effects of NSAIDs are also seen in tumor cells
that do not express COX™. Similarly, NSAID derivatives
such as sulindac sulfone, which lacks the ability to
inhibit COX, is shown to inhibit colon cancer growth®,
Furthermore, NSAIDs affect other mechanisms that
regulate cell proliferation and death. For example, NSAIDs
regulate PPARS, the NFkB pathway and the lipoxygenase
pathway, all of which play a critical role in the regulation
of cell survival and death™?",

In order to better understand the complex mechanisms
undetrlying the cancer chemopreventive properties of
NSAIDs, it is important to understand the signaling
pathways and the genes that directly lead to the inhibition
of proliferation and/or the induction of apoptosis in
colon cancer cells. With the recent development of
DNA microatray technology, identification of genes and
pathways can be easily achieved by using microarray chips
that contain the genes of interest.

This study was aimed to provide in depth insight into
the pro-apoptotic actions of Indomethacin (IND), a
nonselective COX inhibitor and NS-398 (NS), a COX-2
selective inhibitor on colon cancer Caco-2 cells, and
identify specific pathways and genes involved.

MATERIALS AND METHODS

Cell culture

Human colon cancer (Caco-2) cells (ATCC, Rockville,
MD, USA) were grown in DMEM/F12 medium supplied
with 20% fetal bovine serum and antibiotics at 37°C in a
humidified incubator containing 50 mL/L of COz.

Treatment of cells with Indomethacin and NS-398

A 100 mmol/L stock solution IND (Sigma Chemical, St.
Louis, MO, USA) was freshly prepared by dissolving the
compound in 0.2 mol/L Na2COs and 1 mol/L NaH2POs,
and kept at 37°C before treatment. A 50 mmol/L stock
solution of NS (Cayman Chemical, Ann Arbor, MI)

was prepared by dissolving the compound in dimethyl
sulfoxide. Caco-2 cells were plated in dishes (100 mm
X 20 mm) at a density of 1 X 10° and kept in serum-
free medium for 24 h before treatment. The cells were
subsequently treated with IND (0.05 mmol/L, 0.1 mmol/
L and 0.5 mmol/L) or NS (0.01 mmol/L, 0.1 mmol/L and
0.2 mmol/L) for 1, 5 and 18 h at 37°C.

Cell death detection assay

Cells were plated in 8-well chamber slides and grown
until 50%-75% confluent. They were subsequently treated
with IND and NS in the same way as described above.
Cell death was evaluated by terminal deoxynucleotide
transferase (TdT)-mediated dUTP nick end-labeling
(TUNEL) using a commercial kit (Roche Diagnostics,
Indianapolis, IN, USA, Cat No. 1684817). Briefly,
cell monolayers were air-dried and fixed with 4%
paraformaldehyde for 1 h at room temperature. 3%
H20:2 was then used to block endogenous peroxidase.
The TUNEL reaction mixture was applied to the cells
and incubated for 1 h. Following incubation with anti-
fluorescein antibody conjugated with horseradish
peroxidase (HRP), diaminobenzidine substrate was then
used as developing the agent. Cells treated with culture
medium without NSAIDs served as controls. Apoptosis
was evaluated by counting the number of apoptotic and
total cells in five random fields per chamber in each slide.
Apoptotic index was expressed as percentage of apoptotic
cells in total number of counted cells.

¢DNA microarray study

Serum starved Caco-2 cells were treated with IND or
NS in the same way as described above. Total RNA was
1solated with Trizol reagent (Invitrogen, Carlsbad, CA,
USA, Cat No. 15596-026). Equal amount of RNA from
each treatment was used as templates for cDNA synthesis.
Radiolabeled probes were synthesized using P dCTP
following the manufacturer’s protocol provided with the
microarray study kit (GEArray Q series, SuperArray Inc.
Bethesda, MD, USA). The denatured cDNA probes were
added to the arrays containing the genes to be studied.
Each of the arrays contains 96 cDNA fragments from
genes associated with a specific apoptotic pathway. After
overnight hybridization at 60°C with continuous agitation,
the arrays were washed for 4 X 15 min with each washing
solution (2 X SSC, 1% SDS, then 0.1 X SSC, 0.5%
SDS). The arrays were then developed using X-ray films.
Quantification of the images was accomplished by the
ImageQuant software (Molecular Dynamics, Sunnyvale,
CA, USA). Results were expressed in fold change.

Western blotting

Serum starved Caco-2 cells were treated with IND or NS
in the same way as described above. Total protein was
isolated in a lysis buffer containing 20 mmol/L Tris-HCl
pH 7.5, 1 mmol/L EDTA, 300 mmol/L NaCl, 0.2 mmol/
L. Sodium vanadate, 1% Triton x-100 and 1% NP-40.
Equal amount of protein lysate from each treatment
was separated by SDA-PAGE and then transferred
electrophoretically to a nitrocellulose membrane. The
blots were probed with the following antibodies: APAF1

www.wjgnet.com
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Figure 1 A: TUNEL staining of Caco-2 cells. IND and NS treatment cause apoptosis in a dose dependent manner after 18 h. (a) Control; (b) IND 0.05 mmol/L; (c) IND
0.1 mmol/L; (d) IND 0.5 mmol/L; (e) NS 0.01 mmol/L; (f) NS 0.1 mmol/L; (g) NS 0.2 mmol/L. Experiments performed in triplicates; B: Apoptosis in Caco-2 cells is dose
dependent after treatment with (a) IND and (b) NS for 18 h. Experiments performed in triplicates.

(apoptotic protease activating factor), BAK (BCL2-
antagonist/killer 1), BAX (BCL2-associated X protein),
DFFA (DNA fragment factor-45), XIAP (X-linked
IAP) and Survivin. The signal was visualized by the
chemiluminescence method using ECL detection reagents
(Amersham Life Sciences, Arlington Heights, IL). Signals
were quantified by densitometry scanning.

Statistical analysis

Results from the TUNEL study are expressed as the mean
+ the standard error. Student’s # test was used to determine
statistical difference between controls and treatments. A
P value of < 0.05 was considered statistically significant.
Comparisons of data between multiple groups were

performed with ANOVA.

www.wjgnet.com

RESULTS

Apoptotic cell death detection

Using TUNEL method, we found a significant increase in
apoptotic cell death in Caco-2 cells treated with both the
nonselective COX inhibitor IND and the COX-2-selective
inhibitor NS as compared to placebo. The IND and NS-
induced apoptotic cell death was dose dependent (Figure
1A and B). Treatment with IND at 0.05 mmol/L, 0.1
mmol/L and 0.5 mmol/L resulted in 28% * 5%, 48% =+
3% and 60% £ 4% of apoptosis respectively (all P < 0.001
vs control). On the other hand, treatment with NS at 0.01
mmol/L, 0.1 mmol/L and 0.2 mmol/L induced apoptosis
in 33% * 3%, 44% £ 2% and 47% * 1% respectively
(all P < 0.001 »s control). In addition, at 0.1mmol/L
concentration, IND induced apoptosis in 33% + 4%, 31%
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Figure 2 TUNEL staining of Caco-2 cells treated with IND (0.1 mmol/L) and NS (0.1 mmol/L) for 1, 5 and 18 h. (A) Control; (B) IND for 1 h; (C) IND for 5 h; (D) IND for 18 h;

(E) NS for 1 h; (F) NS for 5 h; (G) NS for 18 h.

* 2% and 48% % 5% (all P < 0.001 »s control) of cells and
NS induced apoptosis in 29% £ 3%, 26% * 4% and 46%
1+ 6% (all P < 0.001 »s control) of cells at 1, 5 and 18 h,
respectively (graph not shown).

IND and NS treatment induced morphological changes
consistent with apoptosis (cell shrinkage, condensation
of chromatin, cytoplasmic budding, apoptotic bodies),
which occurred as early as 1 h post-treatment and became
extensively evident in 5 and 18 h (Figure 2).

c¢DNA microarray study of 96 apoptosis related genes
IND treatment (0.1 mmol/L for 1 h) caused a significant
up-regulation of pro-apoptotic genes in mainly four
families: (I) TNF receptor and ligand (TRAIL-R4-A by
27-fold, TNFSF11 by 3-fold); (II) Caspase (CASP4 by
14-fold, CASP6 by 19-fold); (IIT) BCL-2 (BCL2L11/bimL
by 6-fold, Blk by 10-fold); (IV) Caspase recruiting domain
(Apaf-1 by 3-fold, NOD/CARD4 by 14-fold).

In addition, IND significantly up-regulated other
genes such as DNA fragmentation factor 45/DFFA (by
48-fold) and CRADD (by 24-fold). In addition to the
genes up-regulated by IND, NS up-regulated some other
genes within these families such as CASP13 (7-fold), Asc
(5-fold), TRAIL receptor 2 (3-fold) and Bak (3-fold). The
transcriptional up-regulation of these pro-apoptotic genes
occurred as early as 1 h after drug exposure. We also found
that IND, but not NS, down-regulated most of the anti-
apoptotic genes in the IAP (inhibitor of apoptosis protein)
family such as IAP2, XIAP (9-fold), survivin (7-fold) and
Bruce (3-fold) (Figure 3). Significant up-regulation and
down-regulation of apoptotic-related genes in our study is
determined by a 3 or more fold change from control.

Protein analysis
The protein expression of several significantly up-regulated

or down-regulated genes is shown in Figure 4. Both IND
and NS treatments up-regulated the pro-apoptotic protein
Apaf-1 significantly by 9, 12, and 4 fold at 1, 5, and 18 h,
respectively (IND); by 96%, 160% and 102% at 1, 5 and 18
h, respectively (NS) (all P < 0.01 25 control). In addition,
both of these drugs also increased Bak protein expression.
However, IND treatment also down-regulated anti-
apoptotic proteins such as XIAP by 40% and 22% at 1 and
5 h respectively (P < 0.05 #s control), while NS treatment
did not alter it significantly.

DISCUSSION

The cure for colorectal cancer remains a challenge despite
all currently available medical and surgical treatment
modalities. The cure rate is particularly low in advanced
disease, making chemoprevention an attractive alternative.
In recent years, the NSAIDs have attracted a great interest
as a potential candidate for the chemoprevention of
colorectal cancer. There is now a great body of evidence
supporting the role of NSAIDs in tumor chemoprevention
by the induction of apoptosis. However, little is known
about the exact mechanisms of NSAIDs action on
colorectal cancer cells.

With the advent of microarray technology, thousands
of genes can be assayed in a single experiment. We applied
the microarray technology and focused on apoptosis
related genes. By creating a profile of genes linked to a
particular biological pathway, the expression of particular
genes in a colon cancer cell line treated with NSAIDs, may
suggest the activation of specific pathways. Furthermore,
comparing the action of a nonselective COX inhibitor
vs 2 COX-2-selective inhibitor can reveal mechanistic
differences between these two NSAIDs in the induction
of apoptotic cell death.

www.wjgnet.com
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Figure 4 Protein expression by Western blotting of pro-apoptotic genes Apaf-1
and Bak (upper panel), expression of XIAP (lower panel). Blots are representative
of triplicate experiments.

Our results suggest that both the nonselective COX
inhibitor indomethacin and the COX-2-selective inhibitor
NS-398 trigger apoptosis in Caco-2 cells through at
least two major well known pathways, an extrinsic,
death receptor-transmembrane pathway and an intrinsic,
mitochondrial pathway.

www.wjgnet.com

The transmembrane pathway of apoptosis involves
the tumor necrosis factor (TNF) ligand and receptor
superfamily. Members of this family include TNFa,
Fas ligand and TRAIL (TNF-related apoptosis-inducing
ligand). These ligands when coupling to their respective
receptors trigger a number of intracellular events that lead
to apoptotic cell death™". The final steps of apoptosis
induced through this pathway depends on the activation
of caspases, cysteine proteases that cleave the aspartate
residues””. Several members of the TNF family of
receptors contain intracellular death domains that interact
with other molecules that contain death domains and
with caspase recruitment domains (CARD), propagating
the apoptotic cascade™. We found that both IND and
NS-398 up-regulated several genes within the TNF ligand
and receptor family such as TNFSF11 (Tumor necrosis
factor superfamily member 11), TRAIL-R4, TRAIL-R2.
We also detected up-regulation of other genes encoding
downstream molecules associated with this pathway
such as CRADD (CASP2 and RIPK1 domain containing
adaptor with death domain), ASC (Apoptosis-associated
speck-like protein containing a CARD), NOD1 (caspase
recruitment domain 4), APAF (apoptotic protease
activating factor). Our data strongly suggest that NSAIDs
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induce apoptosis in Caco-2 cells by up-regulating genes
of the TNF ligand and receptor pathway, likely mediated
by TNF receptors and TRAIL receptors. This mechanism
may explain in part the chemopreventive properties
of NSAIDs in colorectal cancer. Several studies have
shown promise in using TNFq and TRAIL as potential
chemotherapeutic agents in a variety of tumors®?Y;
however, toxicity remains a concern when these agents are
used systemically. Our study provides further evidence that
NSAIDs likely sensitize colorectal cells to death through
TNF and TRAIL receptor. This suggests NSAIDs to be
potentially useful as an adjunct chemotherapeutic agent by
increasing the therapeutic window of TNFa and TRAIL
and decreasing their toxicity.

Our study suggests that NSAIDs also affect the
mitochondrial pathway of apoptosis. This intrinsic pathway
is usually triggered by chemicals, growth factor deprivation
or irradiation. The major steps in this pathway involve
the release of cytochrome c with subsequent increase in
mitochondrial membrane permeability that is controlled by
a variety of pro-apoptotic and anti-apoptotic members of
the Bcl-2 family. The release of cytochrome c triggers the
assembly of Apaf-1 (Apoptotic protease-activating factor)
and pro-caspase 9 to form an apoptosome. The activated
caspase 9 then activates other downstream molecules to
initiate apoptosis” " Several members of the Bcl-2 family
were shown to be up-regulated or down-regulated in
Caco-2 cells treated with IND and NS. The pro-apoptotic
members up-regulated by NSAIDs include Bak (Bcl2-
antagonist/killer 1), Blk (B lymphoid thyrosine kinase) and
Bim (Bcl2 like 11, apoptosis facilitator). Bel-x (Bcl2-like 1),
an antiapoptotic member, was down-regulated. These data
suggest that NSAIDs, both COX nonselective and COX-2
selective likely induce apoptosis viz the death receptor
pathways and the mitochondrial pathway.

There was one major difference in the pattern of genes
expressed in Caco-2 cells treated with IND and NS-398.
While both IND and NS-398 up-regulated pro-apoptotic
genes, IND also down-regulated anti-apoptotic genes,
particularly the IAP (inhibitors of apoptosis proteins)
family. This family has been described consisting of at least
six members and can efficiently inhibit the caspases™ ",
In our study, IND treatment of Caco-2 cells caused
significantly down-regulated IAP2, XIAP, Survivin and
Bruce, while treatment with NS-398 did not affect these
genes. This may suggest a mechanistic difference by which
non-selective COX and COX-2 specific NSAIDs induce
apoptosis. This finding indicates that COX-1 may play a
role in the different genetic expression of the IAP family
between IND and NS treatments. Further functional
studies exploring this difference may contribute to a better
understanding of the chemopreventive properties of

NSAIDs.
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Absitract

AIM: To develop an animal model of liver infection with
Chlamydlia pneumoniae (C. pneumoniae) in intraperito-
neally infected mice for studying the presence of chlamy-
diae in Kupffer cells and hepatocytes.

METHODS: A total of 80 BALB/c mice were inoculated
intraperitoneally with C. pneumoniae and sacrificed at
various time points after infection. Chlamydiae were
looked for in liver homogenates as well as in Kupffer
cells and hepatocytes separated by liver perfusion with
collagenase. C. pneumoniae was detected by both isola-
tion in LLC-MK2 cells and fluorescence /n situ hybridiza-
tion (FISH). The releasing of TNFA-a by C. pneumoniae
/n vitro stimulated Kupffer cells was studied by enzyme-
linked immunosorbent assay.

RESULTS: C. pneumoniae isolation from liver homoge-
nates reached a plateau on d 7 after infection when 6 of
10 animals were positive, then decreased, and became
negative by d 20. C. pneumoniae isolation from sepa-
rated Kupffer cells reached a plateau on d 7 when 5 of
10 animals were positive, and became negative by d 20.
The detection of C. pneumoniae in separated Kupffer
cells by FISH, confirmed the results obtained by culture.
Isolated hepatocytes were always negative. Stimula-
tion of Kupffer cells by alive C. pneumoniae elicited high
TNF-a. levels.

CONCLUSION: A productive infection by C. pneumo-
niae may take place in Kupffer cells and C. pneumoniae
induces a local pro-inflammatory activity. C. pneumoniae
is therefore, able to act as antigenic stimulus when local-
ized in the liver. One could speculate that C. pneumoniae

infection, involving cells of the innate immunity such as
Kupffer cells, could also trigger pathological immune re-
actions involving the liver, as observed in human patients
with primary biliary cirrhosis.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Clamydiia prrenmonzae (C. pnenmoniae) is a common cause of
respiratory infections in humans'™?, and it is also associated
with outcomes other than respiratory disease, including
coronary heart disease and myocardial infarction™",
Systemic disease has also been reported in which C.
pnenmoniae was detected by polymerase chain reaction in
lymph nodes and/or liver and spleenm. In addition, recent
reports suggest a possible association of C. pnenmoniae
infection in patients with primary biliary cirrhosis (PBC) .
This disease is characterized by the presence of anti-
mitochondrial autoantibodies and is considered as an
autoimmune disease, although precise etiopathogenetic
mechanisms remain unknown!”. Infectious agents have
been proposed as triggers in susceptible individuals
through a mechanism known as molecular mimicry[g]. It
seems therefore possible that antigens from dissociated or
alive microbes in Kupffer cells, in other macrophages and
lysed cells can trigger immunologically-mediated disorders
of the liver such as those observed in PBC.

In intranasally infected mouse, C. pneumoniae infection
has been shown to spread systemically vz infected mac-
rophages from the initial infection site, the lung, to other
organs, including the spleen and occasionally the liver"”.
Here, we report on C. pnenmoniae infection of the liver in
intra-peritoneally infected mice and the involvement of

Kupffer cells.

www.wjgnet.com
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MATERIALS AND METHODS

Animal infection

The animals used in the studies were adult (10-11 wk
old) Balb/c mice (Morini, S. Polo D’Enza, Italy). Animals
anaesthetised with Ketamine, were inoculated intraperito-
neally with purified"” C. puesmoniae elementary body (EB)
suspension' . Infected animals received 0.1 mL of organ-
ism suspension: the inoculum preparation contained 2.0
x 10" inclusion-forming units (IFU) of EBs. Atd 2, 7, 10,
and 20 after infection, anaesthetized animals were sacti-
ficed. The protocol was approved by the ethical committee
of the University of Bologna.

C. pneumoniae isolation from the liver

Ten animals were tested at each time point: L.e. at 2, 7, 10
and 20 d after infection. The liver was removed, weighed
and homogenized in a mortar to obtain a 10% (wt/vol)
suspension in cold sucrose phosphate-glutamic acid (SPG)
buffer. Tissue suspensions were centrifuged at 300 X g
for 10 min at 4°C to remove coarse debris. The clarified
homogenates (200 pl)) were inoculated in duplicate onto
LLC-MK2 cells (a continuous cell line derived from Rhe-
sus monkey kidney tissue, used to isolate chlamydiae) seed-
ed into plastic individual wells of a 24-well plate, incubated
at 37°C for 72 h in chlamydial growth medium (Eagle’s
minimal essential medium supplemented with 10% heat in-
activated fetal calf serum, containing 2 mmol/L glutamine,
5 mg/L glucose and 1 ng/L cycloheximide) and then fixed
in methanol. Chlamydial inclusions were visualized by im-
munofluorescence.

Isolation of Kupffer cells and hepatocytes

To isolate Kupffer cells and hepatocytes, animals, infected
as above, were anaesthetized with Ketamine and sacrificed
2, 7,10 and 20 d after infection: 10 animals were tested at
each time. Kupffer cells and hepatocytes wete harvested
and separated following the procedure of Smedsrod and
Pertoft'? with minor modifications, as previously de-
scribed™". Briefly, the liver was perfused with 30 mL of
calcium- and magnesium-free Hanks’ balanced salt solu-
tion (BSS) followed by Hanks’ (BSS) containing 0.05%
collagenase (type IV; Sigma) for 10 min. The liver was then
excised and the cells dispersed in calcium- and magnesium-
tree Hanks’ (BSS). The cells were then centrifuged at 50 X
gat 4°C for 2 min, in a Beckman J6B centrifuge (Beckman
Instrument, Palo Alto, Calif.). The non-parenchymal cell-
enriched supernatant was centrifuged at 800 X g for 10
min, the pellet resuspended in 40 mL of PBS, and portions
of 10 mL were layered on top of preformed two-step Per-
coll gradient (the bottom cushion with a density of 1.066
g/mL and an osmolality of 310 mOsm; the overlying
cushion with a density of 1037 g/mL and an osmolality of
300 mL), and centrifuged at 400 X g for 15 min at 4°C. Pu-
rified non-parenchymal cells enriched in Kupffer cells ex-
tended throughout the lower Percoll cushion. The pellets
consisted of erythrocytes, non-parenchymal liver cells, and
other small white cells. The Kupffer cells-enriched fraction
was diluted in PBS and centrifuged at 800 X g for 10 min.
The resulting pellet was resuspended in culture medium
(RPMI 1640 with 10% fetal calf serum) at a concentration
of 1.0 X 10° cells/mIL. A 0.5-mL portion of cell suspen-
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sion was added to 8-well culture plate (Lab-Tek, Nalge
Nunc International, Naperville, IL. USA). Kupffer cells
wete selected by allowing them to adhere for 2 h at 37°C
in an atmosphere with 50 mL/L COz. After nonadherent
cells were removed by gentle washing, adherent cells were
incubated in RPMI 1640. More than 95% of adherent cells
were esterase-positive. The purity of Kupffer cell prepara-
tions was also validated using the FITC labelled anti-mouse
F4/80 monoclonal antibody (Tebu-bio, Magenta, Italy).
Hepatocytes were obtained by differential centrifugation
of the initial suspension of mouse liver cells followed by
an additional purification step, consisting of sedimentation
of the cells through a single cushion of Percoll (density
1.08 g/mL). The hepatocytes wete seeded on fibronectin-
coated slides and grown in RPMI 1640 with 10% fetal calf
serum. Kupffer cells and hepatocytes were also separated
from uninfected animals.

In vitro infection of Kupffer cells and hepatocytes by C.
pneumoniae

When required, Kupffer cells from uninfected animals
were obtained as above described and seeded into 8-well
culture plate (1.5 X 10° cells/well) and cultured in RPMI
1640 medium for 24 h at 37°C in an atmosphere with 5%
COa. Cultures of Percoll-separated hepatocytes were like-
wise established from uninfected animals by seeding on
fibronectin and grown in RPMI 1640 medium, in 8-well
culture plate (Lab-Tek). Kupffer cells and hepatocytes were
then infected with C. pueumoniae EBs (5 X 10° inclusion
forming units/mL) and examined for inclusion formation
and infectivity at various times after infection by culturing
of infected preparations in LLC-MK2 cells.

Detection of viable chlamydiae

To detect the presence of viable chlamydiae in separated
Kupffer cells and hepatocytes either from infected animals
ot from in vitro infected Kupffer cells and hepatocytes.
Both Kupffer cells and hepatocytes were resuspended in
chlamydial growth medium, sonicated and clarified by low
speed centrifugation. The supernatant was then inoculated
onto LLC-MK2 cells. Chlamydial inclusions were detected
by immunofluorescence.

Detection of C. pneumoniae by immunofluorescence
assay (IFA)

The detection of C. pnenmoniae by IFA was performed by
fixing separated Kupffer cells and hepatocytes or LLC-
MK2 cells with methanol for 10 min at room temperature.
Inclusions were then visualized using fluorescein-conjugat-
ed C. pnenmoniae species-specific (Chlamydia-cell, Cellabs
PTY LTD Brookvale, Australia) monoclonal antibody for
35 min at room temperature. Slides were observed under a
Zeiss UV microscope.

Detection of C. pneumoniae 16S RNA by fluorescence in
situ hybridization (FISH)

The C. pnenmoniae 16S fRNA detection by FISH was per-
formed by fixing mouse Kupffer cells and hepatocytes
within the Lab-Tek cultute plates with 2% patraformalde-
hyde for 30 min at 4°C and prior to FISH, cells were de-
hydrated with increasing concentrations of ethanol (50%,

80% and 100%). The Chlamydia-specific probes used in this
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Days after infection n (pos)/n (tested)

2 0/10
7 6/10
10 4/10
20 0/10

Days after C. pneunoniae by FISH and IFA in:  C. pneurnoniae isolation from:

infection Kupffer cells Hepatocytes Kupffer cells Hepatocytes
n (pos)/n (tested) n (pos)/n (tested) n (pos)/n (tested) n (pos)/n (tested)
2 0/10 0/10 0/10 0/10
7 6/10 0/10 5/10 0/10
10 4/10 0/10 4/10 0/10
20 0/10 0/10 0/10 0/10

study have been previously described by Poppert ez a/'”
and deposited in ProbeBase (http://www.microbial-ecolo-
gy.de/probebase/index.html). Cpn-0974 (5>-AAGTCCAG-
GTAAGGTCCT-3’) was the species-specific 16S tRNA-
targeted oligonucleotide probe that was 5’end labelled with
Cy3 fluorochrome (Tib Molbiol, s.r.l., Genova, Italy) giving
a red-orange signal. For Kupffer cells and hepatocytes hy-
bridization, a 10 pL aliquot of the hybridization buffer (0.9
mol/L NACI, 20 mol/L Tris-HCI pH 8, 0.01% SDS and
from 0% to 30% formamide) containing 5 pmol of each
fluorescent probe was applied to each well of Lab Tek
culture plate. After 1 h of incubation in a moist chamber
at 46°C in the dark, the slides were washed for 15 min in
pre-heated washing buffer containing 20 mmol/L Tris-
HCI pH 8, from 0.9 mol/L to 0.15 mol/L NaCl (depending
on formamide concentration) and 0.01% SDS. The slides
were air dried and mounted with Citifluor AF1 (Citifluor
Ltd, London, United Kingdom). The slides were viewed
under an epi-fluorescence microscope (Eclipse E600,
Nikon) equipped with a super high pressure mercury lamp
and Plan Fluor DLL 10 X, 40 X, 100 X objectives. Epi-
fluorescence filter G-2A was used to analyse Cy3 signal at
a magnification of 1000 X. Photomicrographs were taken
using a DXM-1200 digital camera (Nikon, Japan) and im-
age processing was performed with ACT-1 for DXM-1200
software.

TNF-«c production by Kupffer cells

To evaluate the TNF-q induction in Kupffer cells infected
by C. pnenmoniae in vitro, Kupfter cells, purified as above re-
ported, were added (5 X 10”) to each well of an 8-well cul-
ture plate (Lab-Tek). After 2 h at 37°C, non-adherent cells
were removed by washing three to five times with RPMI
1640 supplemented with 10% fetal calf serum, 2 mmol/L
L-glutamine. Cells were stimulated for 6 h with either LPS
(10 mg/L) (Sigma) or viable C. pneumoniae at a ratio of
100 EBs/cell. The supernatants were then harvested and
tested by enzyme-linked immunosorbent assay (ELISA) kit
for TNF-a (Bender MedSystems GmbH, Wien, Austria),

Figure 1 IFA for the detection of C. pneumoniae antigens in separated Kupffer
cells. 1000 x. Kupffer cells separated from intraperitoneally infected mice sacrificed
7 d after infection were tested by immunofluorescence assay (IFA) with specific
fluorescein-conjugated monoclonal antibodies. A positive Kupffer cell is clearly
evident for the presence of an apple-green intracytoplasmic bacterial inclusion.
The inclusion represents an intracytoplasmic bacterial microcolony.

Figure 2 FISH for C. pneumoniae 16S rRNA in separated Kupffer cells. In situ
hybridization was performed on Kupffer cells separated from intraperitoneally in-
fected mice, sacrificed 7 d after infection. An infected Kupffer cell is evidenced with
Cpn-0974 specific probe: the granular inclusion stained red.

according to the manufacturer’s protocol. When required,
preincubation of material with polymyxin B (10 mg/L)
(Sigma) was used to abrogate the effect of LPS.

RESULTS

Four groups of infected animals (10 for each group) were
sacrificed 2, 7, 10 and 20 d following intraperitoneal infec-
tion by C. pnenmoniae and isolation of viable chlamydiae
was performed from liver homogenates. The peak of C.
pnenmoniae isolation from the liver was obtained on d 7
after infection, thereafter the infectivity decreased, all the
animals became negative by d 20 of infection (Table 1).

In order to verify whether C. pnenmoniae was able to in-
fect i vivo Kupffer cells and/or hepatocytes, purified liver
cells were tested by IFA, to detect chlamydial antigens and
by FISH to detect chlamydial tfRNA. Four further groups
of infected animals (10 for each group) were sacrificed 2,
7, 10, and 20 d after infection, respectively, then isolated
Kupffer cells and hepatocytes were analysed. Positive
Kupffer cells were observed in preparations obtained on d
7 and 10 (Table 2), both by IFA and FISH, thus confirm-
ing the results obtained by culture. Kupffer cells purified
20 d after infections were negative. Positive cells showed

www.wjgnet.com



6456  ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

October 28, 2006 Volume 12 Number 40

2000 7
1800 -
1600 -
1400
1200
1000 -
800
600
400
200 -

0 1
Control LPS C. pneumoniae

TNF-a (ng/L)

Figure 3 TNF-o release by Kupffer cells following in vitro exposure to alive C.
pneumoniae. Kupffer cells were stimulated for 6 h with alive C. pneumoniae. Con-
trol LPS was used at 10 mg/L. Stimulation was performed with (black) or without
(white) polymyxin B at concentration of 10 mgiL.

cytoplasmic apple-green inclusions by IFA (Figure 1) and
red granular inclusions by FISH (Figure 2). The number of
positive cells was 10/100 in preparations obtained 7 d after
infection, and 5/100 in preparations obtained 10 d after
infection. The preparations from animals sacrificed 20 d
after infection were negative. The passage of the content
of Kupffer cells obtained from IFA- and FISH-positive
animals induced chlamydial inclusion formations in LLC-
MK2 cells. Hepatocytes were always negative by IFA and
FISH and by culture in LLC-MK2 cells.

The in vitro infection of purified mouse Kupffer cells
and hepatocytes by C. pneumoniae was followed by FISH
and by culture: Kupffer cells were positive for the pres-
ence of inclusions detectable by 12 h of infection. Sub-
culturing Kupffer cells in LLC-MK2 mono-layers three
days after infection allowed re-isolation of C. pneumoniae.
Hepatocytes infected in vitro by C. pnenmoniae and studied
by IFA and FISH was negative 12, 24, and 48 h after infec-
tion. Sub-culturing hepatocytes in LLC-MK2 cells three
days after infection did not allow re-isolation of C. pneu-
moniae, demonstrating that C. puenmoniae is unable to infect
hepatocytes.

In vitro stimulation of Kupffer cells by alive C. pneunoni-
ae elicited cellular responses resulting in the production of
TNF-q, (Figure 3). Pretreatment of chlamydiae with poly-
myxin B, which binds and inactivates L.PS"", substantially
diminished the ability of bacteria to stimulate Kupffer cells
(Figure 3).

DISCUSSION

Chlamydiae are obligate intracellular bacteria parasitizing
eukaryotic cells. Chlamydiae replicate in the cytoplasm of
infected cells within an inclusion that does not fuse with
lysosomes' . Within the genus Chlamydia, various species
preferentially infect different target cells and cause a variety
of diseases all ultimately due to inflammatory responses. In
particular, C. pnenmoniae has been associated with respirato-
ry human infections and with the development of athero-
2 pnenmoniae has
been also associated with sarcoidosis and it was detected in
4 of 38 liver biopsies from autopsy specimens of patients
with sarcoidosis™. In a rabbit model of C. preunmoniae in-

sclerosis and cardiovascular disease

www.wjgnet.com

fection, three of 10 infected rabbits had evidence of C.
pnenmoniae elementary bodies in their livers by immunocy-
tochemical staining and C. pueusmoniae was cultured in two
of them™. In a hamster model of C. prenmoniae infection,
similatly C. pnenmoniae was isolated from the liver of the
infected animals™. These studies altogether indicate that C.
prenmoniae can potentially persist in liver tissues.

More recently, Abdulkarim e# a/” reported the presence
of C. pnenmoniae antigens and rRNA in liver tissue of pa-
tients with end-stage primary biliary cirrhosis, suggesting
a potential role of C. pnenmoniae in the etiology and patho-
genesis of the disease, in contrast with serological data by
Liu e a/* that do not support the concept that Chlamydia
prenmoniae can be a triggering or causative agent in PBC.

To get further insight into a possible role of C. puen-
moniae in liver related pathologies, evidence was to be pro-
duced as to the possible localization and/or replication of
C. pneumoniae in parenchymal and not parenchymal liver
cells, mainly in Kupffer cells, where chlamydiae could act
as a trigger for cellular immunologically-mediated altera-
tions. Kupffer cells constitute the largest population of
fixed tissue macrophages found in the body, and blood-
clearance and elimination of bacteria taken up by the liver
are widely attributed to Kupffer cells. Sometimes micro-
organisms can survive or even multiply in Kupffer cells,
as observed in Leshmania and Salmonella typhi infections in
mice and humans®”, In this study, we have described a
mouse model of C. pneumoniae infection where the organ-
ism demonstrated the ability to infect and to multiply in
Kupfter cells both 7z vivo and in vitro, and to trigger the
release of the proinflammatory cytokine TNF-q, by these
macrophages. In our animal model, mice eliminated C.
pnenmoniae by d 20 of infection and a chronic infection was
not established. However, it is well known that petsistence,
for as yet unpredictable reasons, is a frequent case of hu-
man chlamydial infections'™

PBC is a chronic liver inflammatory disease whose
etiology and pathogenesis remain still unknown. A wide
range of data suggest an autoimmune pathogenesis for
the disease™”, mostly based on the presence of anti-
mitochondrial autoantibodies and autoreactive T cells
directed against autoantigens. Despite the fact that the
autoimmune reaction is directed against ubiquitous mito-
chondrial autoantigens, the ensuing damage involves pri-
marily biliary epithelial cells”. Infectious agents have been
proposed as triggers in susceptible individuals through
a mechanism known as molecular mimicry™. However,
over the past years several studies failed to demonstrate
a specific chronic microbial®" viral®* or bacterial®**
infection. Recently, it has been proposed that an aberrant
innate immune response to infections has the potential to
initiate the development of autoimmunity””. The ability of
C. pnenmoniae to survive and to replicate in Kupffer cells,
as documented in this study, demonstrates the ability of
this bactetium to escape, under certain conditions, the de-
fence mechanisms of natural immunity. This characteristic
can favour, as suggested by Liu ¢/ 4/, the production of
highly immunogenic substrates and/or provide an inflam-
matory microenvironment to enhance the self-reactivity
of pathogenic T lymphocytes, or can activate pre-existing
autoreactive cellular repertoire.
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Abstract

AIM: To determine the effects of prophylactic peroxi-
some proliferator-activated receptor (PPARy) agonist
administration in an experimental model of post-
endoscopic retrograde cholangiopancreatography (post-
ERCP) acute pancreatitis.

METHODS: Post-ERCP pancreatitis was induced in
male Wistar rats by infusion of contrast medium into
the pancreatic duct. In additional group, rosiglitazone, a
PPARy agonist, was administered 1 h before infusion of
contrast medium. Plasma and pancreas samples were
obtained 6 h after the infusion.

RESULTS: Infusion of contrast medium into the pan-
creatic duct resulted in an inflammatory process
characterized by increased lipase levels in plasma, and
edema and myeloperoxidase activity (MPO) in pancreas.
This result correlated with the activation of nuclear
factor kB (NF«kB) and the inducible NO synthase (iNOS)
expression in pancreatic cells. Rosiglitazone reduced
the increase in lipase and the level of edema and the
increase in myeloperoxidase as well as the activation of
NF«B and iNOS expression.

CONCLUSION: A single oral dose of rosiglitazone, given
1 h before post-ERCP pancreatitis induction is effective
in reducing the severity of the subsequent inflammatory
process. The protective effect of rosiglitazone was
associated with NFkB inhibition and the blockage of
leukocyte infiltration in pancreas.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Acute pancreatitis is one of the major and serious
complications after diagnostic or therapeutic endoscopic
retrograde cholangiopancreatography (ERCP). Despite
the technical improvements of recent years and the
experience of endoscopists, the incidence has not
decreased and it ranges from 1% to 10% of patientsm.
The most severe forms of pancreatitis, with pancreatic
necrosis, multi-organ failure and even death, occurs in
0.3%-0.6% of patients, but a silent increase in serum
pancreatic enzymes could be observed in up to 70% of
patientsm. The triggering mechanism of the inflammatory
response remains unclear and different pharmacological
agents has been tested to prevent post-ERCP pancreatitis
including anti-inflammatory steroids, somatostatin analogs,
heparin, protease inhibitors and anti-inflammatory
cytokines” . Only few drugs showed some efficacy to
prevent post-ERCP pancreatitis like recently nitrate
therapy by decreasing the pancreatic ductal pressure
or diclofenac by lowering inflammatory process”’sj,
Therefore, the availability of effective drugs and strategy
of chemoprevention remain as unsettled points in the
pharmacological prophylaxis of post-ERCP pancreatitis®*,
leading to the apparition of endoscopic procedure such as
pancreatic sphincterotomy to try to decrease the risk of
post-ERCP pancreatirism.

Recent evidences indicate an important role for the
peroxisome proliferator-activated receptors (PPARs) in the
regulation of both inflaimmation and lipid metabolism!".
In particular, it has been reported, using an experimental
model of cerulein-induced pancreatitis, that the pancreatic
inflammation and tissue injury was markedly reduced
by the administration of PPARy agonists[“]. PPARYy is a
member of the nuclear hormone receptor superfamily

originally reported to be expressed at high levels in
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adipose tissue and to play a critical role in adipocyte
differentiation, glucose metabolism and lipid storage. In
an experimental model of intestinal ischemia-reperfusion,
a more severe injury was observed in PPARy-deficient
mice and protection against local and remote tissue injury
in mice treated with a PPARy-activating ligand"'”. Then, it
has been demonstrated that PPARy ligands can inhibit the
inflammatory response by decreasing I11.-6, 11.-13, TNFo
and the inducible NO synthase (iINOS) by interfering with
nuclear factor kB (NFkB) and AP1"". The aim of this
study was to investigate the efficacy of prophylactic PPARy
agonist treatment in reducing the pancreatic damage in an
experimental post-ERCP acute pancreatitis model.

MATERIALS AND METHODS

Reagents

Reagents for SDS-PAGE and nitrocellulose membranes
were from Amersham Pharmacia (Buckinghamshire,
England). Antibodies against p65, PPARy and Histone
H1 were obtained from Santa Cruz Biotechnology (Santa
Cruz, CA), antibody against iNOS was obtained from BD
Transduction (Heildelberg, Germany), antibody against
B-actin and the secondary antibody linked to horseradish
peroxidase were from Sigma Chemicals (St Louis, MO).
The following reagents were obtained from Sigma
Chemicals (St Louis, MO): NaVOs, NaF, Nonidet P40,
ethidium bromide, Hexadecyltrimethylammonium bromide,
Tetramethylbenzidine, DMSO, Hz0:x.

Post-ERCP pancreatitis model

Male Wistar rats (250-300 g) were used for all experiments.
Animals were housed in light-dark cycle regulated, air
conditioned (23°C) and air humity (60%) animal quarters,
given free access to drinking water and standard food pellets
until 12 h prior to the experiment, at which point food
was withdrawn. Animal care was in compliance with the
European Community (Ditective 86/609/EEC) for the use
of experimental animals and the institutional committee
of animal care and research approved it. Rats were
anaesthetized with ip injection of sodium pentobarbital (10
uL/kg). The biliopancreatic duct was cannulated through
the duodenum and the hepatic duct was closed by a small
bulldog clamp. Post-ERCP pancreatitis was induced by
retrograde infusion into the biliopancreatic duct of low
osmolatity contrast medium Meglumine/Sodium Toxaglate
(Hexabrix 320) in a volume of 10 “L/ kg using a Harvard
'22" infusion pump (Harvard Instruments, Edenbridge,
UK). Control animals were subjected to anesthesia and
laparotomym.

Experimental design
In the first set of experiments, we evaluated the severity
of pancreatic damage and tissue inflammation after the
infusion of contrast medium into the pancreatic duct. For
this purpose, rats (# = 6 for each group) were sacrificed at
0, 3, 6 and 24 h after infusion and samples of pancreatic
tissue and plasma were obtained, immediately frozen and
maintained at -80°C until assayed.

In a second series of experiments, a PPARy agonist
(Rosiglitazone, AVANDIA" GlaxoSmithKline, Brentford,

UK) was administered (10 mg/kg intragastric bolus) 1
h before infusion of contrast medium (» = 8 for each
group)'!l. Samples of plasma and pancreas were obtained
6 h after infusion.

Edema

The extent of pancreas edema was assayed by measuring
tissue water content. Freshly obtained samples of pancreas
were weighted on aluminum foil, dried for 24 h at 95°C
and reweighed. The difference between wet and dry tissue
weight was calculated and expressed as a tissue wet: dry
mass ratio.

Myeloperoxidase activity

Neutrophil infiltration was assessed by measuring
myeloperoxidase (MPO) activity. Myeloperoxidase
was measured photometrically with 3,3°,5,5’
-tetramethylbenzidine as a substrate!”. Samples were
macerated with 5 g/L hexadecyltrimethylammoniu
m bromide in 50 mmol/L phosphate buffer pH 6.0.
Homogenates where then disrupted for 30 s using a
Labsonic (B.Braun) sonicator at 20% power and submitted
to three cycle of snap freezing in dry ice and thawing
before a final 30 s sonication. Samples were incubated at
60°C for 2 h and then spun down at 4000 g for 12 min.
Supernatants were collected for myeloperoxidase assay.
Enzyme activity was assessed photometrically at 630 nm.
The assay mixture consisted of 20 pl. supernatant, 10 pL
tetramethylbenzidine (final concentration 1.6 mmol/L)
dissolved in DMSO and 70 pL. H202 (final concentration
3.0 mmol/L) diluted in 80 mmol/L phosphate buffer pH
5.4. An enzyme unit is defined as the amount of enzyme
that produces an increase of 1 absorbance unit per minute.

NFx-B and PPARy DNA binding

Binding of NFkB p65 subunit to the NFxB binding
consensus sequence 5’-GGGACTTTCC-3" and binding
of PPARy to the PPRE binding consensus sequence 5’
-AACTAGGTCAAAGGTCA-3 were measured with the
ELISA-based TransAM kits (Active Motif, Carlsbad, CA)
using tissue nuclear extracts. This assay is performed in
96-well plates coated with an oligonucleotide containing the
binding consensus sequence. The active forms in nuclear
extracts can be detected using specific Abs for epitopes
that are accessible only when the subunits are activated and
bound to its target DNA. Specificities were checked by
measuring the ability of soluble wild-type oligonucleotides
to inhibit binding;

Western blot

Pancreatic tissue was lysed by using the Nuclear Extract
Kit from Active Motif (Carlsbad, CA) following the
manufacturer conditions for preparation of cytoplasmatic
and nuclear extracts. SDS-PAGE was performed using
100 g/L or 120 g/L acrylamide gels. Proteins were
clectrotransfered to nitrocellulose membrane and probed
with primary Ab (anti-p65, 1/1000; anti-PPARy, 1/200;
anti-iNOS, 1/400; anti-B-actin, 1/400; anti-Histone
H1, 1/500). The membranes were incubated with
corresponding horseradish peroxidase-linked secondary
Ab, washed and subsequently incubated with ECL reagents

www.wjgnet.com
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Figure 1 Plasma lipase and pancreas MPO activity after retrograde infusion of
contrast media. ("P < 0.05 vs t=0).

from Amersham Pharmacia (Buckinghamshire, England)
before exposure to high performance chemiluminescence
films. Gels were calibrated using Bio-Rad standard proteins
(Hercules, CA) with markers covering a 7-240 kDa range.

Protein measurement

Total protein concentration in homogenates was deter-
mined using a commercial kit from BioRad (Munich,
Germany).

Lipase

Plasma lipase was determined by using commercial kits
from Randox (Antrim, UK), according to the supplier’s
specifications.

Histological study

Pancreatic tissue samples were taken and fixed in 40
¢/L neutral buffered formaldehyde solution, paraplast-
embedded, cut into 5 pm sections and stained with
hematoxilyn-eosin for light microscopy. Two different
observers evaluated randomly ten fields from each
animal and cell infiltration was recorded blindly on
photomicrographs.

Statistical analysis

Data have been expressed as mean = SE. Means of
different groups were compared using a one-way
analysis of variance. Tukey’s multiple comparison test
was performed for evaluation of significant differences
between groups. Differences were assumed to be
significant when P < 0.05.
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Figure 2 PPARYy activation. A: PPARy DNA binding activity of pancreas nuclear
extracts expressed as % of control activity. No significant differences were
observed on PPARYy binding to DNA after pancreatitis induction. By contrast,
PPARYy binding to DNA is strongly induced by rosiglitazone in both control and
pancreatitis groups. °P < 0.05 Rosiglitazone-treated vs vehicle-treated groups.
B: Western blot of nuclear PPARy confirmed the nuclear translocation of PPARy
protein after rosiglitazone administration in both control and pancreatitis groups.
Western blot was representative of three different experiments.

RESULTS

ERCP-induced pancreatic damage

The evolution of pancreatic damage was evaluated by
measuring plasma lipase and tissue MPO activity at
different time points after pancreas infusion of contrast
medium (Figure 1). A rapid and significant increase was
observed in plasma lipase activity that achieved a peak
between 3 and 6 h after surgery. By contrast, MPO activity
was not increased until 6 h after infusion and remained
increased until the end of experiment (24 h). Since in this
model the inflammation required 6 h to be established, we
selected this time point for the rest of experiments.

Treatment with rosiglitazone induced pancreatic activation
of PPARy

To evaluate the efficacy of rosiglitazone to induce PPARy
activation in the pancreatic tissue, we measured, on
nuclear extracts, the levels of DNA binding activity to
an immobilized oligonucleotide containing the PPRE
sequence. Binding activity was significantly increased in
rosiglitazone-treated animals (Figure 2A). By contrast,
in non-treated animals, ERCP-induced pancteatitis was
not associated with changes in pancreatic PPARy activity.
These results were confirmed by western blot analysis of
the translocation of PPARy into the nuclear fraction upon
rosiglitazone treatment (Figure 2B).

Rosiglitazone reduced the ERCP-induced pancreatic
damage
Both tissue edema and plasma lipase activity showed
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O Control Figure 3 Pancreatic tissue edema and plasma lipase
I AP activity 6 h after contrast medium infusion. Retrograde
administration of contrast medium induced increases
in edema and lipase activity. These increases were
partially prevented by pre-treatment of rosiglitazone.
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Figure 5 Myeloperoxidase activity in pancreas. MPO activity was significantly
increased in post-ERCP induced pancreatitis in comparison with vehicle.
Rosiglitazone treatment prevented this increase. °P < 0.05 AP vs control; °P < 0.05
rosiglitazone-treated AP group vs Vehicle-treated AP group.

increased levels 6 h after contrast media infusion (Figure 3).
Pre-treatment with rosiglitazone significantly reduced these
increases, but not to control levels. Histological findings
also showed a clear reduction on pancreatic interlobular
edema (Figure 4). No acinar necrosis was observed after
contrast-media infusion.

Figure 4 Histological examination of the pancreas
(x 200). A: Control pancreas showed normal acinar
structure; B: No morphological changes were observed
after rosiglitazone administration in control animals;
C: Experimental ERCP-induced pancreatic damage
reflected in interlobular and interacinar edema and
areas of leukocyte infiltration (arrows). Acinar necrosis
was not observed; D: Rosiglitazone pre-treatment
before contrast medium infusion resulted in a reduced
edema and absence of leukocyte cell infiltration.

ERCP-induced inflammatory response was inhibited by
rosiglitazone

When measuring the MPO activity, we observed that
the increase induced by contrast medium infusion was
completely abrogated by pre-treatment with rosiglitazone
(Figure 5). This result was confirmed by histological
results. In ERCP group, areas of intense cell infiltration
with extravasation of leukocytes to the interacinar space
were observed (Figure 4C). Treatment with rosiglitazone
completely prevented the infiltration of leukocytes (Figure
4D).

Rosiglitazone prevented the ERCP-induced NFkB-
activation

In order to evaluate the possible involvement of NFkB on
this anti-inflammatory effect, we measured the levels of
p65 DNA binding activity in pancreatic nuclear extracts.
Results indicated that infusion of contrast media into the
pancreatic duct induced a significant activation of NFkB
(Figure 6A). This increase was completely prevented by
pre-treatment of rosiglitazone. The effect of the PPAR-y
agonist on NFkB was confirmed by detecting, by western
blot, the presence of p65 subunit of NFkB into the
nuclear fraction (Figure 6B). In the ERCP group, p65
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Figure 6 NF«B activation. A: NF«B DNA binding activity of pancreas nuclear
extracts expressed as % of control p65 activity. Post-ERCP induced pancreatitis
resulted in increased levels of p65 binding activity. This increase was inhibited by
rosiglitazone pre-treatment. P < 0.05 AP vs Control; °P < 0.05 rosiglitazone-treated
AP group vs vehicle-treated AP group; B: Western blot of nuclear p65 confirmed
the nuclear translocation of p65 protein during ERCP-induced pancreatitis. This
nuclear translocation was not observed after rosiglitazone administration. Western
blot was representative of three different experiments.

translocated into the nucleus and this translocation was
prevented by pre-treatment of rosiglitazone.

Rosiglitazone prevented ERCP-induced expression of
iNOS

Finally, similar result was found when determining the
expression of iINOS, an NFxB-dependent enzyme (Figure
7). In ERCP group, iNOS was strongly induced, and
pre-treatment with rosiglitazone prevented this increase.
Interestingly, the enzyme, that is undetectable in control
animals showed a weak expression in control animals
treated with rosiglitazone.

DISCUSSION

Since pancreatitis represents the most common
complication after ERCP, different drugs, including
IL-10, gabexate mesylate, heparin or somatostatin, nitrate
derivates or diclofenac have been tested to reduce the
incidence and severity of post ERCP-pancreatitis. Many of
these studies, despite the use of randomized procedures
were criticized because of non reproducible results”. In
addition, the multifactorial etiology and pathophysiology
of post-ERCP pancreatitis needs to be taken into account.
Simplified procedures and the absence of adverse effects
are required to deliver prophylactic treatment for post-
ERCP panctreatitis. Out study shows that administration
of a PPARy agonist in a single oral dose before starting
ERCP decreases the severity of the inflammatory
reaction triggered by this procedure. Evidence has been
accumulated indicating that PPARy plays a role modulating
the inflammation. Several studies have demonstrated that
the use of PPARy ligands inhibits the intensity of the
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colitis"'”, adjuvant-induced arthritis"', and cerulein-

induced pancreatitis'''. In vitro, the expression of
inflammatory mediators such as TNFa, IL-1f, IL-6, iNOS
or MMP-9""" could be inhibited by PPARy ligands. These
findings have raised the possibility that these agents could
be useful for the treatment of the inflammatory disorders.

Our results indicate that administration of rosiglitazone
before experimental ERCP completely prevented the
inflammatory response in the pancreas, reflected in a
reduced MPO activity and the lack of leukocytes infiltrate
observed in pancreas. By contrast, increases in lipase
plasma activity and edema were only partially prevented
by rosiglitazone. This fact was not unexpected, since
rosiglitazone prevents the activation of the inflammatory
response, but has no effect on the mechanical damage
related with changes in osmolarity or increased intraductal
pressure. Pancreatic damage results from both mechanical
and inflammatory processes associated with intraductal
activation of pancreatic proenzymes. Nitrate derivates
or pancreatic stenting have been proposed to increase
pancreatic out-flow, diclofenac or I1.-10 following
inflammatory response and somatostatin to decrease the
intraductal concentration of pancreatic proenzymes' .
Rosiglitazone was supposed to act only on the
inflammatory-related increases in lipase and edema.

It is known that the activation of PPARy results in
a reduction of the inflammatory response due to its
inhibitory effect on main inflammatory signal transduction
pathways, in particular, NFkB. It has been reported,
in several experimental models of pancreatitis, that
pancreatic damage was associated with increased nuclear
translocation of NFxB dimers p65/p50 that trigger the
transcription and generation of a broad spectrum of
inflammatory mediators by pancreatic cells'”. These
mediators, including cytokines, chemokines and adhesion
molecules, generate a microenvironment that promotes
the recruitment and activation of inflammatory cells and
contributes to increasing the extension of the pancreatic
damage. Consequently, we have evaluated the involvement
of NFkB in the observed anti-inflammatory effect of
PPARy in post-ERCP pancreatitis. For this purpose
we have measured the nuclear translocation and DNA
binding of p65, the key component of NFxB. The results
indicate that nuclear translocation of p65 was significantly
increased after experimental ERCP and this increase was
completely prevented by pre-treatment of rosiglitazone.
This inhibition could explain the lack of inflammatory
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infiltrate observed in pancreas, since NFkB activation is a
requisite for the generation of the main pro-inflammatory
mediators involved in pancreatitis.

Similar results were observed when measuring the
expression of iNOS in pancreatic tissue. This enzyme was
induced mainly in activated leukocytes in order to generate
nitric oxide at a cytotoxic concentration as a part of the
bactericidal mechanism of these cells. The presence of
iNOS in pancreas in post-ERCP pancreatitis confirms
that an intense inflammatory process was triggered. Since
the synthesis of this enzyme is strongly dependent on
NFkB, it is not a surprise that rosiglitazone treatment
downregulates the expression of iNOS. On the other
hand, the reduced levels of iNOS could also reflect the
lack of cell infiltration that occurs under these conditions.

The blockage of NFkB activation and the resulting
inhibition in the NFxB-dependent mediators is of
importance not only for the local inflammation, but
also in order to prevent the release into the circulatory
bloodstream of pro-inflammatory cytokines that could
trigger a systemic inflammatory response. Although this
occurs in a reduced percentage of patients, the severity
of the process justifies the use of prophylactic measures
to prevent it despite the failure or the weakness of many
previous series.

In conclusion, despite the general limitations of all
the animal models relative to clinical setting and the
multifactorial etiology of post-ERCP pancreatitis, these
results suggest that rosiglitazone and other PPARy
agonists are potential new therapeutic agents for the
prevention of post-ERCP-induced acute pancreatitis.
It could be administered in an oral dose to the patients,
shortly before the ERCP. However, further studies are
needed to determine the proper dose and time-point of
administration in human patients.
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Abstract

AIM: To study whether matrix metalloproteinase-9
(MMP-9) is a key factor in epithelial damage in the
dextran sodium sulphate (DSS) model of colitis in mice.

METHODS: MMP-9-deficient and wild-type (wt)
mice were given 5% DSS in drinking water for 5 d
followed by recovery up to 7 d. On d 5 and 12 after
induction of colitis, gelatinases, MMP-2 and MMP-9,
were measured in homogenates of colonic tissue by
zymography and Western blot, whereas tissue inhibitor
of metalloproteinases (TIMPs) were measured by
reverse zymography. The gelatinolytic activity was
also determined in supernatants of polymorphonuclear
leukocytes (PMN) isolated from mice blood. Moreover,
intestinal epithelial cells were stimulated with TNF-a. to
study whether these cells were able to produce MMPs.
Finally, colonic mucosal lesions were measured by
microscopic examination.

RESULTS: On d 5 of colitis, the activity of MMP-9 was
increased in homogenates of colonic tissues (0.24 =
0.1 vs 21.3 = 6.4, P < 0.05) and PMN from peripheral
blood in wt (0.5 £ 0.1 vs 10.4 £ 0.7, P < 0.05), but not
in MMP-9-deficient animals. The MMP-9 activity was also
up-regulated by TNF-o in epithelial intestinal cells (2.5 +
0.5 vs 14.7 £ 3.0, P < 0.05). Although colitis also led to
increase of TIMP-1 activity, the MMP-9/TIMP-1 balance
remained elevated. Finally, in the MMP-9-deficient colitic
mice both the extent and severity of intestinal epithelial
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injury were significantly attenuated when compared with
wt mice.

CONCLUSION: We conclude that DSS induced colitis
is markedly attenuated in animals lacking MMP-9. This
suggests that intestinal injury induced by DSS is modu-
lated by MMP-9 and that inhibition of this gelatinase may
reduce inflammation.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Matrix metalloproteinases (MMPs) comprise a group of
zinc and calcium-dependent endopeptidases that exhibit
differential proteolytic activity against extracellular matrix
(ECM) proteins. Based on substrate specificity, MMPs
have been classically divided into collagenases, gelatinases
(MMP-9 and MMP-2) and stromelysins. These proteinases
are secreted as latent enzymes that require proteolytic
cleavage for activation. However, a subset of MMPs,
known as membrane-type MMPs (MT-MMPs) are not
secreted but instead remain attached to cell surfaces and
activate secreted MMPs!"?. The MMP activity is tightly
controlled by specific endogenous inhibitors of these
enzymes (TIMPs), which complex with MMPs. Four
TIMPs have been described until now and TIMP-1 seems
to be the most important endogenous inhibitor, which
binds to activated interstitial collagenase and gelatinases" .

Ulcerative colitis (UC) is a chronic inflammatory disease
affecting primarily the distal colon and rectum of young
adults and its etiology still remains unclear. Degradation
and remodeling of the ECM is increasingly implicated
in the pathogenesis of several inflammatory disorders,
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such as periodontal disease and rheumatoid arthritis”®, Tn
physiological conditions, MMPs act as part of the normal
connective tissue turnover. However, MMPs released
by diverse cells in response to several cytokines during
inflammation, may lead to excess degradation of ECM and
tissue injury. Previous studies have found both increased
activity and expression of MMPs in colonic tissues of
patients with inflammatory bowel disease (IBD)"",
Moteover, MMP-9 may be a key factor responsible for
accelerated breakdown of ECM in UC, because it was
demonstrated that MMP-9 is abundantly expressed in
patients with UC compared with controls”. Hence, MMP
inhibition has emerged as a potential therapeutic approach
in colonic inflammatory disorders" """, Furthermore, we
have previously demonstrated a significant up-regulation
of MMP-9 expression and activity in a rat model of
colitis induced by dextran sulphate sodium (DSS). In this
experimental model, a synthetic MMP inhibitor (CGS-
27023-A) significantly reduced the extent and severity
of tissue injury'”. However, this compound is a broad
spectrum MMP inhibitor and the relative contribution of
MMP-9 in this experimental model still remains unclear.

In the present investigation, we sought to determine
whether MMP-9 extinction could alter intestinal damage
in a mouse model of colitis induced by DSS. This model
exhibits clinical and morphological features resembling
human UC, including diarrhea and rectal bleeding, diffuse
lesions circumscribed to the mucosa, and predominance
of distal involvement of the large intestine"”. Our findings
support the conclusion that MMP-9 modulates colonic
mucosal injury in this entity.

MATERIALS AND METHODS

Animals

Our studies used the homozygous MMP-9-deficient male
mice with FVB background and wild-type (wt) purchased
from Jackson Laboratories (Ca, USA). The animals were
8 wk to 10 wk old and weighted from 25 g to 30 g They
were maintained in a restricted-access room with control-
led temperature (23°C) and light-dark cycle (12 h:12 h)
and were housed in rack-mounted cages with a maximum
of 10 mice per cage. Mice were allowed to drink and feed
ad libitum. The study was approved by the local Animal
Welfare Committee and conformed to the principles of
laboratory animal care and use (NIH publication 86-23).

Genotyping analysis

Liver samples from selected mice were collected
and genotype was verified by polymerase chain
reaction (PCR) using a sense oligonucleotide primer
(5>-GCATACTTGTACCGCTATGG-3’) and an
antisense oligonucleotide primer (5’-TAACCGGAG
GTCCAAACTGG-3’). For the neomycin cassette,
we also used a sense oligonucleotide primer (5°
-GAAGGGACTGGCTGCTATTG-3") and an antisense
primer (5"-AATATCACGGGTAGCCAACG-37).

All procedures were performed blind with respect to

genotype.

Experimental design

Distal colitis was induced by oral DSS (molecular wt
40000; ICN Biomedicals, Aurora, OH) at 5% in tap watet
ad libitum for 5 d in wt and MMP-9 deficient mice and then
switched to water and monitored for 7 additional days.
At least 15 age and sex matched wt and MMP-9 deficient
mice were studied at the end of 5 d with DSS treatment
and at 7 d after DSS (recovery phase), whereas 15 control
wt and 15 control MMP-9 deficient mice were allowed
free access to drinking water. Body weight was routinely
obtained every second day and mortality was recorded at
any time. Mice were euthanized by cervical dislocation on
d 5 and 12 after induction of colitis. With the use of sterile
equipment, a mid laparotomy was performed, the colon
was removed, opened longitudinally, rinsed with sterile
saline, and divided into two parts by a longitudinal section.
One specimen was homogenized and stored at -20C for
MMPs, TIMPs, TNF-o and myeloperoxidase (MPO) assay.
The second specimen was used for microscopic assess-
ment of mucosal lesions.

Isolation of neutrophils

Mice were anesthetized by an intraperitoneal injection
of ketamine (100 mg/kg, Park Davis, Mortis Plains, NJ).
Blood samples were collected from the abdominal aorta.
Neutrophils were isolated using Histopaque (Sigma Ltd,
England) and erythrocyte removed using hypotonic lysis
with ammonium chloride. The neutrophil count was
determined by using a Neubaver hemocytometer and cell
viability was assessed by trypan blue exclusion. Typically,
the neutrophil preparations were > 98% pure and >
94% viable. The isolated neutrophils were washed and
resuspended in HBSS with calcium and magnesium at a
concentration of 5 X 10’ cells/L and incubated for 12
h at 37°C. The release of MMPs was determined in the
supernatant by zyrnographym.

Cell culture

Caco-2 cells, a human intestinal epithelial cell line, were ob-
tained from the American Type Culture Collection (ATCC,
Rockville, MD). Cells were cultured in 75-cm’ flasks in a
humidified atmosphere containing 5% CO2 at 37°C. Cells
were grown in minimum essential medium supplemented
with pyruvate, sodium bicarbonate, 20% fetal bovine se-
rum, gentamycin sulfate (0.05 mg/mlL), penicillin G (0.06
mg/mL) and streptomycin sulfate (0.01 mg/mL). The
medium was changed every two days and cells were sub-
cultured three times each week. When confluent, cells were
detached using a Trypsin-EDTA solution. For the 7 vitro
experiments, Caco-2 cells were seeded into 24-well plates
(30000 cells per well) in free serum-medium and cultured
in the presence or absence of human recombinant TNF-o
(1 or 10 pg/L) for 24 h. Afterwards, conditioned media
was collected and stored at -20°C for the zymography assay
and Western blot analysis.

Analytical Methods
Zymography: The activity of pro-MMP-9 was measured
as previously described™" in homogenates of colonic
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tissue, supernatants of purified neutrophils and Caco-2
conditioned media. Briefly, samples were subjected to 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) with copolymerized gelatin (0.2%; Sigma
Chemical Co, St. Louis, Mo). After electrophoresis, the
gels were washed with 2% Triton X-100 (2 times, 20 min
each), and then incubated in development buffer (50
mmol/L Tris HCl, 200 mmol/L NaCl, 10 mmol/L CaClz
and 1 umol/L ZnClz,pH = 7.5) at 37°C overnight. Human
recombinant MMP-9 and MMP-2 (Oncogene Research,
Nottingham, UK), conditioned medium of HT-1080
human fibrosarcoma cells and molecular weight markers
were used as standards. After incubation, gels were fixed
and stained in 40% methanol, 10% acetic acid and 0.1%
(wt/v) Coomassie Blue for 1 h and then de-stained. The
low availability of active MMP-9 seen in the zymographies
may be due to its high level of instability and the removal
of active enzyme during the washing of specimens, as it
has been previously suggested”.

Reverse zymography: The TIMP-1 activity was ana-
lyzed in homogenates of colonic tissues, as previously
described™. Briefly, samples were subjected to 15% SDS-
PAGE with copolymerized 0.2% gelatin and human
recombinant MMP-2 (160 pug/L). Human recombinant
TIMP-1 was used as the internal standard. TIMP-1
activity was identified by inhibition of gelatinolysis when
compared with the standard.

Western-blot: Western-blot analysis of MMP-9 was per-
formed in homogenates of colonic tissue and Caco-2 con-
ditioned media, as previously described™. Samples were
denatured and loaded (50 pg/lane) onto 10% (vol/vol)
polyacrylamide gels. Following electrophoresis, proteins
were transferred onto a nitrocellulose membrane (Protran,
Schleider&Schuell) and detected using a rabbit monoclonal
anti-MMP-9 antibody (Chemicon, Ca, USA) at 1:1000 con-
centration and a chemiluminescent substrate (Pierce, Rock-
ford, USA). To account for the inter- blot variations in
MMP immunoreactivity, an internal standard (conditioned
medium of HT-1080 cells, and recombinant MMP-9) was
used"®. Western Blotting with monoclonal anti-beta-actin
(Sigma Chemical Co, St. Louis, Mo) was performed as an
internal control.

Bands quantification: Clear bands were analyzed using
a calibrated densitometer (GS-800, BioRad) and Quantity
One Quantitation analysis software (BioRad, version 4).
Each band was measured in terms of Optical Density
Units of trace quantity (ODu) X mm.

Quantification of TNF-o by ELISA: TNF-q expression
was assayed in colonic tissues. Fragments of colon (40-50
mg) from the proximal region of the rectum were col-
lected from wt and KO animals treated as described above.
Afterwards, colon tissues were placed in 500 mL ice-cold
PBS containing 20 ul. of a proteinase inhibitor cocktail
(Roche Diagnostic GmbH, San Francisco, CA) and im-
mediately sonicated. After 10 min in ice, cellular debris was
removed by centrifugation at 10000 g for 10 min at 4°C
and the protein content of the supernatant was assayed
by Bradford's method. The specific ELISAs for mouse
TNF-o used in these experiments were purchased from
BD Biosciences (San Diego, CA). Murine TNF-o concen-
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A: Grade of crypt lesion Score
Intact crypt

Grade 1: Loss of the basal third 1
Grade 2: Loss of two thirds 2
Grade 3: Loss of entire crypt 3
Grade 4: Erosion 4

B: Extension of each grade of crypt 0-100
lesion as % of total mucosal surface

Crypt lesion score 2 (A xB)
Grade of inflammation, epithelial Score
regeneration or crypt distortion

Absent 0
Mild 1
Moderate 2
Severe 8]

Crypt lesion, acute and chronic inflammation, epithelial regeneration and
crypt distortion are scored separately.

trations in tissue extracts were assayed in duplicate wells
following the manufacturet’s recommendations. The sensi-
tivity of ELISA for TNF-¢, in our laboratory was 20 ng/L.
Data were expressed as pg TNF-o./ ug of total protein.
MPO assay: For the MPO activity assay”’, the colonic
specimen was homogenized in 2 mL phosphate-buffered
saline, using a Tissue Tearor (model 985-370, Biospec,
Racine, WI), and centrifuged. The pellets were again ho-
mogenized in an equivalent volume of phosphate buffer (50
mmol/L, pH 6) containing 0.5% hexadecyltrimethylam-
monium bromide (Sigma) and 5 mmol/L EDTA, sonicat-
ed three times for 30 s each time (Labasonic 2000, Braun),
and centrifuged. Supernatants were used for determination
of tissue MPO activity by a kinetic method. One unit of
enzyme activity is defined as the amount of MPO that de-
grades 1 mmol of peroxide per minute at 25°C.

Histological Measurement of Colonic Lesions

Colonic specimens were fixed in formalin and coded
for blind microscopic measurement of mucosal lesions.
Samples were embedded in paraffin using a “Swiss roll”
technique, and longitudinal sections from cecum to rectum
were prepared and stained with hematoxylin and eosin.
This procedure allows the examination of the entire
specimen from cecum to rectum in every section. Two
pathologists who were unaware of the treatment measured
the extent of mucosal surface involved by crypt lesions as a
percentage of the total colonic surface. For each specimen,
a crypt damage score was obtained by summation of the
products of each grade of crypt damage times the extent
of mucosal surface involved by this grade of damage
(Table 1). In addition, the specimens were graded O to 3
for inflammation (acute + chronic), regenerative changes
(hyperplastic epithelium) and crypt distortion (distorted
epithelium) using the criteria described by Cooper ez a/*.
Acute inflammation scotes evaluated of the presence of
polymorphonuclear neutrophils in the infiltrate, whereas
chronic inflammation scores evaluate the presence of
mononuclear cells.
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Figure 1 Gelatinase activity in colonic homogenates. A: Representative
zymogram in wild-type (wt) and MMP-9-deficient (KO) animals on d 5 (DSS 5)
and 12 (DSS 12) after induction of colitis (n = 9 in each group). Supernatant of
HT1080 cells, human recombinants MMP-9 (rMMP9) and MMP-2 (rMMP2) were
used as positive controls. Gelatinases with molecular weights of 62, 72 and 92
kDa corresponding to activated MMP-2, pro-MMP-2 and pro-MMP-9, respectively,
were detected. Quantitative data of pro-MMP-9 and total MMP-2 (pro-MMP-2 and
MMP-2) (°P < 0.05 vs control) in wt (B) and MMP-9-deficient mice (C).

Statistical analysis

Results are presented as mean * SE. The statistical differ-
ence between means was determined using one way analy-
sis of variance for overall comparison and the Student-
Newman-Keuls test as post-test for single comparisons.
The mortality data were analyzed by Kaplan-Meier survival
curves.

RESULTS

DSS Colitis

Exposure to 5% DSS in drinking water for 5 d induced
diarrhea and rectal bleeding in all mice. Furthermore, DSS
treatment resulted in a significant increase in MPO activity
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Figure 2 Gelatinase Activity in purified Neutrophils. A: Representative zymogram
in wild-type (wt) and MMP-9-deficient (KO) animals on d 5 (DSS 5) and 12 (DSS
12) after induction of colitis (n = 15 in each group). Supernatant of HT1080
cells, human recombinants MMP-9 (rMMP9) and MMP-2 (rMMP2) were used as
positive controls. HBSS was used as negative control. Pro-MMP-9 was detected in
neutrophils from colitic wt animals; B: Quantitative data (°P < 0.05 vs controls).

in the colonic tissues of both MMP-9 deficient mice (colitic:
2.5+ 0.82 ps control: 0.3 £ 0.05 mU/mg protein, P < 0.05)
and wt (colidc: 1.95 + 0.67 »s control: 0.25 = 0.06 mU/mg
protein, P < 0.05). Histological examination of colonic
sections revealed that administration of DSS resulted in
epithelium injury and loss of normal crypt architecture,
with some areas of erosion. Mixed infiltrate of neutrophils
and mononuclear cells was observed in the lamina propria
and submucosa. The muscularis propria was not involved.
These changes were diffuse but predominated at distal
parts of the colon. Histological examination revealed no
changes in colons from normal control mice.

Gelatinase activity in DSS colitis

Zymographies revealed that MMP-2 but not pro-MMP-9,
was a dominant gelatinase in colonic homogenates from
non-colitic animals in both wt and deficient animals (Figure
1A). However, DSS treatment resulted in a significant up-
regulation of pro-MMP-9, but not MMP-2 activity in col-
itic wt animals in comparison to deficient animals on d 5
after the induction of colitis (Figure 1A and B). On d 12,
pro-MMP-9 activity was still up-regulated in wt animals,
although to a less extent than in d 5. In addition, there was
an up-regulation of MMP-2 in both groups (Figure 1A and
B). In peripheral neutrophils isolated from wt animals pro-
MMP-9 activity was also markedly enhanced on d 5 and, to
a lesser extent, on d 12 following the induction of colitis,
but not from MMP-9 deficient mice (Figure 2A and B). By
contrast, no MMP-2 activity was shown in neutrophils iso-
lated from any animal group in the presence or absence of
DSS treatment.
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Figure 3 Pro-MMP-9 immunoreactivity in colonic homogenates. A: Representative
immunoblot in wild-type (wt) and MMP-9-deficient (KO) (n = 9 in each group)
animals on d 5 (DSS 5) and 12 (DSS 12) after colitis induction. Supernatant of
HT1080 cells and human recombinants MMP-9 (rMMP9) were used as positive
controls. A band of 92 kDa corresponding to pro-MMP-9 was detected in colitic
samples. B: Quantitative analysis (°P < 0.05 vs control).

DSS Colitis Enhanced MMP-9 Immunoreactivity

As shown by the immunoreactive band migrating at 92
kDa, a significant up-regulation of pro-MMP-9 was ob-
served in wt, but not in controls or MMP-9 deficient mice,
on d 5 and 12 following the induction of colitis (Figure 3).

TIMP-1 Activity in DSS Colitis

Colitis resulted in a significant up-regulation of TIMP-1
in wt animals receiving DSS compared to controls on d 5
and this increase remained elevated on d 12 after induction
of colitis (Figure 4A and B). In wt mice the pro-MMP-9/
TIMP-1 ratio was significantly higher (P < 0.05) than in
control mice on d 5 and 12 after the induction of colitis.
In addition, the pro-MMP-9/TIMP-1 ratio was not altered
by colitis in MMP-9-deficient mice (Figure 4C).

TNF-o. Content in DSS Colitis

Figure 5 shows that wt and MMP-9-deficient animals ex-
posed to DSS for during 5 d showed a significant increase
in TNF-q, concentration as compared with non-colitic ani-
mals. In addition, the TNF-q level remained elevated in wt
animals on d 12 after colitis induction, whereas returned to
base line levels in MMP-9 deficient animals.

Effect of TNF-o. Treatment

Since in DSS-induced colitis the predominant lesions are
circumscribed to the mucosa, we measured the MMP ac-
tivity in intestinal epithelial (Caco-2) cells in response to
TNF-o. Zymographies showed that, under basal condi-
tions, MMP-2 was the predominant gelatinase in Caco-2
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Figure 4 TIMP-1 activity in DSS-induced colitis: A: Representative reverse
zymograms in homogenates of colonic tissue in wild-type (wt) and MMP-9-
deficient (KO) animals on d 5 (DSS 5) and 12 (DSS 12) after induction of colitis;
B: Quantitative data of TIMP-1 activity (°P < 0.05 vs control) (n = 5 in each group);
C: wt mice had a pro-MMP-9/TIMP-1 ratio significantly (°P < 0.05) higher than
controls on d 5 (DSS 5) and 12 (DSS 12) following the induction of colitis. The pro-
MMPI/TIMP-1 ratio was not modified by DSS-induced colitis in KO mice.

cells. Interestingly, TNF-q treatment resulted in a dose-
dependent significant increase of pro-MMP-9 activity
whereas MMP-2 activity remained unchanged (Figure 6A
and C). In addition, Western blot analysis corroborated
that TNF-q, treatment significantly increased pro-MMP-9
immunoreactivity in intestinal epithelial cells (Figure 6B
and D).

Impact of MMP-9-silencing on DSS-colitis outcome

Both wt and MMP-9-deficient mice developed diarrhea
and rectal bleeding with DSS. Percent loss of body weight
is shown in Figure 7A. Neither deficient nor wt mice
showed major loss of body weight during DSS treatment.
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Figure 5 TNF-a content in colonic tissue. Concentration of TNF-a protein in
homogenates of colonic tissue from wild-type (wt) (n = 5) and deficient (KO) (n
= 5) animals on d 5 (DSS 5) and 12 (DSS 12) after colitis induction (°P < 0.05 vs
control).

However, during the recovery phase, wt mice showed
significant weight loss. In addition, the mortality was sig-
nificantly higher in wt than in MMP-9 KO mice (Figure
7B). The mean of severity of crypt damage, inflamma-
tion, epithelial regeneration and crypt distortion scores are
summarized in Table 2. MMP-9 deficient mice showed a
significant decrease in the crypt damage scores when com-
pared with wt mice on d 5 and 12 after colitis induction.
Moreover, deficient mice showed significantly lower scores
of acute and chronic inflammation on d 12. Epithelial
regeneration and crypt distortion scores were almost ab-
sent on d 5, and no differences were found between both
groups at any time.

DISCUSSION

The etiology and the cascade of the events resulting
in intestinal injury of UC patients still remain unclear.
There is growing evidence that MMPs are implicated in
tissue remodeling and destruction associated with several
¥ including TBD"". Moreover,
increased gelatinase activity has been shown in diverse

inflammatory conditions

animal experimental models of colitis"™*! Our study
revealed that MMP-9-deficient animals showed improved
survival and indices of epithelial injury, suggesting that
MMP-9 is a key factor in tissue damage in DSS-induced
colitis.

The destructive effect of MMPs in the gut has been
shown by several 7z vitro studies” >, In addition, previous
reports have found increased levels of MMP-9 in colonic
tissues of patients with IBD. For instance, Bailey ez al™
have shown an increased MMP-9 protein in patients with
IBD by immunohistochemical techniques. Furthermore,
Baugh ¢7 a/ have found that MMP-9 activity measured
by zymography was the most abundant MMP expressed
in intestinal tissues of patients with UC compared
with normal controls”. Moreover, Tartlon e a/*" have
also shown increased gelatinase activity in a transmural
experimental model of colitis induced in immunodeficient
mice. Finally, we have previously found that MMP-9 is up-
regulated in intestinal tissues from rats with DSS-induced
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Figure 6 Activity of gelatinases in Caco-2 cells in absence (control) or presence
of TNF-a (1 pg/L or 10 pg/L). A: Representative zymogram of gelatinases with
molecular weights of 72 and 92 kDa corresponding to pro-MMP-2 and pro-MMP-9,
respectively, were detected. Supernatants of HT1080 cells were used as controls.
B: Representative immunoblot of pro-MMP-9 (92 kDa) protein in Caco-2 cells as
above. C: Quantitative zymographic analysis (°P < 0.05 vs control). D: Quantitative
western-blot analysis (*P < 0.05 vs control) (n = 3 in each group).

colitis"”. Our present study shows that DSS treatment
induced an increased activity and expression of pro-
MMP-9 in wt mice compared to the MMP-9 deficient
group. It could be surprising that DSS did not induce
the active form of MMP-9, however, the low availability
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Figure 7 A: Percentage of body weight change during DSS-induced calitis in wild-
type (WT) and deficient (KO) animals (n = 30 in each group). Values are mean
+ SE of percentage body weight change in each animal relative to weight at the
start of DSS treatment. WT animals showed more weight loss than deficient mice
(*P < 0.05). B: Survival curve of both colitic groups. The mortality was significantly
higher in wt animals compared to deficient mice (*P = 0.015).

of this enzyme may be due to the removal of the active
form of MMP-9 during the washing of specimens, as it
has been previously suggested[zzl. Our data also show that
colitis induced by DSS was enhanced in wt animals. In fact,
histological evidence of less mucosal damage was observed
in MMP-9 deficient animals on d 5 and 12 after induction
of colitis. In addition, the higher weight loss and mortality
of wt mice compared with deficient animals supports this
hypothesis. In our experiments the indices of DSS-induced
colitic injury correlated well with pro-MMP-9, but not
with MMP-2 up-regulation. By contrast, whereas MMP-2
activity was elevated during the recovery phase of colitis,
the activity and expression of pro-MMP-9 decreased on d
12 after colitis induction. These data suggest that MMP-9
is mainly implicated in mucosal injury at the early stage
of colitis, whereas MMP-2 seems to be linked to mucosal
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D5 D12
WT KO WT KO
Crypt lesion 40.0+4.0 21.0+50"° 180+24 95+24°
Acute inflammation 1.0£02 0901 1.8+£0.2 0.5+0.15"
Chronic inflammation 0.5+0.1 0.6+0.1 15+010 04+01°
Epithelial regeneration 0.2+0.05 0.1+0.02 12%015 0.95+0.2
Crypt distortion 0 0 06+0.10 05£0.2
P <0.05vs WT.

repait, although MMP-2 deficient animals should be tested
to confirm this hypothesis. Therefore, further investigation
is warranted.

In many inflammatory conditions, the excess degra-
dation of ECM may result from an imbalance between
MMP and TIMP activitym. Since TIMP-1 seems to be
the major inhibitor of gelatinase activity[3J we studied the
activity of this inhibitor in DSS-induced colitis. We found
that TIMP-1 was increased in colitic wt animals on d 5
after induction of colitis in comparison with non-colitic
mice. However, our results showed an imbalance between
pro-MMP-9 and TIMP-1 activity in colitic wt animals in
favour of MMP-9, suggesting that the increase of TIMP-1
was insufficient in preventing pro-MMP-9 from exerting
its biologic effects in DSS-induced colitis. Interestingly, in
MMP-9 deficient animals DSS treatment did not increase
TIMP-1 activity, which could suggest an adapted regulatory
response of this endogenous inhibitor to the levels of pro-
MMP-9. Our results are consistent with previous studies in
human IBD whete an imbalance between MMPs and their
endogenous inhibitors has been shown!' ™",

We next studied the cellular origin of MMP-9 in DSS-
induced colitis. MMP-9 released from neutrophils could be
an important factor for transmigration and proteolysis of
ECM in several inflammatory conditions contributing to
tissue injury“g’}zl. We found that pro-MMP-9 is expressed
by neutrophils only in colitic wt animals. However, DSS
treatment did not induce any significant difference in MPO
activity and inflammation score (markers of neutrophilic
infiltration) between wt and MMP-9 deficient animals on
d 5. This is consistent with the fact that inflammation is
thought to be a secondary event that follows epithelial
damage in this experimental model of colitis™. There-
fore, it seems reasonable that other cells may also generate
MMP-9 contributing to crypt damage during the initial
phase of DSS-induced colitis. Intestinal epithelium plays
an important role in the immunomodulatory response of
the intestinal mucosa” . Indeed, the loss of intestinal ep-
ithelium integrity could lead to an interaction between the
luminal antigenic stimuli with the mucosal immune system,
resulting in intestinal inflammation””". We used a human
intestinal epithelial cell line to confirm whether MMP-9
and MMP-2 are up-regulated by inflammatory stimuli, as
previously described™. Consistent with the colonic tissue
samples, we found that TNF-q treatment only resulted in
up-regulation of pro-MMP-9 activity in intestinal epithe-
lial cells. These data therefore suggest that MMP-9 could
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be released from inflamed intestinal epithelial cells with
the subsequent loss of mucosal integrity, thus facilitating
the penetration of inflammatory cells such as PMN into
inflamed tissue in the late inflammatory phase of DSS-
induced colitis. Our results are consistent with a recent
study where epithelial MMP-9 has been shown as an im-
portant factor for tissue damage using the Caco-2 intes-
tinal cell line, since MMP-9 inhibited cell attachment and
wound healing in an i vitro model™. In addition, epithelial
protection in MMP-9-deficient mice during the eatly phase
of colitis could also account for a mitigated inflammatory
response in the late phase of this experimental model.
In fact, only on d 12 after DSS administration MMP-9-
deficient animals showed lower inflammation scotes than
wt animals. These results are consistent with our previous
study, where MMP inhibition with CGS-27023-A treat-
ment in rats with DSS-induced colitis significantly reduced
the inflammation scores only during the recovery phase of
the colitis" .

In conclusion, this study presents direct evidence
that DSS-induced colitis is attenuated in mice deficient
in MMP-9. The reduction in inflammatory indices and
pathological scoring suggests a link between MMP-9
and DSS-induced colitis that might help elucidate the
physiopathology of UC. These results suggest that
selective inhibition of this gelatinase could be a novel
therapeutic strategy for patients with UC.
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Abstract

AIM: To determine the gene expression profile data
for the whole liver during development of dimethylni-
trosamine (DMN)-induced hepatic fibrosis.

METHODS: Marker genes were identified for different
types of hepatic cells, including hepatic stellate cells
(HSCs), Kupffer cells (including other inflammatory cells),
and hepatocytes, using independent temporal DNA
microarray data obtained from isolated hepatic cells.

RESULTS: The cell-type analysis of gene expression
gave several key results and led to formation of three
hypotheses: (1) changes in the expression of HSC-
specific marker genes during fibrosis were similar to gene
expression data in /n vitro cultured HSCs, suggesting a
major role of the self-activating characteristics of HSCs in
formation of fibrosis; (2) expression of mast cell-specific
marker genes reached a peak during liver fibrosis,
suggesting a possible role of mast cells in formation of
fibrosis; and (3) abnormal expression of hepatocyte-
specific marker genes was found across several metabolic
pathways during fibrosis, including sulfur-containing
amino acid metabolism, fatty acid metabolism, and
drug metabolism, suggesting a mechanistic relationship
between these abnormalities and symptoms of liver
fibrosis.

CONCLUSION: Analysis of marker genes for specific
hepatic cell types can identify the key aspects of fibro-
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genesis. Sequential activation of inflammatory cells and
the self-supporting properties of HSCs play an important
role in development of fibrosis.

© 2006 The WIG Press. All rights reserved.

Key words: Liver fibrosis; Gene expression; Microarray;
Dimethylnitrosamine; Marker genes; Hepatic stellate cell;
Kupffer cell; Hepatocytes; Metabolic pathway

Takahara Y, Takahashi M, Wagatsuma H, Yokoya F, Zhang
QW, Yamaguchi M, Aburatani H, Kawada N. Gene expres-
sion profiles of hepatic cell-type specific marker genes in
progression of liver fibrosis. World J Gastroentero/ 2006;
12(40): 6473-6499

http://www.wjgnet.com/1007-9327/12/6473.asp

INTRODUCTION

The pathological relationship between chronic inflammation
and formation of fibrosis has been established in various
organs, including the liver, kidney, lung and pancreas.
Although liver fibrosis has been studied extensively,
the underlying mechanisms remain unclear and drugs
to prevent and treat fibrosis are only partially effective.
DNA microarray technology offers an approach to this
kind of complex problems, and microarray analyses of
the whole liver have been reported for liver fibrosis™?,
However, these analyses did not address the behavior of
individual hepatic cell-types and the interactions of hepatic
cells during fibrosis. Therefore, in the current study we
identified hepatic cell-specific marker genes that could be
used to understand the 7z vivo behavior of each type of
hepatic cells during fibrogenesis.

About 70%-80% of hepatic cells are parenchymal
hepatocytes, while the non-parenchymal cells are mainly
composed of Kupffer cells, hepatic stellate cells (HSC)
and sinusoidal endothelial cells (SECs)™". Kupffer cells
are the resident monocytes in liver, and act in phagocytosis
of foreign substances such as microorganisms, as well as
management of inflammatory processes. Kupffer cells and
infiltrated monocytes and lymphocytes are considered to
trigger inflammation in the early phase of hepatitis and
then maintain chronic inflammation. HSCs control hepatic
and cardiovascular contraction, and produce extracellular
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matrix (ECM) components and cytokines for repair of
organs. HSCs are also believed to have a central role in
hepatic fibrosis formation. Hepatocytes fulfill the main
functions of the liver, including regulation of nutrition,
production of major serum proteins, and elimination of
unnecessary materials to maintain homeostasis of the
whole body".

In the current study, we first examined gene expression
profiles of hepatic cells that were isolated at different
time points during liver fibrosis. Marker genes specific
for different types of hepatic cells were obtained by
comparing these profiles and using information from
previous studies. DNA microarray data for the whole liver
were then interpreted during liver fibrogenesis using the
hepatic cell-type specific marker genes. Our results suggest
that new pathological properties and intracellular events
are associated with each cell type during liver fibrogenesis,
and provide candidates for diagnostic markers of liver
fibrosis.

MATERIALS AND METHODS

Animals and experimental protocols

Male Sprague-Dawley rats (Charles River Japan, Yoko-
hama, Japan) weighing 160-190 g were housed with un-
restricted access to food (CRF-1, Otiental Yeast, Tokyo,
Japan) and water in air-conditioned animal quarters with
a 12 h light/datk cycle (light between 07:00 and 19:00 h).
Hepatic fibrosis was induced by intraperitoneal injection
of 0.5% dimethylnitrosamine (DMN; Wako Pure Chemical
Industties, Osaka, Japan) at 2 mL/kg of body weight for
three consecutive days each week for four weeks. Blood
samples were drawn from the inferior vena cava on d 0, 4,
7, 14, 21 and 28, respectively. Liver specimens obtained on
these days were dissected and immediately frozen in liquid
nitrogen. Fibrosis was confirmed by haematoxylin and
cosin (HE) staining of the liver tissue. The hydroxyproline
content of liver specimens was determined as previously
described by Horie ¢ a/”' . Plasma alanine aminotransferase
(ATL) and aspartate aminotransferase (AST) were mea-
sured using commercial kits (Fuji Film, Tokyo, Japan), and
hyaluronic acid levels were determined using a commercial
ELISA kit (Fujirebio, Tokyo, Japan). The animal facilities
and protocol wete reviewed and approved by the Institution-
al Animal Care and Use Committee of Ajinomoto Co., Inc.

Preparation of HSCs, inflammatory cells (including Kupffer
cells) and hepatocytes

HSCs were isolated from rat liver using the pronase-
collagenase digestion method as previously reportedm.
Kupffer cell fraction was prepared with an elutriator, using
essentially the same method as previously described", and
hepatocytes were isolated as previously described”.

Selection of marker genes for hepatic cells

Hepatic cells (HSCs, Kupffer cell fraction and hepatocytes)
were isolated from the liver on d 0, 4, 7, 14, 21 and 28
during liver fibrogenesis. The isolated hepatic cells at each
time point were subjected to DNA microarray analysis. If
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the maximum or minimum expression of a gene in hepa-
tocytes was ten times higher or lower than that of the same
gene in HSCs and the Kupffer cell fraction, the up- or
down-regulated gene was defined as a hepatocyte-specific
marker gene. If the maximum or minimum expression of
a gene in HSCs was ten times higher or lower than that
of the same gene in hepatocytes and three times higher
or lower than the same gene in the Kupffer cell fraction,
this gene was defined as a HSC-specific marker gene. Simi-
larly, if the maximum or minimum expression of a gene
in the Kupffer cell fraction was ten times higher or lower
than that of the same gene in hepatocytes and three times
higher or lower than the same gene in HSCs, the gene was
defined as an inflammatory cell-specific marker gene. An
explanation of the use of the term ‘inflammatory cell’,
rather than ‘Kupffer cell’, was given in the Results sec-
tion. The ratios used to determine cellular specificity were
based on previous reports™: the number of hepatocytes
was about ten times higher than that of the inflammatory
cell fraction or HSCs, while the number of Kupffer cells
was similar to that of HSCs. Use of a high ratio improved
the definition of cellular specificity, but also decreased the
number of marker genes. However, we found that these
ratios were the most appropriate for identification of a set
of genes for analysis of liver fibrogenesis.

Microarray analysis

RNAs both from frozen liver tissues and from each iso-
lated cell type were prepared using Isogen reagent (Nippon
Gene), and the quality and quantity of each RNA sample
were assessed using an Agilent Bioanalyzer 2100 (Agilent
Technologies, Inc.). RNA samples were reverse-transcribed
with a poly (dT) oligonucleotide attached to a T7 pro-
moter and copied into dsDNA (Invitrogen). In vitro RNA
transcription was performed to incorporate biotin-labeled
ribonucleotides into the cRNA transcripts using a RNA
transcript labeling kit (Enzo Biochem). Some of the RNA
(15 g) was utilized for hybridization to a rat genome U34A
array (Affymetrix) and a quality assay using test 3 array
probe chips was performed according to the manufacturer’
s protocol. After hybridization and subsequent washing
using the Affymetrix Fluidics Station 400, fluorescence sig-
nals amplified with streptavidin phycoerythrin were mea-
sured using the Affymetrix scanner, and the results were
analyzed using the MicroArray suite software. In the whole
liver analysis, two rats and two arrays were used at each
time point (d 4, 7, 14, 21 and 28). In the cell-type-specific
analysis, one rat which was selected by ALT/AST score
and one array were used at each time point (d 4, 7, 14, 21
and 28).

Statistical analysis

Clustering of K-means was performed using the TIGR
MeV (MultiExperiment Viewer)"). Gene expression pro-
files in the chronic phase were clustered into 10 patterns
using K-means analysis. Clustered genes with a tendency
to temporally decrease (clusters 1, 3 and 10) or increase
(clusters 7 and 9) were selected as gene markers that had a
strong relationship with fibrogenesis.
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Figure 1 Histological and biochemical analyses of fibrogenesis. A-C: Histological staining (HE staining) of control liver sections (A) and sections obtained on d 4 (B) and d
21 (C), respectively, after DMN administration; D: Biochemical analysis of fibrogenesis showing plasma AST levels (IU/L, solid line), plasma hyaluronic acid levels (ng/mL,
dashed line), and liver hydroxyproline levels (ng/mL, dotted line). The x-axis shows the days of fibrogenesis, and each value on the graph is shown as the mean + SE, n = 5.

RESULTS

Time course of gene expression profiles for the whole
liver during fibrogenesis

Administration of DMN for three days induced an inflam-
matory reaction in liver cells simulating the active phase
in hepatitis, and the subsequent lack of administration of
DMN for four days was used to simulate the remission
phase in hepatitis. Repetition of this cycle led to fibrosis in
three or four weeks, as shown in Figure 1. AST (GOT) and
ALT (GPT) increased on the days of DMN administration
and decreased on the days during which DMN was not
administered (Figure 1), but both AST and the hyaluronic
acid content in serum, a marker of fibrosis'"!, gradually in-
creased on days without DMN administration. The inflam-
matory reaction in periods without DMN administration
was weaker than that in periods with DMN-administration,
but gradually increased in intensity and response. Based on
the behavior shown in Figure 1, gene expression profiles
on d 4 (just after a period of DMN administration) were
defined as representative of the acute phase response, and
those on d 7, 14, 21 and 28 (just before a period of DMN
administration) were defined as representative of the
chronic phase response.

Marker genes indicating fibrotic activity of HSCs

HSCs were isolated from liver at each time point over the
time course of development of DMN-induced fibrosis.
Marker genes expressed mainly in HSCs were selected
from a DNA microarray analysis, as described in the Ma-
terials and Methods, and the selected HSC-specific marker

genes are listed in Figure 2. In addition, HSCs isolated
from normal rats were cultured 7z vitro for 7 d and DNA
microarray analysis of these cells was performed on d 0,
4, and 7, respectively. Marker genes identified in isolated
HSCs in the DMN-induced fibrosis model showed the
same behavior in the 7 vitro culture, supporting the HSC
specificity of the selected marker genes. The behavior of
HSC-specific marker genes 7z vivo during fibrogenesis was
analyzed using DNA microarray data for the whole liver
at each time point during development of DMN-induced
fibrosis. These data could indicate the actual behavior of
the marker genes 7 vivo, since the data from isolated HSCs
might contain some bias due to isolation stimuli. The be-
havior of HSC-specific marker genes is shown in Figure 2,
and supplemental background data are provided in Figure 3.
The genes were separated into 2 groups as shown in Fig-
ure 2. Group 1 contained marker genes that were linearly
up-regulated during fibrogenesis and in the acute inflam-
mation phase, whereas group 2 contained marker genes
that were linearly up-regulated during fibrogenesis but not
in the acute inflammation phase. Both groups could be
further separated into 2 subgroups. Group 1-1 included
marker genes that were lineatly up-regulated during fibro-
genesis and remained in an up-regulated state on d 28, and
group 1-2 included marker genes that were also linearly
up-regulated during fibrogenesis but then decreased in
expression on d 28. Group 2 was similatly separated into
groups 2-1 and 2-2. In summary, two groups of HSC-spe-
cific marker genes were identified, one in which the genes
responded to inflammatory stimuli and the other in which
the genes did not respond to such stimuli. Furthermore,

www.wjgnet.com



6476  ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

October 28, 2006 Volume 12 Number 40

Group Probe ID Annotation Symbol GenBank Whole liver In vitro cultured HSC
do 4 7 14 21 28 do 3 7
1 M24067_at Serine proteinase inhibitor clade E PATI1 M24067 106 93 16 21 1.8 21 6.0 295 148
member 1/plasminogen activator
inhibitor-1 (PAI-1)
M23566exon_s_at alpha-2-macroglobulin A2M M23566 191.8 23 06 11 1.0 23 1829 2.8 0.8
MB55534mRNA_s_at  Crystallin alpha polypeptide 2/ CRYAB Mb55534 131 89 11 19 32 38 369.6 3.0 15
alpha-crystallin B chain
Z12298cds_s_at Decorin Dcn 712298 179 28 25 29 38 5.6 4701 25 28
rc_AA891527_at Four and a half LIM domains 2 FhI2 AA891527 12.7 35 27 38 58 79 39.3 2.8 2.6
S57478cds_s_at Annexin Al/lipocortin I Anxal S57478 144 26 17 19 18 23 1883 34 25
D50093_s_at Prion protein (RaPrP gene for prion ~ Prnp D50093 22 460 73 191 314 373 4898 21 1.8
protein)
rc_AI231472_s_at Collagen, type 1, alpha 1 Collal AI231472 1130 17 1.0 27 31 42 1531 32 51
rc_AA900769_s_at Vascular alpha-actin/actin, alpha-2, ~ ACTA2 AA900769 240 85 18 101 154 222 564 121 125
smooth muscle, aorta
L00382cds_at Skeletal muscle beta-tropomyosin TPM2 100382 34 32 20 41 54 74 1.6 690 623
and fibroblast tropomyosin 1,
alternative/Tropomyosin 2
U57362_at Procollagen, type XI, alpha 1 Col12al U573262 63 18 20 19 26 28 471 31 2.8
(collagen XII alpha 1)
M14656_at Secreted phosphoprotein 1/ Sppl M14656 74 178 20 21 24 208 287 342 319
Sialoprotein
rc_AI172064_at Lectin, galactose binding, soluble 1 Lgalsl AIl172064 616 23 12 26 43 3.0 2243 49 3.8
rc_AA894345_at Phosphoprotein enriched in "Peal5 AA894345 205 22 12 20 23 21 1120 21 1.8
astrocytes 15 (predicted) _predicted"
M83107_g_at Transgelin (SM22-alpha) Tagln M83107 293 31 16 34 51 46 817 147 100
2 L03294_g_at Lipoprotein lipase Lpl 103294 25 12 16 15 23 45 769 BI5 7.8
rc_AI012030_at Matrix Gla protein Mgp AI012030 1204 1.0 09 15 26 53 2362 25 43
M80829_at Troponin T2, cardiac Tnnt2 M80829 15.7 1.2 0.7 11 18 26 14.9 18.4 155
M22400_at Glypican 3 /developmentally GPC3 M22400 37 09 24 39 74 10.0 8.6 0.6 1.0
regulated intestinal protein (OCI-5)
D00680_at Glutathione peroxidase 3/plasma Gpx3 D00680 205 14 15 27 34 39 1043 5.1 43
glutathione peroxidase precursor
rc_AA800844_s_at Similar to LoxI protein /LoxL1=lysyl LoxL1 AAB00844 293 15 15 48 75 85 166.0 3.5 5.3
oxidase-like 1
S77494 s_at Lysyl oxidase Lox S77494 275 08 08 19 24 3.0 26.3 29.1 38.0
AF030358_g_at Small inducible cytokine subfamily =~ CX3CL1 AF030358 46 1.0 22 23 30 40 240 0.6 15
D, numberl1/chemokine CX3C motif,
ligand 1
X84039_at Lumican Lum X84039 81 10 21 21 23 11 528 248 32
U09540_g_at Cytochrome P450, family 1, subfamily Cyplbl 009540 81 10 13 12 19 16 299 5.0 6.2

b, polypeptide 1

Expression profiles of the whole liver and in vitro cultured isolated HSCs were obtained using a rat genome U34A array (Affymetrix). Gene markers for HSCs are

listed. For analysis of HSCs in the whole liver, expression intensities are given for d 0, and expression intensity data for d 4, 7, 14, 21 and 28 are shown as ratios to

the d 0 expression data. The classification of groupl (2) corresponds to the presence (absence) of up-regulated peak in the acute inflammation phase. For analysis

of in vitro cultured HSCs, expression levels for d 0 are also shown, and data for d 4 and 7 are similarly shown as ratios to the expression level on d 0. Italicized
values indicate an “absent” call by the Affymetrix software. Bold text indicates the highest ratio in the chronic phase (d 7, 14, 21 and 28). (] between 0.667 and 1.5;

o= 15m=< 0.667.

HSC-specific marker genes were found that could identify
biological changes in HSCs in the late phase of fibrosis.

Marker genes indicating inflammatory activity in immune
cell populations

The Kupffer cell fraction was separated from other he-
patic cells at each time point during the course of fibrosis
development, and marker genes expressed mainly in the
Kupffer cell fraction were selected from the DNA micro-
array analysis. These marker genes are shown in Figure 4,
and supplemental background data are provided in Figure

www.wjgnet.com

5. Marker genes in the Kupffer cell fraction indicated the
presence of other hematopoietic cells, such as mast cells,
lymphocytes, erythrocytes and their progenitors in this
fraction, as shown in Figures 4 and 5. Since the source
cell population for these marker genes could not be con-
firmed, a particular hematopoietic cell was postulated to be
the source of each marker gene based on previous reports
as shown in supplemental Table 1. These data indicated
that the method used for isolation of Kupffer cells was
not appropriate in fibrotic liver, although it was effective
for isolation of normal liver cells. However, despite this
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Group

Probe ID

Annotation

Symbol

Gen Bank

Whole liver

Isolated HSC

In vitro cultured HSC

do

4

7

14

21

28

do

4

7

14

21

28

do

3

7

Group
1

M24067

M23566

M55534

Z712298cds_s_at
rc_AA891527_at

S57478cds_s_at

D50093

rc_Al231472_s_at

Serine proteinase
inhibitor clade
E member 1/
plasminogen
activator
inhibitor-1
(PAI-1)

alpha-2-
macroglobulin
Crystallin alpha
polypeptide 2/
alpha-crystallin
B chain

Decorin

Four and a half
LIM domains 2
Annexin A1/
lipocortin I
Prion protein
(RaPrP gene for
prion protein)
Collagen, type 1,
alpha 1

rc_AA900769_s_at Vascular alpha-

L00382cds_at

U57362_at

M14656_at

rc_AI172064_at

AAB894345

M83107_g_at

actin/actin,
alpha-2, smooth
muscle, aorta
Skeletal muscle
beta-tropomyosin
and fibroblast
tropomyosin

1, alternative/
Tropomyosin 2
Procollagen,

type XII, alpha

1 (collagen XII
alphal)

Secreted
phosphoprotein
1/Sialoprotein
Lectin, galactose
binding, soluble 1

Similar to MAT1
gene

Transgelin (SM22-
alpha)

PAIl

A2M

CRYAB

Dcn
Fhi2

Anxal

Prnp

Collal

ACTA2

TPM2

Col12al

Sppl

Lgalsl

Tagln

M24067 10.6

M23566 191.8

Mb55534

712298
AA891527

17.9
12.7
557478 14.4

D50093 2.2

AI231472  113.0

AA900769  24.0

L00382 3.4

U57326 6.3

M14656 74

Al172064 61.6
20.5

M83107

93 16 21

2.3

8.9

2.8
3.5

2.6

46.0

174

8.5

3.2

1.8

17.8

23

22

Bl

0.6

1.1

2.5
2.7

1.7

7.3

1.0

1.8

2.0

2.0

2.0

1.2

1.2

1.6

11

1.9

29
3.8

1.9

19.1

2.7

10.1

41

1.9

21

2.6

2.0

34

1.8

1.0

&2

3.8
5.8

1.8

31.4

3.1

154

54

2.6

24

43

2.3

5.1

21

2.3

3.8

5.6
7.9

23

37.3

4.2

222

74

2.8

20.8

3.0

21

4.6

565.8

619.5

384.5
260.8

464.2

361.6

890.1

68.0

8.5

980.7

172.0

275.9

2.6

0.5

1154

25
29

1.6

43

0.5

21.8

29

22

25.1

2.0

2.0

8.2

1.4

4.1

1.0

1.6
1.5

0.9

0.9

0.8

18.0

23

11

12.1

13

0.9

53

25

7.9

1.0

23
1.3

1.3

1.0

253

10.8

1.6

1.2

111

1.6

0.9

42

22

9.4

1.5

24
2.0

1.8

29

29

20.3

6.0

2.0

18.6

1.9

1.0

7.5

1.8

47.0

12

3.5
By

255

BY

3.8

10.2

29

204.3

1.6

0.8

72

6.0

182.9

369.6

470.1
396.3

188.3

489.8

153.1]

1.6

28.7

2243

112.0

295

2.8

3.0

25
2.8

3.4

21

82

12.1

69.0

3.1

34.2

49

21

14.7

14.8

0.8

1.5}

2.8
2.6

255)

1.8

5.1

12.5

2.8

31.9

3.8

1.8

10.0

Group

103294 g at

rc_AI012030_at

M80829_at

M22400

D00680_at

Lipoprotein lipase

Matrix Gla
protein

Troponin T2,
cardiac
Glypican 3/
developmentally
regulated
intestinal
protein (OCI-5)
Glutathione
peroxidase 3/
plasma
glutathione
peroxidase
precursor

rc_AA800844_s_atSimilar to

S77494_s_at

Loxl protein/
LoxL1=lysyl
oxidase-like 1

Lysyl oxidase

Lpl

Mgp

Tnnt2

GPC3

Gpx3

LoxL1

103294 22.5

AI012030  120.4
M80829 15.7

M22400 3.7

D00680 20.5

AAB00844  29.3

S77494 27.5

1.2

1.0

1.2

0.9

1.4

1.5

0.8

1.6

0.9

0.7

24

1.5

1.5

0.8

1.5

1.5

11

3.9

2.7

4.8

1.9

2.3

2.6

1.8

74

3.4

/:5)

24

4.5

5.3

2.6

3.9

8.5

3.0

130.8

1246.7

17.3

134.5

436.8

183.1

0.5

0.3

0.8

0.4

0.7

0.8

1.0

1.0

0.5

22

0.9

1.8

1.4

3.2

1.5

0.6

B}

1.5

3.9

21

34

22

1.6

7.7

&l

9.2

3.0

43

44

27

17.5

9.9

9.2

25

3.1

236.2

14.9

8.6

104.3

166.0

26.3

815}

5]

18.4

0.6

51

35

7.8

43

15.5

1.0

43

53

38.0
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Group Probe ID Annotation Symbol Gen Bank

Whole liver

Isolated HSC In vitro cultured HSC

do 4

7

14 21 28 dO 4 7 14 21 28 do 3 7

AF030358 g at Small inducible ~ CX3CL1 AF030358 4.6
cytokine subfamily
D, numberl/
chemokine CX3C
motif, ligand 1
X84039_at

U09540_g_at

X84039
U09540

8.1
8.1

1.0
1.0

Lumican Lum
Cytochrome P450,Cyplbl
family 1, subfamily

b, polypeptide 1

1.0 22 23

21
1.3

30 4.0 24.0 06 15

21
1.2

23
19

11
1.6

91.5
26.5

0.3
49

0.8
0.8

24
310

1.5
10.2

0.3
14.6

52.8
29.9

215
5.0

312
6.2

Group M31038 Non-RT1 class Ib/

3 MHC class I non-
RT1.A alpha-1-
chain

M31038 422 18

U44948 Cysteine-and CSRP2  U44948 22
glycine rich-
protein 2/smooth
muscle cell LIM

protein (SmLIM)
Matrix

metalloproteinase
g

X02601 at X0260 86 1.3

4.0

1.2

2.0

65 32 39 20 101 50 89 08 40.7 07 08

16 11 12 4067 26 04 04 05 04 2020 29 17

1.0 09 13 597.2 1.1 01

Group M15880_at
4 U50736

M15880
U50736

49.2
14.3

42
1.9

Neuropeptide Y  Npy

Cardiac CARP
adriamycin-

responsive protein

1.0
1.0

12
1.0

1.3
12

0.8
11

63.1
33.7

2.0
8.1

0.7
2.6

0.2
1.6

1.7]
3.0

0.3
4.0

6.2
63.6

0.8
24

6.6
1.0

Expression profiles of the whole liver, of isolated HSCs during fibrogenesis, and of in vitro cultured isolated HSCs were obtained using a rat Genome U34A

Array (Affymetrix). Marker genes for HSCs are listed. Expression intensities are shown for d 0, and expression intensity data for d 4, 7, 14, 21 and 28 are

displayed as ratios to the d 0 expression levels for the analysis of whole liver and isolated HSCs. For in vitro cultured HSCs, the d 0 data are similarly shown as
expression intensities, and data on d 4 and 7 are shown as ratios to the expression levels on d 0. Italics indicate an “absent” call by the Affymetrix software, and
bold text indicates the highest ratio in the chronic phase (d 7, 14, 21 and 28). (] between 0.667 and 1.5; @ = 1.5; @ < 0.667.

drawback, the marker genes could be used to study the
behavior of inflammatory cells during fibrogenesis, and
these genes were therefore defined as inflammatory cell-
specific marker genes. The behavior of the inflammatory
cell-specific marker genes 7z vivo during fibrogenesis was
analyzed using DNA microarray data for the whole liver
at each time point during DMN-induced fibrogenesis of
marker genes, as summarized in Figures 4 and 5.

The acute phase response was followed by an
immunological response, based on the increase in
expression of Kupffer cell (or macrophage) markers such
as Lyz, Gzmb, and Il1b, as well as surface markers of T
cells, such as T-cell receptor, 112rb, Cd8, Cd76, and Cd45.
The up-regulated expression of these genes seemed to
indicate activation of Kupffer cells and T lymphocytes, as
well as activation of the interaction between these cells,
around d 7. Temporary up-regulation of mast cell markers
such as chemokines and mast cell proteases indicated
the invasion and/or activation of mast cells around d
14, which is of interest since mast cells are known not
only to cause acute inflammation, but also to have a role

. . . P . 12-
in the induction of chronic inflammation'

. However,
whether activation of mast cells is essential for liver
fibrosis is unknown. Peak expression of B cell markers
such as immunoglobulin occurred on d 21 or d 28, and
therefore activation or invasion of B cells seemed to reach
its peak in the late phase. Overall, these results showed
that inflammatory cell-specific marker genes could be
used to monitor the transition of active inflammatory
cell populations in fibrosis, and this sequential activation
or invasion of inflammatory cells might be related to the
stage of fibrotic progression.

www.wjgnet.com

Marker genes indicating damage to hepatocytes
Hepatocytes were separated from other hepatic cells
at each time point during the course of DMN-induced
fibrogenesis, and marker genes expressed mainly in
hepatocytes were selected by DNA microarray analysis.
The behavior of hepatocyte-specific marker genes iz vivo
during fibrogenesis was analyzed using DNA microarray
data for the whole liver at each time point during fibrosis
development. Marker genes were categorized based on
their functions, as shown in Figure 6. Many abnormally
expressed genes were identified and temporal analysis
revealed groups of genes showing consistent variation
in expression. Gene expression profiles in the chronic
phase (d 7, 14, 21 and 28) were clustered into 10 patterns
using K-means analysis. Clustered genes with a tendency
to temporally decrease (clusters 1, 3 and 10) or increase
(clusters 7 and 9) were selected, and then genes were
further selected based on a strong correlation coefficient
(= 0.7 or < -0.7) with fibrosis stage (that is, d 7, 14, 21
and 28). The time courses of expression ratios are shown
in Figure 7 as supplemental data. The 41 down-regulated
and 19 up-regulated genes that were finally selected are
shown in Table 2. These genes appeared to have a strong
relationship with progression of fibrosis, and might also
share common regulatory expression mechanisms.
Down-regulation of the expression of Cdol and Csad
showed a strong relationship with fibrotic stage, while
expression of Gsta2 was simultaneously up-regulated.
Down-regulation of other metabolic enzymes in sulfur-
containing metabolic pathways is also shown in Figure
6. These data suggested a broad range of abnormalities
in sulfur-containing amino acid metabolic pathways in
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Group Probe ID Annotation Symbol  GenBank Whole liver Cell Predicted Reference
DO 4 7 14 21 28 type classification
1 M34097_at Granzyme B/natural killer (NK) Gzmb ~ M34097 214 12 21 11 09 08 M/L Kupffer cell, 5
cell protease 1 (RNKP-1) T cell
rc_AA892775_at Lysozyme Lyz AA892775 2208 91 64 34 53 64 M Kupffer cell 6
Y12009_at Chemokine, cc motif, receptor 5  Cer5 Y12009 117 1.8 26 14 14 12 M/L T cell 7
E13732cds_at Macrophage inflammatory Cerl E13732 94 38 23 15 22 23 M/L T cell 8

protein-1 alpha receptor/
chemokine, CCmotif, receptor
1/RANTES receptor
X13044_g_at CD74 antigen/invariant Cd74 X13044 131.7 19 139 78 7.7 56 L B cell 9,10
polpypeptide of major
histocompatibility class II
antigen-associated

X04139_s_at Protein kinase C, beta 1 Prkcbl  X04139 145 15 3.7 24 22 1.7 M 11
X03369_s_at Similar to tubulin, beta TUBB  X03369 186 09 20 18 11 14 M 12
M98820_at Interleukin 1 beta 111b M98820 194 16 36 16 11 11 M Kupffer cell 13
U87627_at Solute carrier family16 Slcl6a3 U87627 248 19 15 08 12 09 M/L 14
(monocarboxylate transporter),
member 3
D00403_g_at Interleukin 1 alpha Il1a D00403 276/ 06 1.7 08 05 05 M 15
rc_AI639534 _at Properdin factor, complement/  Pfc AI639534 685 12 21 16 11 08 M 16
Factor P PROPERDIN P
FACTOR, COMPLEMENT; PEC
X03015_at CDS8 antigen, alpha chain Cd8a X03015 33 85 157 50 91 38 L T cell OMIM
M18854_at Similar to T-cell receptor beta- --- M18854 22.7 20 37 26 26 25 L T cell

chain/T-cell receptor active
beta-chain C-region

rc_AA892506_at Coronin 1A Corola AA892506 30.5 3.8 41 3.7 32 36 M/L OMIM

M55050_at Interleukin 2 receptor, beta chain I12rb M55050 485 09 15 09 09 08 L T cell OMIM

M30691_at Ly6-C antigen gene/CD56 Ly6c M30691 302 36 5.0 16 1.7 11 L T cell, NK 17

cell

rc_AA891302_at Similar to Ser/Thr kinase (BL44) --- AA891302 69 32 54 45 39 41 L B cell 1

M10072mRNA_s_at protein tyrosine phosphatase, Ptprc M10072 82 59 43 31 33 27 M OMIM
receptor type,C/CD45

S74141_s_at Hemopoietic cell kinase/hck Hck 574141 428 23 35 23 25 21 M OMIM
tyrosine kinase

X52196cds_at Arachidonate 5-lipoxygenase Alox5ap X52196 345 23 21 17 17 18 M Kupffer cell 2
activating protein

U93306_at Kinase insert domain protein Kdr U93306 313 05 1.6 12 08 06 M 18
receptor

U55192_at Inositol polyphosphate-5- Inpp5d  U55192 11.6 21 33 21 21 1.6 L/M/Leu 19
phosphatase D

rc_AI178971_at Similar to alpha globin/ (HBA1) AI178971 1413 24 03 04 05 05 E 20
Hemoglobin alpha

DB86297_at Aminolevulinic acid synthase 2 Alas2 D86297 1314 27 05 05 08 09 E Entrez

gene
Y07704_g_at Best5 protein Best5 Y07704 338 29 03 05 05 05 "No
information"
U50412_at Phosphatidylinositol 3-kinase, ~ Pik3r1 ~ U50412 438 13 0.0 0.0 05 08 M 4

r
egulatory subunit, polypeptide 1

AB015191_g_at Rhesus blood group Rh AB015191 222 14 03 03 05 06 E Entrez
gene
M94918mRNA_f_at Hemoglobin beta chain complex/ Hbb M94918 32830 14 05 05 0.7 06 E OMIM
beta-globin
J04793_at Solute carrier family 4 (anion Slcdal J04793 580 12 07 0.6 1.0 07 E Entrez
exchanger), member 1 gene
U77697_at Platelet-endothelial cell adhesion Pecam  U77697 455 07 0.6 09 08 08 M/L/E OMIM
motecute/€D31
2 rc_AI009658_at Chemokine, CC motif, ligand Ccl5 AI009658 332 01 18 31 14 03 L T cell OMIM
5/secreted; RANTES
rc_AA957923_at Mast cell protease 2 Mcpt2 AA957923 104 1.1 33 123 87 58 M mast cell 26
U67914_at Carboxypeptidase A3 Cpa3 U67914 193 08 1.0 35 27 16 M mast cell 27

www.wjgnet.com
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Group Probe ID Annotation Symbol  GenBank Whole liver Cell Predicted Reference
DO 4 7 14 21 28 type classification
U67911_s_at Mast cell protease 9 or mast cell  "Mcpt9/ U67911 289 06 22 47 30 21 M mast cell Entrez
protease 8/mast cell protease 8  Mcpt8" gene
precursor (RMCP-8)
U67908_at Chymase 1, mast cell Cmal U67908 352 1.0 12 18 15 12 M mast cell Entrez
gene
rc_AA957003_at 5100 calcium binding protein A8/ S100a8  AA957003 65 78 32 42 11 14 M/Leu 29,31
calgranulin A
118948_at 5100 calcium binding protein A9/ S100a9  L18948 169 56 09 26 1.0 1.1 M/Leu 31
calgranulin B
U31598_s_at Major histocompatibility Hla-dma U31598 981 19 25 26 26 22 M/L Kupffer cell, Entrez
complex, class II, DM alpha mast cell gene
(RT1.DMa)
U31599_at Major histocompatibility Hla-dmb U31599 207 23 43 35 44 28 M/L Kupffer cell, Entrez
complex, class I, DM beta (RT1. mast cell gene
DMb)
L06040_s_at Arachidonate 12-lipoxygenase ~ Alox12  L06040 998 1.7 02 01 03 05 Leu/P OMIV, 35
8 X06916_at 5100 calcium-binding protein A4 S100a4  X06916 182 71 27 18 22 31 M/L 36
Mts1
M28671_at Similar to Ig gamma-2B chain C =~ --- M28671 14.7/ 06 0.8 1.0 33 0.7 L B cell
region (rearranged IgG-2b)
rc_AI234828_g at  Immunoglobulin heavy chain, Igha AI234828 288 06 10 17 20 24 L B cell
alpha polypeptide
X53517_at CD37 antigen Cd37 X53517 325 27 19 21 23 23 L B cell OMIM
X58294_at Carbonic anhydrase 2 Ca2 X58294 638 20 08 1.0 16 21 M/L/E 37,38
AF(072411_g_at cd36 antigen Cd36 AF072411 670 13 12 09 12 1.8 M/E OMIM
U75689_s_at Deoxyribonuclease I-like 3/ Dnasell3 U75689 106.6. 01 11 1105 02 M 40
DNase gamma
X73371_at Fc receptor, IgG, low affinity IIb/ Fcgr2b ~ X73371 190705 08 11 0.7 05 M/L/Leu  Becell, OMIM
Fc gamma receptor mast cell
1L.04672_s_at Adrenomedullin receptor Admr 104672 147.0 05 08 09 07 04 L T cell 17, 4
possibly
4 AF041083_at Solute carrier family 11 (proton- Slcllal ~ AF041083 151 27 07 09 1.0 09 M Entrez
coupled divalent metal ion gene
transporters), member 1
D14015_g_at Cyclin E CCNE1 D14015 271 15 13 09 09 1.0 M 44
U31367_at Myelin and lymphocyte protein Mal U31367 199 24 10 11 12 07 L T cell 43
/myelin protein MVP17

Expression profiles of the whole liver and the isolated Kupffer cell fraction during fibrogenesis were obtained using a rat genome U34A array (Affymetrix).

Marker genes for hematopoietic cells in the Kupffer cell fraction are listed. Expression intensities are given for d 0, and expression intensity data for d 4, 7,

14, 21 and 28 are shown as ratios to the d 0 expression data for analysis of hematopoietic cells in whole liver. The classification of genes into groups 1-4 and

corresponds to the maximum change of expression at the different time points on d 7, 14, 21, 28 and 4, respectively. Italicized values indicate an “absent” call by
the Affymetrix software. The bold values indicate the highest or lowest ratio in the chronic phase (d 7, 14, 21 and 28). []between 0.667 and 1.5; 7 = 1.5; @ < 0.667.
Cell types in the inflammatory cell fraction are as follows: M: Monocytes and their progenitors; L: Lymphocytes and their progenitors; E: Erythrocytes and their

progenitors; P: Platelets and their progenitors; Leu: Other kinds of leukocytes and their progenitors.

fibrosis. Regarding other genes, Hao2 and Hpcl2 had a
role in fatty acid oxidation in peroxisome, while Amacr
was associated with beta-oxidation of pristanoyl-CoA
and C27-bile acyl-CoAs. The down-regulation of these
genes and other metabolic enzymes related to fatty acid
oxidation (Figure 6) suggested abnormalities in the fatty
acid oxidation process in fibrosis. The expression of
Amacr might be related to that of the nuclear receptor
subfamily 0, group B, member 2 (NtOb2), and changes in
NrOb2 expression may affect one of the key molecules
in cholesterol biosynthesis. Up-regulation of Gk and
down-regulation of Pepckl, PC and Slc37a4 suggested
abnormalities in gluconeogenesis, glycogen storage and
glycolysis, while down-regulation of Ste and Hsd17b2
suggested an abnormality of estrogen metabolism in the
liver. Decreased expression of many Cyp drug metabolism
enzymes was also found in progression of fibrosis, and

www.wjgnet.com

abnormalities in hormonal signaling were suggested by
the down-regulation of Inhbe, Ghr and Diol. These
results showed that identification of hepatocyte-specific
marker genes could allow analysis of functional changes
in fibrosis, and all the identified abnormalities might have
major effects on hepatic function.

DISCUSSION

Marker genes for HSCs

Matrkers of HSCs such as Acta 2, Cryab, Sppl, Prap, and
Pai-1 were strongly up-regulated on d 4, and then quickly
decreased in expression following a gradual up-regulation.
On the other hand, other HSC markers such as Gpc3, Lox,
and Mgp did not show marked up-regulation on d 4, but
their expression level increased linearly during fibrogenesis.
Therefore, HSCs may be associated with events in two
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Group Probe ID

Annotation Symbol

GenBank

Whole liver

Isolated Kupffer cells

D0

4

7

14

21

28

do 4 7

14

21

28

Cell
type

Predicted Ref.

classification

1  M34097_at
rc_AA892775_at
Y12009_at

E13732cds_at

X13044_g_at

X04139_s_at
X03369_s_at

M98820_at
U87627_at

D00403_g_at
rc_AI639534_at

X03015_at

M18854_at

rc_AA892506_at
M55050_at

M30691_at

rc_AA891302_at

M10072mRNA_s_at Protein tyrosine

S74141_s_at

X52196cds_at

U93306_at

U55192_at

rc_AI178971_at

D86297_at

Y07704_g_at
U50412_at

AB015191_g_at

Granzyme B/natural Gzmb
killer (NK) cell

protease 1 (RNKP-1)

Lysozyme Lyz

Chemokine, cc motif, Ccr5

receptor 5

Macrophage Cerl
inflammatory

protein-1 alpha
receptor/chemokine,
CCmotif, receptor

1/RANTES receptor

CD74 antigen/
invariant
polpypeptide of
major
histocompatibility
class II antigen-
associated

Cd74

Protein kinase C, Prkcbl
beta 1

Similar to tubulin,
beta

Interleukin 1 beta

TUBB

11b
Solute carrier Slcl6a3
family16

(monocarboxylate
transporter),

member 3

JIVE

Pfc

Interleukin 1 alpha
Properdin factor,
complement/Factor
P PROPERDIN

P FACTOR,
COMPLEMENT; PFC
CD8 antigen,

alpha chain

Cd8a

Similar to T-cell
receptor beta-chain/
T-cell receptor active
beta-chain C-region
Coronin 1A
Interleukin 2 receptor, 112rb
beta chain

Corola

Ly6-C antigen geneLyé6c
/CD56

Similar to Ser/ Thr
kinase (BL44)
Ptprc
phosphatase, receptor
type,C/CD45
Hemopoietic cell
kinase hck tyrosine
kinase

Hck

Arachidonate
5-lipoxygenase
activating protein

Alox5ap

kinase insert domainKdr
protein receptor
Inositol
polyphosphate-5-
phosphatase D

Inpp5d

Similar to alpha
globin/Hemoglobin
alpha

(HBA1)

Aminolevulinic Alas2
acid synthase 2
Bestb

Pik3r1l

Best5 protein
Phosphatidylinositol
3-kinase, regulatory
subunit,

polypeptide 1

Rhesus blood group Rh

M34097

AA892775

Y12009

E13732

X13044

X04139

X03369

M98820
U87627

D00403
Al639534

X03015

M18854

AA892506
M55050

M30691

AA891302

M10072

574141

X52196

U93306

U55192

Al178971

D86297

Y07704
U50412

AB015191

214

220.8

11.7

9.4

131.7

18.6

19.4
24.8

27.6
68.5

3.3

22.7

30.5
48.5

30.2

6.9

8.2

42.8

141.3

1314

33.8
43.8

22.2

12 21 1.1

9.1
18

3.8

6.4
2.6

2.3

1.9 13.9

1.5

0.9

1.6
1.9

0.6
1.2

3.7

2.0

3.6
1.5

1.7
21

8.5 15.7

2.0

3.8
0.9

3.6

3.2

59

23

23

0.5

21

2.4

2.7

29
1.3

1.4

3.7

41
1.5

5.0

5.4

43

3.5

2.1

1.6

3.3

0.3

0.5

0.3
0.0

0.3

3.4
14

1.5

7.8

24

1.8

1.6
0.8

0.8
1.6

5.0

2.6

3.7
0.9

1.6

45

31

23

1.7

1.2

21

0.4

0.5

0.5
0.0

0.3

0.9

53
14

22

7.7

1.1

1.1
1.2

0.5
1.1

32
0.9

1.7

1.7

0.8

0.5
0.5

0.8

6.4

1.2

23

5.6

1.7

14

11
0.9

0.5
0.8

3.8

25

3.6
0.8

1.1

41

2.7

21

1.8

0.6

1.6

0.5

0.9

0.5
0.8

0.6

421 1975 76 32

1164.3
29.4

515)
11.9

29
8.7

40.6 11.8

1672.0 1.9

335 22

28.6 09

884.8
52.0

6.8
10.4

2.7
2.8

1395.6
49.8

1.4
119

11
&l

23

379 1.0 7.1

216.3
64.7

1.4
2.0

3.5
41
173.8

3.7 21

573 1.1

706 6.9

114.0 10.6 4.1

824 91

1516.6. 0.1

56.8 3.3

182 0.8

299 02

668.1
5.0

0.0
14.0

0.2
2.6

141 0.5 4.6

41
6.8

23

3.1

45

10.5

2.6
9.3

0.4
5.8

45

15.5

52
41

2.6

6.9

47

45

8.4

0.1

44

0.5

52

0.1
0.5

48

29
45

1.8

23

25

42

22
54

0.4
8.7

22

9.3

3.8
29

1.8

4.6

1.6

42

53

0.1

34

15.6

40.9

0.4
2.1

40.7

1.3

3.9

54

4.0

2.6

49

53

2.8
32

0.6
7.3

0.9

43

3.0
17

14

58

43

47

6.5

0.1

34

49

0.2
34

48

M/L Kupffer cell, T1

cell

M Kupffer cell
M/L T cell 4

M/L T cell 5

L B cell

M 8
M 9

10,11,13
14,15,16

M Kupffer cell
M/L

17,18
19

£ £

IL, T cell OMIM

L T cell

OMIM
OMIM

M/L

IL T cell
L T cell, NK cell 20,22
L B cell 23

M 24
M OMIM
25,26

M Kupffer cell

M 27,28,29

L/M/Leu OMIM

B OMIM

E Entrez
gene

No information

M 30,31,32

E Entrez
gene
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Group Probe ID Annotation Symbol  GenBank Whole liver Isolated Kupffer cells Cell Predicted Ref.
DO 4 7 1421 28 dO0 4 7 14 21 2g8type dasification
M94918mRNA_f_at Hemoglobin beta Hbb M94918 32830 14 05 05 0.7 06 12122 03 2.0 27 48 29 E OMIM

chain complex/
beta-globin

J04793_at Solute carrier family ~ Slc4al J04793 580 12 07 06 1.0 07 290 14 37 3.1 186 28 E Entrez
4(anion exchanger), gene
member 1

U77697_at Platelet-endothelial ~ Pecam U77697 455 07 06 09 08 08 8212 03 03 02 03 03 M/L OMIM
cell adhesion /E
molecule/CD31

2 rc_AI009658_at Chemokine, CC motif, Ccl5 AI009658 332 01 18 31 14 03 4562 0504 16 11 03 L T cell OMIM

ligand 5/secreted;
RANTES

rc_AA957923_at Mast cell protease2 ~ Mcpt2 AA957923 104 1.1 33 123 87 58 238 29 3.8 89.6 450 43.7 M mast cell 33,34

U67914_at Carboxypeptidase A3 Cpa3 U67914 193 08 10 35 27 16 246 14 20 314 137 196 M  mastcell 35,36,37

U67911_s_at Mast cell protease 9 or "Mcpt9/ U67911 289 0.6 22 47 30 21 812 1229 249 134 84 M  mastcell Entrez
mast cell protease 8/ Mcpt8" gene

mast cell protease 8
precursor (RMCP-8)

U67908_at Chymase 1, mast cell Cmal U67908 352 1.0 1.2 18 15 12 324 12 1.4 161 113 67 M  mastcell Entrez
gene

rc_AA957003_at  S100 calcium S100a8  AA957003 65 78 32 4211 14 316 6226 89 74 1.0 M/ 38,39
binding protein A8/ Leu
calgranulin A

118948 _at 5100 calcium 510029  L18948 169 56 09 26 1.0 1.1 489 67 44 89 107 13 M/ 40
binding protein A9/ Leu
calgranulin B

U31598_s_at Major Hla-dma U31598 981 19 25 26 26 22 1721 4533 49 43 6.6 M/L Kupffercell, Entrez
histocompatibility mast cell gene

complex, class 1I, DM
alpha (RT1.DMa)

U31599_at Major Hla- U31599 207 23 43 35 44 28 335 83 87 88 144 155 M/L Kupffer cell Entrez
histocompatibility dmb mast cell gene
complex, class 1I, DM
beta (RT1.DMb)

L06040_s_at Arachidonate Alox12  L06040 998 1.7 02 01 03 05 9.2 3330 76 351 25 Leu/ 41,42,43
12-lipoxygenase P

3 X06916_at 5100 calcium-binding S100a4  X06916 182 71 27 18 22 31 1320 9515 40 28 23 M/L 45

protein A4 Mtsl

M28671_at Similar to Ig gamma- --- M28671 14.7 0.6 08 1.0 33 0.7 617 3358 139 39 38 L B cell
2B chain C region
(rearranged IgG-2b)

rc_AI234828 g at Immunoglobulin Igha Al234828 288 0.6 1.0 1.7 20 24 9053 0509 09 04 07 L B cell
heavy chain, alpha
polypeptide

X53517_at CD37 antigen Cd37 X53517 325 27 19 21 23 23 1059 3218 36 27 21 L B cell OMIM

X58294_at Carbonic anhydrase 2 Ca2 X58294 638 20 08 1.0 1.6 21 36.7 04 72 58 358 63 M/ 46,47

L/E

AF072411_g_at CDB36 antigen Cd36 AF072411 670 13 12 09 1.2 18 779 94 40 28 35 46 M/E OMIM

U75689_s_at Deoxyribonuclease ~ Dnasell3 U75689 10660 01 11 11 05 0.2 25837 0102 02 02 01 M 48
I-like 3/DNase
gamma

X73371_at Fc receptor, IgG, low Fcgr2b ~ X73371 1907 05 08 11 0.7 0529137 0504 04 04 02 M/ Beell, OMIM
affinity ITb/Fc gamma L/ mastcell
receptor Leu

L04672_s_at Adrenomedullin Admr L04672 1470 05 08 09 0.7 04 20048 0203 02 04 01 L T cell 49,50
receptor possibly

4 AF041083_at Solute carrier family ~ Slcllal AF041083 151 27 0.7 09 1.0 0.9 772 1816 46 20 21 M Entrez

11 (proton-coupled gene
divalent metal ion
transporters),
member 1

D14015_g_at Cyclin E CCNE1 D14015 271 15 13 09 09 10 376 1420 15 76 1.3 M

U31367_at Myelin and Mal U31367 199 24 10 11 12 0.7 32214224 39 22 18 L T cell 51
lymphocyte protein/
myelin protein
MVP17

Expression profiles of the whole liver and the isolated Kupffer cell fraction during fibrogenesis were obtained using a rat Genome U34A Array (Affymetrix).
Marker genes of hematopoietic cells in the Kupffer cell fraction are listed. Expression intensities are shown for d 0, and the expression intensity data for d 4, 7,
14, 21 and 28 are displayed as ratios to the d 0 expression levels. Italics indicate an “absent” call by the Affymetrix software. Bold values indicate the highest or
lowest ratio in the chronic phase (d 7, 14, 21 and 28). [ between 0.667 and 1.5; @ = 1.5; @ < 0.667. The cell types in the inflammatory cell fraction are as follows:
M: Monocytes and their progenitors; L: Lymphocytes and their progenitors; E: Erythrocytes and their progenitors; P: Platelets and their progenitors; Leu: Other
kinds of leukocytes and their progenitors.
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Table 6 Marker genes for hepatocytes

Probe ID

Functional
category

Annotation

Symbol

GenBank

Whole Liver
do 4

UniGene Isolated Hepatocytes

7 14 21 28 dO 4 7 14 21 28

U68168_at

750144_g_at

AF056031_at

D44494_at

MB84648mRNA _s_at

J02827_at

rc_AI168942_at

rc_AI102838_s_at

M93401_at

J05499_at

D10354_s_at

J04171_at

MB58308_at

X13119cds_s_at

rc_AA892112_g_at

rc_AA892345_at

AF067650_at
J03588_at
X06150cds_at

X15734_at

AF038870_at

Mb59861_at

rc_AA942685_at

M64755_at

rc_AI012802_at

Amino
acid
metabolism

Kynureninase
(L-kynurenine
hydrolase)
Aminoadipate
aminotransferase
Kynurenine
3-monooxygenase
(kynurenine
3-hydroxylase)
3-hydroxyan-
thranilate
3,4-dioxygenase
Dopa
decarboxylase
Branched chain
ketoacid
dehydrogenase
E1, alpha
polypeptide
Branched chain
keto acid
dehydrogenase
El, beta
polypeptide
Isovaleryl
coenzyme A
dehydrogenase

Aldehyde
dehydrogenase
family 6,
subfamily A1
Glutaminase 2
(liver,
mitochondrial)
Glutamic
pyruvic
transaminase 1,
soluble

Glutamate
oxaloacetate
transaminase 1

Kynu

Aadat

Kmo

Haao

Ddc

Bckdha

Bckdhb

Ivd

Aldh6al

Gls2

Gptl

Gotl

Histidine ammonia Hal

lyase

Serine
dehydratase
Proline
dehydrogenase
(oxidase) 2
(predicted)
Dimethylglycine
dehydrogenase
precursor
Sarcosine
dehydrogenase
Guanidinoacetate
methyltransferase
Glycine N-
methyltransferase
Methionine
adenosyl-

transferase I, alpha

Betaine-
homocysteine
methyltransferase

Formyltetra-
hydrofolate
dehydrogenase

Cytosolic
cysteine
dioxygenase 1
Cysteine
sulfinic acid
decarboxylase
Hydroxyacyl
glutathione
hydrolase

Sds

(Prodh2)

Dmgdh

Sardh
Gamt
Gnmt

Matla

Bhmt

Fthfd

Cdol

Csad

Hagh

U68168

750144

AF056031

D44494

MB84648

702827

AT168942

AI102838

M93401

705499

D10354

704171

M58308

X13119

AA892112 Rn.4247

AA892345 Rn.3646

AF067650 Rn.37484

703588

X06150

X15734

AF038870 Rn.11406

Mb59861

AA942685 Rn.2589

M64755

AI012802

Rn.10575 1.0 12 09 12

Rn.11133

Rn.35029

Rn.48675

Rn.3489

Rn.15623

Rn.147

Rn.2098

Rn.10202

Rn.6318 2017 09 09 12 10 41

Rn.5819

Rn.10037

Rn.33890

Rn.11142

Rn.10418

Rn.2328

Rn.43232

Rn.11048
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Probe ID Functional

category

Annotation

Symbol

GenBank UniGene Whole Liver

do 4 7 14

Isolated Hepatocytes
do 4 7 14 21

28

E01415cds_s_at

rc_AI235747_at

rc_AA945082_at

K03041mRNA_s_at
X12459_at

J03959_g_at

Glutathione
S-transferase,
mu type 3
Glutathione
transferase

YA subunit
Glutathione-S-
transferase,
alpha type2
Ornithine
transcarbamylase
Arginosuccinate
synthetase
Urate oxidase

Gstm3

Gsta5

Gsta2

Otc

Ass

E01415

AI235747 Rn.10460

AA945082 Rn.40574

10.3

20 22 23 44 79 241 14 25 31 22 26

K03041
X12459  Rn.5078

J03959 Rn.11330

M33648_at Cholesterol

synthesis
& bile acid
synthesis

rc_Al180442_at

M95591_at

AB016800_at

D86745exon_s_at

D14989_f_at

D43964_at

E12625cds_at

L16995_at

3-hydroxy-3-
methylglutaryl-
Coenzyme A
synthase 2

Farensyl
diphosphate
synthase

Farnesyl
diphosphate
farnesyl
transferase 1
7-dehydro-
cholesterol
reductase

Nuclear receptor
subfamily 0,
group B,

member 2
Similar to Alcohol
sulfotransferase
(Hydroxysteroid
sulfotransferase)
(ST) (ST-60)

Bile acid-
Coenzyme

A: amino acid
N-acyltransferase
Sterol-C4-methyl
oxidase-like
Sterol regulatory
element binding
factor 1

Hmges2

Fdps

Fdftl

Dher7

NrOb2

LOC361510

Baat

Sc4mol

Srebfl

M33648  Rn.29594

Al180442 Rn.2622

M95591  Rn.3252

AB016800 Rn.228

D86745

D14989  Rn.40365

D43964  Rn.11129 0.7 1038.5

E12625

L16995

rc_AA866264_s_at Steroid

hormone
synthesis &

S76489_s_at metabolism

J05035_at
U72497_at

D17310_s_at

rc_AI105448_at

X91234_at

rc_AI101743_s_at

U89280_at

rc_AA893495_at

www.wjgnet.com

Similar to 20-alpha
-hydroxysteroid
dehydrogenase

Sulfotransferase,
estrogen
preferring
estrogen
sulfotransferase

Steroid 5 alpha-
reductase 1
Fatty acid amide
hydrolase
3-alpha-
hydroxysteroid
dehydrogenase

Hydroxysteroid
11-beta
dehydrogenase 1

Hydroxysteroid
(17-beta)
dehydrogenase 2

Hydroxysteroid
(17-beta)
dehydrogenase 4

Hydroxysteroid
(17-beta)
dehydrogenase 9

Serine (or cysteine)
proteinase
inhibitor, clade A
(alpha-1
antiproteinase,
antitrypsin),
member 6

"Ste,
ste2"

Srd5al
Faah

LOC191574

Hsd11b1

Hsd17b2

Hsd17b4

Hsd17b9

Serpina6

AA866264 Rn.14713 37.8

576489 1787.

J05035  Rn.4620

U72497  Rn.10619

D17310  Rn.10021

Al105448 Rn.888

X91234  Rn.10515

Al101743 Rn.2082 151.5

U89280  Rn.10857 0.9

o‘sl 2046.0

14 19 7342

AA893495 Rn.2374 0.9
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Probe ID Functional

category

Annotation Symbol

GenBank UniGene

Whole Liver

Isolated Hepatocytes

do

4

7

14 21

28 do

S80431_s_at

rc_AI172293_at

Aldo-keto
reductase

family 1,
member D1
Sterol-C4-methyl
oxidase-like

Akrldl

Sc4mol

580431

Al172293 Rn.7167

U89905_at Lipid
biosynthesis,
fatty acid
metabolism
& lipid
transport

J02749_at

X95189_at

X95188_at

K03249_at

U64451_at

AF044574_g_at

rc_AA893239_at

rc_AI175764_s_at

rc_AA893242_g_at

rc_AI171506_at
X70223_at

rc_AI232087_at

U10697_s_at
M20629_s_at
AB010635_s_at

146791 _at
M16235_at
X03468_at

MO00002_at

U53873cds_at
rc_AA945171_at

rc_AA893213_at
U02096_at

U26033_at

Alpha-methylacyl- Amacr
CoA racemase

Acetyl-Coenzyme Acaal
A acyltransferase
1 (peroxisomal
3-oxoacyl-
Coenzyme A
thiolase)
Acyl-Coenzyme
A oxidase 2,
branched chain

Acox2

Acyl-Coenzyme  Acox3
A oxidase 3,

pristanoyl
Enoyl-Coenzyme Ehhadh
A, hydratase/
3-hydroxyacyl

Coenzyme A
dehydrogenase

Acyl-Coenzyme A Acadsb
dehydrogenase,
short/branched

chain

2-4-dienoyl- Decr2
Coenzyme A
reductase 2,
peroxisomal
2-hydroxy-
phytanoyl
-Coenzyme
A lyase

Hpcl2

Stearoyl- Scd1
Coenzyme

A desaturase 1
Acyl-CoA
synthetase
long-chain family
member 1

Acsll

Mel
Pxmp2

Malic enzyme 1
Peroxisomal
membrane
protein 2

Hydroxyacid Hao2
oxidase

2 (long chain)
Carboxylesterase 1 Cesl
Es2

Ces2

Esterase 2
Carboxylesterase
2 (intestine, liver)
Carboxylesterase 3 Ces3
Lipase, hepatic Lipc
Apolipoprotein ~ Apoa2
Apolipoprotein
A-IV

Apolipoprotein B

Apoa4

Apob

Apolipoprotein  Apoc4
Apolipoprotein M
Fatty acid binding
Protein 7, brain

Apom
Fabp?7
Carnitine O- Crot
octanoyl-

transferase

UB9905  Rn.2590

J02749 Rn.8913

X95189  Rn.10622

X95188  Rn.10546

K03249  Rn.3671

U64451

Rn.44423

AF044574 Rn.7879

AA893239 Rn.21425

AI175764 Rn.1023

AA893242 Rn.6215

AI171506
X70223

Rn.3519
Rn.10292

AI232087 Rn.10417

U10697
M20629
AB010635

Rn.82692
Rn.2549
Rn.14535

L46791
M16235
X03468

Rn.34885
Rn.1195

Rn.10309
M00002 Rn.15739

U53873
AA945171 Rn.33157

AA893213 Rn.262
U02096  Rn.10014

U26033  Rn.4896

100.7

K03045cds_r_at Retiniod
synthesis &
metabolism

U33500_g_at

U18762_at

Retinol binding
protein 4,
plasma

Rbp4

Retinol RoDHII
dehydrogenase
type I (RODHII)
Retinol
dehydrogenase

type I

Rdh3

K03045
U33500  Rn.37873

U18762  Rn.31786

9.7

0.9

14

0.8

1.0 786.

691.0

4

0.9

242920705 0.

44 77 115 453 152

2.3

1.9

0.8 1066.0

0.8 1912.6
129.4

2.0 1429

0.7

1.9

7 14 21 28
0.8 0.9

23 19 24 38

49 70 101 156

22 28 11 19

7 32

0.

0.

i 0ﬁ}.
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Probe ID Functional

category

Annotation

Symbol

GenBank UniGene

Whole Liver
14 21

Isolated Hepatocytes
28 doO 4 7 14 21

do 4 7

28

X53588_at
M86235_at
rc_AA945442 at

Glucolysis &
Gluconeogenesis

rc_AA892395_s_at
AB002558_at

X05684_at
U32314_at

X15580complete_seq_s_at

rc_AA892799_i_at

1.37333_s_at

X04069_at

K03243mRNA_s_at

AF080468_at

rc_AI030175_s_at

Glucokinase
Ketohexokinase

Glucokinase
regulatory protein

Aldolase B

Glycerol-3
-phosphate
dehydrogenase
1 (soluble)

Pyruvate kinase,
liver and RBC

Pyruvate
carboxylase

6-phosphofructo-
2-kinase/
fructose-2,6-
biphosphatase 1

Glyoxylate
reductase/
hydroxypyruvate
reductase
(predicted)

Glucose-6-
phosphatase,
catalytic

Liver glycogen
phosphorylase
Phosphoenol-
pyruvate
carboxykinase 1

Solute carrier
family 37
(glycerol-6-
phosphate
transporter),
member 4

Sorbitol
dehydrogenase

Gek
Khk
Gcekr

Aldob
Gpdl

Pklr
Pc

Pfkfbl

(Grhpr)

Gébpc

Pygl

Pckl

Slc37a4

Sord

X53588
M86235
AA945442 Rn.7863

Rn.10447 56.
813.

1.3 12
1.0 08
12 1.0

2.0 2183
0.9 7014
1.0 449.8

14 10 13 09

1bO. 0'B.
08 07 07 09
0.9 1.0

AA892395 Rn.10592
AB002558 Rn.44452

0.9
1.1

0.7
0.7

0.8 3179.1
0.7 102.5

164.6

0.9

0.9

X05684

U32314 Rn.11094

X15580  Rn.10115

AA892799 Rn.7815 0.7 561.6

L37333  Rn.10992

X04069  Rn.21399  129.

K03243 2955.1

AF080468 Rn.1592 681.

AI030175 Rn.11334 1.1 09 0.8 1108.8

D63704_g_at Nucleotide-

related

M97662_at enzymes

D85035_at

AF041066_at

M57507_at

Dihydropy-
rimidinase
Ureidopropionase,
beta

Dihydropy-
rimidine
dehydrogenase
Ribonuclease,
RNase A family 4
Guanylate cyclase
1, soluble, beta 2

Dpys
Upbl

Dpyd

Rnase4

Gucy1b2

D63704  Rn.10586 466.5

M97662  Rn.11110

07 09 0711511

D85035  Rn.17564 07 08 1.0 2381

AF041066 Rn.22804

M57507  Rn.10933

E01184cds_s_at Drug-

metabolism

J04187_at

K01721mRNA _s_at

X79081mRNA_f_at

J02861mRNA_s_at

AB008424_s_at

AB008423_s_at

S548325_s_at

www.wjgnet.com

Cytochrome P450,
family 1,
subfamily a,
polypeptide 2
Cytochrome P450,
subfamily 2A,
polypeptide 1
Cytochrome P450,
family 2,
subfamily b,
polypeptide 15
Cytochrome P450,
subfamily IIC
(mephenytoin
4-hydroxylase)
Cytochrome

P450 2c13
Cytochrome P450,
family 2,
subfamily d,
polypeptide 13
Cytochrome P450,
family 2,
subfamily d,
polypeptide 26
Cytochrome P450,
family 2,
subfamily e,
polypeptide 1

Cypla2

Cyp2a2

Cyp2b15

Cyp2c

Cyp2c13

Cyp2d13

Cyp2d26

Cyp2el

E01184

J04187 Rn.9867 798.

K01721  Rn.2287 462.6 0.7 1031.8

X79081

J02861 Rn.32070 1659.9 1.0 08 1914.

AB008424 Rn.32106 1316.3 1.0 07 0.7 1998.3

AB008423 Rn.40137 3830.8

548325
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Probe ID

Functional
category

Annotation

Symbol

GenBank UniGene

Whole Liver

Isolated Hepatocytes
14 21 28 dO 4 7

do 4 7

14 21 28

AF017393_at

U40004_s_at

X62086mRNA_s_at

M13646_s_at

U46118_at

D38381_s_at

U39206_at

M94548_at

J05460_s_at

M21208mRNA_s_at

U17697_s_at

M13506_at

D38069exon_s_at

rc_AA818122_f at

122339_g_at

rc_AA926193_at

X56228_g_at

rc_AA892821_at

AF045464_s_at

Cytochrome P450,
family 2,
subfamily f,
polypeptide 2
Cytochrome P450,
family 2,
subfamily j,
polypeptide 9

"Cytochrome P450,

subfamily 3A,
polypeptide 3
cytochrome P450,
family 3,
subfamily a,
polypeptide 11
cytochrome
P-450PCN
(PNCN
inducible)"
Cytochrome P450,
family 3,
subfamily a,
polypeptide 11
Cytochrome P450,
family 3,
subfamily a,
polypeptide 13
Cytochrome

P450, 3a18
Cytochrome

P450 4F4
Cytochrome P450,
family 4,
subfamily F,
polypeptide 2
Cytochrome P450,
family 7,
subfamily a,
polypeptide 1
Cytochrome P450,
family 17,
subfamily a,
polypeptide 1
Cytochrome P450,
subfamily 51

Liver UDP-
glucuronosy-
Itransferase,
phenobarbital-
inducible form
UDP glycosyl-
transferase

1 family,
polypeptide A6
Sulfotransferase
family, cytosolic,
2A, dehydroepian-
drosterone
(DHEA)-
preferring,
member 1
Sulfotransferase
family 1A,
member 2
Sulfotransferase
family, cytosolic,
1C, member 2
Thiosulfate
sulfurtransferase

Aldo-keto
reductase
family 7,
member A2
(aflatoxin
aldehyde
reductase)
Aldo-keto
reductase
family 7,
member A3
(aflatoxin
aldehyde
reductase)

Cyp2f2

Cyp2j9

Cyp3a3,
Cyp3all,
RGD:628626

Cyp3all

Cyp3al3

RGD:628709
RGD:708363

Cyp4f2

Cyp7al

Cypl7al

Cyp51

Udpgtr2

Ugtla6

Sth2

Sultla2

RGD:621064

Tst

RGD:620311

Akr7a3

AF017393 Rn.10817 07 1.0 09 1.0 2342

08 09

07 1.

U40004  Rn.37480

X62086

M13646  Rn.37424

U46118  Rn.10489 377 07 15 14 17 23 287 28 22 17 22 73

D38381  Rn.32085 19 10 09 13 6828 08 09 11

U39206  Rn.10170 0.8 311.9 08 07 09

M94548 Rn.5722  1637.4 .0 09 08 0821928

J05460 Rn.10737

M21208 Rn.10172

U17697  Rn.6150 355.0

M13506  Rn.9969 1982 1.7 14 07 09

D38069

14 09 08

AA818122 Rn.2151? 1199.3

L22339  Rn.9937 0.7 0.8 1587.5

AA926193 Rn.22471

X56228  Rn.6360 1565.

AA892821 Rn.8548 0.8 2234

AF045464 Rn.6043 3370 15 20 1.6 14 1.7 2408

29 21

16 20 26
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Probe ID

Functional
category

Annotation

Symbol

GenBank UniGene

Whole Liver Isolated Hepatocytes
do 4 7 14 21 28 d0 4 7 14 21 28

X65083cds_at

AF001898_at

M23995_g_at

rc_AI172017_at

X90710_at

rc_AA817846_at

rc_AA892382_at
M26125_at

MB84719_at

rc_AA817964_s_at
M31363mRNA_f_at

Epoxide
hydrolase 2,
cytoplasmic
Aldehyde
dehydrogenase
family 1,
member Al
Aldehyde
dehydrogenase
family 1,
subfamily A4
Aldehyde
dehydrogenase 2
Alcohol
dehydrogenase
4 (class II), pi
polypeptide
3-hydroxy-
butyrate
dehydrogenase
(heart,
mitochondrial)
Camello-like 1
Epoxide
hydrolase 1
Flavin containing
monooxygenase 1
Paraoxonase 1
Sulfotransferase
family, cytosolic,
2A, dehydroepian-
drosterone
(DHEA)
-preferring,
member 1

Ephx2

Aldhlal

Aldhla4

Aldh2

Adh4

Bdh

Cml1
Ephx1

Fmol

Ponl
Sth2

X65083  Rn.54495 445 08 08 16 223 26 25 13 43

AF001898 Rn.6132 3045 41 25 29 41 44 7525 22 14 12 15 29

M23995  Rn.74044

AI172017 Rn.2300

X90710  Rn.10302

AA817846 Rn.36635

AA892382 Rn.3643
M26125 Rn.3603

59.8 X
16614 17 18 16 15

1.7 2083.7

1.8 22 17

M84719  Rn.867 320.

AA817964 Rn.20732 4497.8
M31363 Rn.2151  2071.8

M11670_at
U94856_at

M15481_at

M58634_at

J04486_at

rc_AA924289 s_at

AF089825_at
549003_s_at

AF076619_at

M32167_g_at

M37394_at

148060_s_at
rc_AA892251_at

132132_at

L13025UTR#1_f_at

D14869_s_at

K01934mRNA#2_at

X57999cds_at

www.wjgnet.com

Anti-oxidant
enzymes

Growth
factors &
their
receptors

Catalase
Paraoxonase 1

Insulin-like
Growth factor 1
Insulin-like
Growth factor
binding protein 1
Insulin-like
growth factor
binding protein 2
Insulin-like
growth factor
binding protein,
acid labile
subunit

Inhibin beta E

Growth hormone
receptor

Growth factor
receptor bound
protein 14
Vascular
endothelial
growth factor A
Epidermal growth
factor receptor

Prolactin receptor
Arginine
vasopressin
receptor 1A
Lipopoly-
saccharide
binding protein
Polymeric
immunoglobulin
receptor
Prostaglandin E
receptor 3
(subtype EP3)
Thyroid hormone
responsive protein
Deiodinase,
iodothyronine,
typel

Cat
Ponl

Igfbpl

Igfbp2

Igfals

Inhbe
Ghr

Grbl14

Vegfa

Egr

Prir
Avprla

Lbp

Pigr

Ptger3

Thrsp

Diol

M11670
U94856

M15481

Rn.3001
Rn.20732 3127.6

Rn.6282 534.3

M58634 Rn.34026  521.1

J04486 Rn.6813 174 24 15 23 43 58 131 60 33 49 52 146

AA924289 Rn.7327 217.0

AF089825 Rn.30020
549003

AF076619 Rn.30028

M32167 Rn.1923

M37394  Rn.37227

L48060  Rn.9757
AA892251 Rn.32282

1.5 133.3

1.0 455.0

132132  Rn.48863

541 31

09 12 19 22

394 81 15 19 31 57

L13025

D14869  Rn.10361

K01934

X57999  Rn.42914
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Probe ID

Functional
category

Annotation Symbol

GenBank UniGene

Whole Liver

Isolated Hepatocytes

do

14 21 28 doO 4 7 14 21 28

X76456cds_at
X02361_at
rc_AA817854_s_at
X86178mRNA_g_at
M27434_s_at
J00738_s_at
X51615_at

rc_AA945608_at

rc_AI102562_at

Hepatic
secretory
proteins

Afamin Afm
Alpha-fetoprotein Afp
Ceruloplasmin Cp
Alpha-2-
glycoprotein 1,
zinc

Alpha-2u globulin LOC259246
PGCL1

Azgpl

Alpha-2u globulin RGD:708508 J00738

PGCL4

Pregnancy-zone  Pzp
protein

Serum amyloid ~ Sap
P-component
Metallothionein ~ Mtla

X76456
X02361  Rn.9174 46.5
AA817854 Rn.32777
X86178

3150.5

M27434

Rn.81155

X51615

AA945608 Rn.1902

AI102562 Rn.54397

X86561cds#2_at

D21215cds_s_at

U20194_g at

M62832_at
MI12112mRNA#3_s_at

Blood-
function

Fibrinogen, alpha Fga
Polypeptide
Coagulation F10
factor X

Complement C8b
component 8, beta
polypeptide
Plasminogen Plg
Angiotensinogen Agt

X86561

D21215

U20194 Rn.10152

M62832
M12112

L00117_at

rc_AI230712_at

AF097723_s_at

X70900_at
rc_AA946503_at
X69834_at

D00752_at

M35299_s_at

X16273cds_at

rc_AA893552_at

M63991_at

M22993cds_s_at

Protease &
protease
inhibitors

Elastase 1, Elal
pancreatic

Subtilisin-like Pace4
endoprotease

Plasma glutamate Pgcp
carboxypeptidase

Hepsin Hpn
Lipocalin 2 Len2

Serine (or
cysteine)
proteinase
inhibitor, clade
A, member 3M
Serine protease
inhibitor
Serine protease
inhibitor, Kazal
typel

Serine (or cysteine) Serpinal
proteinase

inhibitor,

clade A (alpha-1
antiproteinase,

antitrypsin),

member 1

Serpina3m

Spin2a

Spink1

Serine (or cysteine) Serpina4
proteinase
inhibitor,

clade A (alpha-1
antiproteinase,
antitrypsin),
member 4
Serine (or
cysteine)
peptidase
inhibitor,

clade A (alpha-1
antipeptidase,
antitrypsin),
member 7

Serpina?

"Murinoglobulin
1 homolog
(mouse) alpha-
1-inhibitor

11T similar to
Murinoglobulin

1 homolog
murinoglobulin 2"

"Mugl,
LOC297568,
LOC297572,

L00117

AI230712 Rn.950

AF097723 Rn.17112

X70900  Rn.11139
AA946503 Rn.11303 26.4
X69834  Rn.10424  875.6

D00752  Rn.34396 5647.3

M35299  Rn.9767 55.

X16273

6888.3

AA893552 Rn.11152  813.0

M63991  Rn.9948 25.6

M22993 979.0

RGD:1302962"

V01216_at
X05023_at

AF080507_at

K02817cds_s_at

Cell surface
proteins &
structural
proteins

Orosomucoid1 ~ Orml
Mannose-binding MbI2
protein C (liver)
Mannose-binding ---
protein mRNA
Asialoglycoprotein Asgrl
receptor 1

V01216
X05023

Rn.10295 1695.5
Rn.9667 107.8

AF080507 462.

K02817 544.5

1.3 10 12
08 10 08

12 13 12

08 07 05 35658 08 09 09
12 15 15 35.4. 1.8

11 08 08 3628 11 09
07 07 0812521

0.7 792.6
14 23 120 71 1265 52 359 43 1571
1.0 7524

08 1.0

107 71 79 46 18 1.6

1310972 31 19 23 4.6

07 179‘0. 09 08 09 07
11 7398 07 10 12 1.1.

0.8. 0.7- 6613 1.0 o.s. 09 07
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Probe ID

Functional
category

Annotation

Symbol

GenBank UniGene

Whole Liver Isolated Hepatocytes

do 4 7 14 21 28 dO 4 7 14 21 28

U82612cds_g_at
M81687_at
AF090134_at

X04070_at

rc_AA799879_at
576054 _s_at

rc_Al072634_at

X59864mRNA _at

Fibronectin 1
Syndecan 2

Lin-7 homolog a
(C. elegans)
Gap junction
membrane
channel protein
beta 1
Synaptogyrin 1

Keratin complex
2, basic, gene 8

Fnl
Sdc2
Lin7a

Gjbl

Syngrl
Krt2-8

Keratin complex 1,Krt1-18

acidic, gene 18
H19 fetal liver
mRNA

H19

U82612
M81687

AF090134 Rn.31766

X04070

AA799879 Rn.11188

576054

Al072634 Rn.3603

X59864

Rn.11127

607.1 08 0.8
542.6 08 0.
07 699 12 14 1.0 08

Rn.10444 1.0

3056 23 10 13 12 17

3453 28 16 16 14 20

4178 19 11 13 12 16 3841 37 22 18 18 33

33 177 75 7.8 485 10 528 862 12 1.1

D31662exon#4_s_at
rc_AA893485_at

U68544_at

rc_AA799560_at

rc_AA891194_s_at

X57133mRNA _at

Y14933mRNA_s_at

D86745cds_s_at

X12752_at

Signal
transduction &
transcription
factors

Regucalcin
RAB10, member
RAS oncogene
family
Peptidylprolyl
isomerase F
(cyclophilin F)
N-myc
downstream
regulated gene 2

Arg/ Abl-
interacting
protein ArgBP2
Rat mRNA for
hepatocyte
nuclear factor 4
One cut domain,
family member 1

Nuclear receptor
subfamily 0,
group B,

member 2
CCAAT/enhancer
binding protein
(C/EBP), alpha

Rgn
Rab10

Ppif

Ndrg2

Argbp2

HNF4

Onecutl

Nr0b2

Cebpa

D31662

AA893485 Rn.65864

U68544

AA799560 Rn.3407

AA89119 Rn.24612

X57133

Y14933

D86745

X12752

Rn.2923

43 21

19 23

Rn.48812

M81855_at

AB010466_s_at

U53927_at

M77479_at

123413_at

U76379_s_at

L27651_g_at

UB8036_at

www.wjgnet.com

Transporters

ATP-binding
cassette,
sub-family B
(MDR/TAP),
member 1

ATP-binding
cassette,
sub-family C
(CFTR/MRP),
member 6

Solute carrier
family 7 (cationic
amino acid
transporter,
y+ system),
member 2
Solute carrier
family 10
(sodium/bile
acid
cotransporter
family),
member 1
Solute carrier
family 26
(sulfate
transporter),
member 1
Solute carrier
family 22
(organic cation
transporter),
member 1

Solute carrier
family 22
(organic anion
transporter),
member 7

Solute carrier
organic anion
transporter family,
member 1a4

Abcbl

Abccb

Slc7a2

Slc10al

Slc26al

Slc22al

Slc22a7

Slcola4

MB81855

AB(010466 Rn.29976  452. 0.8

U53927

M77479

123413

U76379

127651

U88036

Rn.82691 3.2 1243 248 406 90.6 108.0 9.1 853 209 348 23.8 63.9

29.7

16 07 08 07 10 277

Rn.9913

Rn.10016

Rn.11186

Rn.10009 0.7 477.6

Rn.5641 09 1.0 5883

0.9
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Probe ID

Functional
category

Annotation

Symbol

GenBank UniGene

Whole Liver

Isolated Hepatocytes

do

4

7

14

21

28

do

4

7

14

21

28

M95762_at

U28504 g at

M64862_at

AB013112_s_at
AB005547_at
AB000507_at
rc_AA799645_g_at

Solute carrier
family 6
(neurotransmitter
transporter,
GABA),

member 13

Solute carrier
family 17
(sodium
phosphate),
member 1

Solute carrier
organic anion
transporter family,
member 2al
Aquaporin 9 Aqp9
Aqp8
Aqp7
Fxyd1

Aquaporin 8
Aquaporin 7
FXYD domain-

Slc6al3

Slc17al

Slco2al

M95762

U28504

M64862

AB(013112
AB005547
AB000507
AA799645

Rn.10527

Rn.11150

Rn.9671

Rn.6315
Rn.11111
Rn.3828

205.2

36.0.

241.6

693.4
158.0

35.9
169.6

04

0.6

0.6

0.6
1.1
1.8
04

0.7

1.1

0.6

0.7
0.9
14
0.6

0.7,

1.6

0.5

0.8
0.9
1.5
0.5

0.5

20

0.6

0.7
0.9
1.4
0.5

0.5

20

0.5

0.7
1.6
1.9
0.4

262.9

78.7

166.2]

730.2
103.4

13.7
200.9

0.7

0.9

0.3

0.9
1.7
4.0
0.5

0.6

1.2

0.4

1.2
245
49
0.3

0.4

1.1

0.7

1.2
29
59
0.3

0.8

1.3

0.9

1.6
35
Bl
0.5

0.5

0.5

0.5

0.5
21
42
0.5

containing ion
transport
regulator 1

AF080568_at Enzymes
related

phospholipids

Phosphate
cytidyly-
ltransferase 2,
ethanolamine

Pcyt2

D28560_at Ectonucleotide D28560
pyrophosphatase/
phospho-

diesterase 2

Enpp2

114441 _at Phosphatidy- Pemt L14441
lethanolamine
N-methyl-

transferase

rc_AA875050_at (Ethanolamine —

kinase)

AF080568

Rn.7291

Rn.20403

Rn.9875

AA875050 Rn.65516

6179, 04 04 08 06 07 5697 06 08 06 08 0.6

4109 01 09 08 06 04

3536, 04 07 07 08 05

7585 04 08 09 07 06

8094/ 06 09 08 11 05

533.00 04 10 09 07 06 4211 06 07 06 09 1.0

D16339_at Protein D16339
related

vitamins

Tocopherol (alpha) Ttpa
transfer protein

D14564cds_s_at L-gulonolactone ~ Gulo D14564

oxidase

5977 04 10 1.0 08 08 4988 08 09 09 04 05

14839 02 05 06 03 0212058 02 08 05 08 02

Others Secreted U19485

phosphoprotein 2
Rabphilin 3A-like
(without C2
domains)

U19485_g_at Spp2

AF022774_g_at Rph3al

rc_AA945050_f at Rat senescence
marker protein
2A gene, exons

land 2

Smp2a

AF062389_at Kidney-specific

protein (KS)

Carbonic Ca3

anhydrase 3

AF037072_at

Rn.84

AF022774 Rn.10986

AA945050 Rn.40124

RGD:708383 AF062389 Rn.14875

AF037072 Rn.1647

20595 0.6 08 08 07 0624544 08 08 07 09 06

399 14 10 15 17 15 285 24 19 12 17 29

3857 06 09 12 07 14 5477 14 05 18 09 1.0

49 11 30 20 14 20 507 05 22 46 38 33

11895 01 03 03 02 013198 00 04 01 01 00

Expression profiles of whole liver or isolated hepatocytes during fibrogenesis were obtained using a rat Genome U34A Array (Affymetrix). Marker genes for

hepatocytes, which are the main contributors to the expression profile of the whole liver, are listed. Expression intensities are given for d 0, and expression

intensity data for d 4, 7, 14, 21 and 28 are displayed as ratios to the d 0 expression data. Italics indicate an “absent” call by the Affymetrix software. Genes with

the highest or lowest ratio in the chronic phase are shown in bold text. [J between 0.667 and 1.5, @ = 1.5; @ < 0.667.

different phases, such as repair in the acute phase response
and fibrosis in the chronic phase response. These two
groups of HSC marker genes may also be differentially
regulated. Marker genes in one group may be expressed
both in undifferentiated and in differentiated HSCs,
while marker genes in the other group may be expressed
mainly in differentiated HSCs. The functional changes
associated with differentiation of HSCs during fibrosis
are not clear. Schnabel ¢z a/'” have temporally divided the
activation process of HSCs into an initiation phase and a
perpetuation phase, and HSCs in the initiation phase may
play a role in wound healingm’m and are then eliminated

19

by apoptosis[18 I although some HSCs in the initiation
phase differentiate into cells in the perpetuation phase.
The two kinds of marker genes found in our work may be
associated with the two phases.

In the present study, gene expression in HSCs 7 vivo
was mostly similar to that found 7z vifro, suggesting that
HSCs can be activated and produce ECM with few factors
contributed by other cell types. Since HSCs also produce
auto-stimulating factors such as TGF-beta, chemokines,
PDGE, and IGF-1, our results strongly suggest that HSCs
have self-supporting properties and few exogenous factors
are required for their activation and differentiation. Even if
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Functional category Cluster Direction Annotation Symbol Common
No. of change
Amino acid metabolism 7  Increase Glutamate oxaloacetate transaminase 1 Gotl J04171
7  Increase  Glutamic-pyruvate transaminase (alanine aminotransferase) Gpt D10354
9  Increase  Glutathione-S-transferase, alpha type2 Gsta2 AA945082
3  Decrease Cytosolic cysteine dioxygenase 1 Cdol AA942685
10  Decrease Cysteine-sulfinate decarboxylase Csad M64755
Cholesterol synthesis 3 Decrease Nuclear receptor subfamily 0, group B, member 2 Nr0b2 D86745
Steroid hormone synthesis 7  Increase Hydroxysteroid (17-beta) dehydrogenase 9 Hsd17b9 U89280
7  Increase  (20-alpha-hydroxysteroid dehydrogenase) - AA866264
1  Decrease Hydroxysteroid (17-beta) dehydrogenase 2 Hsd17b2 X91234
3 Decrease Sulfotransferase, estrogen preferring Ste 576489
Lipid biosynthesis, 9  Increase Carboxylesterase 2 (intestine, liver) (drug metabolism) Ces2 AB010635
metabolism, fatty acid & 1  Decease 2-hydroxyphytanoyl-CoA lyase(peroxisomal) alpha-oxidation Hpcl2 AA893239
lipid transport 3  Decease Carboxylesterase 3 Ces3 L46791
3  Decease Hydroxyacid oxidase 2 (long chain)(peroxisomal)( alpha-oxidation) Hao2 A1232087
3 Decease Fatty acid binding protein 7, brain (cytosolic) Fabp7 U02096
10  Decease  Alpha-methylacyl-CoA racemase Peroxisomal) Amacr U89905
Retinoid synthesis & 3  Decease Retinol dehydrogenase type II (RODH II) RoDHII U33500
metabolism 10  Decease  Retinol dehydrogenase type Il Rdh3 U18762
Dlucolysis & 7  Increase  Glucokinase Gek X53588
gluconeogenesis 3 Decrease Phosphoenolpyruvate carboxykinase 1(PEPCK1) (cytosolic) Pckl K03243
3 Decrease Pyruvate carboxylase Pc U32314
3 Decrease Solute carrier family 37 (glycerol-6-phosphate transporter), member 4  Slc37a4 AF080468
3 Decrease Ribonuclease, RNase A family 4 Rnase4 AF041066
3 Decrease Ectonucleotide pyrophosphatase/phosphodiesterase Enpp2 D28560
2(lysophospholipaseD)
Drug-metabolism 7  Increase  Cytochrome P450, family 3, subfamily a, polypeptide 13 Cyp3al3 U46118
9  Increase Aldehyde dehydrogenase family 1, member Al Aldhlal AF001898
1  Decrease Cytochrome P450, family 1, subfamily a, polypeptide 2 Cypla2 E01184
1  Decrease Cytochrome P450, subfamily II C (mephenytoin 4-hydroxylase) Cyp2c X79081
1  Decrease Flavin containing monooxygenase 1 Fmol M84719
3  Decrease Cytochrome P450, family 17, subfamily a, polypeptide 1 Cypl17al M21208
3  Decrease Cytochrome P450, family 3, subfamily a, polypeptide 11 Cyp3all M13646
3 Decrease Alcohol dehydrogenase 4 (class II'), pi polypeptide Adh4 X90710
3  Decrease 3-hydroxybutyrate dehydrogenase (heart, mitochondrial) Bdh AAB817846
3 Decrease Camello-like 1 N-acetyltransferase 8, NATS) Cmll AAB92382
3 Decrease (hydroxysteroid sulfotransferase ) - M31363
3 Decrease (hydroxysteroid sulfotransferase subunit) -— AA818122
Growth factors & their 7  Increase Lipopolysaccharide binding protein Lbp 132132
receptors 9  Decrease Insulin-like growth factor binding protein 2 Igfbp2 J04486
3 Decrease Activin beta E Inhbe AF089825
10  Decrease Growth hormone receptor Ghr 549003
10  Decrease Insulin-like growth factor binding protein 1 Igfbpl M58634
10  Decrease Deiodinase, iodothyronine, type I Diol X57999
Hepatic secretory proteins 7  Increase  Alpha-fetoprotein Afp X02361
1 Decrease Alpha-2u globulin PGCL4 /// alpha-2u globulin PGCL2 /// alpha-2u- Obp3 /// M27434
globulin (L type)/// alpha-2u globulin PGCL1 /// alpha-2u LOC298109 ///
globulin PGCL3 LOC298116 ///
LOC259246 / / /
LOC259244
1  Decrease Alpha-2u globulin PGCL4 (Ppp2r2a protein phosphatase 2 Obp3 J00738
(formerly 2A), regulatory subunit B (PR 52), alpha isoform)
10  Decrease Metallothionein Mtla AT102562
Protease & protease 9  Increase Lipocalin 2 Len2 AA946503
inhibitor 1 Decrease Elastase 1, pancreatic Elal L00117
10  Decrease Esterase 2 (liver carboxylesterase) Es2 M20629
3 Decrease Serine protease inhibitor Spin2a D00752
Cell surface proteins & 7  Increase Keratin complex 2, basic, gene 8 (cytokeratin-8) Krt2-8 576054
structural proteins 7  Increase  Similar to cytokeratin(keratin complex 1, acidic, gene 18) (Krt1-18) AI072634
Signal transduction 3  Decrease Regucalcin Rgn D31662
Transporters 7  Increase solute carrier family 17 (sodium phosphate), member 1 Slc17al U28504
7  Increase = Aquaporin 7 Aqp7 AB000507
9  Increase ATP-binding cassette, sub-family B (MDR/TAP), member 1 Abcbl M81855
3 Decrease Solute carrier family 10 (sodium/bile acid cotransporter family), Slc10al M77479
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Functional category Cluster Direction Annotation Symbol Common
No. of change
Protein related vitamins 10  Decrease L-gulono-gamma-lactone oxidase Gulo D14564
Others Increase  Rabphilin 3A-like (without C2 domains) Rph3al AF022774
1  Decrease Carbonic anhydrase 3 Ca3 AF037072

Gene expression profiles in the chronic phase (d 7, 14, 21 and 28) were clustered into 10 patterns using K-means analysis. Clustered genes that showed a tendency

to temporally decrease (clusters 1, 3 and 10) or increase (clusters 7 and 9) were selected, as shown in Table 5 in the supplemental data. Among these genes, those

showing a strong relation with fibrogenesis were further selected based on a f-test statistical analysis of the rate of change in expression intensity and the number

of days of fibrosis. Hepatocyte-specific gene markers showing a strong relation with fibrogenesis are listed.

inflammation induced by virus activation stimulates long-
term or weak hepatitis, HSCs may be able to autonomously
activate and promote fibrosis, and this property of HSCs
may be central to promotion of fibrogenesis. Sancho-Bru
et al”” have recently reported that a culture model of HSCs
could not exactly match the activated phenotype found in
DNA microarray analysis of isolated HSCs from cirrhotic
human livers, because in culture marker genes for HSCs
in the perpetuation phase are predominantly expressed,
relative to those in the initiation phase. However, isolation
of HSCs may also alter the expression of some genes,
especially the expression of genes associated with
inflammation, as shown in Figures 2 and 4. Therefore,
compared to studies of isolated HSCs, our approach
reveals the actual behavior of HSCs iz vivo during fibrosis.
Gpc3 has been recently proposed as a serum and
histochemical marker for hepatocellular carcinoma*,
since it is only weakly expressed in hepatocytes in normal
and cirrhotic livers. However, in our study, Gpc3 was
expressed in isolated HSCs during fibrogenesis, but
weakly in cultured HSCs, suggesting that HSCs require
extracellular factors for expression of Gpc3 during
fibrogenesis, or that Gpc3-expressing cells with abnormal
characteristics may contaminate the HSC fraction. The cell
type showing expression of Gpc3 requires further study.

Marker genes for inflammatory cells

In the present study, gene expression in the inflammatory
cell-fraction indicated the presence of several kinds of
hematopoietic cells in this fraction, leading to some
uncertainty in the data from the rat fibrosis model.
However, the behavior of mast cells is of note, since
temporary up-regulation of mast cell markers such as
chemokines and mast cell proteases indicated invasion
and/or activation of mast cells around d 14. Invasion
of a marked number of mast cells could not be detected
with HE staining, and therefore the number of invading
mast cells must be small. Mast cells not only cause acute
inflammation, but also have a role in induction of chronic
inflammation"*'", and involvement of mast cells in hepatic
fibrosis has been reported">”*), RANTES, a chemokine
that is produced by T cells and stimulates mast cells”**’,
showed its peak expression on d 14, as shown in Fig-
ure 4. RANTES has been suggested to be a mediator
of progression from acute to chronic inflammation
in colitis™, and further studies are of importance to
determine whether RANTES activation of mast cells is
essential for liver fibrosis.

Marker genes for hepatocytes

DNA microarray analysis of whole liver in experimental
animal models of hepatic fibrosis has been reported"”,
and characteristic behavior of hepatocyte-specific marker
genes over the time course of fibrogenesis was found in
this study. DNA microarray data for the whole liver are
similar to those for hepatocytes, since 70% of hepatic cells
are hepatocytes™, and data on d 28 are generally similar
to those in previous reports. However, our temporal
data indicate progressive abnormal gene expression in
fibrogenesis, including in the early phase of fibrogenesis.
Furthermore, since our data did not contain genes
expressed in other hepatic cells, the hepatocyte-specific
gene set allowed examination of the molecular network in
hepatocytes.

Clustered abnormalities were found in genes associated
with metabolism of sulfur-containing amino acids in this
study. Similar abnormalities in metabolism of sulfur-
containing amino acids have been reported™” and an
increase in methionine concentration in blood has been
found in cirrhosis®*, which may be related to changes
in gene expression in sulfur-containing amino acid
metabolism. Furthermore, S-adenosylmethionine has an
important role in methylation, including the methylation
of DNA. Since abnormalities likely induce tumorigenesis
due to DNA instability, it is of note that long-term
suppression of S-adenosylmethionine synthetase increases
the risk of tumorigenesis””. Glycine methyltransferase
also has been implicated in DNA instability”**, and long-
term suppression of this enzyme also has an associated
risk of tumorigenesis during liver fibrosis. A metabolite
of methionine, homocysteine, is also suspected as a risk
factor for cardiovascular disease™” and an increase in
the concentration of homocysteine has been found in
cirrhosis™. Abnormal homocysteine metabolism may also
have an important role in the pathogenesis of liver failure,
including fatty liver, activation of HSCs (i.c., enhancement
of fibrosis), cardiovascular disease, and HCC. Finally,
biosynthesis of taurine from cysteine may be suppressed,
possibly leading to painful muscle cramps, which are a
complication of cirrhosis caused by taurine deficiency"
Therefore, in summary, it is apparent that abnormalities
in sulfur-containing amino acid metabolism can result in
development of serious diseases.

Down-regulation of enzymes related to beta-oxidation
in TAA-induced experimental fibrosis has been reported”.
Studies of the Aox knockout mouse™” suggest that
metabolites of fatty acids in beta oxidation accumulate in
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the liver and stimulate PPAR-alpha, resulting in peroxisome
proliferation, and tumorigenesis is a potential risk in long-
term administration of PPAR-alpha agonists and in the
Aox-1 knockout mouse***"!, Radical accumulation by
blocking metabolic enzymes associated with beta-oxidation
has been suggested as one explanation of tumorigenesis in
Aox knockout mice, and furthermore, microarray analysis
of Aox-deficient mice can show up-regulation of Lcn2, a
marker of carcinogenesis'”. Interestingly markers such as
Len2 and Cd36 were up-regulated in hepatocytes during
fibrogenesis and in the inflammatory cell fraction in the
late phase in our model. Although tumorigenesis due to
PPAR alpha agonist is thought not to occur in humans™*,
abnormalities in lipid metabolism during liver fibrosis
may have a role in steatofibrosis and/or enhancement of
fibrosis and HCC.

Up-regulation of Gck and down-regulation of Pckl
in hepatocytes suggest a decrease in gluconeogenesis,
and suppression of gluconeogenesis has been reported
in cirrhosis™. A deficiency of Scl37a4 enzyme activity in
humans causes glycogen storage disease type 1 (GSD-1)
genetic disorders™ and suppression of this molecule
is associated with hepatic steatosis”*”. Abnormalities in
metabolism and synthesis of sex hormone have also
been found in fibrotic liver, and an increased ratio of
estrogen to testosterone in serum induces feminization,
which is a complication in cirrhotic males"”. Abnormality
of sex-hormone metabolism is also related to liver
malignancies'™".

Down-regulation of Ghr is also found in hepatocytes,
and long-term suppression of growth signals may greatly
influence fundamental hepatic vitality and produce
abnormal hepatic regeneration. Insensitivity to growth
hormones in cirrhosis has been reported®™ ! and
administration of growth hormone protects against
experimental liver fibrosis™. Rgn, a regulator of calcium
signaling, may have an important role in regulation of
proliferation and apoptosis of hepatocytes, as well as in
formation of HCC™, and down-regulation of regucalcin
in our model suggested a risk of HCC development.
An association of Afp, Ste, Mtla, Lcn2, Abebl Cmll
(Nat8) and Ca3 with hepatocellular carcinoma (HCC)
formation has also been reported. Accumulation of
estrogen in the liver is suspected to promote HCC™,
and NAT8 polymorphism may be related to HCCP™,
Down-regulation of metallothionein™ " and carbonic
anhydrase™”| up-regulation of Mdr/Tap™ and Len!™®!
occur in HCC, and proliferation of hepatoma cells is
suppressed by over-expression of Rgn™*. The abnormal
expression of all these genes in our model is similar to
that in HCC, suggesting the importance of understanding
whether such changes in gene expression reflect a
tumorigenic environment or even promote tumorigenesis.

Differential regulations of genes involved in key events of
liver fibrosis

In addition to the expression profiles of cell type specific
marker genes discussed above, we here describe how genes
involved in key events of liver fibrogenesis are differentially
regulated. Gene expression profiles of the whole liver for
different functional categories in liver fibrogenesis, such as
ECM synthesis/degradation, inflammation and oxidative

www.wjgnet.com

stress, are shown in Figure 8. Since both synthesis and
degradation of ECM occur simultanecously, both genes
are put together. Figure 8 shows that most genes in
each category have a common and mutually correlated
expression pattern, showing different regulations for
different categories. Most genes of ECM synthesis/
degradation as shown in Figure 8A have a peak of up-
regulation on d 4 and a following gradual up-regulation
along with the progtression of fibrosis, and interestingly
these genes are classified into group 1 of the HSC -specific
genes as shown in Figure 2. Another type of genes of
ECM synthesis/degradation as shown in Figure 8B have
no peak on d 4 and only a gradual up-regulation along with
the progression of fibrosis, and are classified into group
2 of the HSC-specific genes as shown in Figure 2. Many
genes are also involved in the inflammatory category, and
here only some of them atre plotted as representative in
Figure 8C. Most genes of inflammation have a peak on
d 4 or 7 commonly, and are classified in group 1 of the
Kupffer cell fraction specfic genes as shown in Figure 4.
Most genes in the catregory of oxidative stress in Figure
8D have a minimum expression on d 4, in contrast to the
genes of inflammation having a peak on d 4 or 7, and are
involved in hepatocyte specific genes as shown in Figure 0.

Gene expression profiles viewed from both cell types
and functional categories have made more clear image on
how the temporal expression pattern are closely associated
in terms of both the cell specificity and functions in liver
fibrosis, and are regulated differently in different categories
but in a mutually correlated manner within the same
category.

Pathological overview of the behavior of
HSCs, inflammatory cells, and hepatocytes in
fibrogenesis

Our results from gene-expression profiling using hepatic
cell-specific marker genes support the hypothesis shown in
Figure 9. Comparisons of gene expression in HSCs 7 vivo
and 7n vitro strongly suggest that HSCs have self-supporting
properties and that few exogenous molecules are required
to activate and differentiate HSCs. Hepatocytes have been
shown to suffer from serious stress during fibrogenesis,
and signals from suppressed hepatocytes, such as radicals,
prophlogistic substances and toxic metabolites due to
abnormal metabolism, are able to stimulate Kupffer
cells and HSCs, leading to subsequent production of
HSC-stimulating-factors such as TNF-q and IL-1 by
Kupffer cells. Therefore, HSCs, Kupffer cells and other
inflammatory cells produce factors such as TGF-beta
that suppress hepatocyte vitality and result in hepatocyte
injury. Sequential activation of inflammatory cells such
as lymphocytes and mast cells may be essential in this
process, and even if this stimulatory circuit is small in scale
during early remission of fibrogenesis, it can be maintained
with appropriate stimulation even at long intervals, with
small-scale inflammation induced by C-type hepatitis virus
propagation. The self-supporting characteristics of HSCs
may have a central role in maintenance of this circuit.
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Figure 3 Differential regulations of genes involved in key events of liver fibrosis. Gene expression profiles of different events in liver fibrogenesis such as ECM synthesis/
degradation, inflammation and oxidative stress, are shown. The x-axis showing the days of fibrogenesis (d 0, 4, 7 14, 21, 28) and the y-axis the normalized log ratio(scaled
in terms of mean and SD, and the log base 2) of the whole liver gene expression. A and B: genes of ECM synthesis/degradation classified into group 1 (2) of HSCs as
shown in Table 1; C: genes of inflammation involved in the Kupffer cell fraction as shown in Table 3; D: genes of oxidative stress involved in the hepatocytes as shown in

Table 6.
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Figure 4 Circuit model of hepatic cells in fibrogenesis. Gene expression profiles
show that HSCs have self-activating properties, and that widespread damage
to hepatocytes occurred in development of fibrosis, suggesting a self-activating
circuit model of fibrogenesis. After an initial stimulatory trigger caused by events
such as virus infection, hepatic cells are able to stimulate each other, and the self-
activating properties of HSCs maintain this cycle over the long term. Details are
given in the text.
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Abstract

AIM: To establish and characterize a new cell line
derived from peripheral cholangiocarcinoma of a Thai
patient.

METHODS: The peripheral cholangiocarcinoma
specimen surgically obtained from the patient was
aseptically processed by washing and mincing before
culturing in Ham's F12 medium containing 10% fetal
bovine serum. After 3 mo, when the cell line has
become homogeneous and stabilized, several features
were investigated, including growth characteristics,
immunofluorescence staining for cytokeratins, expression
of tumor markers, chromosomal analysis by G-banding
and multicolour fluorescence /n situ hybridization
(mFISH), /n vitro migration and invasion characteristics.

RESULTS: The RMCCA-1 cell line has been established.
These cells proliferated as a monolayer with a population
doubling time of 48 h. Immunofluorescence staining
showed positive staining for human cytokeratin 7
and 19 verifying the biliary epithelial origin. RMCCA-1
secreted carbohydrate antigen 19-9 (CA19-9), but
insignificant levels of carcinoembryonic antigen (CEA)
and a-fetoprotein (AFP). Chromosome analysis identified
aneuploidy karyotypes with a modal chromosome
number of 59. RMCCA-1 exhibited a low level of /n
vitro invasiveness, but a high degree of motility. The
cell line exhibited a significant number of chromosomal
aberrations as shown by mFISH and G-banding methods.
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CONCLUSION: A new cell line derived from peripheral
cholangiocarcinoma of a Thai patient has been
established. This cell line shows a low level of /n vitro
invasiveness, but a high degree of motility. It will serve
as a valuable tool for further studies on tumor biology,
molecular pathogenesis, metastatic mechanism and
response to therapeutic drugs of cholangiocarcinoma.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Cholangiocarcinoma is a highly malignant epithelial
neoplasm that arises within the intrahepatic and
extrahepatic biliary tract'!. The pathogenesis of this
disease has been strongly associated with chronic
inflammation and cellular injury within bile ducts, as well
as partial obstruction of bile flow, manifested by various
high risk conditions such as PSC (primary sclerosing
chloangitis), hepatolithiasis and infestation by liver fluke
(Ophisthorchis viverrini ot Clonorchis sinensis)™”. Although
considered as a rare disease, cholangiocarcinoma occurs
at a particularly high rate in Northeastern Thailand, with
84.6:100000 males and 36.8:100000 females affected by
the disease. This is the area where the incidence rate of
cholangiocarcinoma is the highest in the world, largely
accounted by the habit of consuming uncooked cyprinoid
fish, which are infected with the liver fAuke/.
Cholangiocarcinoma has become a serious threat to
public health due to increasing worldwide incidence and
mortality rates associated with lack of early detection
and limited therapeutic options. At diagnosis, most
patients are presented with advanced disease, possibly
with undetected metastasis, resulting in less than 12 mo

survival. Even those with operable tumor, the recurrence
rate was extremely high, with a 5-year survival rate of less



Rattanasinganchan P ef a/. Establishment and characterization of RMCCA-1 cell line 6501

than 40%™". Various routes of tumor spreading have been
reported in cholangiocarcinoma, including direct invasion,
infiltration along the biliary tree, vascular and lymphatic
permeation and perineural or intraneural invasion'”.

Progtess in understanding the molecular mechanisms
governing cholangiocarcinoma invasion and metastasis
has been limited by the lack of suitable cell lines and
experimental models. Here, we described an establishment
and preliminary characterization of a human cell line
originated from a Thai patient presented with peripheral
cholangiocarcinoma. This new cell line, which we named
RMCCA-1, exhibits vatious characteristics typical of the
biliary epithelial cells, as well as invasiveness and motility
as shown by the i vitro assay. Thus this cell line will be
useful for the studies of not only the tumor biology,
molecular pathogenesis and drug response, but also the
molecular mechanisms governing the metastatic spread of
cholangiocarcinoma.

MATERIALS AND METHODS

Clinical specimen

A 40-year-old male patient was admitted to Rajavithi
Hospital, Bangkok, Thailand with a professional diagnosis
of peripheral cholangiocarcinoma. The patient’s serum was
analyzed for alkaline phosphatase (ALP), total bilirubin
and direct bilirubin using a COBAS Integra 800 instrument
(Roche, USA), whereas CA19-9, carcinoembryonic antigen
(CEA), and a-fetoprotein (AFP) were analyzed on a
ELECHYS 2012 instrument (Roche, USA). Significant
laboratory analysis at admission showed elevated serum
levels of ALP (374 U/L, normal 39-117 U/L), total
bilirubin (19.73 mg/dL, normal 0.0-1.5 mg/dL), direct
bilirubin (15.45 mg/dL, normal 0-0.5 mg/dL), CA19-9
(85.05 U/mL, normal 0-39 U/mL) and CEA (7.56 ng/mlL,
normal 0.0-3.4 ng/mL), whereas the AFP (2.24 U/mL,
normal 0.0-5.8 U/mL), and CA125 (19.71 U/mlL, normal
0.0-35 U/mL) levels were normal.

The CT examination evaluated for this study was
performed on a helical CT scanner (Somatom Plus 4,
Siemens Medical Solutions) using the following parameters:
5-mm collimation, 5-mm reconstruction interval, and a 1:1
table pitch. Both unenhanced and contrast-enhanced CT
scans were obtained. With intravenous injection of 120
mL of nonionic contrast material [iopromide (Ultravist
370, Schering)], both hepatic artery phase (HAP) and
portal venous phase (PVP) images were obtained with a
scanning delay of 30 and 65 s, respectively. The results
showed an ill defined hypo-density mass occupying the
whole left lobe of the liver. At laparotomy, no ascites was

found, and the surface of liver was smooth. Intraoperative
ultrasonography revealed a solitary mass at left lobe of
liver with moderate dilatation of left intrahepatic duct. The
patient was then subjected to left hepatectomy and lymph
node dissection. The tumor specimen was removed and
subjected to histopathological study and to tissue culture
under the approval of the Ethics Committee of Rajavithi
Hospital.

Tumor histopathology

The lesion was classified as a well-differentiated peripheral

Figure 1 Hematoxylin
and Eosin staining
of the liver specimen
(10 x magnification).
The histopathological
analysis of the
specimen indicates
a well-differentiated
peripheral cholangio-
carcinoma with no
vascular invasion.

cholangiocarcinoma at stage T2NOMO according to the
UICC standardization (Figure 1).

Primary culture

After the tumor tissue was surgically removed from the
patient, it was immediately suspended in transfer medium
[HAM’s F12 (GIBCO, Grand Island, NY, USA) containing
antibiotics (GIBCO, Grand Island, NY, USA)] at 4°C.
The tissue was quickly washed in PBS pH 7.4 several
times before being minced. Later the cell suspension was
placed in a 100 mm X 20 mm plastic tissue culture dish
(CORNING, New York, USA) containing 10 mL of
growth medium (HAM’s F12, 20% fetal bovine serum
(FBS) (GIBCO, Grand Island, NY, USA), 1 X 10~ g/L
epidermal growth factor (EGF) (Pacific Science, Peprotech,
New Jersey, USA), 0.1 U/L penicillin G sodium, 0.1 g/L
streptomycin sulfate and 2.5 X 10" g/L amphotericin
B). The cell cultures wete then incubated at 37°C in a
humidified 50 mL/L CO: atmosphere and observed
daily. Tumor cells were separated from the contaminating
fibroblast cells by manually dropping 2.5 mL/L trypsin
containing 0.2 mL/I. EDTA (GIBCO, Grand Island, NY,
USA) in PBS onto an isolated tumor colony. Subsequently
the detached tumor cells were transferred by pipettes to a
new culture dish under a phase contrast microscope. After
about 1 mo, a homogeneous layer of epithelial tumor cells
with sustained growth pattern was established.

Growth kinetics

A suspension of 2 X 10° cells was cultured in triplicates
in 100 pl. of Ham’s F12 medium supplemented with
100 mL/L FBS in a 96-well plate (CORNING, New
York, USA). At time intervals, 10 pL of 5 mg/mL MTT
(USB, Cleveland, OH, USA) solution was added to the
individual wells, followed by incubation for 4 h at 37°C in
a humidified atmosphere containing 50 mI./I. CO2. MTT
converted to insoluble formazan dye in live cells was then
dissolved by addition of 200 uL. DMSO (Sigma, St. Louis,
MO, USA) before the absorbency was read at 540 nm. The
doubling time of the cell population was determined from
the exponential phase of the growth curve.

Immunofluorescence staining

The monoclonal antibody mixture AE-1/AE-3 (DAKO,
Denmark) recognized all known basic and most acidic
keratin, thus it was used as a general marker of epithelial
cells. Cytokeratin 7 (monoclonal mouse Anti-Human
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Cytokeratin 7, DAKO, Denmark) and cytokeratin 19
(monoclonal mouse Anti-Human Cytokeratin 19, DAKO,
Denmark) were used to specifically distinguish biliary
epithelial cells from hepatocytes'™*, RMCCA-1 cells
were grown on sterile coverslips until confluent before
being fixed in methanol for 15 min, blocked in 10 mg/L
bovine serum albumin (BSA), and incubated with primary
antibody for 60-min. After that, a secondary antibody
conjugated with fluorescein isothiocyanate (DAKO,
Denmark) was added and the incubation was allowed to
proceed for 60 min at 37°C. After washing, the coverslips
were examined under a fluorescence microscope (Nikon
Eclipse TE 2000-U, Kanagawa, Japan).

Chromosome preparation and G-banding analysis

The established tumor cells at 12" passage were subjected
to chromosomal analysis. The cells were treated with 10
pmol/L Colchicine (Sigma, St. Louis, MO, USA) for 30
min and suspended in hypotonic solution, 0.075 mol/L
KCI (Sigma, St. Louis, MO, USA), for 7 min, fixed in
Carnoy’s fixative and spreaded onto cold glass slides. The
cells were stained with Giemsa and the representative
chromosome sets were photographed for karyotype
analysis. Interpretation of the karyotype was based on
ISCN (1995). The modal chromosome number was
determined from 20 cells.

Multicolour fluorescence in situ hybridization (mFISH)
analysis

A duplicate slide, prepared from the same culture used for
G-banding, was subjected to mFISH analysis according to
the manufacturer’s protocol (Metasystem, Germany). The
24 XCyte mFISH kit (Metasystem, Germany) with five
fluorophors were used for hybridization, including FITC,
Spectrum Orange, Texas Red, Cy5 and DEAC. Each
chromosome (1-22, X and Y) was painted with different
colors using various combinations of the fluorophores.
After hybridization, the slides were evaluated under a
fluorescence microscope (Axioimage, Zeiss, Germany),
and the images were captured and analyzed using the
Program Isis (Metasystem, Germany).

Tumor marker detection

A suspension of 10° tumor cells was cultured in serum-
free HAM’s F12 medium for 24 h before the conditioned
medium was collected and centrifuged at 1800 r/min for
10 min. The supernatant was then collected for detection
of CA 19-9, CEA and AFP by using chemiluminescence
detection system on an ELECHYS 2012 instrument
(Roche, USA).

In vitro invasion assay

Cancer cell invasiveness was determined using transwell
chamber (Costar, Cambridge, MA, USA) coated with
0.3 g/L matrigel (Collaborative Research Inc., Bedford,
MA, USA). Approximately, 1 X 10° cells (RMCCA-1,
KKU-100, KKU-213 and HuCCA-1) in culture medium
containing FBS were added into the upper compartment
of the transwell, and incubated at 37°C in a humidified
atmosphere containing 50 mL/I. CO: for 6 h. The lower
compartment contained culture medium plus FBS. The
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filters were fixed with methanol and stained with 0.5%
crystal violet in 25% methanol for 1 h, before rinsing with
tap water several times. The cells on the upper surface of
the filters were gently removed using cotton swabs and the
cells that have invaded into the lower surface were counted
under a microscope. The numbers of invaded cells in
five random X 10 microscopic fields were counted and
expressed as number of cells per well. The results shown
represented mean * SE of the number of invaded cells
from three independent experiments, each carried out in
triplicates.

In vitro motility assay

Motility assay was performed in a similar fashion to the
invasion assay, except no matrigel coating was applied to
the upper surface of the transwell filters. The numbers
of migrating cells in five random X 10 microscopic fields
were counted and expressed as number of cells per well.
The results shown represented mean = SE of the number
of migrating cells from three independent experiments,
each carried out in triplicates.

Gelatin zymography assay

Cells were starved by culturing in the medium without FBS
for 24 h before collection of the conditioned medium.
The conditioned medium was mixed with 5 X SDS-
sample buffer before separation in a 120 g/L SDS-PAGE
containing 1 mg/mL gelatin (Sigma, St. Louis, MO, USA).
After electrophoresis at 200 V for 1 h, the gel was washed
in a 25 mL/L Triton X-100 (Amersham, Piscataway, NJ,
USA) solution twice. The gel was then incubated in buffer
containing 50 mmol/L Tris-HCl (Amersham, Piscataway,
NJ, USA), pH 7.5, 10 mmol/L CaCl: Metck, Denmark), 1
mmol/L ZnCl (Merck, Denmark), 10 mL/L Triton X-100
for 16-18 h, after which the gel was stained with 5 g/L
Coomassie blue in 300 mL/L methanol and 100 mL/L
acetic acid. After destaining, the clear band of gelatinolytic
activity was documented for size determination using a
Biorad GS700 gel scanner (Biorad, Hercules, CA, USA)M.

RESULTS

Primary cell culture

The human CCA tissue fragments adhered to the dish
after plating for 6 h. After three weeks, a layer of epithelial
cells appeared, from which contaminating spindle-shaped
fibroblasts could be readily distinguished and separated
from the epithelial tumor cells by differential trypsinization.
After successive 16 passages, a homogeneous immortalized
culture of tumor cells was established and was named
RMCCA-1. The cells from passages 16" and 30" were
then used for morphological analysis. These cells exhibited
circular to spindle shape with many processes and
ornamental fringes. The nucleus and cytoplasm appeared

granulated (Figure 2).

Growth kinetics

RMCCA-1 cells were in lag phase until d 5, after which
they entered a logarithmic growth phase. The doubling
time determined from the slope of the growth curve was

48 h (Figure 3).
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Figure 2 The RMCCA-1 culture under a phase contrast microscope at 20 x
magnification. (A) at 16th passage; (B) at 30th passage. The RMCCA-1 cells
exhibited circular to spindle shape with many processes and ornamental fringes.
The nucleus and cytoplasm appeared granulated.
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Figure 3 Growth kinetics of the RMCCA-1 cell line in vitro as analyzed by MTT
assay. The tumor doubling time during the exponential phase of growth was 48
h. Each point represents mean + SE from 3 independent experiments, each
performed in triplicates.

Immunofluorescence staining

All RMCCA-1 cells showed positive staining with the
AE-1/AE-3 monoclonal antibody mixture (Figure 4B),
which recognizes the human epidermal cytokeratins,
the signature of epithelial cells that distinguishes them
from fibroblasts. Furthermore, specific markers for
the adenocarcinoma and transitional cell carcinomas,
cytokeratin 7 (Figure 4A) and 19 (data not shown), were
also positive.

Chromosome analysis
The G-banding analysis demonstrated aneuploidy
karyotype with marked structural abnormalities of the

Figure 4 Immunofluoresence staining of RMCCA-1 cells with antibodies against
(A) Cytokeratin 7; (B) AE-1/AE-3 at 40 x magnification.

chromosomes (Figure 5A and B). Although this cell
line was established from a male patient, it lacks a Y
chromosome and, instead, possesses two X chromosomes.
The number of chromosomes ranges between 54 and
61, with 2 modal chromosome number of 59. The final
karyotype was determined by consolidating the G-banding
and mFISH results. Sixteen structural rearrangements
were found, including 9 unbalanced translocations and
2 balanced translocations. In addition, the absence of Y
chromosome in this cell line was also confirmed by both

G-banding and mFISH techniques.

Tumor markers in spent media

The level of CA19-9 in the spent medium of RMCCA-1
cells (72.92 + 4.35 U/mL) was similar to that of the
patient’s serum at admission (85.05 U/mL); both of which
were about twice the maximum value of the normal range
(39 U/mlL, Table 1). The levels of CEA and AFP were
normal (Table 1).

Invasiveness and motility

An important characteristic of metastatic cancer is the
ability to migrate and invade the underlining basement
membrane, the surrounding tissues and the blood vessels.
We thus examine the invasiveness and motility of the
RMCCA-1 cells, compared with those of three other
established Cholangiocarcinoma cell lines from Thai
patients (KKU-100, KKU-213 and HuCCA-1), using in
vitro invasion and motility assay, respectively[“”. RMCCA-1
exhibited relatively higher migration rate (1,688 £ 207
cells/well) compared with the other 3 cell lines (1,514 *
152 cells/well, 1,123 * 163 cells/well, 40 = 17 cells/well

www.wjgnet.com
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Figure 5 Representative karyotypes of RMCCA-1 cell line as assessed by (A)
G-banding; (B) mFISH technique. The karyotype showed 54-61(3n)XX, -Y, der(1),
1(1;2,7)(431;931;922), (2;17)(q33;q12), der(3)t(3;15)(q21;9?), t(4;17)(p14;9?),
der(7)t(7;15)(p22;q7), der(8)t(8;7)(p12;?), der(10)t(10;13)(q21;q11), der(12)t(1
1;12)(q?,p11.2), der(13)t(13;9)(q11;q11), der(14)t(15;14)(q34;932), der(16)t(13
;16)(q11;p13.3), der(17)t(X;10;17)(p?,p?,p11.2), der(19)t(10;19)(q11.2;p13.3),
der(19)t(17;19)(q?;97?), der(21)t(1;9;21)(?;?;911), der(22)t(1;15;22)(?,2,?).

for KKU-213, KKU-100 and HuCCA-1, respectively).
Surprisingly, the invasiveness of RMCCA-1 was
significantly lower than those of KIKU-213 and KKU-100
(181 £ 54 cells/well for RMCCA-1 »s 1021 £ 5 cells/well
for KKU-213 and 765 *+ 244 cells/well for KKU-100),
while slightly higher than that of HuCCA-1 (38 £ 21 cells/
well) (Figure 6).

Gelatin zymography

Most metastatic cells secrete proteinases to facilitate
its invasion through tissue barriers. One of the most
characterized families of tissue-degrading enzymes from
cancer is the matrix-metalloproteinases (MMPs). Here we
examined the ability to secrete the MMPs from RMCCA-1
cells by gelatin zymography. KKU-100 secretes a high
level of Mr72000 band previously shown to correspond
to MMP-2 (Figure 7)!"""?. A Mr72000 band is also
present in FBS. Presumably, this band corresponds to the
endogenous gelatinase activity present in the FBS (our
unpublished observation). In contrary, the conditioned
medium of RMCCA-1 lacks the activity (Figure 7).

DISCUSSION

Cholangiocarcinoma (CCA) is a cancer arising from the
bile duct epithelium. It is a lethal disease of which little is
known about its biology, pathogenesis and behavior. Up
to presence, there has been no effective early detection
protocol or curative strategy for the disease; most patients

www.wjgnet.com

CEA (ng/mL) AFP (U/mL) CA 19-9 (U/mL)

'RMCCA-1 <0.200 <0.500 72.92 +4.35
Patient’s serum 7.56 224 85.05
Normal serum 0.0-3.4 0.0-5.8 0.0-39

'The results shown represented mean * SE from three independent
experiments.
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Figure 6 Invasion and migration rates of RMCCA-1 compared with KKU-213,
KKU-100 and HuCCA-1 cell lines as determined by in vitro invasion and motil-
ity assay. Approximately 1 x 10° cells were seeded into the upper chamber of a
transwell, and incubated for 6 h before the filter was fixed, stained, and the invad-
ing/migrating cells were counted under microscope.

Serum KKU100

RMCCA1

Mr 72000

Figure 7 MMPs activity as determined by gelatin zymography. An intense band at
Mr 72000 was shown in the FBS (fetal bovine serum) and the conditioned medium
of KKU-100, but not of the RMCCA-1 cells. The Mr 72000 band in KKU-100 has
previously been shown to correspond to MMP-2 activity in many cell lines!"2.

seek curative treatment at advanced stage with poor
prognosis. Therapeutic options for cholangiocarcinoma
have been limited due to poor response to chemotherapy
and radiation therapy. Surgery is perhaps the only effective
cure although the 5-year survival after surgical treatment
is less than 40%'", Therefore, it is urgently required that
the molecular markers for early detection are mapped and
molecular targets for effective treatment are deciphered.
One way to understand the nature of such disease is
by studying the behavior of cell lines derived from the
tumor 7z vitro. Here we describe the establishment and
preliminary characterization of a cell line derived from a
peripheral cholangiocarcinoma of a Thai patient which we
have named RMCCA-1.

The population doubling time of this cell line was
about 48 h, where those of other cholangiocarcinoma
cell lines originated from Thai patients were 55 h for
HuCCA1™ and 72 h for KKU100". Although we have not
yet deciphered the mechanism of growth regulation for
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RMCCA-1, growth regulation mediated by COX-2, PGEz,
EGFR and Akt had been demonstrated in a number of
cholangiocarcinoma cell lines, including CCLP1, HuCCT1,
sG231™,

Analysis of the spent medium from RMCCA-1 cells
showed that these cells have retained some functional
characteristics of the original tumor, including over
expression of the tumor marker CA19-9. The levels
of CA19-9 in the spent medium of RMCCA-1 cells
(72.92 £ 4.35 U/mL) was similar to that of the patient's
serum at admission (85.05 U/mL); both of which were
approximately twice the maximum value of the normal
range (39 U/mL, Table 1). CA19-9 was often detected in
patients with malignant cholangiocarcinoma and pancreatic
cancer'”. Many kinds of cancer cell lines also secrete
CA19-9, including those derived from cholangiocarcinoma
(TK)"™, pancreatic carcinoma (SUTT-2)" and colon cancer
SW1116)"",

Analysis by immunofluorescence staining using
monoclonal antibodies to AE1 and AE3 showed positive
staining for human cytokeratins, verifying the epithelial
origin of the tumor. RMCCA-1 also stained positively with
antibodies to cytokeratins 7 and 19, distinguishing the bile
duct epithelial cells from the hepatocytes. Together, these
data confirm that RMCCA-1 indeed derived from the
epithelium of the bile duct.

Tumor metastasis involvesa series of complex
processes including dysregulation of cell adhesion, cell
motility, and enzymatic proteolysis of basement membrane
and extracellular matrix. The RMCCA-1 cells exhibit a
high level of migration rate, contradicting the relatively
low level of invasiveness and the absence of MMP
activity (Figures 6 and 7). The low level of invasiveness in
RMCCA-1 can, at least in part, be explained by the lack
of MMP activity in this cell line. Unlike the RMCCA-1
cells, KKU-100 exhibits a high degree of invasiveness,
correlating with a high level of MMPs activity (Figures
6 and 7). Karyotype analysis by G-banding revealed a
complex pattern of chromosomal abnormalities. Most
of the chromosomes wete triplicates, suggesting that the
cell line was originated from a tripoid cell. The lost of Y
chromosome was not unusual as similar finding has been
shown in human sarcomatous cholangiocarcinoma (SCK)
cells"™. Other aberrations involving Y chromosome have
also been reported, including the translocation between
Y chromosome and chromosome 1 as shown in a human
cholangiocarcinoma cell line, PCI-SG231"".

With recent development of mFISH technique, it has
become possible to identify and characterize complex
chromosomal aberrations, previously unrevealed by
G-banding analysis. This technique has allowed us to
characterize the karyotype of RMCCA-1 in much greater
detail with a high level of accuracy.

We have detected aberrations of chromosomes 1, 5,
7, and 12 in the RMCCA-1 cells, which were consistent
with those of the other human cholangiocarcinoma
cell lines including SCK, JCK, Cho-CK, Choi-CK, CC-
SW-I, CC-LP-1, PCI: SG231, and RPMI-7451, and a rat
cholangiocarcinoma cell line, CC-62"""" In contrast, we
did not detect structural rearrangement of X chromosome
and chromosome 6 in the RMCCA-1 cells, nor did we

detect the lost of chromosome 18, as found in SCK, JCK,
Cho-CK, and Choi-CK!"".

In conclusion, we successfully established a new
cholangiocarcinoma cell line which we named RMCCA-1.
We have also performed preliminary characterization of its
growth characteristics, karyotype, secreted tumor matkers
and invasive properties. This cell line will be further used
in our research towards understanding and combating
against cholangiocarcinoma.
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Abstract

AIM: To investigate interleukin-18 (IL-18) in patients
with chronic panreatitis (CP).

METHODS: We studied 29 patients with CP and 30
healthy controls. Peripheral blood mononuclear cells
(PBMC) were isolated and incubated with 50 mmol/L
ethanol, lipopolysaccharide (LPS) (doses 25 g/L, 250 g/L,
2500 g/L) and both agents for 24 h. Levels of IL-18 in
the supernatants, and levels of IL-18, IL-12, interferon
(IFN)-y and soluble CD14 in the serum were analysed
by ELISA technique. Expression of IL-18 in PBMC was
investigated by reverse-transcription (RT)-PCR. IL-18
protein levels in CP tissue and in normal pancreas were
studied by ELISA technique. IL-18 levels in PBMC and
pancreatic tissue were determined by Westernblot. Im-
munohistochemistry for pancreatic IL-18 expression was
performed.

RESULTS: In patients, IL-18 serum levels were signifi-
cantly enhanced by 76% (mean: 289.9 + 167.7 ng/L)
compared with controls (mean: 165.2 + 43.6 ng/L; P <
0.0005). IL-12 levels were enhanced by 25% in patients
(18.3 £ 7.3 ng/L) compared with controls (14.7 + 6.8

ng/L, P = 0.0576) although not reaching the statistical
significance. IFN-y and soluble CD14 levels were not in-
creased. /n vitro, LPS stimulated significantly and dose-
dependently IL-18 secretion from PBMC. Incubation with
ethanol reduced LPS-stimulated IL-18 secretion by about
50%. The mRNA expression of IL-18 in PBMC and the
response of PBMC to ethanol and LPS was similar in CP
patients and controls. In PBMC, no significant differences
in IL-18 protein levels were detected between patients
and controls. IL-18 protein levels were increased in CP
tissues compared to normal pancreatic tissues. IL-18 was
expressed by pancreatic acinar cells and by infiltrating
inflammatory cells within the pancreas.

CONCLUSION: IL-18 originates from the chronically
inflammed pancreas and appears to be involved in the
fibrotic destruction of the organ.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Chronic pancreatitis represents an inflammatory disease
characterized by repeated attacks of acute pancreatitis,
severe abdominal pain, progressive destruction of
the pancreatic tissue with fibrous replacement of the
parenchyma leading to both exocrine and endocrine
insufficiency. In industrialized countries, excessive
alcohol consumption is associated with the development
of chronic pancreatitis in the majority of patients™. The
catly stages of the human disease remain almost inacces-
sible to investigation. Recent genetic findings suggest that
premature digestive enzyme activation with subsequent
pancreatic autodigestion represents a dominant factor in
the initiation of acute pancreatitis™”. These genetic studies
also support a progressive link between repeated episodes
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of acute pancreatitis and the development of chronic
pancreatitis”. However, the exact immune mechanisms
underlying the progression of chronic pancreatitis remain
unclear.

The identification and charactetization of pancreatic
stellate cells (PSC) provided deep insights into the
development of pancreatic fibrosis'®’. Activated PSC
synthesize and secrete increased amounts of extracellular
matrix proteins resulting in the fibrotic destruction of the
pancreas™’. Recent iz vitro studies have demonstrated that
alcohol and its metabolite acetaldehyde[g], oxidative stress'”,
growth factors such as platelet derived growth factor”, and
the cytokine transforming growth factor (TGF)-B1" have
the capacity to activate PSC during pancreatic injury. More
recently, it was shown that PSC also responds to additional
proinflammatory cytokines such as tumor necrosis factor
(ITNF)-a., interleukin (IL)-1, IL-6, and antiinflammatory
cytokines such as I1.-10",

During chronic pancreatitis, lymphocytes and
mononuclear cells infiltrate the pancreas and contribute to
the local progression of the disease through T-lymphocyte
mediated cytotoxicity and production of cytokines"""",
However, data regarding the role of cytokines in
chronic pancreatitis remain limited. 1L-18 represents
a proinflammatory cytokine that plays an important
role in the Th-1 response due to its ability to induce
interferon (IFN)-y production in T-cells and natural
killer cells"™'". T1.-18 has been investigated in a variety
of inflammatory and autoimmune human diseases"". In
previous studies, outr group and others have demonstrated
an upregulation of serum IL-18 levels in patients with
acute pancreatitis'" . In vitro studies have shown that
endotoxin induces 1L-18 gene expression and secretion
in human peripheral blood mononuclear cells (PBMC)™*!,
In a previous investigation, the serum levels and gene
expression of 1L-18 in PBMC of patients with alcoholic
liver cirrhosis were significantly enhanced compared to
healthy controls, and II.-18 levels correlated with plasma
endotoxin levels™.

These data raise the possibility that IL-18 also
participates in the immune mechanisms that result in
the fibrotic destruction of the pancreas during chronic
pancreatitis. Thus, the aim of the present study was
to investigate this cytokine in patients with chronic
pancreatitis. We determined the serum levels of 1L-18,
IFN, IL-12 and soluble CD14 in patients with chronic
pancreatitis and healthy controls. We performed several
in vitro studies with PBMC. We determined the protein
expression of IL-18 in chronic pancreatitis tissue and in
normal pancreas, and conducted immunohistochemical
investigations in human pancreatic tissues.

MATERIALS AND METHODS

Patients

A total of 29 patients (22 males, 7 females; mean age
52 £ 11 years) with alcoholic and non-alcoholic chronic
pancreatitis and 30 healthy controls with no history of
alcohol abuse (10 males, 20 females; mean age 39 *
11 year) were prospectively enrolled into the study at
the University Hospital of Heidelberg at Mannheim,

www.wjgnet.com

Mannheim, Germany. The study was approved by the
Ethics Committee of the Faculty of Clinical Medicine
Mannheim, University of Heidelberg, Germany. Written
informed consent was obtained from each participant.

Data on the history of both alcohol consumption and
the clinical course of pancreatic disease were assessed by
patient self-report and review of the medical records. In
each participant, a detailed history of alcohol intake was
established using different screening methods, including
the Liubeck alcohol dependence and abuse screening
test (LAST)™, the alcohol use disorders identification
test (AUDIT)®, the lifetime drinking history (LDH)*,
and a patient interview questioning ICD-10 criteria of
chronic alcohol dependence™. Alcoholic disease etiology
was established with the presence of at least one of the
following criteria: (1) patient self-report of alcohol abuse
as cause of the disease, (2) patient self-report with a
history of excessive alcohol intake of at least 80 g per day
in males and 60 g per day in females for some years, or (3)
smaller amounts of daily alcohol intake in combination
with answers gained from the above mentioned screening
methods for alcohol consumption that allowed the
diagnosis of chronic alcohol abuse.

The diagnosis of chronic pancreatitis required the
typical clinical features of chronic pancreatitis with ot
without recurrent episodes of acute pancreatitis, and was
based on the determination of pancreatic exocrine and
endocrine function, pancreatic imaging or histological
tissue examination. Pancreatic imaging was performed
either by endoscopic retrograde pancreatography (ERP),
computed tomography (CT), magnetic resonance imaging
(MRI), or endosonography. In each patient, abdominal
ultrasound was performed. According to the definitions
of an international workshop on chronic pancreatitis®’,
patients were further classified as suffering “definite” or
“probable” chronic pancreatitis. Briefly, the classification
of “definite” chronic pancreatitis required a typical clinical
history of chronic pancreatitis and one or more of the
following criteria: (1) calcifications in the pancreas, (2)
moderate to marked ductal lesions, (3) marked exocrine
insufficiency, and (4) typical histology of an adequate
surgical specimen. For the diagnosis of “probable”
chronic pancreatitis, one or more of the following criteria
were present in addition to the typical clinical features:
(1) mild ductal alterations, (2) recurrent or persistent
pseudocysts, (3) pathological secretin test, and (4)
endocrine insufficiency™.

In all patients, an episode of acute pancreatitis at the
time of recruitment or within the last two months before
inclusion into the study was excluded. Additional exclusion
criteria were infections with fever or leukocytosis, liver
cirrhosis and surgical or endoscopic interventions within 2
mo before examination.

Routine laboratory parameters

Routine laboratory parameters were determined in serum
samples taken at the same time as samples for cytokine and
endotoxin measurement. These parameters included serum
concentrations of amylase, lipase, C-reactive protein (CRP),
creatinine, and total white blood cell count. Endocrine
pancreatic insufficiency was determined by the presence
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of diabetes mellitus requiring antidiabetic treatment
or records of an abnormal oral glucose tolerance test.
Exocrine pancreatic insufficiency was defined by diarrhea,
steatorrhea or maldigestion that was markedly reduced
by enzyme supplementation. In some patients, pancreatic
exocrine function was determined by using one or more
of the following commercially available tests according
to the manufacturer’s recommendations: measurement
of fecal chymotrypsin by a colorimetric method (Chymo,
Bocehringer, Germany), determination of fecal fat excretion
by infrared reflection method (Esetek Analyser Fenir 8820,
TSZ Stimotron AG, Wettenberg-Launsbach, Germany),
measurement with the Pankreolauryl test N (Temmler
Pharma GmbH, Marburg, Germany) or application of
the pancreozymin-secretin-test (Sekretolin Diagnostikum,
Hoechst AG, Germany or Takus, Pharmacia GmbH,
Erlangen, Germany).

PBMC isolation and incubation with ethanol and endotoxin
Peripheral venous blood was collected from patients
and healthy controls into sterile, pyrogen-free disposable
syringes with endotoxin-free heparin (10 ku/L). As
reported previously™, PBMC was separated by standard
density gradient centrifugation (Ficoll-Paque method) and
adjusted to 3 x 10 cells/L. in RPMI 1640 supplemented
with 100 mL/L heat inactivated fetal bovine serum. PBMC
were incubated with or without lipopolysaccharide (LPS)
(doses 25 g/, 250 g/1., 2500 g/L), in the absence or
presence of 50 mol/L ethanol for 24 h. Cells were spun
down, and PBMC supernatants were stored at -20°C until
measurement of cytokine levels. For RNA extraction, cells
were stored at -80°C in 4 mol/L GTC extraction buffer.

Immunoassay for IL-18, IFN, IL-12, soluble CD14
Concentrations of IL-18 in the serum, supernatants
of PBMC and pancreatic tissues were determined by a
specific sandwich enzyme linked immunoassay (ELISA;
Fujisaki Institute, Hayashibara Biochemical Laboratories,
Inc., Okayama, Japan) with minor modifications as
described previously™. Serum concentrations of IFN were
determined by a specific ELISA using two monoclonal
antibodies as described previously™. Serum concentrations
of IL-12 and soluble CD14 were also determined by
ELISA technique as described previously™.

RNA isolation and IL-18 RT-PCR analysis in PBMC

RNA extraction from PBMC was performed using acid
phenol-chloroform extraction”. The RNA concentration
was quantified spectrophotometrically. Complementary
DNA of PBMC was obtained by reverse-transcription
(RT) using 1 ug RNA and oligo d(T) primers. PCR for
1L-18 and the housekeeping enzyme glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was performed as
described previously”. Densitometric assessment of
the PCR products was performed using EASY Plus 3.2
software (Herolab, Wiesloch, Germany). Semiquantitative
PCR results were obtained by grading a ratio between the
densitometry results of 1L-18 and GAPDH.

Endotoxin assay
Plasma endotoxin levels were determined using an

automated kinetic turbodimetric limulus amoebocyte lysate
microtiter test as described previously™.

Pancreatic tissue samples

Pancreatic tissue samples were obtained from 8 patients
with chronic pancreatitis and from 2 individuals without
pancreatic disease. Two of these patients with chronic
pancreatitis were obtained from the present investigation
and had later to be operated due to the development of
a benign pancreatic mass and intractable pancreatic pain.
The remaining 6 patients with chronic pancreatitis and
the 2 individuals without pancreatic disease were obtained
from clinical routine interventions. In 4 of these patients
with chronic pancreatitis, surgery was necessary due to the
development of pancreatic cancer.

Human pancreatic tissue and cell lysates of PBMC
were homogenized in 5 mmol/L Hepes, pH 7.0,
280 mmol/L mannitol, 10 mmol/L KCI, 1 mmol/L
MgClz, 1 mmol/L benzamidine, 20 mg/L trypsin
inhibitor, 1 umol/L leupeptin, and 0.2 mmol/L. PMSF
and boiled in electrophoresis sample buffer. Proteins
wete electrophoretically separated on SDS-125 g/L
polyacrylamide gels. Electrotransfer to nitrocellulose
membranes was done as described previously™. After
staining with 2 g/L Ponceau S to check the efficiency of
the transfer, free binding sites of the membrane were
blocked with 10 g/L bovine serum albumin in Tris-
buffered saline (10 mmol/L Tris-HCl, pH 8.0, and 150
mmol/L NaCl) for 60 min, followed by 75 min incubation
with anti-IL-18 antibody (Natutec, Frankfurt, Germany)
diluted in Tris-buffered saline plus 2 mL/L Tween
20. Bound antibodies were visualized with secondary
antibodies conjugated to horse radish peroxidase
using an enhanced chemiluminescence detection kit
(Amersham Pharmacia Biotech, Freiburg, Germany) and
autoradiography film (Fujifilm Super HR-E 30, Fuji photo
film, Disseldorf, Germany).

Immunohistochemistry

Frozen tissue specimen were cut in 10 pm cryostat
sections, transferred on glass slides and air-dried overnight.
Immunohistochemistry was performed according to the
streptavidin-biotin method. Sections were washed in tris-
buffered saline (IBS) and incubated with 30 g/L bovine
serum albumine (BSA) for 10 min at room temperature to
block non-specific antibody reactions. The sections were
incubated overnight at 4°C with the primary antibody at
a 1:5000 dilution (anti-human IL-18 polyclonal antibody,
NatuTec, Frankfurt am Main, Germany). The slides were
then rinsed repeatedly with TBS and were incubated
with a biotin-streptavidin-conjugated secondary antibody
(goat anti-rabbit immunoglobulin-specific antibody,
Jackson Immuno Research, West Grove, USA) for 30
min at room temperature. The slides were washed again
with TBS and were treated with a streptavidin-alkaline-
phosphatase complex. Liquid diaminobenzidine was added
as chromogen, and counterstaining was performed with
hematoxylin. Controls were performed by using mouse
serum (Sigma, Saint Louis, USA) as primary antibody and
by administration of recombinant human IL.-18 (MoBiTec,
Gottingen, Germany) in excess to the primary antibody

www.wjgnet.com
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before incubation. Light microscopical investigations were
performed using a Zeiss Axioskop microscope.

Statistical analysis

We used the 7 test, if necessary with the Welch correction
for unequal variances, for analysis of 1L-18, IFN, IL.-12 and
soluble CD14 levels between patients and controls. These
data are expressed as mean £ SD. P < 0.05 was considered
significant. We used paired 7 tests for the comparison
of IL-18 secretion from PBMC. The Bonferroni-Holm
correction was applied to adjust for calculating three tests
at a time to compare the IL-18 secretion from PBMC after
different stimulations.

RESULTS

Clinical characteristics

Alcoholic chronic pancreatitis was diagnosed in 23
patients, and non-alcoholic chronic pancreatitis was found
in 6 patients (Table 1). According to the recommendations
of a workshop on chronic pancreatitis, 21 patients
were classified with “definite” chronic pancreatitis,
and 8 patients were classified with “probable” chronic
pancreatitis (Table 1). An episode of acute pancreatitis was
excluded in all patients by physical examination, abdominal
ultrasound and determination of routine laboratory
parameters (Table 2).

Serum levels of IL-18, IL-12 and IFN in CP patients

The fasted serum IL-18 levels were significantly enhanced
by 76% in 29 patients with chronic pancreatitis (mean £
SD: 289.9 £ 167.7 ng/L) compared to healthy controls
(n = 30; 165.2 £ 43.6 ng/L; Welch’s T test, P < 0.0005).
The I1.-12 levels were enhanced by 25% in patients (7 =
27 due to lack of sample in 2 patients; mean = SD: 18.3 £
7.3 ng/L) compared to controls (# = 30, 14.7 + 6.8 ng/L).
We observed a trend towards a statistically significant dif-
ference between patients and control subjects (T test, P =
0.0576). Serum IFN levels were not increased in patients (#
= 25 due to lack of sample in 4 patients; 28 * 15.4 ng/L)
compared to controls (# = 24 due to lack of sample in 6
controls; 34.4 + 18.0 ng/L; T test, P = 0.18).

Serum soluble CD14 and plasma endotoxin levels in CP
patients

Serum levels of soluble CD14 were similar in patients (7 =
16, mean + SD: 2723.3 * 649.2 ng/1) and healthy controls
(n = 26, mean £ SD: 2630.6 + 480.3 ng/L; Welch’s T-test:
P = 0.63). Endotoxemia was not detectable in patients (# =
29) and controls (7 = 30).

Expression of IL-18 mRNA in PBMC of CP patients

We investigated the I1.-18 mRINA expression in PBMC of
patients with chronic pancreatitis by RT-PCR to determine
if the enhanced serum II.-18 levels in chronic pancreati-
tis represent a result of an increased gene expression in
PBMC. No significant difference was found between the
mRNA expression of I1L-18 in patients with chronic pan-
creatitis (# = 5 patients with highest IL.-18 serum levels) in
comparison to healthy controls (# = 5 control individuals
with lowest 1L-18 serum levels) (Figure 1). The semiquan-
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Clinical characteristics Patients Controls
n 29 30
Age (yr) 52 + 11 39 £ 11
Sex (Male/Female) 22/7 10/20
Alcoholic chronic pancreatitis 23/29 NA'
Non-alcoholic chronic pancreatitis 6/29 NA'
Definite chronic pancreatitis 21/29 NA'
Probable chronic pancreatitis 8/29 NA'
Exocrine insufficiency 16/29 NA'
Endocrine insufficiency 11/29 NA'

'Not applicable.

Parameter Normal range Patients Controls
White cell blood count  3.6-11.0 x 10°/L 70+19 6.0+£1.2
C-reactive protein <5mg/L 6.4+77 3209
Creatinine 6-11 mg/L 0.9+03 09+0.2
Amylase 8.4-31.7U/L 33.0+226  33.0+174
Lipase <190 U/L 182.0£98.0 161.0+64.0

983 bp GAPDH

342 bp IL-18

< <

Controls

Patients

Figure 1 Analysis of RT-PCR amplification of IL-18 in PBMC of CP patients.

titative analysis of the ratio between the densitometric
results from the PCR-products of 1L-18 and GAPDH did
not reveal a significant difference. The ratio for patients
with chronic pancreatitis and healthy controls was 0.438 *
0.074 and 0.410 £ 0.082, respectively.

IL-18 protein levels in pancreatic tissues

IL-18 protein levels in pancreatic tissues were determined
by ELISA technique in two patients with chronic pancrea-
titis, and in two individuals without pancreatic disease. The
protein levels of IL-18 in chronic pancreatitis tissue (7 =
2, 50.5 ng/L and 86.1 ng/L) were enhanced compared to
pancreatic tissue from individuals without pancreatic dis-
ease (7 = 2, 33.6 ng/L and 25.1 ng/L). In these patients
and control subjects, I1L-18 protein levels in the pancreas
were also determined by Westernblot (Figure 2A). The
IL-18 protein levels were again enhanced in patients with
chronic pancreatitis compared to the control individuals

(Figure 2A).

IL-18 protein levels in cell lysates of PBMC
I1-18 protein levels were determined in cell lysates of
PBMC by Westernblot investigations (Figure 2B). We
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A
_
Patients Controls
B
" -

Patients Controls

Figure 2 IL-18 in cell lysates of PBMC and in pancreatic tissue of CP patients. A:
In the pancreatic tissue; B: In cell lysates of PBMC.

studied PBMC cell lysates from 5 patients with chronic
pancreatitis and from 2 control individuals to determine
if the elevated levels of 1L-18 in patients with chronic
pancreatitis result from an increased expression of I1L-18
in PBMC. We confirmed IL-18 protein expression in the
cell lysates of both patients and controls. However, we
did not detect significant differences in I1L.-18 protein
expression between cell lysates from patients and controls

(Figure 2B).

IL-18 levels in the supernatants from PBMC after incuba-
tion with ethanol and LPS

We investigated the IL-18 levels in the supernatants of
PBMC from all patients (# = 29) and all controls (# = 30).
We stimulated the PBMC with ethanol and LLPS to detect a
possible influence of these agents on IL-18 secretion from
PBMC and to reveal possible differences between PBMC
from patients and control subjects. These 7 vitro studies
demonstrated that the basal secretion of IL-18 from
PBMC was similar in patients and control individuals.

The stimulation of PBMC with LPS (25 g/L, 250 g/L
and 2500 g/L) and the stimulation with LPS (25 g/L, 250
g/L and 2500 g/L) together with ethanol (50 mmol/L)
resulted in a dose related and statistically significant en-
hancement of 11.-18 secretion from PBMC of patients and
controls (T tests; P < 0.0007) (Figure 3A and B). However,
we did not detect significant differences in the secretion
patterns of IL-18 between PBMC from patients and con-
trol individuals.

The incubation with ethanol alone for 24 h did not af-
fect basal IL.-18 secretion, but ethanol significantly reduced
LPS-stimulated IL.-18 secretion by about 50% compared
to LPS stimulation alone (T tests; P < 0.0001) (Figure 3A
and B).

The application of the Bonferroni-Holm correction
did not change the significance of previously obtained P
values.
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Figure 3 In vitro IL-18 secretion from PBMC of CP patients. °P < 0.0007 25 ug/L
LPS vs unstimulated; "P < 0.0007 250 ug/L LPS vs unstimulated; °P < 0.0007 2500
ug/L LPS vs unstimulated; °P < 0.0001 Ethanol/25 pg/L LPS vs 25 pgiL LPS; °P
<0.0001 Ethanol/250 ug/L LPS vs 250 pg/L LPS; P < 0.0001 Ethanol/2500 pg/L
LPS vs 2500 pg/L LPS.

Immunohistochemistry

We performed immunohistochemical investigations for
IL-18 in pancreatic tissues from 6 patients with chronic
pancreatitis. In 4 of these patients with chronic pancrea-
titis, invasive ductal adenocarcinoma of the pancreas had
developed and was the reason for pancreatic surgery. In
these patients, we investigated the chronic pancreatitis tis-
sue which was free of pancreatic carcinoma tissues. The
immunohistochemical analysis of the chronic pancreatitis
tissue revealed that clusters of infiltrating mononuclear
cells were stained positive for I11.-18 by using anti-1.-18
antibody (Figure 4A). In chronic pancreatitis tissue, clus-
ters of pancreatic acinar cells were also stained positive for
the expression of IL-18 (Figure 4B). Thus, IL-18 appears
to be expressed in both infiltrating inflammatory cells and
pancreatic acinar cells during chronic pancreatitis. In ad-
dition, we studied sections from pancreatic carcinoma tis-
sue, and detected positive staining for anti-IL.-18 antibody
in pancreatic carcinoma cells as well. In general, staining
for 11.-18 was more pronounced in the samples with pan-
creatic carcinoma than in the samples from patients with
chronic pancreatitis without pancreatic carcinoma. Control
investigations with mouse serum and with the IL-18-
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Figure 4 1L-18 expression in pancreatic tissue of CP patients. A: Clusters of
infiltrating mononuclear cells stained positive; B: Clusters of pancreatic acinar cells
also stained positive for the expression of IL-18; C: No positive staining for IL-18 in
the negative control (mouse serum with IL-18 antigen-antibody mixture).

antigene-antibody-mixture revealed no positive staining for
IL-18 and confirmed the accuracy of the method (Figure
4C).

DISCUSSION

The major findings of the present investigation are: (1)
the fasted serum levels of 1L-18 are significantly enhanced
by 76% in patients with chronic pancreatitis compared to
healthy control individuals; (2) the mRNA expression of
IL-18, the protein levels of 11.-18, and the 7 vitro secretion
of IL-18 after stimulation with ethanol and endotoxin is
similar in PBMC from patients with chronic pancreatitis
and from healthy control subjects; (3) iz vitro, ethanol sig-
nificantly reduces endotoxin-stimulated IL-18 secretion
by about 50%; (4) the IL-18 protein levels in chronic pan-
creatitis tissue are increased; and (5) IL-18 is expressed in
pancreatic acinar cells and infiltrating inflammatory cells

www.wjgnet.com

within the pancreas.

These results suggest that PBMC are not the main
source of the enhanced serum levels of I1.-18 in patients
with chronic pancreatitis. It rather appears that 11.-18 origi-
nates from the chronically inflammed pancreas. Indeed,
there is increasing evidence that immunological mecha-
nisms play an important role in the development and pro-
gression of chronic pancreatitis” """, Cytokines, growth
factors and other immunological mediators are produced
by resident cells and recruited cells within the chronically
inflammed pancreas and contribute to pancreatic fibro-
sis"¥. In addition, pancreatic acinar cells also produce,
release and respond to cytokines™. Thus, we assume that
IL-18 participates in the destruction of the pancreas dur-
ing chronic pancreatitis.

Alcohol consumption represents an important risk
factor for the development of chronic pancreatitis.
Chronic alcohol consumption leads to an increased gut
permeability with subsequent endotoxemia, and endotoxin
has been reported as a mediator of alcohol induced liver
damage". Studies in ethanol-fed rats also suggest a role
of endotoxin in the development of pancreatic injury™.
Endotoxin strongly induced IL-18 gene expression
in PBMC, and the response to endotoxin was mainly
regulated by the expression of CD14™". In our study, we
did not detect endotoxin in the plasma of patients with
chronic pancreatitis, and the soluble CD14 levels were
similar in patients and control individuals. However, it
has to be stressed that the present study was not designed
to investigate the full impact of endotoxin on the
development of pancreatic damage. Enhanced endotoxin
plasma levels may only be detectable for short periods
of time during acute ethanol consumption in humans,
whereas the patients in our study had not consumed
alcohol on the day of the investigation. In addition, not
all patients with alcoholic chronic pancreatitis were still
abusing alcohol at the time of recruitment into the study.
Therefore, it appears that the enhanced blood levels of
IL-18 do not result from endotoxin-mediated mechanisms.

Interestingly, our iz vitro studies showed that the
incubation of PBMC with ethanol decreased the endotoxin-
stimulated secretion of IL-18 by PBMC thereby suggesting
that ethanol consumption modulates the IL.-18 expression
in the pancreas. However, the role of IL-18 in alcoholic
pancreatitis remains speculative since only limited data are
available regarding the probably pleiotropic immunological
function of 1L-18 in chronic pancreatitis.

IL-18 participates both in Thl and Th2 immune
responses' . 11.-18 induces the production of cytokines
such as TNF-a and IL-1 and enhances the production
of further chemokines such as IL-8 and MCP-1%
that are increased in chronic pancreatitis tissue!'"*,
Of note, IL-8 plays a major role in the recruitment of
infiltrating neutrophils to the site of inflammation™. The
simultaneous presence of 1L-12 and IL-18 results in a
marked production of nitric oxide and reactive oxygen
intermediates in macrophages and neuttophilsm] which may
also facilitate premature intrapancreatic trypsin activation
and pancreatic autodigestionm]. The predominantly
antiinflammatory cytokine 1L-10 inhibits the synthesis of
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proinflammatory cytokines such as TNF-q, 1L-1, IL-6
and IL-8 and may play a dominant role in protecting the
pancreas during pancreatic inflammation™*", There was
only minimal induction of the antiinflammatory cytokines
IL-1 receptor and I1-10 through I1.-18", and I1.-10 failed
to inhibit IL.-18 production in response to inflammatory
stimuli®”. Therefore, I1.-18 may escape the influence of
IL-10 during pancreatic inflammation.

Finally, among its pleiotropic effects, IL-18 strongly
induces TFN-y production™'. Increased levels of TFN
were reported in chronic pancreatitis tissue from humans
and animals">**. Interestingly, the fibrosis in chronic
pancreatitis seems to be driven by TGF-B1", and TFN-y
and TGF-P1 are linked by an antagonistic relationship™**".
INF-y possesses several antifibrotic characteristics, and
IFN-y has already been used therapeutically in animals
and humans with fibrotic diseases' *. The recruitment
and activation of infiltrating cells may depend on the local
production of inflaimmatory mediators such as TGF-f1
and TFN-y""". Recent i vifro studies have demonstrated
that TGF-B1 strongly suppressed the production of
IFN-y that had been induced by costimulation with IL.-18
and phytohaemagglutinin, a strong stimulator of IFN-y
synthesis, or by costimulation with I1.-18 and II.-125",
However, the role of IFN-y in chronic pancreatitis is not
completely clarified, and further studies are required to
reveal the role of 1L-18 during pancreatic fibrosis.

In conclusion, PSC are activated during pancreatic
injury, and these cells produce and release increased
amounts of extracellular matrix proteins thereby leading
to the fibrotic destruction of the pancreas®”. Pancreatic
stellate cells are activated and regulated on exposure to
various proinflammatory cytokines”. Thus, future studies
should address the role of IL.-18 in the context of PSC
activation and regulation.
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Abstract

AIM: To study the prognostic value of adjuvant chemo-
therapy in patients with pancreatic, ductal adenocar-
cinoma.

METHODS: Lymph nodes from 106 patients with
resectable pancreatic ductal adenocarcinoma were
systematically sampled. A total of 318 lymph nodes
classified histopathologically as tumor-free were
examined using sensitive immunohistochemical assays.
Forty-three (41%) of the 106 patients were staged as
pTi2, 63 (59%) as pTs4, 51 (48%) as pNo, and 55 (52%)
as pN:. The study population included 59 (56%) patients
exhibiting Gi2, and 47 (44%) patients with Gs tumors.
Patients received no adjuvant chemo- or radiation
therapy and were followed up for a median of 12 (range:
3.5 to 139) mo.

RESULTS: Immunostaining with Ber-EP4 revealed
nodal microinvolvement in lymph nodes classified as
“tumor free” by conventional histopathology in 73
(69%) out of the 106 patients. Twenty-nine (57%)

of 51 patients staged histopathologically as pNo
had nodal microinvolvement. The five-year survival
probability for pNO-patients was 54% for those without
nodal microinvolvement and 0% for those with nodal
microinvolvement. Cox-regression modeling revealed the
independent prognostic effect of nodal microinvolvement
on recurrence-free (relative risk 2.92, £ = 0.005) and
overall (relative risk 2.49, £ = 0.009) survival.

CONCLUSION: The study reveals strong and
independent prognostic significance of nodal
microinvolvement in patients with pancreatic ductal
adenocarcinoma who have received no adjuvant
therapy. The addition of immunohistochemical findings
to histopathology reports may help to improve risk
stratification of patients with pancreatic cancer.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Pancreatic adenocarcinoma is the fifth leading cause of
death among all malignancies', leading to approximately
40 000 deaths each year in Europe'”. Reported probabilities
of five-year survival after curative surgery ate still below
10 percent. Stage, grade and resection margin status
are currently accepted as the most accurate pathologic
variables predicting survival™'”. Pathologic staging only
insufficiently reflects the individual risk to develop tumor
recurrence which is even high in early tumor stages. Thus,
effort continues to identify new prognosticators of tumor

www.wjgnet.com



6516  ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

October 28, 2006 Volume 12 Number 40

relapse that indicate the need of adjuvant therapy.

Occult residual tumor disease is suggested when
either bone marrow or lymph nodes from which tumor
relapse may originate are affected by micrometastatic
lesions undetectable by conventional histopathology'".
The clinical significance of antibodies against tumor-
associated targets both in lymph nodes"*"” and in bone
marrow' ¥ is still controversial*, Various monoclonal
antibodies are in use for micrometastatic detection, thus
contributing to the incongruity of data and validity of
results. These assays have been rarely used in patients with
pancreatic carcinoma” ", Recently, our group showed
that immunohistochemical staining with the monoclonal
antibody Ber-EP4 is a sensitive and specific method for
detecting isolated or clusters of tumor cells in lymph
nodes from patients with lung'”, esophageal™, or pan-
creatic carcinomas™. Ber-EP4 is an antibody against two
glycopolypeptides of 34 and 49 kD on the surface and
in the cytoplasm of all epithelial cells (except parietal
cells, hepatocytes, and the superficial layers of squamous
epithelium).

The present study was to increase our knowledge
gained in the previous studies on lymph node micrometa
stasis™**"*. In non-small cell lung carcinoma®™, the risk
to develop tumor relapse in pN1 patients is overall greater
than in pNO patients. However, we have shown that
further risk stratification for patients with histopathological
involvement may be performed according to their
immunohistochemical status. Therefore, here we have
extended our previously published study on lymph node-
Pl with patients
staged as pN1 through conventional histology as well
as the bone marrow data from those patients that gave
us written consent. The primary aim of this study was
to assess the role of immunohistochemically detectable
micrometastases in lymph nodes of an unselected group
of patients with “curatively” resected pancreatic ductal
adenocarcinoma. The secondary aim was to assess whether
lymph node microinvolvement is correlated to bone
marrow micrometastasis and which of these two sites is a
better indicator for tumor cell dissemination in pancreatic
cancet.

negative patients with pancreatic cancer

MATERIALS AND METHODS

Patients and study design

The local ethical committee of Hamburg approved this
study. Informed consent was obtained from all patients
before inclusion in the study. Tumor samples, lymph
nodes, and bone marrow aspirates of the upper iliac crest
were collected from 487 patients with pancreatic and
periampullary malignancies. Out of these patients, 171
(35%) had carcinomas of the papilla of Vater, 47 (10%)
exhibited carcinoma of the distal common bile duct, and
269 (55%) had pancreatic carcinoma. Out of these 269
patients, 49 (18%) had neuroendocrine tumors and 220
(82%) had true pancreatic catrcinoma.

Our study population included 106 patients with
resectable pancreatic ductal adenocarcinoma who had
undergone curative surgery and had given informed
consent for immunohistochemical analysis of lymph
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nodes. Patients with cystic malignancies (IPMN,
cystadenocarcinoma), acinar cell and squamous cell
carcinomas were not considered for this study. The most
frequent surgical procedute was pancreatoduodenectomy.
Lymph node dissection was performed as previously
described by Pedrazzoli ez a/™. A total of 1643 lymph
nodes were removed with a median number of 16
(range 7 to 38) lymph nodes per patient. Among all
histopathologically negative lymph nodes, 318 were
selected in a representative fashion as described most
recently for subsequent immunohistochemical screening”'.
Tumor stage and grade were classified according to the
6th edition of the tumor-node-metastasis classification
(TNM) of the International Union against Cancer™
by investigators unaware of the immunohistochemical
findings.

Follow-up evaluations at three-month intervals included
a physical examination, abdominal ultrasonography,
computed tomography of the abdomen and studies of
tumor markers, i.e. carcinoembryonic antigen and CA
19-9. Out of all 106 patients studied, the vital status in
89 patients could be determined at the end of the study.
Seventeen patients were excluded from the survival
analysis because they were either censored or died within
90 d after surgery. From 3 patients, only information about
the date of death but not of recurrence was available

Tissue preparation and immunohistochemical analysis
Lymph nodes were divided into two parts, one for
conventional histopathology, the other was snap-frozen
in liquid nitrogen within three hours after their removal
and stored at -80°C until use. Only histopathologically
“tumor-free” lymph nodes were screened by
immunohistochemistry with the anti-epithelial-cell
monoclonal antibody Ber-EP4 (IgG1; Dako, Hamburg,
Germany) as described previously", Ber-EP4 is an
antibody against two glycopolypeptides of 34 and 49 kD
on the surface and in the cytoplasm of all epithelial cells
(except patietal cells, hepatocytes, and the superficial layers
of squamous epithelium). The antibody does not react
with mesenchymal tissue, including lymphoid tissue'>*,

Cryostat sections (5 to 6 um thick) were cut at three
different levels in each node and transferred onto glass
slides treated with 3-triethoxysilylpropylamin (Merck,
Darmstadt, Germany). One section of the sample obtained
at each level was stained by the alkaline phosphatase-
antialkaline phosphatase technique combined with the
new fuchsine stain (Sena, Heidelberg, Germany) for the
visualization reaction’

In 16 control patients with nonepithelial tumors or
inflammatory diseases, lymph nodes were consistently
stained negative. Sections of normal colon served as
positive staining controls and isotype-matched, irrelevant
murine monoclonal antibodies served as negative controls
(purified immunoglobulin mouse myeloma protein for
IgG1; Sigma, Deisenhofen, Germany).

The slides were evaluated in a blinded fashion by
two observers working independently (D.B., J.T.K.).
Minimal tumor cell involvement in a lymph node
that was consideted to be tumor-free by conventional
histopathological staining was defined as the presence of
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Figure 1 Immunohistochemically detectable nodal microinvolvement with
monoclonal antibody Ber EP4 (X 400).

one to ten positive cells in the body of the node (Figure 1).
If more than 10 cells were detected (2 lymph nodes in two
patients), a HE re-staining was conducted. Under routine
histology both lymph nodes were judged as negative.

Aspirates of 4 to 8 mL of bone marrow from the
iliac crest were obtained from those patients who gave
additional written consent for sampling bone marrow (59
patients) and were processed as previously described!",
The specimens were collected in heparin, and mononuclear
cells isolated by density-gradient centrifugation through
Ficoll-Hypaque (Pharmacia, Freiburg, Germany) at 400
t/min for 30 min, were deposited onto glass slides by
cytocentrifugation at 150 t/min for 3 min. To detect tumor
cells in bone marrow (Figure 2), we used the monoclonal
antibody A45-B/B3 (IgG1; Micromet, Munich, Germany)
that detects an epitope on a variety of cytokeratin
components, including cytokeratins™">'**",

Statistical analysis

All statistical calculations concerning survival (overall and
recurrence-free survival) were based on the group of 89
patients who were available for follow-up. The primary
outcome measure was the five-year survival probability.
Secondary outcomes were the incidence of local
recurrence and distant metastases of the disease. Survival
was calculated from the date of resection until the date of
death from any cause. For patients lost to follow-up, data
were censored on the date the patient was last seen alive.
Associations between categorical variables were assessed
using Fisher’s exact test. Survival estimates were derived
using the method proposed by Kaplan and Meier™ and
the log-rank test was used to assess differences in survival

Figure 2 Immunohistochemically detectable bone marrow microinvolvement with
monoclonal antibody AE1/AE3 (X 400).

estimates among the groups. Point and interval estimates
of the survival probabilities at 60 mo were calculated. For
comparison purposes, log-rank test and exact stratified log-
rank test were performed. Cox proportional-hazards mod-
eling™ was used to investigate and adjust the major prog-
nostic and stratification factors. P < 0.05 was considered
statistically significant.

Since this analysis was intended to be explorative, no
adjustment for multiple testing was carried out.

RESULTS

Characteristics of patients and comparison of staining
procedures

One hundred and six patients [47 (44%) women and
59 (56%) men] with pancreatic ductal adenocarcinoma
were included in the study. Their mean age was 61 years
(range 32 to 83 years, median 61 years). Table 1 shows the
characteristics of patients and tumors.

A total of 318 lymph nodes classified to be “tumot-
free” by conventional histopathology were analyzed.
Positive cells in the sinuses, the lymphoid interstitium, or
in both locations were found in 132 lymph nodes (42%)).
These 132 positive lymph nodes were found from 73
(69%) of the 106 patients by immunostaining, Whereas the
presence of Ber-EP4 cells was significantly associated with
nodal metastases (pN1) identified through conventional
histopathology (P = 0.012), no correlation between tumor
stage and tumor grade was found.

Survival

After an average observation period of 18 mo (range
3 to 137 mo, median 12 mo), the presence of nodal
microinvolvement was associated with significantly
reduced recurrence-free and overall survival probabilities.
The Kaplan-Meyer overall survival curve for all patients
who were stratified according to the presence or
absence of occult tumor cells in lymph nodes showed
a significant survival benefit for patients negative in
immunohistochemistry (median not yet reached-NYR »s
13 mo; 2- year survival 66% vs 20%; 5-year survival 50%
vs 0%) irrespective of the histopathological classification
(pNO/pN1) of lymph nodes (log-rank test; P < 0.0001,
Figure 3).
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Variable n Ber-EP4 positive cells
in lymph nodes ()

All patients 106 73

Male 59 42

Female 47 31
Primary Tumor

Carcinoma in situ 1

pT1 6

pT2 36 26

pT3 59 40

pT4 4 4
Nodal status

Negative (pNO) 51 29*

Positive (pN1) 55 44*
Tumor Grade

Well differentiated (G1) 5 4

Moderately differentiated (G2) 54 35

Poorly differentiated (G3) 47 34
Resection margin

Negative (R0) 90 59

Positive (R1) 16 14
Tumor cells in Bone marrow

Yes 14 9

No 45 31

Not analysed 47 33

Nodal status was detected both histopathologically and immunohisto-
chemically. Bone marrow micrometastases were detected by immunohisto-
chemistry. P = 0.035.

The analysis of the subset of patients who were staged
pNO in conventional histopathology revealed significantly
better survival rates in patients without occult tumor cells
as compared with those with nodal microinvolvement
(median NYR »s 17 mo; 2-year survival 70% »s 34%;
5-year survival 61% »s 0%; log-rank test; P=0.012,
Figure 4). Patients without any nodal involvement, as
excluded by both conventional histopathology and
immunohistochemistry, had a five-year overall survival
probability of 61% (standard error: 13%). In contrast, the
five-year survival probability of pNO-patients with nodal
microinvolvement resembled that of pN1-patients (log-
rank test; P = 0.059, Figure 4) and in both groups no
patient was still alive 5 years after surgery.

The predictive value of nodal microinvolvement
was strengthened by the finding that pN1-patients who
additionally had disseminated tumor cells in other lymph
nodes classified as tumor-free by histopathology had
shorter recurrence-free and overall survival probabilities
than pN1l-patients without occult tumor cells in
immunohistochemistry (median survival 33 »s 10 mo;
2-year survival 69% »s 10%; 5-year survival 69% vs 0%; log
rank test: P = 0.004 and P = 0.049, respectively, data not
shown).

Although no statistical significance was reached, pN1-
patients without nodal microinvolvement had better overall
survival probabilities (median survival = 33 mo) than pNO-
patients with nodal microinvolvement (median survival =
17 mo). This could in part confirm the hypothesis that
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Figure 3 Overall survival according to the presence or absence of nodal
microinvolvement in immunohistochemistry for patients alive at least 13 wk after
surgery. Median: Not yet reached-NYR vs 13 mo; Mean: 81 (SD 15, 95% Cl
52-109) vs 16 (SD 2, 95% CI 12-20); 2-yr overall survival 66% vs 20%; 5-yr overall
survival 50% vs 0%.
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Figure 4 Overall survival according to the presence or absence of nodal
metastases in conventional histopathology and immunohistochemistry for patients
alive at least 13 wk after surgery. Median: Not yet reached-NYR vs 13 mo vs 10
mo; Mean: 90 (SD 15, 95% CI 60-119) vs 17 (SD 3, 95% CI 11-23) vs 14 (SD 2,
95% Cl 7-13); 2-yr overall survival 66% vs 20%; 5-yr overall survival 50% vs 0%.

nodal microinvolvement in patients not burdened with
nodal metastases detected through routine histology
(pNO) might literally reflect systemic disease, whereas
pN1-patients without nodal microinvolvement could be
in fact treated as locally advanced disease. This should
be discussed very cautiously since only 8 patients were
included in the group of pN1-patients without nodal
microinvolvement, but all of them were alive at the last
follow-up.

Influence of resection margins

A total of 16 patients among the entire study population
had positive resection margins (R1-status), only 2 of them
belonged to the subset of pNO-patients without nodal
microinvolvement. The remaining 14 patients with positive
resection margins were either staged pN1 or had nodal
microinvolvement which was as reported above, per se
associated with a significantly worse prognosis. Due to this
distribution of patients with R1-status, log-rank test might
not have the sufficient power to assess the influence of
the resection margins on overall survival. Therefore, no
significant differences were found between patients with
positive resection margins, as compared with those with
negative resection margins (P = 0.976, data not shown).
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Prognostic factor Reference group Relative risk P Lower bound Upper bound
95% confidence interval

Recurrence-free (n = 86)

Age at surgery 1.01 0.706 0.98 1.03

Sex Male 1.42 0.223 0.81 2.49

Stage pT1-pT2 0.87 0.652 0.48 1.57

Grade GI-GII 3.14 0.000 1.74 5.68

Nodal involvement pNO 1.66 0.112 0.89 3.10

Nodal microinvolvement (Ber-EP4) Negative 2.92 0.005 1.39 6.13
Overall survival (n = 89)

Age at surgery 1.00 0.996 0.97 1.03

Sex Male 1.47 0.172 0.85 2.55

Stage pT1-pT2 0.93 0.801 0.53 1.64

Grade GI-GII 3.36 0.000 1.90 5.94

Nodal involvement pNO 218 0.012 1.19 4.00

Nodal microinvolvement (Ber-EP4) Negative 249 0.009 1.25 4.96

Influence of bone marrow micrometastases
Occult tumor cells were detected in 14 of 59 patients
who were evaluated with respect to bone marrow
micrometastases. No association was found between
bone marrow and nodal microinvolvement (Fisher’
s exact test, P = 0.75). Among the 14 patients with
bone marrow micrometastases, 9 (64%) had also nodal
microinvolvement, whereas 5 (36%) did not. In turn,
Ber-EP4-positive cells in lymph nodes were detected in
31 (69%) of the 45 patients with negative bone marrow
findings (Table 1). Neither bone marrow micrometastases
not nodal microinvolvement was found in 14 patients.
Here, we want to stress the finding (although again not
significant due to the small number of patients) that
those patients without any nodal involvement (negative
both in histopathology and IHC) who had bone marrow
micrometastases seemed to have considerably worse
overall prognosis (mean survival time: 8 mo) than patients
without (mean survival time: 75 mo). This also has to be
discussed with considerable caution since we identified
only 3 patients with bone marrow micrometastases (without
any nodal involvement), although they all died within the
first year unlike the other 8 patients without bone marrow
micrometastases who were all alive on the last follow-up.
As regards the influence of bone marrow micro-
metastases alone, no significant differences were found
with respect to relapse-free time (P = 0.55) and overall
survival (P = 0.14), respectively. However, these results
might be biased by the small number of patients analyzed.

Multivariate analysis
Apart from nodal involvement assessed either by
histopathology or immunohistochemistry, the comparison
of survival curves revealed also significant differences with
respect to grading when Gi2 tumors were compared to G3
tumors (median survival time: 28 mo »s 12 mo; log-rank
test: P < 0001).

Cox regression analysis identified the presence of
occult tumor cells in lymph nodes, tumor grade, and
histopathologically detectable lymph node involvement as

independent prognostic factors for disease-free and overall
survival (Table 2). With respect to 5-year recurrence-free
time, nodal microinvolvement had a relative risk of 2.92
(95% confidence interval: 1.39 to 6.13; P = 0.005), as
compared with negative findings in immunohistochemistry.
G3 tumors had a relative risk of 3.14 as compared with
G1/2 tumors (95% confidence interval: 1.74 to 5.68; P =
0.000) with respect to recurrence-free time. A pN1-stage,
as compated to pNO patients, carried a relative risk of 2.18
(95% confidence interval: 1.19 to 4.0; P = 0.012) as to
overall survival time, but had no significant influence on
recurrence-free time (relative risk of 1.66; 95% confidence
interval: 0.89 to 3.10; P = 0.112). Age, sex and tumor stage
had no independent prognostic influence on recurrence-
free or overall survival.

The analysis of the interaction between pN-status,
nodal microinvolvement and grading did not reveal that
the proportional assumption was violated. Hence, the
Cox model appeared appropriate and grading followed by
nodal microinvolvement remained the two most important
prognostic variables also in the subset of pNO-patients.

DISCUSSION

The key finding of this investigation is that isolated tumor
cells, detectable in lymph nodes by immunohistochemical
analysis, are strong independent prognosticators in
pancreatic ductal adenocarcinoma irrespective of the
histopathological N-status. We analyzed patients who
suffered from pancreatic ductal adenocarcinoma and did
not receive any adjuvant chemoradiation or chemotherapy.
Two subsets of patients could be identified and were
classified as pNO in conventional histopathology. One
subset with a poor five-year survival probability of 0%
which was close to that of patients with overt nodal
involvement (pNi), the other subset had a much better
prognosis with a five-year survival probability of over
50% without nodal microinvolvement, suggesting
that immunohistochemistry can confirm the cardinal
importance of occult tumor cells for the separation of the
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respective survival curves in pNO-patients.

Even in patients who were staged as pN1, the detection
of occult tumor cells in “tumor-free” lymph nodes had
prognostic significance. This finding is consistent with
previous observations of our group showing that survival
is significantly worsened in both esophageal™ and non-
small cell lung carcinoma® when histopathological pN1-
status is accompanied with nodal microinvolvement.
Basically, pN1-status in solid tumors is considered as a
local disease which can be potentially cured with surgery,
although it generally carries a higher risk of systemic
dissemination than pNO-status. Therefore, the finding
that pN1 patients with additional nodal microinvolvement
in “tumor-free” lymph nodes apart from overt lymph
node metastases had significantly shorter recurrence-free
survival as compared with pN1-patients without occult
tumor cells suggests that immunohistochemistry may help
to identify different risk profiles in these patients.

The reliability of these immunohistochemical assays
used so far for detection of nodal microinvolvement is
questioned!***
error™, The sampling error might be influenced by the
number of lymph nodes dissected during the course of
pancreatoduodenectomy and assessed by immunohisto-
chemistry, as well as the number of lymph node sections
and the level of these sections within the lymph nodes.
In our present study, the lymph node dissection was
petrformed as previously described by Pedrazzoli e al. A
total of 1643 lymph nodes were removed with a median
number of 16 (range 7 to 38) lymph nodes per patient.
Thus, the first possible cause of a sampling error was di-
minished, considering the high median lymph node yield
of 16 per patient. In another study (oesophagus carci-
noma, not yet published) all lymph nodes dissected in the
course of esophagectomy were immunohistochemically
stained, unlike in this and some other previously published
studies™ where only 20% of all lymph nodes were stained,
showing comparable results in terms of impact on overall
and relapse- free survival. We also believe that 6 sections
cut from 3 different levels of each lymph node are enough
for proper access to the nodal microinvolvement. Analyz-
ing more than 3 sections would not be routinely feasible,
and the positive correlation between the result of our as-
say and clinical outcome indicates that examining 3 lymph
node levels are sufficient. The results from this study are
in the same line with those published earlier from our
group™, thus confirming that the random selection of
lymph nodes for IHC is enough for access to the nodal
microinvolvement.

The strong adverse influence of nodal microinvolve-
ment on outcome was most likely the reason for the lack
of prognostic significance of resection margins in this
series. In the ESPAC-1 trial, the resection margin status
ceased to be an independent, prognostic factor for overall
survival when tumor grading and pN-status were co-
variables in the regression modeling[38j, suggesting that
the unfavorable outcome linked with poorly differentiated
tumors with nodal metastases can hardly be impaired
by further adverse variables, e.g. R1-status. We therefore
assume that the characteristics of patients with R1-status
are considerably biased. This hypothesis is strengthened by

I and could be also hampered by a sampling
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our observation that out of the 16 patients with R1-status
all except two had occult tumor cells in immunohisto-
chemistry.

Our data also indicate primary dissemination of
tumor cells into lymph nodes before blood-borne
spread occurs, because only 22% of the patients with
nodal microinvolvement had identifiable tumor cells in
their bone marrow. The lack of a significant difference
in recurrence-free time between patients with nodal
microinvolvement alone and those with additional
involvement of the bone marrow suggests that the key
event in pancreatic cancer progression is the spread
of tumor cells to the regional lymph nodes. Nodal
microinvolvement seems to indicate a systemic disease in
pancreatic carcinoma much more accurately than occult
tumor cells in bone marrow. However, these results have
to be interpreted cautiously because bone marrow findings
may have been biased by the fact that only a subset of
patients was analyzed. Therefore, the influence of bone
marrow microinvolvement on the outcome of patients
with pancreatic carcinoma needs to be clarified in future
studies.

Although chemoradiation and/or chemotherapy for
adjuvant treatment of pancreatic carcinoma may have
severe side effects™, in common clinical practice, it is in
most instances applied irrespective of tumor stage. This
reflects the distrust in the value of conventional tumot-
staging nomenclature in terms of reliably predicting
the risk of tumor relapse even in patients with early
pancreatic cancer (T1, No). Our data indicate that
immunohistochemical assessment of lymph nodes can
be used to refine the staging system for pancreatic ductal
adenocarcinoma and might help us to identify patients who
could not be cured by surgery alone and need adjuvant
therapy. In turn, patients who are true node-negative both
in histopathology and in immunohistochemistry have an
excellent five-year survival probability of nearly 60%, even
without chemotherapy. Whether this prognosis can be
further improved by adjuvant therapy needs further study.

REFERENCES

1 Greenlee RT, Hill-Harmon MB, Murray T, Thun M. Cancer
statistics, 2001. CA Cancer | Clin 2001; 51: 15-36

2 Parkin DM, Muir CS. Cancer Incidence in Five Continents.
Comparability and quality of data. IJARC Sci Publ 1992; 120:
45-173

3 Kuhlmann KF, de Castro SM, Wesseling ]G, ten Kate FJ,
Offerhaus GJ, Busch OR, van Gulik TM, Obertop H, Gouma
DJ. Surgical treatment of pancreatic adenocarcinoma; actual
survival and prognostic factors in 343 patients. Eur | Cancer
2004; 40: 549-558

4 Allison DC, Piantadosi S, Hruban RH, Dooley WC, Fishman
EK, Yeo CJ, Lillemoe KD, Pitt HA, Lin P, Cameron JL. DNA
content and other factors associated with ten-year survival
after resection of pancreatic carcinoma. | Surg Oncol 1998; 67:
151-159

5 Allema JH, Reinders ME, van Gulik TM, Koelemay M], Van
Leeuwen DJ, de Wit LT, Gouma DJ, Obertop H. Prognostic
factors for survival after pancreaticoduodenectomy for
patients with carcinoma of the pancreatic head region. Cancer
1995; 75: 2069-2076

6 Yeo CJ, Abrams RA, Grochow LB, Sohn TA, Ord SE, Hruban
RH, Zahurak ML, Dooley WC, Coleman J, Sauter PK, Pitt
HA, Lillemoe KD, Cameron JL. Pancreaticoduodenectomy



Yekebas EF ef a/. Prognostic value of adjuvant chemotherapy

6521

10

11

12

13

14

15

16

17

18

19

20

21

22

23

for pancreatic adenocarcinoma: postoperative adjuvant
chemoradiation improves survival. A prospective, single-
institution experience. Ann Surg 1997; 225: 621-633; discussion
633-636

Nitecki SS, Sarr MG, Colby TV, van Heerden JA. Long-term
survival after resection for ductal adenocarcinoma of the
pancreas. Is it really improving? Ann Surg 1995; 221: 59-66
Mosca F, Giulianotti PC, Balestracci T, Di Candio G,
Pietrabissa A, Sbrana F, Rossi G. Long-term survival in
pancreatic cancer: pylorus-preserving versus Whipple
pancreatoduodenectomy. Surgery 1997; 122: 553-566

Trede M, Schwall G, Saeger HD. Survival after
pancreatoduodenectomy. 118 consecutive resections without
an operative mortality. Ann Surg 1990; 211: 447-458

Geer R]J, Brennan MF. Prognostic indicators for survival after
resection of pancreatic adenocarcinoma. Am | Surg 1993; 165:
68-72; discussion 72-73

Pantel K, Brakenhoff RH. Dissecting the metastatic cascade.
Nat Rev Cancer 2004; 4: 448-456

Byrne J, Waldron R, McAvinchey D, Dervan P. The use of
monoclonal antibodies for the histopathological detection of
mammary axillary micrometastases. Eur | Surg Oncol 1987; 13:
409-411

Passlick B, Izbicki JR, Kubuschok B, Nathrath W, Thetter
O, Pichlmeier U, Schweiberer L, Riethmuller G, Pantel K.
Immunohistochemical assessment of individual tumor cells in
lymph nodes of patients with non-small-cell lung cancer. | Clin
Oncol 1994; 12: 1827-1832

Raymond WA, Leong AS. Immunoperoxidase staining in the
detection of lymph node metastases in stage I breast cancer.
Pathology 1989; 21: 11-15

Latza U, Niedobitek G, Schwarting R, Nekarda H, Stein H.
Ber-EP4: new monoclonal antibody which distinguishes
epithelia from mesothelial. ] Clin Pathol 1990; 43: 213-219
Pantel K, Izbicki JR, Angstwurm M, Braun S, Passlick B, Karg
O, Thetter O, Riethmuller G. Immunocytological detection of
bone marrow micrometastasis in operable non-small cell lung
cancer. Cancer Res 1993; 53: 1027-1031

Bussolati G, Gugliotta P, Morra I, Pietribiasi F, Berardengo
E. The immunohistochemical detection of lymph node
metastases from infiltrating lobular carcinoma of the breast. Br
J Cancer 1986; 54: 631-636

Chen ZL, Perez S, Holmes EC, Wang HJ, Coulson WF,
Wen DR, Cochran AJ. Frequency and distribution of occult
micrometastases in lymph nodes of patients with non-small-
cell lung carcinoma. | Natl Cancer Inst 1993; 85: 493-498

de Mascarel I, Bonichon F, Coindre JM, Trojani M.
Prognostic significance of breast cancer axillary lymph
node micrometastases assessed by two special techniques:
reevaluation with longer follow-up. Br | Cancer 1992; 66:
523-527

Martini N, Flehinger BJ, Zaman MB, Beattie EJ Jr. Results
of resection in non-oat cell carcinoma of the lung with
mediastinal lymph node metastases. Ann Surg 1983; 198:
386-397

Casson AG, Rusch VW, Ginsberg R], Zankowicz N, Finley R].
Lymph node mapping of esophageal cancer. Ann Thorac Surg
1994; 58: 1569-1570

Momburg F, Moldenhauer G, Hammerling GJ, Moller P.
Immunohistochemical study of the expression of a Mr 34,000
human epithelium-specific surface glycoprotein in normal and
malignant tissues. Cancer Res 1987; 47: 2883-2891

Pantel K, Schlimok G, Angstwurm M, Weckermann D,
Schmaus W, Gath H, Passlick B, Izbicki JR, Riethmuller G.
Methodological analysis of immunocytochemical screening
for disseminated epithelial tumor cells in bone marrow. |
Hematother 1994; 3: 165-173

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Kasper M, Stosiek P, Typlt H, Karsten U. Histological
evaluation of three new monoclonal anti-cytokeratin
antibodies. 1. Normal tissues. Eur | Cancer Clin Oncol 1987; 23:
137-147

Izbicki JR, Hosch SB, Pichlmeier U, Rehders A, Busch C,
Niendorf A, Passlick B, Broelsch CE, Pantel K. Prognostic
value of immunohistochemically identifiable tumor cells in
lymph nodes of patients with completely resected esophageal
cancer. N Engl | Med 1997; 337: 1188-1194

Z'graggen K, Centeno BA, Fernandez-del Castillo C, Jimenez
RE, Werner ], Warshaw AL. Biological implications of tumor
cells in blood and bone marrow of pancreatic cancer patients.
Surgery 2001; 129: 537-546

Kanemitsu K, Hiraoka T, Tsuji T, Inoue K, Takamori H.
Implication of micrometastases of lymph nodes in patients
with extended operation for pancreatic cancer. Pancreas 2003;
26: 315-321

Hosch SB, Knoefel WT, Metz S, Stoecklein N, Niendorf
A, Broelsch CE, Izbicki JR. Early lymphatic tumor cell
dissemination in pancreatic cancer: frequency and prognostic
significance. Pancreas 1997; 15: 154-159

Vogel I, Kruger U, Marxsen J, Soeth E, Kalthoff H, Henne-
Bruns D, Kremer B, Juhl H. Disseminated tumor cells in
pancreatic cancer patients detected by immunocytology: a
new prognostic factor. Clin Cancer Res 1999; 5: 593-599
Milsmann C, Fuzesi L, Werner C, Becker H, Horstmann O.
Significance of occult lymphatic tumor spread in pancreatic
cancer. Chirurg 2005; 76: 1064-1072

Bogoevski D, Yekebas EF, Schurr P, Kaifi JT, Kutup A,
Erbersdobler A, Pantel K, Izbicki JR. Mode of spread in
the early phase of lymphatic metastasis in pancreatic
ductal adenocarcinoma: prognostic significance of nodal
microinvolvement. Ann Surg 2004; 240: 993-1000; discussion
1000-1001

Kubuschok B, Passlick B, Izbicki JR, Thetter O, Pantel K.
Disseminated tumor cells in lymph nodes as a determinant
for survival in surgically resected non-small-cell lung cancer. |
Clin Oncol 1999; 17: 19-24

Pedrazzoli S, Beger HG, Obertop H, Andren-Sandberg A,
Fernandez-Cruz L, Henne-Bruns D, Luttges ], Neoptolemos
JP. A surgical and pathological based classification of resective
treatment of pancreatic cancer. Summary of an international
workshop on surgical procedures in pancreatic cancer. Dig
Surg 1999; 16: 337-345

Hermanek P, Sobin LH. TNM classification of malignant
tumors. 4th ed. New York: Springer, 1992

Klein JP, Moeschberger ML. SURVIVAL ANALYSIS Tech-
niques for Censored and Truncated Data. New York: Springer,
1997

Cox DR. Regression Models and Life Tables (with discussion).
J R Statist Soc 1972; 34: 187-220

Knisely AS. Cryptic tumor cells in lymph nodes of patients
with esophageal cancer. N Engl ] Med 1998; 338: 550
Neoptolemos JP, Stocken DD, Dunn JA, Almond J, Beger HG,
Pederzoli P, Bassi C, Dervenis C, Fernandez-Cruz L, Lacaine
F, Buckels ], Deakin M, Adab FA, Sutton R, Imrie C, Thse I,
Tihanyi T, Olah A, Pedrazzoli S, Spooner D, Kerr D], Friess
H, Buchler MW. Influence of resection margins on survival
for patients with pancreatic cancer treated by adjuvant
chemoradiation and/or chemotherapy in the ESPAC-1
randomized controlled trial. Ann Surg 2001; 234: 758-768
Neoptolemos JP, Stocken DD, Friess H, Bassi C, Dunn JA,
Hickey H, Beger H, Fernandez-Cruz L, Dervenis C, Lacaine
F, Falconi M, Pederzoli P, Pap A, Spooner D, Kerr DJ,
Buchler MW. A randomized trial of chemoradiotherapy and
chemotherapy after resection of pancreatic cancer. N Engl |
Med 2004; 350: 1200-1210

S- Editor Wang] L- Editor Wang XL E- Editor Liu WF

www.wjgnet.com



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

World ] Gastroenterol 2006 October 28; 12(40): 6522-6526
World Journal of Gastroenterology ISSN 1007-9327
© 2006 The WJG Press. All rights reserved.

RAPID COMMUNICATION

Phase [I study of protracted irinotecan infusion and
a low-dose cisplatin for metastatic gastric cancer

Hiroshi Imamura, Masataka Ikeda, Hiroshi Furukawa, Toshimasa Tsujinaka, Kazumasa Fujitani, Kenji Kobayashi,
Hiroyuki Narahara, Michio Kato, Haruhiko Imamoto, Arimichi Takabayashi, Hideaki Tsukuma

Hiroshi Imamura, Masataka Ikeda, Hiroshi Furukawa,
Department of Surgery, Sakai Municipal Hospital, Osaka, Japan
Toshimasa Tsujinaka, Kazumasa Fujitani, Department of
Surgery, Osaka National Hospital, Osaka, Japan

Kenji Kobayashi, Department of Surgery, Kinki Central Hospital,
Hyogo, Japan

Hiroyuki Narahara, Hideaki Tsukuma, Department of Internal
Medicine, Osaka Medical Center for Cancer and Cardiovascular
Diseases, Osaka, Japan

Michio Kato, Department of Surgery, Kinki University School of
Medicine, Osaka, Japan

Haruhiko Imamoto, Department of Surgery, Kansai Rosai
Hospital, Hyogo, Japan

Arimichi Takabayashi, Department of Surgery, Kitano Hospital
& Research Institute, Osaka, Japan

Correspondence to: Hiroshi Imamura, Department of Surgery,
Sakai Municipal Hospital, 1-1-1, Minamiyasui-cho, Sakai, Osaka
590-0064, Japan. imamura-h@city.sakai.osaka.jp

Telephone: +81-72-2211700 Fax: +81-72-2253303

Received: 2006-06-21 Accepted: 2006-07-18

Abstract

AIM: To test protracted irinotecan infusion plus a low-
dose cisplatin in this Phase 1I trial to decrease its toxic-

ity.

METHODS: The eligibility criteria were: (1) histologi-
cally proven measurable gastric cancer; (2) performance
status of 0 or 1; (3) no prior chemotherapy or comple-
tion of prior therapy at least 4 wk before enroliment; (4)
adequate function of major organs; (5) no other active
malignancy; and (6) written informed consent. The regi-
men consisted of irinotecan (60 mg/m®) on d 1 and 15
by 24-h infusion and cisplatin (10 mg/m*) ond 1, 2, 3,
15, 16, and 17. Treatment was repeated every 4 wk.

RESULTS: Thirty-one patients were registered between
April 2000 and January 2001. The response rate for all
31 patients, 20 patients without prior chemotherapy, and
11 patients with prior chemotherapy was 52% (16/31),
60% (12/20), and 36% (4/11), respectively. The median
survival time was 378 d. The median number of courses
given to all patients was 2. Grade 4 neutropenia oc-
curred in 11 (35%) patients, while grade 3 to 4 diarrhea
or nausea occurred in 1 (3%) and 3 (10%) patients,
respectively. Fatigue was minimal as grade 1 fatigue was
found only in 3 (10%) patients. Other adverse events
were mild and no treatment-related deaths occurred.

www.wjgnet.com

CONCLUSION: This regimen showed a high level of ac-
tivity and acceptable toxicity in patients with metastatic
gastric cancer.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

In Japan, for advanced gastric cancer, surgery is still
the most effective treatment and good survival can be
achieved if the tumor is resectable. On the contrary,
unresectable advanced or recurrent gastric cancer still has
a poor prognosis and chemotherapy is the most important
treatment for survival prolongation. To date, combination
chemotherapy with 5-fluorouracil (5-FU) and cisplatin has
been used most widely. This two-drug regimen showed
superior response rate in comparison with single-agent
5FU regimen, however, failed to demonstrate survival
prolongation“g]. This regimen has response rates ranging
from 10% to 35%, and the median survival time (MST)
from 6 to 8 mo with around 10% in a 2-year survival,
Advent of new active agents is awaited.

Among new drugs, irinotecan, a derivative of
camptothecin, has strong antitumor activity through
inhibition of DNA topoisomerase 1" It has a single agent
activity with a response rate of 23.3%. As the response
rate is not satisfactory, irinotecan was first investigated in
combination with cisplatin. Phase [ study was conducted
for metastatic gastric cancer and treatment regimen of
irinotecan (70 mr/m’, d 1 and 15) and cisplatin (80 mg/m”,
d 1), every 4 wk, was recommended"”. Boku’s group tested
this regimen for metastatic gastric cancer’. The overall
response rate was 48% and the median survival time was
272 d. Although no treatment-related deaths occurred, ad-
verse events were severe, including grade 4 neutropenia in
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57% of the patients and grade 3 or 4 diarrhea in 20%. As
for renal toxicity, they found a total of 34% (grade 1: 23%,
grade 2: 11%) serum creatinine increase. This combination
study was followed with modification of weekly schedule
to reduce toxicity in western countries. Ajani ez a/”
conducted phase I study with irinotecan (65 mg/m®) with
cisplatin (30 mg/m?), both administered intravenously 1 d
per week for 4 consecutive weeks, followed by two weeks
recovery period. Of the 36 patients registered, 21 achieved
complete or partial response with response rate of 58%.
They had one treatment-related death of neutropenic
sepsis with multiple organ failure. Major toxic effects
were diarrhea, neutropenia, and fatigue. The incidence of
grade 3 or 4 neutropenia was 37%, however, grade 3 or 4
diarrhea was still found in 22% of patients. Surprisingly,
grade 3 or 4 fatigue was 41%, a cause of delays or
cancellation of drugs. To decrease adverse events, Fujitani
et al'” conducted a pharmacokinetic study of continuous
infusion of irinotecan for 24 h combined with infusion of
cisplatin over 90 min, and demonstrated only mild hema-
tological and nonhematological adverse reactions, while
protracted infusion of irinotecan increased the area under
the concentration »s time curve (AUC) of SN-38.

Accordingly, we further investigated the safety and
efficacy of this combined protracted infusion of irinotecan
(to maintain a high AUC of SN-38) with a low-dose
cisplatin to determine whether this regimen can improve
response rate and reduce toxicity.

MATERIALS AND METHODS

Eligibility criteria

Patients were required to satisfy the following eligibility
criteria; (1) histologically proven gastric cancer; (2) mea-
surable metastatic lesions; (3) Eastern Clinical Oncology
Group scale performance status of 0 or 1; (4) no prior
chemotherapy or completion of therapy at least 4 wk
before entry; (5) adequate function of the bone marrow
WBC count = 4 x 10" and < 12 X 10, platelet count =
100 x 10’, and hemoglobin = 95 g/L), liver (serum bili-
rubin < 25.6 pmol/L. and serum transaminases << 1667
nkat/L), and kidneys (serum creatinine << 133 pmol/L);
(6) normal cardiac function; (7) no other severe medical
conditions; (8) no other active malignancy; and (9) ability
to give written informed consent. This study was approved
by the institutional review boatds of all participating hos-
pitals.

Treatment schedule

On d 1, irinotecan (60 mg/ rnz) was administered as a 24-h
infusion; the drug was diluted in 500 mL of saline or 50
g/L glucose and was protected from the light. Cisplatin (10
mg/m”) was administered as a 60-min intravenous infusion
with adequate hydration on d 1, 2, and 3. The same doses
of irinotecan and cisplatin were repeated on d 15 and
15-17, respectively, to complete one course. Treatment was
repeated every 4 wk until the occurrence of disease pro-
gression, patient refusal, or unacceptable adverse reactions.
On d 15, if the patient had leucopenia or thrombocytope-
nia of grade 2 or higher, diarrhea of grade 1 or higher, or
fever (a temperature > 38°C) due to infection, administra-

tion of the second dose of irinotecan was delayed for one
week. If recovery from the adverse reaction did not occur
after one week, the second dose was skipped. If a grade
4 hematologic adverse event, grade 3 or 4 diarthea, fever
associated with infection, or omission of the second dose
occurred, the dose of irinotecan for the second course
was reduced to 50 mg/mz. The antiemetic granisetron
was given before cisplatin administration. Granulocyte
colony-stimulating factor (G-CSF) was used when grade
4 leucopenia and/or neutropenia occurred. If the patient
stopped treatment due to toxicity or tumor progression,
other chemotherapy or surgery was offered.

Evaluation

The National Cancer Institute Common Toxicity Criteria
(Version 2.0) were applied for the assessment of adverse
events. The objective response of measurable lesions was
evaluated by standard World Health Organization criteria.
Both patient eligibility and the response to treatment were
reviewed extramurally.

Statistical analysis

The expected efficacy rate of this regimen was
hypothesized to be 50%, so the required number of
patients was 25 when the 95% confidence interval was set
at + 20%. Because some patients might be excluded from
analysis, the target number of patients for this study was
set at 30. Analysis was performed on an intent-to-treat
basis. The percentage of patients with complete remission
(CR) plus partial remission (PR) among all treated patients
was defined as the response rate. The 95% confidence
interval (CI) of the response rate was calculated using the
normal approximation and precision method. The Kaplan-
Meier method was used to calculate the survival period.

RESULTS

Patients characteristics

Thirty-one patients were enrolled from April 2000 to Janu-
ary 2001. One patient was found to be ineligible because
the performance status was 2. As analysis was performed
on an intent-to-treat basis, this patient was also analyzed
for efficacy and safety, so all 31 patients were assessed
for efficacy and safety. Their clinical characteristics are
shown in Table 1. The median age was 60.5 (range: 26-75
years) and 21 patients (68%) had performance status of
0. Sixteen patients (52%) had intestinal type adenocarci-
noma and 14 patients had diffuse tumors. The measurable
metastatic lesions were located in the lymph nodes in 20
patients (26 lesions), liver in 13 patients, peritoneum in 3
patients, ovary in 2 patients, and the skin, lung, and rectum
in one patient each, respectively. Twenty patients (65%)
had not received prior chemotherapy, while the other 11
patients had undergone chemotherapy with 5-FU, cisplatin
plus 5-FU, or other drugs. All of the patients who had
received prior therapy showed progressive disease before
enrollment. The total number of treatment courses was 84
with a median number of 2 cycles per patient (range 1-5).
A total of 149 of 168 planned CPT-11 administration was
carried out. While a total of 112 of 122 (92%) planned
CPT-11 was administered in the first and second cycle, a
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n Site of metastases
Sex
Female 20 Lymph nodes 26
Male 11 Perigastric 6
PS Para-aortic 6
0 21 Virchow’s 3
1 9 Neck 2
2 1 Mediastinum 1
Histology Others 8
Intestinal 16 Liver 13
Diffuse 14 Peritoneal 3
Others 1 Skin 1
Prior chemotherapy Lung 1
No 20 Ovary 2
Yes 11 Rectum 1
PS: Performance status.
CR PR NC PD RR 95% CI

Overall 0 16 (52) 11(35) 4(13) 16(52)  33-70
Prior chemotherapy
Yes 0 4(36) 4(27) 3(27) 4(36) 11-69
No 0 12(60) 7(35) 1(5) 12(60) 36-81
Liver 2(15) 5(39) 5(39) 1(8) 7 (54)
Lymph Nodes 2(8) 12(46) 12(46) 0 14 (54)
Peritoneal 0 1(33) 1(33) 1(33) 1(33)
Ovary 0 0 1(50) 1(50) 0
Lung 0 1(100) 0 0 1 (100)
Others 0 1(50) 1(50) 0 1 (50)

CR: Complete remission; PR: Partial response; NC: No change; PD:
Progressive disease; RR: Response rate.

total of 37 of 46 (80%) planned CPT-11 administration in
the third to fifth cycles. Dose reduction was not required in
the first cycle, but it was needed in 8 patients in the second
cycle and one patient in the third cycle. Causes of dose
reduction were grade 4 neutropenia in 5 patients, grade
4 leukopenia in one patient, and second dose skip in 3
patients. Treatment was stopped due to tumor progression
in 8 patients, refusal to continue in 9 patients, and insuffi-
cient recovery from adverse reactions in 3 patients. Median
duration between the beginning and end of treatment was
75 d. The actual administered dose of CPT-11 in the all
courses was 25.7 rng/rn2 per week and that of cisplatin
was 13.0 mg/m’ per week, which corresponded to 85.5%
and 86.4% of the planned doses.

Response and survival

There were no complete remissions, but partial remission
was achieved in 16 patients for a response rate of 52%
(16/31 patients, 95% CI: 33% to 70%). The response
rate was 60.0% for the 20 patients without prior chemo-
therapy (12/20 patients, 95% CI: 36% to 81%), while the
rate for the 11 patients with prior chemotherapy was only
36% (4/11 patients, 95% CI: 11% to 69%). The response
rate of patients with lymph node, liver, and peritoneal

www.wjgnet.com
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Figure 1 Survival curves of all patients and patients without prior chemotherapy.
—: Survival curve of all patients (median survival time, 378 d). ...: Survival curve
of patients without priorchemotherapy (median survival time, 509 d).

Grade (%)

1 2 3 4

Hematologic

Leukopenia 1(3) 14 (45) 8 (26) 3 (10)

Neutropenia 1(3) 2(6) 13 (42) 11 (35)

Thrombocytopenia 8 (25) 1(3) 1(3) 1(3)

Anemia 5 (16) 13 (42) 7 (23) 2 (6)
Nonhematologic

Fatigue 3 (10) 0 0 0

Nausea 12 (39) 8 (26) 3 (10) 0

Diarrhea 9(29) 4 (13) 1) 0

Abdo pain 2 (6) 2 (6) 1) 0

Alopecia 11 (35) 10 (30) 1) 0

AST 1(3) 0 0 0

T. bilirubin 1) 0 0 0

Cr 8 (26) 0 0 0

Abdo pain: Abdominal pain.

metastasis were 54% (14/26 patients), 54% (7/13 patients)
and 33% (1/3 patients), respectively (Table 2). The me-
dian duration of response for all the patients was 218 d.
The median survival time of all patients was 378 d, while
the median survival time of the 20 patients without prior
chemotherapy was 509 d. The 1-year and 2-year survival
rates were 57% (95% CI: 37%-72%) and 9% (95% CI: 2%
-23%), respectively (Figure 1).

Adverse reactions

Adverse reactions to this regimen are shown in Table 3.
Grade 4 neutropenia, leukopenia, anemia, and thrombocy-
topenia were observed in 11 (35%), 3 (10%), 2 (6%), and 1
(3% of the patients, respectively. The median nadir of the
neutrophil count was seen on d 8 (range: d 2-19). G-CSF
was administered to 15 patients (48%) during 28 courses.
Non-hematologic adverse reactions (nausea, diarrhea,
increased AST, and increased bilirubin) were all moder-
ate, with grade 3 nausea (10%) and grade 3 diarrhea (3%)
being the maximal reactions. Loperamide or other mild
anti-diarrheal medicines were effective for diarrhea, while
granisetron and other common anti-emetic medicines were
effective for nausea without additional hydration. Renal
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toxicity determined by the level of serum creatinine was
also mild. We found 8 patients (26%) with only grade 1
abnormal creatinine level. Fatigue was found in only 3
patients and all grade 1. The non-hematologic reactions
did not disrupt the treatment schedule and there were no
treatment-related deaths.

DISCUSSION

The aim of this phase [I study was to confirm the
antitumor effects and safety of combined chemotherapy
of protracted infusion of irinotecan and low-dose
cisplatin[m]. Protracted infusion of irinotecan significantly
increases the AUC of active metabolite, SN-38""
suggesting it has the potential to maximize the effect of
irinotecan. The response rate to irinotecan as a single agent
for gastric cancer was reported to be 23.3%" and that
for cisplatin was 20%"". The overall response rate of the
31 patients in the present series was 52% and that of 20
patients without any prior chemotherapy was 60%, with
both rates being better than for single agent therapy.
These data are consistent with a previous phase II study
of cisplatin and irinotecan therapyls’gl, and confirms the
activity of combined therapy of irinotecan and cisplatin.

Diarrhea is a serious toxicity of irinotecan therapy.
The incidence of grade 3 or 4 diarrhea was reported to be
18.8% or 35.6% with irinotecan alone and 21.9% or 35.6%
with bolus combined administration*". In the previous
phase II studies of irinotecan and cisplatin, diarrhea was
still one of the major cause that could affect treatment
schedule and the incidence of grade 3 or 4 diarrhea was
around 20%"®”. In the present study, grade 4 diarrhea did
not occur and only one patient (3%) suffered from grade 3
diarrhea that did not necessitate a change of schedule.

The incidence of grade 3 or 4 neutropenia (77%) is
still high in this study, and Boku e# al” found the incidence
of grade 3 or 4 neutropenia was 89%. Ajani ez al” dem-
onstrated that 37% grade 3 or 4 neutropenia by weekly
administration. Sakaki e/ «/'” found a positive correlation
between the AUC of irinotecan and the decrease of the
white cell count, however, diarrhea has a stronger correla-
tion with the AUC of SN-38 than with that of irinotecan.
As this treatment regimen has greater AUC of SN-38
while AUC of irinotecan was same in comparison with
90-min infusion of irinotecan'”, we expected to find more
hematological toxicities than diarrhea. To the contrary, we
found significantly less common severe diarrhea, and high
incidence of grade 3 or 4 neutropenia that was comparable
to the previous Japanese trial™. The target dose of
itinotecan for this study (60 mg/ m’ X 2) was lower than
that used by Boku (70 mg/m’ X 2) or that used to treat
lung cancer (60 mg/m2 x 3)""™ Actual dose of CPT-11
administered in the Boku’s study was 28.5 mg/m’ per
week, and that in our study was 25.7 mg/ m’ per week, so
our regimen seemed to reduce the incidence and grade
of diarrhea while achieving a similar response rate with a
lower dose of itrinotecan.

Nausea and renal toxicity is a common problem with
cisplatin therapy, so we administered a low dose of 10 mg/
m” on six occasions to achieve a total dose of 60 mg/ m”.
Grade 3 nausea occurred in 3 patients (10%) and there

was no grade 4 nausea. Low-dose, repeated administra-
tion has already been reported to decrease the incidence
and grade of nausea due to cisplatin”*!, Some Japanese
authors have reported that repeated cisplatin administra-
tion at a low dose reduces the incidence of nausea and
allows outpatient treatment, and that this method achieves
a high response rate and longer survival when combined
with irinotecan without the need for 24-h infusion of the
latter drug[()’z}m. As for renal toxicity, Boku e a/ with high-
dose cisplatin administration” found grade 1 or 2 serum
creatinine increase in 23 and 11 % of patients, respectively.
We found only grade 1 abnormality, and the incidence of
26%, demonstrating that renal toxicity with this regimen
is minimal. As hydration is not required to prevent renal
toxicity with low-dose therapym, continuous infusions atre
not necessary after finishing irinotecan administration on d
2,3,16, and 17.

In order to complete this regimen, hospitalization is
required to receive 24-h irinotecan infusions and 6 divided
dose of cisplatin. Therefore, this regimen is not applicable
for out-patient basis; however, as the incidence of fatigue
of this regimen was 10% (only grade 1), severe diarrhea
was rare, and hydration was not necessary, it is possible to
treat patients on an out-patient basis between infusions.
Ajani et al demonstrated very high incidence (41%) of
grade 3 or 4 fatigue with weekly irinotecan and cisplatin
administration, and they discussed cisplatin might contrib-
ute to excessive fatigue, thus either the dose of cisplatin
might be reduced, or cisplatin might be replaced by other
agents. Our results with 10% grade 1 fatigue suggested
that low dose cisplatin is a practical alternative for reducing
the fatigue.

In conclusion, though hospitalization is required at this
time, 24-h infusion of irinotecan combined with a low-
dose, repeated administration of cisplatin achieved a high
response rate and prolonged the survival of patients with
metastatic gastric cancer. This regimen also reduces non-
hematologic adverse reactions and thus shortens the time
in hospital.
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Abstract

AIM: To detect the patients with and without pan-
creaticobiliary maljunction who had pancreatobiliary
reflux with extremely high biliary amylase levels.

METHODS: Ninety-six patients, who had diffuse
thickness (> 3 mm) of the gallbladder wall and were
suspected of having a pancreaticobiliary maljunction
on ultrasonography, were prospectively subjected to
endoscopic retrograde cholangiopancreatography, and
bile in the common bile duct was sampled. Among them,
patients, who had extremely high biliary amylase levels
(>10000 IU/L), underwent cholecystectomy, and the
clinicopathological findings of those patients with and
without pancreaticobiliary maljunction were examined.

RESULTS: Seventeen patients had biliary amylase levels
in the common bile duct above 10000 IU/L, including
11 with pancreaticobiliary maljunction and 6 without
pancreaticobiliary maljunction. The occurrence of
gallbladder carcinoma was 45.5% (5/11) in patients with
pancreaticobiliary maljunction, and 50% (3/6) in those
without pancreaticobiliary maljunction.

CONCLUSION: Pancreatobiliary reflux with extremely
high biliary amylase levels and associated gallbladder
carcinoma could be identified in patients with and
without pancreaticobiliary maljunction, and those
patients might be detected by ultrasonography and bile
sampling.

© 2006 The WIG Press. All rights reserved.

Key words: Amylase; Bile; Gallbladder carcinoma;
Pancreatobiliary reflux; Pancreaticobiliary maljunction;
Diagnosis

Sai JK, Suyama M, Kubokawa Y, Nobukawa B. Gallbladder
carcinoma associated with pancreatobiliary reflux. World J
Gastroentero/ 2006; 12(40): 6527-6530

http://www.wjgnet.com/1007-9327/12/6527.asp

INTRODUCTION

It is well known that pancreatobiliary reflux is an important
risk factor for the carcinogenesis of the biliary system in
patients with pancreaticobiliary maljunction (PBM)™"?,
which is a congenital anomaly defined as an abnormal
union of the common bile duct and pancreatic duct that is
located outside the duodenal wall where a sphincter system
is not present and pancreatic juice freely regurgitates into
the biliary tract through the communication".

Recently, we reported that pancreatobiliary reflux with
extremely high biliary amylase levels can occur not only
in patients with PBM, but also in those without PBM™,
although the latter condition is not well known yet. In
the present study, we tried to detect the patients, who had
pancreatobiliary reflux with extremely high biliary amylase
levels, and examined the clinicopathological findings of
those patients.

MATERIALS AND METHODS

Subjects

Between March 2002 and February 2006, 96 patients,
who had diffuse thickness of the gallbladder
wall above 3 mm and were suspected of having
pancreaticobiliary maljunction on ultrasonography,
were prospectively subjected to endoscopic retrograde
cholangiopancreatography (ERCP). Bile in the common
bile duct was sampled as follows and biliary amylase
levels were measured in those patients. After selective
insertion of an ERCP catheter into the bile duct, bile was
aspirated from the common bile duct at a depth of 5 cm.
To avoid contamination with pancreatic juice, the first 5
mL of the aspirated bile was not used to measure biliary
amylase levels, and another sample of bile was obtained
for the measurement. In all patients, serum amylase was
measured within 48 h before cholecystectomy. Amylase
in the serum and bile was measured by an enzymatic
method using 3-ketobutylidene-2-chloro-4-nitrophenyl-
maltopentaoside (Diacolor Neonate, Toyobo, Osaka,
Japan) as the substrate!. The normal range for serum
amylase in our institution is 130 to 400 IU/L. We defined
extremely high biliary amylase levels as those above
10000 IU/L, and patients with extremely high biliary
amylase levels were indicated for cholecystectomy. Patients
having bile duct stenosis, filling defect in the bile duct,
including choledocholithiasis on ERCP, were excluded
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Age Sex Biliary Common Pathology Depth of GB Choledocal

amylase channel invasion stone cyst
(1u/L) length (mm)

1 56 M 47190 7 Hyperplasia + -

2 69 F 27038 8 Hyperplasia + -

3 63 F 61710 4 Hyperplasia - -

4 53 F 52600 8 ca m - -

5 68 F 84700 9 ca m - -

6 70 E 64260 4 ca ss - -

GB: Gallbladder; m: Tumor invades the mucosa; ss: Tumor invades the subserosa; ca: Adenocarcinoma.
Age Sex Biliary Common Pathology Depth of GB Choledocal

amylase channel invasion stone cyst
(1u/L) length (mm)

1 65 F 12030 18 chr-itis + +

2 74 F 153000 16 chr-itis + =

3 63 M 136400 48 ADM - +

4 34 F 145000 15 Hyperplasia + -

B 46 F 103500 26 Hyperplasia - -

6 40 F 126900 28 Hyperplasia + +

7 47 M 95400 19 ca m - -

8 54 F 132180 27 ca ss - -

9 64 F 177520 24 ca ss - -

10 75 F 26510 20 ca ss - -

11 57 F 21100 19 ca se - -

GB: Gallbladder; m: Tumor invades the mucosa; ss: Tumor invades the subserosa; se: Tumor perforates serosa; chr-it is: Chronic cholecystitis;

ADM: Adenomyomatosis; ca: Adenocarcinoma.

from the present study, because their biliary amylase
levels in the common bile duct would not correctly reflect
pancreatobiliary reflux.

Patients were divided into those with PBM and without
PBM (non-PBM). On ERCP images, the two ducts were
always communicated in PBM patients, but not in non-
PBM patients due to the sphincter contraction. The length
of the common channel was measured on ERCP images
corrected for magnification using the diameter of the
endoscope as a reference.

Informed consent was obtained from all the patients.
The study protocol was approved by the ethics committee
of our institution.

Tissue specimens and histologic analysis

All specimens were fixed in 10% buffered formalin.
The gallbladder tissues embedded in paraffin were cut
into 4-um serial sections, and the gallbladder mucosa
was histologically examined using sections stained
with hematoxylin and eosin (HE). All specimens were
diagnosed based on light microscopic findings. Carcinoma
of the gallbladder was diagnosed according to the criteria
reported by Albores-Saavedra ez al”.

RESULTS

Serum amylase was within 600 IU/L in all patients.

www.wjgnet.com

Among the 96 patients who underwent ERCP, bile
was successfully sampled in 87 patients; four patients
underwent unsuccessful ERCP, two had bile duct stenosis,
three had choledocholithiasis, and these patients were
excluded from the present study. Consequently, 17 patients
had extremely high biliary amylase levels in the common
bile duct above 10000 IU/L, including 11 PBM patients
and 6 non-PBM patients. Among the PBM patients, 4 had
a choledocal cyst. All patients with biliary amylase levels
above 10000 IU/L underwent cholecystectomy. The main
clinical characteristics of PBM and non-PBM patients are
shown in Tables 1 and 2. The occurrence of gallbladder
carcinoma was 45.5% (5/11) in PBM patients, and 50%
(3/6) in non-PBM patients. PBM patients included 1
carcinoma limited within the mucosa, while non-PBM

patients included 2 (Table 1, Figure 1).

DISCUSSION

Gallbladder carcinoma is known to carry a poor
prognosism. It is therefore essential to identify patients at
a high risk for developing gallbladder carcinoma”. The
risk of gallbladder carcinoma associated with PBM is
substantial; it was reported that the occurrence of biliary
cancer in 388 PBM patients without biliary dilatation
was 37.9%, including 93.2% with gallbladder carcinoma
and 6.8% with bile duct cancer, while that in 1239 PBM
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Figure 1 The 52-year old woman who had extremely high biliary amylase level
without pancreaticobiliary maljunction and gallbladder carcinoma limited within
the mucosa. A: Ultrasonography, showing diffuse thickness of the gallbladder
wall above 3 mm; B: ERCP shows no pancreaticobiliary maljunction and common
channel of 7 mm. Biliary amylase levels in the common bile duct was 52 600 IU/L; C:
Gallbladder carcinoma limited within the mucosa (HE, x 40).

patients with choledocal cyst was 10.6%, including
33.6% with extrahepatic bile duct cancer and 64.9% with
gallbladder carcinoma”. Numerous studies have shown
that pancreatobiliary reflux is a major risk factor for biliary
carcinogenesis in patients with PBM; the mixture of bile
and pancreatic juice can induce chronic inflammation and
genetic alterations and increase cellular proliferation of the
biliary tract epithelium, leading to hyperplasia, dysplasia
and ultimately carcinoma of the biliary tract mucosa' "'

Pancreatobiliary reflux with extremely high biliary
amylase levels was also identified in non-PBM patients
in the present study, and 50% of those patients had
gallbladder carcinoma. Furthermore it included gallbladder
carcinoma limited within the mucosa, and thus detection
of pancreatobiliary reflux with extremely high biliary
amylase levels might allow management for gallbladder
carcinoma at an early stage.

In order to identify pancreatobiliary reflux pre-
operatively, secretin-injection magnetic resonance
cholangiopancreatography (MRCP) is an option that has
proved useful as we have previously reported™, although
high amylase levels in the bile sampled during ERCP is
a direct evidence of pancreatobiliary reflux. One of the
characteristic findings of ultrasonography associated with
pancreaticobiliary maljunction was reported as diffuse
thickness of the gallbladder wall above 3 mm, that might
reflect mucosal change associated with pancreatobiliary
reflux including chronic inflammation and increased
cellular proliferation of the gallbladder mucosa'”. In the
present study, ultrasonographic finding also proved useful
to diagnose non-PBM patients with extremely high biliary
amylase levels, although the finding was non-specific and
was seen in other diseases including chronic cholecystitis
with or without gallstone, adenomyomatosis, and liver

. . [13]
cirthosis™.

Table 2 Clinicopathological findings in patients with and

without pancreaticobiliary maljunction

non-PBM PBM
n = 6) n=11)
Age (mean * SD) 63.2+72 541+12
Female (number) 5/6 (83%) 9/11 (82%)
CBD-Amy (mean + SD) IU/L 56250 + 19246 102686 + 57660
Cholecystolithiasis (number) 2/6 (33%) 4/11 (36%)

Length of the common
67+22
3/6 (50%)

23.6+92
5/11 (46%)

channel (mean + SD) mm
Gallbladder carcinoma (number)

PBM: Pancreaticobiliary maljunction; CBD-Amy: Amylase levels in the
common bile duct; SD: Standard deviation.

Reflux of pancreatic juice into the biliary tract is
influenced by the function of Oddi’s sphincter and the
form of the junction of the pancreaticobiliary duct!™¥. One
of the mechanisms of pancreatobiliary reflux in non-PBM
patients could be a long common channel. Actually, 67%
(4/6) of non-PBM patients had a long common channel
mote than 7 mm in the present study. Misra ef a/ reported
that a common channel more than 8 mm in length was
seen more frequently in patients with gallbladder carcinoma
(38%) compared with normal subjects (3%) or patients
with gallstones (1 %), Kamisawa e# a/ also reported that
the occurrence of gallbladder carcinoma in non- PBM
patients with a common channel of more than 6 mm
in length was 12%, being significantly higher than that
in controls"”. They speculated that the longer common
channel could be associated with a higher occurrence and
a more significant degree of pancreatobiliary reflux, which
might be the cause of gallbladder carcinoma, although
they did not measure the biliary amylase levels in their
study. Another mechanism of pancreatobiliary reflux in
non-PBM patients, especially in our two patients with a
common channel of 4 mm, might be the dysfunction of
the sphincter of Oddi, however, the precise mechanism
of pancreatobiliary reflux in non-PBM patients should be
further clarified in future studies.

In conclusion, pancreatobiliary reflux with extremely
high biliary amylase levels and associated gallbladder
carcinoma could be identified in patients with and without
pancreaticobiliary maljunction, and those patients might be
detected by ultrasonography and bile sampling.
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Absitract

AIM: To address the possibility that insulin-like growth
factor (IGF)-1II is a growth factor and its signaling
pathway so as to develop a molecular therapy for
hepatoblastoma.

METHODS: Huh-6 and HepG2, human hepatoblastoma
cell lines, were used. IGF-1II was added to the
medium deprived of serum. Western blot analysis was
performed to clarify the expression of IGF-I receptor
(IGF-IR). Inhibitors of IGF-IR (picropodophyllin, PPP),
phosphatidyl-inositol (PI) 3-kinase (LY294002 and
Wortmannin), or mitogen-activated protein (MAP) kinase
(PD98059) were added to unveil the signaling pathway
of IGF-II. Cells were analyzed morphologically with
hematoxylin-eosin staining to reveal the mechanism of
suppression of cell proliferation.

RESULTS: IGF-1TI stimulated cells proliferated to 2.7
(269% £ 76%) (mean = SD) (Huh-6) and 2.1 (211%
+ 85%) times (HepG2). IGF-IR was expressed in Huh-6
and HepG2. PPP suppressed the cell number to 44% =+
11% (Huh-6) and 39% + 5% (HepG2). LY294002 and
Wortmannin suppressed the cell number to 30% * 5%
(Huh-6), 44% % 0.4% (HepG2), 49% % 1.0% (Huh-6)
and 46% = 1.1% (HepG2), respectively. PD98059
suppressed the cell number to 33% + 11% for HepG2
but not for Huh-6. When cell proliferation was prohibited,
many Huh-6 and HepG2 cells were dead with pyknotic or
fragmented nuclei, suggesting apoptosis.

CONCLUSION: IGF-1I was shown to be a growth factor
of hepatoblastoma via IGF-I receptor and PI3 kinase
which were good candidates for target of molecular
therapy.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Hepatoblastoma (HBL) arises in the liver of infants
younger than 3 years of age!. The growth factor and its
signaling pathway could be revealed so as to develop a
novel molecular therapy for HBL.

Insulin-like growth factor IGF)-1I is a hormone that
plays an important role in fetal growth and development.
IGF-TI is abundantly expressed in fetus, with its
concentration decreasing after birth”, Interestingly, IGF-1I
is detected at high levels in the serum of HBL patientsm.
Moreover, the expression levels of IGF-1I in tumor tissues
are higher than those of surrounding non-tumor tissues
in surgical specimens from HBL patients due to biallelic
expression of the gene by loss of the methylated status of
the promoter'”. These facts indicate that IGF-1I is deeply
involved in the carcinogenesis and progression of HBL.

IGF-TI binds to insulin receptor (IR), IGF-I receptor
(IGF-TR), and IGF-1I receptor”. With the binding of
IGF-1, IR mediates glucose metabolism, such as insulin.
IGF-IIR mediates the degradation of IGF-II, acting
as a tumotr-suppressor gene. It was expected that IGF-
IR mediated the stimulation of proliferation by IGF-
II. Indeed, antibody to IGF-IR successfully suppressed
the proliferation of HepG2'”. Once IGF-T binds to
IGF-IR, the receptor autophosphorylates and activates
phosphatidyl-inositol (PI) 3-kinase or mitogen-activated
protein (MAP) kinase. Further down-stream pathways
modulate the gene expression to perform the role of
IGF-1I.

However, it is not clear whether IGF-II promotes the
cell proliferation of HBL, or the signaling pathway of
IGF-1I to mediate the stimulation of cell proliferation.
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Here, we tried to address the possibility of IGF-
I in HBL as a growth factor. We also tried to clarify its
signaling pathway with inhibitors to signaling pathways,
pursuing a potential application for a molecular therapy.

MATERIALS AND METHODS

Cell culture

Huh-6 and HepG2 hepatoblastoma cell lines, were
purchased from RIKEN Cell Bank (Tsukuba, Japan) and
cultured in Dulbecco’s Minimum Essential Medium (Sigma,
St. Louis, MO) supplemented with 100 g/L fetal bovine
serum (FBS) (Trace Scientific, Melbourne, Australia) in 50
mL/L at 37°C in a humidified chamber. Both cell lines are
IGF-IR positive”. For hematoxylin-cosin (H&E) staining,
cells were spread onto chamber slides.

Cell viability assay

Freshly thawed cells were seeded onto 10 cm dishes (Asahi
Techno Glass, Funabashi, Japan). When they reached
sub-confluence, they were trypsinized, harvested, and
spread onto 96-well flat-bottom plates with (Asahi Techno
Glass) at a density of 1000 cells per well. Following 24
h of culture under DMEM with 100 g/L FBS, medium
was changed to DMEM without FBS to quench the FBS
effects. After 24 h of culture under DMEM without
FBS, IGF-II (Wako Pure Chemicals, Osaka, Japan) was
added to the medium. Seventy-two hours later, 3- (4,
5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium inner salt (MTS) assay was
performed according to the manufacturer’s instructions
(Promega Corporation, Tokyo, Japan). MTS is bioreduced
by cells into a colored formazan product that reduces ab-
sorbance at 490 nm. The absorbance was analyzed with
a multiple plate reader at a wavelength of 490 nm with
a BIO-RAD Model 550 microplate reader (Bio-RAD,
Hercules, CA). When LY290042 (Wako Pure Chemicals),
PD98059 (Wako Pure Chemicals), Wortmannin (Wako
Pure Chemicals), and picropodophyllin (PPP) (Wako Pure
Chemicals) were used, each was added to the medium 30
min prior to the addition of IGF-1I.

Western blot analysis

Twenty microgram of protein isolated from cultured cells
was subjected to sodium dodecyl sulphate polyacrylamide
gel electrophoresis, and transferred to a nylon filter.
Primary antibodies were polyclonal rabbit anti-IGF-IR
antibody (Cell Signaling Technology, Danvers, MA) and
mouse monoclonal anti-Tubulin-a antibody (Lab Vision,
Fremont, CA). Second antibodies were horseradish
peroxidase (HRP)-linked anti-rabbit antibody (Amersham
Bioscience, Tokyo, Japan) and HRP-linked anti-mouse
antibody (Amersham Bioscience). Dilutions were 1:500
for primary antibodies, and 1:1000 for second antibodies.
The filter was reprobed with anti-Tubulin-a antibody.
The specific antigen-antibody complexes were visualized
by enhanced chemiluminescence (GE Healthcare Bio-
Sciences Corp, Piscataway, NJ).

Statistical analysis
Cell proliferation, demonstrated by MTS assay, was
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Figure 1 IGF-1I stimulated proliferation of hepatoblastoma cells. IGF-1I was
added to the medium without serum, followed by MTS assay, a modified method
of MTT assay (°P < 0.05).
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Figure 2 Western blot analysis clearly shows specific bands to IGF-IR. Protein
was isolated 72 h after stimulation with IGF-II (200 pg/L). The same membrane
was reprobed with anti-Tubulin-o antibody to confirm an equal amount of protein
loadings.

analyzed statistically by one-factor analysis of variance.
Statistical analysis was performed with JMP5.0] (SAS
Institute Japan, Tokyo, Japan). P < 0.05 was accepted as
statistically significant.

RESULTS

IGF-11 stimulated proliferation

Huh-6 and HepG2 proliferated as the concentration of
IGF-1II increased (Figure 1). When IGF-1I was 200 pg/L,
cell proliferation of Huh-6 and HepG2 were 2.7 times
(269% £ 76%) (mean £ SD) and 2.1 times (211% % 85%)
higher than those at 0 pg/L of IGF-1I, respectively (P <
0.05, n = 3).

IGF-IR expressed in Huh-6 and HepG2

Western blot analysis was performed to analyze expression
of IGF-IR in Huh-6 and HepG2 since IGF-IR mediates
proliferation activity of IGF-1II. Protein was isolated from
Huh-6 and HepG2 72 h after stimulation with IGF-1I (200
ug/L). IGF-IR was exptessed in Huh-6 and HepG2 (Figure
2). Tubulin-a, was expressed to confirm that equal amount
of protein was loaded (Figure 2).

PPP suppressed the stimulation of IGF- 11
PPP, a selective inhibitor of IGF-IR, was used to show
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Figure 3 PPP was added to the medium 30 min prior to the stimulation with IGF-II
(200 pg/L) and suppressed proliferation of Huh-6 and HepG2 (*P < 0.05).

that IGF-IR mediated the signal of IGF-1I (Figure 3).
PPP at 60 pmol/L suppressed the cell number of Huh-6
and HepG2 stimulated with 200 pg/ L of IGF-1I to 44%
* 10% and 39% £ 5%, respectively (P < 0.05, # = 3).

Stimulation of IGF-11 was suppressed by LY294002 and
Wortmannin

LY294002 and Wortannin, specific inhibitors of PI3
kinase, were used to reveal that PI3 kinase mediated the
signal of IGF-1I (Figure 4). LY294002 at 50 umol/L and
Wortmannin at 200 umol/L suppressed the cell numbers
of Huh-6 and HepG2 stimulated with 200 pg/L of IGF-
I to 30% £ 5% and 44% % 0.4% (Figure 4A) (P < 0.05,
n = 3), and 49% * 1.0% and 46% =* 1.1% (Figure 4B) (P
< 0.05, # = 3), respectively. PD98059, a specific inhibitor
of MAP kinase, was used to clarify whether MAP kinase
mediated the signal of IGF-1I. PD98059 did not suppress
the proliferation of Huh-6 even at 20 pmol/L, while it
suppressed that of HepG2 to 33% % 11%, which was
statistically significant (P < 0.05, » = 3) (Figure 4C).

Suppression of cell proliferation was due to apoptosis

Cultured cells were HE stained to analyze the
morphological change 72 h after addition of inhibitors,
Huh-6 with PPP, .Y294002, and Wortmannin but not with
PD98059 while HepG2 with PPP, 1Y294002, Wortmannin,
and PD98059 (Figure 5). Most of the dead cells had

pyknotic or fragmented nuclei, indicating apoptosis.

DISCUSSION

The existence of a growth factor in HBL has not been
confirmed. It is reported that the expression of IGF-II
is elevated in tumor tissues and serum of HBL patients,
but its exact role is not clear in terms of carcinogenesislsj.
In this study, we demonstrated that IGF-1I stimulated
the proliferation of HBL cell lines. A previous report
showed that IGF-II does not stimulate the proliferation
of HepGZM. They added IGF-II at a concentration of
200 pg/L as well as fetal bovine serum. We added 200

pg/L of IGF-TI to the medium deprived of serum. Serum
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Figure 4 LY294002 or Wortmannin, selective inhibitors of PI3 kinase, or PD98059,
a selective inhibitor of MAP kinase, was added to the medium 30 min prior to the
stimulation with IGF-Il (200 pg/L). LY294002 (A) and Wortmannin (B) suppressed
the proliferation of Huh-6 and HepG while PD98059 suppressed HepG2 (C)
(°P < 0.05).

stimulates the proliferation of HepG2 to obscure the
effect of IGF-1II. Moreover, we analyzed Huh-6, another
human hepatoblastoma cell line, and revealed that IGF-II
stimulated the proliferation of Huh-6". Our data clearly
demonstrated that IGF-1I stimulated the proliferation of
hepatoblastoma cell lines. Interestingly, HepG2 produces
IGF-1 and antisense oligonucleotides of IGF-1I suppress
the proliferation. It may be safe to conclude that IGF-II
acts as a growth factor for HBL by autocrine action'™'"”.
The previous report suggested that IGF-1I stimulates
proliferation #a IGF-IR". Our data clearly showed that
IGF-IR was expressed in Huh-6 and HepG2. Since IGF-IR
mediates proliferation activity of IGF-1I, it was expected

www.wjgnet.com
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IGF-1I (200 pg/L) + +
PPP (60 pmol/L) - +
LY294002 (50 pmol/L) - -
Wortmannin (200 umol/L) - -
PD98059 (20 umol/L) - -

Huh-6

HepG2

Figure 5 Huh-6 and HepG2 dead due to apoptosis. HE staining was performed to analyze morphological changes after addition of inhibitors. Many Huh-6 cells were dead
treated with PPP (60 umol/L), LY294002 (50 pmol/L), or Wortmannin (200 pumol/L) while HepG2 with PPP, LY294002, Wortmannin, or PD98059 (20 umol/L). Most of the
dead cells had pyknotic or fragmented nuclei (arrows), suggesting apoptosis. Areas indicated by arrows were magnified (x 400).

that an inhibitor of IGF-IR suppressed proliferation®,

NVP-AEW541, a tyrosine kinase inhibitor, suppresses
the proliferation of HepG2". We used the commercially
available PPP, another tyrosine kinase inhibitor, and it
successfully suppressed the proliferation of Huh-6 and
HepG2". Our data on HepG2 was consistent with that
of the previous report, and thus was strong evidence that
IGF-TI mediated the signaling pathway of IGF-1II. Since
IGF-IR is not involved in glucose metabolism, an inhibitor
of IGF-TI would be a good candidate for molecular
therapy for hepatoblastoma.

PI3 kinase and MAP kinase are the main downstream
molecules of IGF-TR". It was reported that the
proliferation of HepG2 cells is suppressed by LY294002
and PD98059"% and our results confirmed this. Our
results also showed that LY294002 suppressed the
proliferation of Huh-6, but PD98059 did not. One may
speculate that the stimulation of IGF-1I was transmitted
via P13 kinase and MAP kinase in HepG2, but only via
PI3 kinase in Huh-6. Wortmannin, another inhibitor of
PI3 kinase, suppressed the proliferation of Huh-6 and
HepG2 stimulated by IGF-1I, confirming the results of
LY294002.

MTS assay measured cell viability, representing cell
proliferation. The mechanism of suppression of cell
proliferation, however, was not known. To unveil the
mechanism, morphological analysis was performed with

www.wjgnet.com

HE staining. Many of Huh-6 cells were dead with PPP,
LY294002, and Wortmannin while HepG2 with PPP,
1.Y294002, Wortmannin, and PD98059. Nuclei of dead
cells were pyknotic or fragmented, indicating apoptosis.
It is reported that DNA ladder formation is observed
when HepG2 is treated with LY294002, Wortmannin, or
PDY8059". Tt was suggested that Huh-6 and HepG2 were
dead due to apoptosis when IGF-I signaling pathway was
inhibited. It may be concluded that PI3 kinase would be a
better target than MAP kinase for the molecular therapy
of hepatoblastoma.
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Abstract

AIM: To investigate the role of the polymorphism of p53
codon 72 in early gastric cancer (EGC) and advanced
gastric cancer (AGC) in Korean patients.

METHODS: DNA was extracted from blood samples of
gastric cancer patients (7 = 291) and controls (7 = 216).
In the p53 codon 72 genotypes were determined by
PCR-RFLP.

RESULTS: Patients with gastric cancer had a significantly
higher frequency of the homozygous proline (Pro) allele
than the control (P = 0.032). Patients with AGC had a
significantly higher frequency of the Arg/Arg (arginine)
allele (P = 0.038) than EGC and a similar Pro/Pro allele.
The signet ring cell type had a higher frequency of
the Pro/Pro allele than other types (P = 0.031). The
Pro/Pro genotype carries a 3.9-fold increased risk of
developing gastric cancer (95% CI, 1.3-15.4, 7 = 0.039)
when compared to Arg/Arg and Arg/Pro genotypes and
to develop EGC is a 5.25 fold increased risk (95% CI,
1.8-19.6, P = 0.021).

CONCLUSION: The Pro/Pro genotype of the p53 codon
72 polymorphism carries a higher risk for gastric cancer
in general and is also associated with a much higher risk
for EGC than AGC.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Gastric cancer is one of the most common malignancies
worldwide, although the overall incidence of gastric cancer
has been decreasing over the past few decades. Chronic
H pylori infection and dietary factors, such as those high
in salt or nitrate, and nutritional deficiencies have been
associated with gastric cancer!". Gastric carcinogenesis is
a complex, multistep, and multifactorial process, in which
many factors are implicated. The majority of gastric
cancers are thought to be caused by environmental factors
that result in damage to the mucosa and that inhibit its
ability to repair itself?. This response is regulated, in part,
by inhibitory and stimulatory factors that are products of
proto-oncogenes and tumor supptessor genes' .

TP53 gene, an important tumor suppressor gene,
encoded p33 protein. The p53 tumor suppressor protein
was initially isolated in 1979 as a 53 kDa protein that
was associated with SV 40 large T antigenw. It was a
decade before p53 was recognized as an important tumor
suppressor because of its frequent mutation in human
cancers. A large number of human cancers show the
evidence of inactivation of the p53 pathway, suggesting
that malignant transformation requires reduction or
elimination of p53’s function as “guardian of the genome”.
It is estimated that up to 50% of human cancers carry a
mutation of the p53 gene™.

Germ line polymorphism of genes involved in multiple
steps of carcinogenesis may also account for genetic
difference in stomach cancer susceptibility. The p53
gene is the most intensively studied human gene because
of its role as a central tumor suppressor, and has been
widely studied in gastric cancer. However, although more
than 75% of gastric cancer showed p53 overexpression,
less than 30% had mutation in this genem. The codon
72 polymorphism is located in exon 4 of the p53 gene,
a region involving very few mutations'™. At least two
forms of wild-type p53 protein exist among major human
populations; these forms are ascribed to amino acid
replacement at codon 72 of Arg (CGC) by Pro (CCC) in
the domain of transactivation of the p53 protein, though
the functional difference between them is unknown. Pro
variant allele of this p53 polymorphism has been studied
as a potential risk factor for cancer of the lung, breast,
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and large bowel, with inconsistent results. Shepherd
et al®. examined the relationship between codon 72
polymorphism and their susceptibilities to gastric cancer in
a group of American gastric cancer patients.

In this study, we examined the genotypic frequency
of codon 72 in eatly gastric cancer (EGC) and advanced
gastric cancer (AGC) in 292 Korean patients to investigate
the role of the p53 polymorphism.

MATERIALS AND METHODS

Patients

Two hundred twenty two diagnosed gastric cancers were
recruited from Ewha Womans University Mokdong
Hospital from 2001 to 2005. Their mean age was 56 years
(range, 260-88 years); 171 were males and 121 were females.
Of the 292 patients, 189 (64.7%) showed advanced gastric
cancer, 103 (35.3%) showed early gastric cancer. Two
hundred sixteen controls were randomly selected from
subjects attending routine medical check-ups (mean age
58 years; range 24-85 years; 128 males and 88 females)
who were not affected with stomach cancer by endoscopy.
Their details are presented in Table 1. Blood specimens,
including serum, plasma, and white blood cells, from the
study subjects were also obtained and frozen at -70°C
for subsequent analysis. Informed written consent was
obtained from all the enrolled patients.

DNA extraction

Genomic DNAs were isolated from peripheral whole
blood, 200 uL (which has been treated with EDTA) by a
DNA purifying kit (QIAamp DNA kit Blood Mini Kit,
Qiagen, Germany, Hilden) according to the manufacture’s
instructions.

p53 codon 72 polymorphism

Genotyping of p53 at codon 72 in exon 4 [M22884.
Human phosphoprotein (gi:189467)] was carried out by a
polymerase chain reaction (PCR) amplification procedure
using primers (p53-S: 5-ATC TAC AGT CCC CCT TGC
CG-3 and p53-AS: 5-GCA ACT GAC CGT GCA AGT
CA-3’). The amplification reaction was performed in a 6
uL (0.1 pg/pL) genomic DNA template, 0.1 pl. (10 nmol/
mL) of each primer, 1.6 uL. (5 mmol/L per mL) dNTP,
0.1 uL (0.5 U/pL) Taq polymerase (Promega, Madison,
WI, USA), and 2 pLL of 10X reaction buffer (200 mmol/L
per mL Tris-HCL (pH8.3), 500 mmol/L per mL KCL,
and 30 mmol/L per mL. MgClz). PCR was cattied out by
30 cycles under the following conditions: 1 min at 95°C
for denaturation, 1 min at 62°C for primer annealing, and
1 min at 72°C for primer extension, using the GeneAmp
PCR System 9600 (Applied Biosystem, Foster City, CA).
The PCR product was visualized on a 2% agarose gel by
electrophoresis, followed by ethidium bromide staining,
This generates a 296-base pair fragment. The restriction
enzyme BstUI (10 unit, New England Biolabs, Berverly,
MA) digests (for 3 h at 60°C) within the sequence
corresponding to the Azg codon (CGC) at position 72 to
generate two visible fragments of 169 bp and 127 bp and
leaves the Pro allele uncut (Figure 1).
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Table 1 Demographic characteristics of patients
with stomach cancer (7 = 292)
n
Median age 56 (22 -88)
Gender
Male 171
Female 121
Type of stomach cancer
Early cancer (EGC) 103
Advanced cancer (AGC) 189
Codon 72 polymorphism
Arg/Arg 101
Arg/Pro 126
Pro/Pro 65
Laurence classification
Intestinal type 140
Diffuse type 152
Differentiation
Well/Moderate 114
Poor 132
Signet ring cell 46
1 2 3 4 5 6 7 8 9 10 11 12 M
<— 296 bp
R T, | <— 169 bp

Ll
ul—!i—tl—iﬁn—-‘—-'--i-lr'-—': 127 bp

Figure 1 Restriction fragment length polymorphism of PCR-amplified fragment by
BstUI. The Lane 1-3 showed only a single undigested band at 296 bp (homozygote
of Pro), the fragment from lane 4-7 gave two bands at 169 and 127 bp (homozygote
of Arg), while the fragment from lane 8-12 showed three bands at 296, 169 and
127 bp (heterozygote of Arg/Pro). M was a DNA marker.

Statistical analysis

Frequency tables were constructed using the SPSS (11.0
version) statistical package with statistical significance using
the ¥ test. The odd ratios and 95% Confidence interval (CI)
were calculated as an approximation of relative risk and
adjusted for confounding factors such as age and gender
using a logistic regression model.

RESULTS

Distribution of the three genotypes of the p53 gene
We determined the frequency of the three phenotypes
of the p53 gene in the patients with stomach cancer and
controls (Table 2). Genotypes Arg/ Arg, Arg/Pro, and
Pro/ Pro were found 41.2%, 47.7%, and 11.1% in individual
controls and 34.5%, 43.1%, and 22.3% in the patients of
stomach cancer, respectively. Distribution patterns of the
germ line p53 polymorphism of the patients with stomach
cancer included EGC and AGC showed in Table 2. We
observed a dramatically increased frequency of Pro/Pro
allelotype in stomach cancer patient, especially in the
patients of EGC.

A logistic regression analysis suggests that the
homozygous 72 Pro genotype carries a 3.9-fold increased
risk of developing gastric cancer (95% CI, 1.3-154, P =
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n Arg/Arg (%) Arg/Pro (%)  Pro/Pro (%)

Control 216 89/216 (412) 103/216 (47.7) 24/216 (11.1)
Stomach cancer 292 101/292 (345) 126/292 (43.1) 65/292 (22.3)"
AGC 189 75/189 (39.7)°  76/189 (39.9) 38/189 (20.4)°

EGC 103 26/103 (25.8)  50/103 (48.1) 27/103 (26.1)%

P = 0.032, control vs stomach cance; °P = 0.029, control vs AGC; P = 0.027,
control vs EGC; “P = 0.038, AGC vs EGC; 'OR = 3.9 (95% CI, 1.3-15.4, P =
0.039); OR =5.25 (95% CI, 1.8-19.6, P = 0.021); OR: Odd ratio; CI: Confidence
interval.

0.039) when compated to Arg homozygous and Arg/Pro
heterozygous. The risk for 72 Pro homozygous patients to
develop early gastric cancer is 5.35 (95% CI, 1.8-19.6, P =
0.021).

p53 polymorphism and histology grading of stomach
cancer

We examined the frequency difference in each genotype of
53 by histological type of all stomach cancers. Germ line
P53 polymorphism was associated with stomach cancer,
especially the signet ring cell type of adenocarcinoma
(P = 0.031, Table 2). There was no relationship between
patient gender, tumor stage, the depth of invasion in the
wall, histologic type of cancer (Laurence classification:
intestinal and diffuse types) and the distribution of codon
72 genotypes.

DISCUSSION

The identification of genes involved in cancer
development is critical for uncovering the molecular basis
of cancer. The p53 tumor suppressor protein is essential in
the control of cell growth, apoptosis and the maintenance
of genomic stability. Loss of p53 function caused by
genomic alterations or interaction with environmental and
bacterial products has been suggested as a critical step in
multistage human carcinogenesis[9J .

The p53 gene consists of 11 exons; exons 2-11 code
for the protein of 393 aminoacids. The majority of
53 mutations identified have been found in exons 5-8.
However, mutations outside exons 5-8 may occur and they
were chiefly observed in exons 4 and 10", At least 10
different polymorphisms have been detected in the human
genomic p53lm. The functional significance of these
polymorphisms is currently unknown. The hypothesized
relationship between the codon 72 p53 polymorphism
and cancer susceptibility dose not have any mechanistic
basis. The Pro variant allele of the p53 polymorphism at
codon 72 may not directly affect the p53 function. It may
be in linkage disequilibrium with an as-yet-unidentified
functional polymorphism. However, the single-codon
difference of the p53 gene has been demonstrated to result
in structurally different proteinsm. The polymorphism is
localized within a region of polypeptide that was lacking
in a deletion mutant of mouse p53 that had an enhanced
ability to immortalize primary rat cells™*",

In a literature review, there was little report about
investigation of p53 gene polymorphism between AGC

www.wjgnet.com

Histopathological P53 genotypes
classification () Arg/Arg Arg/Pro Pro/Pro
Control (216) 89/216(412)  103/216(47.7) 24/216(11.1)
Differentiation
Well to poorly (246)  88/292 (30.1)  151/292 (51.7) 53/292 (18.2)
Signetring cell (46)  17/46 (37.0)  11/46 (23.0) 18/46 (39.1)*"
Tumor histologic type
Intestinal type (140)  48/140 (34.2)  60/140 (42.8) 31/140 (22.1)
Diffuse type (152) 53/152 (34.8)  66/152 (43.4) 34/152 (22.4)

°P = 0.031, Well to poorly differentiation vs Signet ring cell; "P = 0.019,
Control vs Signet ring cell.

and EGC comparing with control. We have observed that
TP53 codon 72 genotype in stomach cancer and control
subjects. Our data further suggest that a p53 genetic
polymorphism was associated with the susceptibility for
stomach cancer, especially advanced stomach cancer.

There were several studies conducted to investigate
the association between the codon 72 p53 polymorphism
and lung cancer or gastric cancer. The risk increased
approximately twofold for smoking-related lung cancer
among individuals carrying the Pro/Pro genotype
compared with those with other genotypes of the codon
72 p53 polymorphismw)‘m]. A recent study in the patients
of gastric cancer showed the significant difference from
healthy control, with 48.6% .4rg/ Arg and 3.6% Pro/Pro in
gastric cancer patients compared with 41.5% and 10.9% in
healthy controls'”. They showed an increased frequency
of Arg/ Arg genotype in cancer patients at age 75 or more
than at a younger age. They suggested the prognosis in
patients with Pro allele (proline homozygote or Pro/ Arg
heterozygotes) was worse than that those with Arg/ Arg
genotype. They also showed that preferential frequency of
codon 72 Arg p53 acts as a survival factor in gastric cancer
patients who have homozygous Arg alleles which confer a
late start of gastric cancer when compared with those with
the Pro allele.

In this study we found that the distribution of
genotypes had significant difference between the patients
of stomach cancer and controls, with 34.5% Arg/ Arg and
22.3% Pro/Pro in stomach cancer patients compared with
41.2% and 11.1% in controls (P = 0.032). We observed a
significantly higher distribution of Pro/Pro genotype in the
patient with stomach cancer, especially in the patients with
EGC than control. Also in compatison between AGC and
EGQC, the frequency of Arg/ Arg genotype was higher than
the frequency of AGC, statistically (P = 0.038).

The reason for the tissue-specific difference of the
germ line p53 polymorphism was unknown, though an
association with histopathologic grading was suggested
for gastric cancer”. In this study, we divided two groups
whether signet ring cell type or not. Generally, we knew
that the stomach cancer with signet ring type was highly
malignant and had worse prognosis than other cell types.
There was statistically significant difference that the
patients with signet ring cell type had a higher ratio of
Pro/ Pro genotype than non-signet ring cell type (P = 0.031,
Table 3). So the association with histopathologic grading
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may suggest that germ line p53 polymorphism is involved
in survival as a clinical prognostic factor as well as cancer
susceptibility. Further studies are needed to examine this
possibility.

There were several explanations about the role of
different genotypes. First, transcriptional properties are
different. It has been shown that the Arg/Arg and Pro/
Pro variants differ in binding activity at transcription, to
activate transcription, and to induce apoptosis or cell
cycle arrest™. The p53 Arg/ Arg variant induces apoptosis
with faster kinetics more efficiently than the p53 Pro/Pro
variant and the p53 Arg/ Arg variant is a better inducer of
transcription”. Namely, if there was a high proportion
of Arg/Arg genotype in stomach cancer, it induced the
efficient apoptosis or cell cycle arrest, and then it could be
better prognosis. Second, wild-type p53 protein is rapidly
degraded, and has a short half-life and low intracellular
levels. Stabilization of the protein following an appropriate
stimulus such as DNA damage is a physical regulation to
increase function”. Different structure of p53 proteins
resulting from a substitution of Pro for Arg at codon 72
may have different functions in the responsiveness to
different stimuli caused by diverse carcinogens such as
H pylori, dietary, or nutritional deficiency. The reaction
of Pro genotype and various carcinogens may have
more carcinogenic properties. H pylori is the well-known
cause of chronic gastritis, gastro-duodenal ulcer, and
gastric cancer. Some reports studied the relationship
between p53 polymorphism and H pyleri and found the
genotypic frequency of p53 was similar between cases
and controls”"*. We cannot confirm results of H pylori
status of all patients with stomach cancer in this study, we
cannot represent the relationship between H pylori and p53
polymorphism.

In conclusion, the Pro/Pro genotype of the p53 codon
72 polymorphism carries a higher risk for gastric cancer in
general (3.9-fold) and is also associated with a higher risk
for EGC (5.25-fold) than AGC. Although this finding is
provocative, it should be considered preliminary because
of the limited sample size. Cleatly, a well-designed follow-
up study with a larger number of samples is needed to
confirm these findings.
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Abstract

AIM: To determine the genotypes in Mexican hepatitis B
virus (HBV) isolates and characterize their precore and
core promoter mutations.

METHODS: Forty-nine HBV isolates of Mexico obtained
from sera of 15 hepatitis patients, 6 hemodialysis pa-
tients, 20 men seeking HIV testing, and 8 AIDS patients
were analyzed. HBV isolates were amplified by PCR,
and genotyped by line probe assay (INNO-LiPA HBV
Genotyping; INNOGENETICS N V, Ghent, Belgium).
HBV genotype confirmation was performed by DNA
sequencing part of the sAg region. Precore and core pro-
moter mutation characterization was performed by line
probe assay (INNO-LiPA HBV PreCore; INNOGENETICS N
V, Ghent, Belgium).

RESULTS: Overall, HBV genotype H was found in 37
(75.5%) out of the 49 isolates studied. HBV genotypes
G, A, and D were found in 5 (10.2%), 4 (8.2%), and 3
(6.1%) isolates, respectively. HBV genotype H was pre-
dominant in isolates from hemodialysis patients (100%),
hepatitis patients (80%), and men seeking HIV test-
ing (75%), and accounted for half of infections in AIDS
patients (50%). Six (12.2%) out of the 49 HBV isolates
showed both wild type and mutant populations at pre-
core codon 28. These mixed wild type and precore mu-
tant populations were observed in one HBV genotype A
isolate and in all HBV genotype G isolates. A dual variant
core promoter mutation was observed in 1 (2%) of the
isolates, which was genotype H.

CONCLUSION: HBV genotype H is highly predominant

in HBV isolates of Mexico followed by genotypes G, A
and D. A low frequency of precore and core promoter

www.wjgnet.com

mutations is observed in HBV Mexican isolates.
© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Hepatitis B virus (HBV) is an important cause of
morbidity and mortality worldwide. It is estimated that
2 billion people are infected with HBV and 350 million
individuals suffer from chronic HBV infection in the
world"?. Chronic HBV infection may lead to hepatic
fibrosis, cirrhosis and hepatocellular carcinoma (HCO)Y,
In addition, HBV infection is the 10" leading cause of
death worldwide!". HBV is a hepadnavirus that possesses a
double stranded DNA genomew. The genetic organization
of HBV has been described elsewhere!. Briefly, HBV
genome consists of four partly overlapping open reading
frames: § that encodes for envelope proteins (HBsAg), C
for core protein (HBcAg) and e antigen (HBeAg), P for
polymerase protein and X for transcriptional transactivator
protein, Based on sequence divergence of the entire
genome of > 8%, HBV genomes have been classified
into 8 genotypes designated A to H" %, The distribution
of HBV genotypes is geographically restricted. In the
American continent, HBV genotypes A and C are common
in the USA", while genotype F is predominant in Central
American countries”. In Europe, HBV genotype D is
prevalent in Mediterranean Europe!'”, while genotype A is
frequent in Northwest Europe“”. In the African continent,
HBV genotype E is common in the Sub-Saharan Africa'”,
and genotype A in South Africa™. In the Asian continent,
HBYV genotypes B and C predominate in south east
countries"' while genotype D is prevalent in central
Asia”. Reports indicate that HBV genotypes are related
with the severity of liver disease. HBV genotype C has
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been associated with the development of liver cirrhosis
and hepatocellular carcinoma'*'**". Tn addition, HBV
genotypes are related with the response to antiviral therapy.
Asian studies have shown that compared to HBV genotype
B, genotype C has a lower response to interferon alpha
(IFN-q) therapy™®!. A recent European randomized trial
showed that patients infected with HBV genotypes A and
B respond significantly better to pegylated IFN-q-2b alone
or in combination with lamivudine than patients infected
with HBV genotypes C and D*. Mutations in the precore
and core promoter regions of HBV have been also related
with genotypes. Precore and core promoter mutations have
been observed mainly in HBV genotypes D and B®?, as
well as A and C*** respectively.

Little is known about the molecular epidemiology of
HBYV in Mexico. A previous study on HBV genotypes
published in 1998 showed that HBV genotype F is
predominant in Mexico™". However, more recently it was
discovered that HBV genotype F is divergent”, to the
extent that a new genotype is split off from genotype F,
this new genotype has been designated as HBV genotype
H". Thus some divergent strains formerly classified
as HBV genotype F could now be classified as HBV
genotype H. Therefore, in order to obtain an updated
classification we sought to determine the HBV genotypes
and characterize the precore and core promoter mutations
in HBV isolates of Mexico.

MATERIALS AND METHODS

HBV isolates

Forty-nine HBV isolates of Mexico were analyzed. HBV
isolates wete obtained from serum samples of 15 hepatitis
patients, 6 hemodialysis patients, 20 men seeking HIV
antibody testing, and 8 AIDS patients. All samples were
collected in Mexico City and Guadalajara City; both cities
are located in central Mexico. Participants were of Mestizo
cthnicity. All samples were HBsAg positive. HBeAg, anti-
HBe, and HBV DNA levels were not determined. Men
secking HIV antibody testing came from a high risk
population for sexually transmitted infection acquisition.
Seropositivity for anti-HBc among them (30.4%) was
associated to men who had sex with men exclusively and
seropositivity for both HIV and herpes simplex virus
type 27,

HBYV DNA detection and genotyping

HBV DNA was extracted from 200 pL of serum by
using the high pure PCR template preparation kit (Roche
Applied Science, Penzberg, Germany) as recommended
by the manufacturer. HBV DNA was amplified with HBV
pol gene domain B and C primers (INNO-LiPA HBV DR
amplification, INNOGENETICS N. V., Ghent, Belgium)
by nested PCR as described in the product insert. Primer
sequences were used as previously described™. PCR
conditions were as follows: 40 cycles at 94°C for 30 s,
at 45°C for 30 s and at 72°C for 30 s. HBV genotyping
was performed by INNO-LiPA HBV genotyping
(INNOGENETICS N. V., Ghent, Belgium) following the

manufacturet’s instructions.

Sequence analysis was done directly on the second
round PCR products using the big dye terminator V3.1
cycle sequencing kit of Applied Biosystems. Sequencing
PCR was performed for 25 cycles (at 95C for 10 s, at
50°C for 55, at 60°C for 4 min) and purified on a sephadex
column. Three uL dextran blue/deionised formamide
loading buffer was added to the dried pellet and 1 pL
was then loaded on a 4.5% acrylamide slab gel. After
electrophoresis of 14 h on the automated sequencer
ABI377, data analysis was done using software sequencher
4.1.2.

HBY precore and core promoter mutation characterization
HBV DNA was additionally amplified with basal core
promoter and precore primers (INNO-LiPA HBV PreCore
amplification, INNOGENETICS N. V., Ghent, Belgium)
by nested PCR as recommended by the manufacturer.
Primer sequences were used as previously described .
PCR conditions were as follows: 40 cycles at 94°C for 30 s,
at 50°C for 30 s and at 72°C for 30 s. Characterization of
precore mutations was performed by INNO-LiPA HBV
precore (INNOGENETICS N. V., Ghent, Belgium)
according to the manufacturer’s instructions. This method
could identify nucleotide polymorphism at nt 1762 and nt
1764 in the basal core g]rornoter and at codon 28 in the

precore region of HBV™,

RESULTS

HBYV genotyping by INNO-LiPA

For all the 49 HBYV isolates, INNO-LiPA HBV genotyping
assay was able to provide a genotype result. HBV genotype
H was found in 36 (73.5%) out of the 49 isolates studied,
while HBV genotypes G, A, D and F were found in
5 (10.2%), 4 (8.2%), 3 (6.1%) and 1 (2.0%) isolates,

respectively.

HBV genotyping by DNA sequencing

Thirty-two out of the 36 isolates of HBV genotype H, all
5 isolates of genotype G, and only 1 isolate of genotype
F genotyped by INNO-LiPA were selected for DNA
sequencing confirmation. All 32 isolates of genotype
H and all 5 isolates of genotype G were confirmed by
phylogenetic analysis of the HBsAg sequences. However,
sequencing and subsequent phylogenetic analysis of the
HBV genotype F showed a genotype H. This was caused
by a single nucleotide mismatch with the probe on line
11 of the INNO-LiPA HBYV genotyping, abolishing
the reaction with this probe. This in turn led to a single
reactivity with the genotype I probe on line 15. When we
compared the HBV genotype H sequences obtained in
this study with other published sequences by means of
the phylogenetic program PHYLIP, we found that our
sequences formed two separate branches within genotype
H (Figure 1).

Thus, the final adjusted prevalences of HBV genotypes
were 37 isolates (75.5%) of genotype H, 5 isolates (10.2%)
of genotype G, 4 isolates (8.2%) of genotype A, and 3
isolates (6.1%) of genotype D. HBV genotype H was
predominant in the hepatitis patients, men seeking HIV

www.wjgnet.com
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Figure1 Phylogenetic tree constructed with HBV sequences representative of
the eight major genotypes, established using neighbor joining based on Kimura 2
parameter method. The three HBV genotype H sequences obtained in this study
are shown and have been assigned as 1G94107 (Genbank accession number:
DQ990454), 1G94109 (Genbank accession number: DQ990455) and 1G94177
(Genbank accession number: DQ990456).

Group of n Genotypes, 71 (%)

subjects A D G H
Hepatitis

patients 15 1(6.7) 2(133) 0 12 (80)
Men seeking

HIV testing 20 3 (15) 1(5) 15 15 (75)
AIDS

Patients 8 0 0 4 (50) 4 (50)
Hemodialysis

patients 6 0 0 0 6 (100)
Total 49 4(8.2) 3(6.1) 5(10.2) 37 (75.5)

testing, and hemodialysis patients, and accounted for half
of infections in AIDS patients (Table 1). Since the number
of HBV isolates analyzed in some groups was very small,
we were unable to provide statistical evidence for the
distribution of HBV genotypes within the groups.

HBV precore mutations

In the precore region, 41 (83.7%) isolates showed wild
type (G) sequence at nucleotide 1896, 6 (12.2%) had a
mixture of wild type and GisssA mutation, and 2 had an
indeterminate sequence (Table 2). Mixed wild type and
precore mutant populations were observed in only one
isolate of HBV genotype A but in all isolates of HBV
genotype G. Statistical analysis showed that the frequency
of mixed wild type and precore mutant populations was
significantly higher (P = 0.04) in isolates of HBV genotype
G than in isolates of HBV genotype A. Mixed wild type
and precore mutant populations were observed in 10%

www.wjgnet.com

Region and variant 77 (%) Genotypes
A D G H
n =4)@m = 3)@m = 5 (n = 37)

Precore (nt 1896)

Wild type (G) 41 (83.7) 3 2 36

Wild type + 6(12.2) 1 5

variant (G + A)

Indeterminate 2(4.1) 1 1
Core promoter (nt 1762 and 1764)

Wild type (AG) 44 (89.8) 4 2 5 B8

Dual variant (TA) 1 (2) 1

Indeterminate 4(8.2) 1 3

of isolates from men seeking HIV testing and in 50% of
isolates from AIDS patients only. The frequency of these
mixed wild type and precore mutant populations in AIDS
patients was significantly higher than that in isolates from
hepatitis patients (P = 0.007), and men secking HIV testing
(P = 0.03). This frequency of mixed wild type and precore
mutant populations in AIDS patients was also higher but
not statistically significant (P = 0.06) than that in isolates
from hemodialysis patients.

In the core promoter region, 44 (89.8%) isolates
had wild type sequence (A at nucleotide 1762 and G at
nucleotide 1764), 1 (2%) showed the classical dual variant
(A1762T, G1764A), and 4 (8.2%) had an indeterminate
sequence. The only one dual variant was found in a sample
of a hepatitis patient infected with HBV genotype H. For
its part, all 4 samples with indeterminate sequences were
found in hepatitis patients too. Three of them were found
in isolates of HBV genotype H, and in one isolate of HBV
genotype D.

DISCUSSION

In this work, we found a predominant frequency of
HBYV genotype H in Mexican isolates. The extremely
high frequency of this HBV genotype H in Mexico has
not been reported before. A previous study in Mexican
isolates from blood donors and patients with liver disease
showed infections with only 3 HBV genotypes: A, D and
F in both populations”. Nevertheless, in the present
study we have found 4 HBV genotypes. It was known
that HBV genotype F was predominant in Mexico P but
also it was observed that the predominant genotype F in
Mexico is divergentm. These results contrast with those
found in the present study since HBV genotype H was
predominant whilst HBV genotype F was not present
anymore. Genotype H which was discovered recently is
closely related with genotype F, while genotype H is most
likely split off from genotype F". Therefore, a number of
HBYV isolates previously classified as genotype F are now
classified as genotype H. Thus, it explains the remarkable
change in HBV genotype distribution in Mexico with
a predominant circulation of genotype H. The high
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frequency of HBV genotype H in this study is the highest
reported worldwide. Indeed, this genotype has been
rarely found or not reported at all in most countries” ™,
HBV genotype H has been found only in HBV isolates
of Nicaragua, Mexico, USA™"and Japan®. In our
study, HBV genotype H was predominant in the hepatitis
patients, men seeking HIV testing, and hemodialysis
patients. In addition, genotype H was responsible of 50%
of infections in AIDS patients. Reports on genotypes
found in hepatitis patients from other countries remark
the differences in geographical distribution of HBV
genotypes in the world. In the USA and other countries a
high frequency of HBV genotype B and C has been found
in hepatitis patients"™", HBV genotypes B and C have
been linked to Asian ethnicity”*, and the absence of these
genotypes in our populations studied reflects the absence
of HBV isolates of Asian origin. Frequencies of HBV
genotypes found in men secking HIV antibody testing are
difficult to compare since there are not further reports for
the comparison. Concerning hemodialysis patients, HBV
genotype H was responsible for all infections in our study.
This prevalence is clearly different from those found in
hemodialysis patients of other countries. For instance, in
a Turkish study all isolates of hemodialysis patients were
genotype D" in an Indonesian study all isolates were
genotype B™, and in a Brazilian study genotypes A and D
were the most frequently found™. These HBV genotypes
reported in hemodialysis patients certainly reflect the
predominant HBV genotypes found in their respective
countries. For its part, HBV genotype G is responsible
for half of infections in AIDS patients. HBV genotype
G has been discovered in USA and France isolates by
Stuyver e# al*”. Interestingly, all HBV genotype G isolates
were found as single isolates (no co-infections) in our
study. This finding is unexpected, since HBV genotype G
is frequently found as a co-infection with HBV genotype
A The HBV genotype frequencies in AIDS patients
found in our study differ substantially from those found
in a Spanish study where researchers found a predominant
HBYV genotype A followed by genotype D among the
AIDS patients studied™. The low frequency of precore
mutants in Mexican isolates found in the present study
confirms a previous observation. In addition, this
frequency of precore mutations contrasts with a higher
frequency observed in the USA and Hong Kong ™"
The distribution of precore mutations in HBV genotypes
found in the present study differs substantially from those
found in other studies. While other researchers have found
precore mutations in HBV genotypes B, C**!! and D7,
we have found the mutations only in HBV genotypes
G and A, being mutations largely predominant in HBV
genotype G (all HBV genotype G isolates in this study).
The existence of precore mutations in HBV genotype G
has been reported in patients chronically infected with
HBV™!. Remarkably, all mutated HBV genotype G isolates
in this study came from samples of AIDS patients and
one of the men secking HIV testing, No similar findings
are reported in AIDS patients. Concerning mutations in
the core promoter region, it is remarkable that the classical
dual vatiant (Avre2T, GrresA), and indeterminate sequences
were observed only in hepatitis patients. The prevalence

of cote promoter mutations and its distribution in HBV
genotypes found in this study also differ from those
reported in other countries. A large study with Hong
Kong and USA samples showed that the frequency of
dual variant is 20% and 30.2%, respectively™, which is
significantly higher than that found in our study. HBV core
promoter mutations have been found in HBV genotypes
A, B C and D¥*. Nevertheless, these mutations were
found mainly in HBV genotype H followed by HBV
genotype D in the present study. Indeterminate sequences
in precore and core promoter regions as well as the
change in genotype F in LiPA to genotype H found in the
Mexican isolates are most probably due to mismatching
of the sequences with the probes used. A single mismatch
is sufficient to abolish hybridization to a probe under the
conditions of the assay as previously described™ .

The INNO-LiPA HBV genotyping and precore assays
have proved to be rapid, sensitive and reliable for the
detection of HBV genotypes and precore promotot/
precore mutations.

The genetic vatiability of HBV has implications on the
sensitivity of immunologic and molecular based assays".
In addition, HBV genotyping has shown its utility not only
in epidemiology studies but also in predicting prognosis
and therapeutic response®™*”,

In conclusion, HBV circulates in at least 4 different
genotypes in Mexico. HBV genotype H is highly
predominant in HBV isolates of Mexico followed
by genotypes G, A and D. The frequency of precore
mutations in Mexican HBV isolates is low and associated
mainly with HBV genotype G. Core promoter mutations
seem to be rare in HBV isolates of Mexico.
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Abstract

AIM: To determine the prevalence of celiac disease in a
group of volunteer blood donors at a blood bank in the
city of Curitiba, Brazil through detection of the serum
marker immunoglobulin A (IgA) antitransglutaminase an-
tibody.

METHODS: Blood samples collected from 2086 healthy
subjects at the Parana State Center for Hematology
and Hemotherapy in Curitiba were submitted to ELISA
testing for the IgA antitransglutaminase antibody.
Positive samples received IgA antiendomysium antibody
test through indirect immunofluorescence using human
umbilical cord as substrate. Subsequently, patients who
were positive on both tests underwent small bowel (distal
duodenum) biopsy.

RESULTS: Six subjects, four males and two females,
tested positive for the two serum markers. Five of the
six were submitted to intestinal biopsy (one declined the
procedure). Biopsy results revealed changes in the distal
duodenum mucosa (three classified as Marsh IlIb lesions
and two as Marsh 1 lesions). Most donors diagnosed
having celiac disease presented multiple symptoms
(gastrointestinal tract complaints). One donor reported
having a family history of celiac disease (in a niece).

CONCLUSION: Among apparently healthy blood donors,
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the prevalence of biopsy-confirmed celiac disease was
approximately 1:417, similar to that seen in European
countries.
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INTRODUCTION

Celiac disease (CD) is a chronic disease that affects
genetically susceptible individuals and is characterized
by permanent intolerance to gluten and other related
proteins, causing nonspecific, characteristic lesions in the
small bowel mucosa'. These lesions prevent nutrient
absorption in the affected area. Treatment involves a strict
gluten-free diet (elimination of products containing wheat,
barley, rye and probably oats). Clinical manifestations of
CD are protean in nature and vary markedly with the age
of the patient, the duration and extent of disease, and
the presence of extraintestinal pathologic conditions. In
addition to the classical gastrointestinal form, a variety
of other clinical manifestations of the disease have been
described, including atypical and asymptomatic forms'”.

Serologic tests developed over the past decades provide
noninvasive tools for screening individuals at risk for the
disease in both general and selected populations. However,
for diagnosis of CD, it is necessary to perform histological
evaluation in order to confirm intestinal damage in
individuals presenting positive exam results.

Initially, the disease was considered a low-prevalence
disorder and, consequently, diagnosis was based on clinical
findings alone. Most prevalence studies of the disease have
been carried out in European countries and have evaluated
the prevalence based on symptomatic cases. Therefore,
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atypical and asymptomatic cases were frequently
misdiagnosed. Currently, prevalence is higher due to the
availability of reliable, easily administered serologic tests
of high sensitivity and specificity.

In CD patients, a wide variety of clinical manifestations
are seen, and the disease may be seen in conjunction with
other diseases. Therefore, as well as being important tools
for prevalence studies, serologic tests (performed prior
to the mandatory intestinal biopsy used for diagnosis
confirmation) have become important markers for the
disease®.

Studies carried out in Europe, USA and Brazil in order
to investigate the prevalence of CD have shown that
the prevalence of the disease is considerably higher than
previously presumed. Recent studies of serum markers
in blood donors have shown a prevalence of 1 to 250 in
Sweden'™ 1 to 524 in Denmark, 1 to 333 in Holland'”,
1 to 157 in Israel” and 1 to 250 in the USA™. The first
Brazilian epidemiologic study using serum markers was
published in 2000 and showed the prevalence of CD to
be 1 to 681 among blood donors in the national capital of
Brasilia"”.

In order to get further insight into the prevalence of
CD in Brazil and to evaluate the influence of genetic
and environmental predisposition, we chose the city of
Curitiba (in the state of Parana). The city is located in the
southern part of Brazil, and its population is of mostly
European ancestry. Eating habits in Curitiba ate similar to
those seen in the countries of origin, and the diet features
a significant wheat component. We decided to evaluate
the epidemiology of CD in blood donors at a blood
bank and to simultaneously analyze the ethnic profile of
these donors. To that end, we used serum markers and
conducted a genealogical study.

MATERIALS AND METHODS

Subjects

We analyzed 2086 serum samples collected from healthy
donors at the Parana State Center for Hematology and
Hemotherapy in Curitiba from January to December 2001,
regardless of gender. Donor ages ranged from 20 to 62
(mean, 33 years). The Ethics Committee of the University
of Sdo Paulo School of Medicine Hospital das Clinicas
and the Ethics Committee of the Parana State Center for
Hematology and Hemotherapy approved the study. Donors
gave written informed consent and answered a standardized
questionnaire on demographics and health. No significant
disease was diagnosed, and all serologic tests for human
immunodeficiency virus (HIV), hepatitis B, hepatitis C, and
alanine transaminase were normal. Serum samples were
centrifuged and stored at -80°C after serologic tests.

Methods

Serologic tests were performed in three University of Sio
Paulo School of Medicine Medical Investigation Laboratories
(LIM), LIM 06, LIM 07 and LIM 56. Samples positive
for IgA antitissue transglutaminase (anti-tT'G) by enzyme-
linked immunosorbent assay (ELISA) were submitted
to an immunofluorescence test for IgA antiendomysium

antibody (EMA) using human umbilical cord as substrate.
Each patient positive for both IgA antitTG and IgA EMA
underwent small bowel (distal duodenum) endoscopic
biopsy in which four samples were collected. This is the
classical procedure accepted by the European Society of
Pediatric Gastroenterology and Nutrition (ESPGAN)" for
confirmation of a diagnosis of CD.

Anti-tissue transglutaminase antibody test

Technique carried out in accordance with the method de-
scribed by Dieterich ez a/'': Microplates (96 wells; Corning,
New York, NY, USA) were coated with 1 ug of guinea pig
liver tTG (T 5398; Sigma, St. Louis, MO, USA) per well
(activity: 1.5-3 KU/g of protein) in 100 uL Tris-HCI (50
mmol/L); NaCl (150 mmol/L) and CaClz (5 mmol/L), pH
7.5, and incubated at 37°C for 2 h. The wells were exten-
sively rinsed in an Immunowash microplate washer (Bio-
Rad, Hercules, CA, USA) in Tris-HCl (50 mmol/L), NaCl
(150 mmol/L), EDTA (10 mmol/L) and Tween 20 (1
g/L), pH 7.4, and the microplates were incubated in wash-
ing buffer (100 pIL/well) at 4°C overnight. The microplate
solution was aspirated; serum samples were diluted (1/100)
in washing buffer, poured into the respective wells (100
ulL/well) and incubated for one hour at room temperature.
After rinsing the plates (3 times), peroxidase-conjugated
IgA-o antibody (A 0295, Sigma), diluted (1/1000) in wash-
ing buffer (100 pL/well), was added to the wells, which
were then incubated at room temperature for one hour.
Extensive rinsing eliminated unbound antibodies. The
tetramethylbenzidine substrate (100 plL/well) promoted
the color reaction. Microplates were placed in the dark
for approximately 10 min, and subsequently blocked with
0.5 mol/L H2SO4 (50 pl./well). Absorbance values were
read at 450 nm using an ELISA reader (VERSAmax tun-
able microplate reader; Molecular Devices, Sunnyvale, CA,
USA). After subtraction of background values < 0.100,
absorbance (A) readings were multiplied by the serum
dilution in order to calculate the ELISA titers. With the in-
clusion of two control serum samples in every test, intra-
assay variations (# = 22) and inter-assay variations (# = 24)
were 8.68% and 8.38%, respectively. Statistical evaluation
was carried out through receiver operator characteristic
(ROC) curve analysis'” using SPSS” software.

Antiendomysium antibody test

Immunofluorescence tests for antiendomysium antibodies
were carried out using 2 pum cryosections of human umbilical
cord, which were incubated with patient serum prediluted
(inidal dilution = 1:5) in buffer (PBS and 1 g/L Tween 80,
pH 7.2), in a humid chamber at 37°C for 30 min. Slides
were rinsed twice in PBS, pH 7.2, for 5 min. Samples were
then incubated with fluorescein-conjugated anti-human IgA
(Sigma) and diluted in dilution buffer (1:30). Subsequently,
samples were rinsed twice with PBS and the slides were
again incubated in humid chamber at 37°C for 30 min. Later,
samples were read under fluorescence microscopy. Samples
were considered positive if there was a hexagonal pattern
of fluorescence throughout the peritubular muscle layer of
the human umbilical cord vessels, marking the extracellular
connective tissue.
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Age Gender Race Ancestry Gl symptoms Anti-tTG' EMA' Histology
26 F W Italian and Portuguese Diarrhea, distension, abdominal pain and flatulence 1025 1/1280 Marsh IlIb
26 F W Italian, Portuguese and German Pyrosis, obstipation, epigastric pain, flatulence, 295  1/640 Marsh IlIb
weakness and fatigue
42 M W Portuguese, German and Spanish ~ Pyrosis, obstipation and flatulence 40 1/80 Marsh II
46 M W Italian Pyrosis 2816  1/2560  Marsh II
57 M W Italian and Portuguese Diarrhea 1540  1/640 Marsh IIb
57 M W Italian Asymptomatic 1840  1/640 No biopsy
F: Female; M: Male; W: White; GI: Gastrointestinal; Anti-tTG: Antitissue transglutaminase; EMA: Antiendomysium antibody; 'Titers.
. __Spanish
Histology . . . . Indf” 2% African
Samples were fixed with buffered formalin and stained with 2% 5y, Polish
. . . . - ~ i
hematoxylin and ecosin (H&E) for histological study. The 5%
following aspects were evaluated.: (1) crypt/ V%llus ratio; (2) Portuguese
crypt regeneration; (3) characteristics of the inflammatory 7%
infiltrate in the section itself; (4) type of atrophy. Two
pathologists examined every slide for the standardization of Unknown |
K . 4 . . . . 38% | German
the histological aspects, using the histological classification \ 1o
developed in 1992 by Marsh and modified in 1997 by Rostami \ °
13-15 . . . . \
et al™™. 'This modified system establishes five lesion classes. \
In Marsh 0, thete is normal architecture of the mucosa and \
less than 40 intraepithelial lymphocytes per 100 enterocytes in
P ymp y P Y Others

the villus epithelium. Marsh 1 is defined as normal architecture
of the mucosa and more than 40 lymphocytes per 100
enterocytes in the villus epithelium. Marsh II involves crypt
enlargement (hyperplasia), in which immature epithelial cells
are produced in large numbers and there is an influx of
lymphocytes and plasmocytes. Under this system Marsh [II
has been reclassified and divided into three separate classes. In
Marsh [l a, there is partial villus atrophy combined with slight
lymphocyte infiltration in epithelial cells and crypt hyperplasia.
Marsh [lIb is marked by near total atrophy of the villi (villi
still recognizable), crypt hyperplasia in which immature
epithelial cells are produced in greater proportions, and influx
of inflammatory cells. The final designation, Marsh Illc,
indicates total villus atrophy, hyperplasic crypts and infiltrative

. 13-15
lesions* ",

RESULTS

Of the 2086 blood donors, 1437 (68.88%) were males and
649 (31.12%) were females. Mean age was 33. There were
1977 Whites (94.77%), 82 Blacks (3.93%), and 27 Asians
(1.30%). There were 1179 who claimed European ancestry
(56.52%). Ethnic data were obtained through a genealogical
study of the preceding three generations (Figure 1).

We identified six donors (four males and two females)
who were positive for both anti-tTG and EMA. Five of
these were submitted to intestinal biopsy and one declined
the procedure. The procedure revealed that, in the mucosa
of the small bowel (distal duodenum), three of the subjects
presented Marsh IIIb lesions and two presented Marsh 11
lesions. Most subjects diagnosed with CD reported vatious
gastrointestinal symptoms. One subject reported a family
history of CD in a first-degree relative (a niece) (Table 1).

The prevalence of biopsy-confirmed CD was
approximately 1:417 among apparently healthy blood

www.wjgnet.com

2%
Ukrainian ——— 28%

2%

Figure 1 Blood donors by ancestry.

donors. When the cases were positive for antitransglu-
taminase antibody were confirmed through the use of
another marker, antiendomysium antibody, the prevalence
was 1:347.

The sensitivity and specificity of the anti-tTG test
were 100% and 96%, respectively. The OD cutoff value,
established through analysis of the ROC curve, was 0.238.
The area of the ROC curve was 0.999 £ 0.002.

DISCUSSION

In blood donors at a blood bank in Curitiba (Parana), the
prevalence of CD was 1:347 when samples positive for IgA
anti-tTG antibodies were tested for a second marker (IgA
antiendomysium antibodies). When subjects positive for
both serum markers underwent distal duodenum biopsy, the
prevalence was 1:417. This high prevalence is similar to that
seen in European countries. This is unsurprising since most
of the subjects in the study group wete of European descent:
56.52% claimed European ancestry, and 37.78% were unaware
of their ancestry (Figure 1). We can assume that most of the
subjects of unknown ancestry were also of European descent
since this ethnic group is predominant in Curitiba.

Factors that influence the high prevalence of CD are
the genetic component (HLADQ:2 and DQs haplotypes,
which ate strongly associated with CD and highly prevalent
in the European population) and the consumption of
grains containing gluten”. These two factors are present
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in the city of Curitiba, where, in recent decades, there
has been an increase in the consumption of wheat flour.
This increase is related to the lifting of sanctions on the
importation of special wheat grains. In addition, the
consumption of foods containing wheat has increased
as a consequence of economic plans that have created
conditions which facilitate consumption among the
population'”. Currently, wheat consumption in the south
of Brazil, where Curitiba is located, is 61 kg/person petr
year-the highest in the country!”. This corresponds to
43.57% of the consumption in Italy, which, according to
the Wotld Health Organization, is 140 kg/person per yeat.

Another relevant and notable aspect is that, of the six
positive donors, five were of Italian descent, most from the
region of Veneto (northern Italy). A study cartied out in that
region using serum marker screening showed a CD prevalence
of 1:200"",

The CD prevalence observed in the present study was
higher than the 1:681 prevalence found in a similar study
involving blood donors at a blood bank in the city of
Brasilia”. This low prevalence could be attributed to low
numbers of individuals of European descent, although the
actual ethnic composition of the Brasilia population is not
known. However, it is known that most of the population
of the city migrated from the Central-West region of Brazil,
where individuals of European ancestry are in the minority
and the consumption of wheat is lower (23 kg/petson per

In the literature, the prevalence of CD is higher in
females when studies are based on cases with clinical
evidence!”. However, recent studies of blood donots
showed that, when the diagnosis is made through the use
of serum markers, this relationship is not maintained™”,
In our study, approximately one-third of the participants
were female, and we found the prevalence of CD to be
similar between males and females and proportionate to
their respective representation in the study population (four
males and two females tested positive).

A prevalence study of CD in a population composed
of the descendants of European immigrants to New
Zealand was conducted in the city of Wellington™’,
The study was based on clinical findings in children and
adults and showed that prevalences of the disease in
children and adults were lower and the same as those
seen in the respective European cities of origin. The
authors attributed the lower prevalence in children to
underdiagnosis. Although the population under study
presented the same ancestry and possibly the same eating
habits, the authors evaluated only “the tip of the celiac
iceberg”. In the present study, which was conducted
in a region of high wheat consumption and included a
genealogical search and the use of serum markers, we
evaluated “the rest of the iceberg”. Our results show that,
when ethnic and environmental factors are constant, the
prevalence of the disease remains stable, even if members
of the population migrate to other areas. A recent study,
conducted in Argentina, using serum markers to evaluate
a population of European descent in an area with 85
kg/person per year of wheat consumption, showed a CD
prevalence of 1:167, reinforcing our hypothesis.

In the present study, we found a prevalence of CD of
1:417 among apparently healthy blood donors. Our results
demonstrate that the high prevalence of CD in the city of
Curitiba is comparable to that seen in European countries.
This finding supports the hypothesis that the prevalence
of the disease remains stable if predisposing genetic and
environmental conditions are maintained.
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Abstract

AIM: To evaluate clinical presentation, etiology, compli-
cations and response to treatment in elderly patients
with acute cholangitis.

METHODS: Demographics, etiology of biliary obstruc-
tion, clinical features, complications and associated
systemic diseases of 175 patients with acute cholangitis
were recorded. Endoscopic biliary drainage was
performed using nasobiliary drain or stent. The
complications related to ERCP, success of biliary
drainage, morbidity, mortality and length of hospital stay
were evaluated.

RESULTS: Of 175 patients, 52 aged = 60 years (group
I, age < 60 years; group II, age = 60 years) and
105 were men. Fever was present in 38 of 52 patients
of group II compared to 120 of 123 in group I . High
fever (fever = 38.0°C) was more common in group
1(118/120 vs 18/38). Hypotension (5/123 vs 13/52),
altered sensorium (3/123 vs 19/52), peritonism (22/123
vs 14/52), renal failure (5/123 vs 14/52) and associated
comorbid diseases (4/123 vs 21/52) were more common
in group II. Biliopancreatic malignancy was a common
cause of biliary obstruction in group II (7 = 34) and
benign diseases in group I (7 = 120). Indications for
biliary drainage were any one of the following either
singly or in combination: a fever of = 38.0°C (7 = 136),
hypotension (7 = 18), peritonism (7 = 36), altered
sensorium (7 = 22), and failure to improve within 72
h of conservative management (n = 22). High grade
fever was more common indication of biliary drainage in
group I and hypotension, altered sensorium, peritonism
and failure to improve within 72 h of conservative
management were more common indications in group
II. Endoscopic biliary drainage was achieved in 172
patients (nasobiliary drain: 56 group I, 24 group 1II,
stent: 64 group I, 28 group II) without any significant
age related difference in the success rate. Abdominal

pain, fever, jaundice, hypotension, altered sensorium,
peritonism and renal failure improved after median time
of 5 d in 120 patients in group I (2-15 d) compared to 10
d in 47 patients of group I (3-20 d). Normalization of
leucocyte count was seen after a median time of 7 d (3-20
d) in 120 patients in group I compared to 15 d (5-26 d)
in 47 patients in group II. There were no ERCP related
complications in either group. Five patients (carcinoma
gallbladder n = 3, CBD stones n = 2) died in group I
and they had undergone biliary drainage after failure of
response to conservative management for 72 h. There
was a higher mortality in patients in group I despite
successful biliary drainage (0/120 vs 5 /52). Length of
hospital stay was longer in group 1 patients (16.4 £ 5.6,
7-30 d) than in group I patients (8.2 + 2.4, 7-20 d).

CONCLUSION: Elderly patients with acute cholangitis
have a high incidence of severe cholangitis, concomitant
medical illnesses, hypotension, altered sensorium,
peritonism, renal failure and higher mortality even after
successful biliary drainage.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Acute cholangitis is a difficult diagnostic and therapeutic
problem. Classically, Charcot’s triad of jaundice, abdominal
pain and fever have been the main basis of diagnosis
however 30%-45% of the patients with acute cholangitis
do not satisfy the criteria of Charcot’s triad'".

Altered sensorium, hypotension and renal failure can
often be seen in patients with suppurative Cholangitism.
In many cases, bile duct infection is latent and does not
cause symptoms. Cholangitis varies in severity from a
mild form which responds to parenteral antibiotics alone
to severe or suppurative cholangitis which requires early
drainage of biliary system to reduce the incidence of
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systemic complications”. Endoscopic biliary drainage is an
established mode of treatment for acute cholangitis with
high success rate, low morbidity and mortality>",

Old age is considered as a risk factor associated
with significant mortality in acute cholangitis®"*?, Tt is
also a factor which adversely affects the outcome and
survival in patients with acute cholangitis, which may be
due to associated other systemic diseases and comorbid
conditions, undetlying etiology of biliaty obstruction, poor
immune status and poor general health in old age™ ™),
However, there is no study on clinical presentation,
etiology, complications and survival after endoscopic
biliaty drainage in elderly patients with acute cholangitis.
We prospectively compared the clinical presentation,
etiology, associated systemic diseases, complications
and response to treatment in eldetly patients with acute
cholangitis.

MATERIALS AND METHODS

Over past 5 years, 175 patients with acute cholangitis
were recruited in this study. The diagnosis of acute
cholangitis was based on presence of clinical evidence
of infection (fever, leucocytosis and abdominal pain) in
patients with biliary obstruction in the form of jaundice or
hyperbilirubinemia”!. Patients with biliary obstruction and
associated hypotension, impaired level of consciousness
and renal failure were specifically looked for associated
features of acute cholangitis like fever and leucocytosis.
They were labelled to be having acute cholangitis if they
had any of features like hypotension, impaired level of
consciousness and renal failure along with fever and /or
leucocytosis in absence of infection at other sites or other
causes for hypotension, impaired level of consciousness
and renal failure. Details of demogtraphic data, etiology
of biliary obstruction, clinical features, biochemical
parameters, microbiological spectrum, complications and
associated other systemic diseases were recorded.
Immediate endoscopic biliary drainage was performed
in patients with high fever, hypotension, peritonism,
altered sensorium and associated renal failure. In patients
without these features, endoscopic biliary drainage was
performed only if they did not respond to conservative
treatment. All patients were treated with intravenous
antibiotics and metronidazole. Concomitant medical
illnesses were also recorded and treatment was started to
control these medical illnesses. Endoscopic retrograde
cholangiopancreaticography (ERCP) was performed with a
side viewing duodenoscope with a large accessory channel
in a standard manner. Patients were subjected to either
nasobiliary drain (NBD) placement or placement of biliary
stent. After cannulation of the common bile duct, bile was
aspirated to confirm the position of the cannula. Injection
of contrast was avoided as far as possible to prevent any
sudden increase in bile duct pressure which could lead to
sudden cholangiovenous and cholangiolymphatic reflux.
Endoscopic sphincterotomy was not petformed. Either a
7-F nasobiliary drain or 7-F straight flap stent was placed
in bile duct. After ERCP and biliary drainage, all the
patients were kept under strict observation and treated in
a critical care ward and the amount of bile drained from
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Group [ Group II
n 123 52
Mean age + SD (range ) years 38.6 £12.4 (20-56)  68.4 +10.8" (60-90)
Gender (Male: Female) 72:51 33:19
Clinical presentation 1 (%)
Right upper 116 (94.3) 27 (52)°
Quadrant pain 118 (96) 18 (34.6)"
Fever = 38.0C 2 (1.6) 20 (38.4)"
<38.0C 120 (97.5) 48 (92.3)
Jaundice 3(24) 19 (36.5)"
Altered sensorium 5 (4.0 13 (25.0)°
Hypotension 22 (17.8) 14 (11.3)°
Peritonism 5 (4.0) 14 (11.3)°
Renal failure 4(3.2) 21 (40.3)"

Other systemic illnesses

P <0.05.

NBD was monitored daily.

The patients were closely observed for evidence
of ERCP-related complications. Clinical improvement
was defined as normalization of fever, leucocytosis,
hypotension, peritonism, altered sensorium and renal
functions. After clinical improvement, a repeat ERCP or
NBD cholangiogram was obtained in each patient. Clinical
monitoring and biochemical tests were performed before
ERCP and then on d 1, 3 and 7 after ERCP or earlier if
indicated. After improvement of their cholangitis, patients
underwent some form of definitive management. Primary
outcome measures included complications related to
ERCP and the treatment outcomes including success of
biliary drainage, morbidity, mortality and length of hospital
stay.

Statistical analysis

Quantitative data were expressed as the mean £ SD or
as the median. The Mann-Whitney U test was used for
comparing continuous variables and a Chi-square test with
Yate’s correction was used to analyze clinical variables and
the two tailed Fisher’s exact test was used when numbers
were small. A P value < 0.05 was considered to be
statistically significant.

RESULTS

Of 175 patients, 52 patients were aged = 60 years (group
I, age < 60 years; group II, age = 60 years) and 105
were men. Most patients presented with right upper
quadrant abdominal pain, jaundice and fever with chills.
Of 175 patients, right upper quadrant abdominal pain and
fever were more common in group I compared to group
I (Table 1). Fever was present in 38 of 52 patients of
group Il compared to 120 of 123 patients in group I .
However, high fever (fever = 38.0°C) was more common
in patients of group I (118/120 »s 18/38) (Table 1).
Of 175 patients, hypotension (5/123 »s 13/52), altered
sensorium (3/123 »s 19/52), petitonism (22/123 »s 14/52)
and renal failure (5/123 »s 14/52) were motre common in
patients of group II compared to patients with group I .



Agarwal N ef a/. Cholangitis in elderly 6553
Indication Group [ Group II P
Etiology of biliary obstruction Site of biliary  Group I Group 1I n =123 (%) n =52 (%)
obstruction  n = 123(%) n = 52(%) Fever = 38.0C 118 (96) 18 (34.6) <0.01
Benign causes (n = 138) Hypotension 5 (4) 13 (25) <0.01
Common bile duct stone Lower 104 (84.5) 18 (34.6)" Paieniem 22 (18) 14 (26.9) <001
Chronic pancreatitis Lower 2(16) 0 Altered sensorium 3(2.6) 19 (36.5) <0.01
Post operative biliary stricture Upper 7 (5.7) 0 . . .
. Failure to improve with 2 (1.6) 20 (38.4) <0.01
Hydatid cyst rupture .
with fistula Upper 4(32) 0 conservative management
Rupture liver abscess
with fistula Upper 3(24) 0
Malignant causes (1 = 37)
Gallbladder carcinoma Upper 2 (1.6) 14 (27)° duct in both group | (ﬂ = 107) and group il (ﬂ = 33)
Cholangiocacinoma Upper + middle 0 5(96)° patients. Indications for biliary drainage were any one of
Periampullary carcinoma Lower 1(08) 15(28.8) the following either singly or in combination: a fever of =
38.0°C (7 = 136), hypotension, with systolic blood pressure
< 100 mm Hg (# = 18), right upper quadrant abdominal
pain with guarding (peritonism) (# = 30), impaired level
of consciousness (7 = 22), and failure to improve within
72 h of conservative management (# = 22). High grade
fever was more common indication of biliary drainage in
group | and hypotension, altered sensotium, peritonism
Group [ Group II P

(n =123) (n = 52)

Total leucocyte count, x 10°/L 28.6+6.4 204+46 <001
Total bilirubin, mg/dL 124+82 20.6+10.4 <0.01
Aspartate aminotransferase, IU/L 62 +24 58 +20.6 NS
Alanine aminotransferase, [IU/L 52+18.4 56+14.4 NS
Alkaline phosphatase, IU/L 402+196 1126+644 <0.01
Serum albumin, g/dL 3.6+0.8 38+08 NS

Some patients in group II presented with hypotension or
altered sensorium despite no or mild abdominal pain and
low grade fever.

Etiology and site of biliary obstruction in 175 patients
are summarized in Table 2. The biliopancreatic malignancy
was a common cause of biliary obstruction in patients of
group I (7= 34) compared to benign diseases in group |
(n = 120) (Table 2).

Of 175 patients, 25 patients had other associated
comorbid systemic conditions (group I, » = 4 and group
I, » = 21) like diabetes mellitus (# = 10), hypertension
(n = 12), coronary artery disease (7 = 0), cerebrovascular
accidents (# = 4), chronic obstructive pulmonary disease
(n = 4) and pulmonary tuberculosis (# = 3) in group II
patients compared to pulmonary tuberculosis (7 = 2),
rheumatic heart disease (7 = 1), diabetes mellitus (# = 1),
hypertension (7 = 1) and thyrotoxicosis (7 = 1). Laboratory
investigation revealed higher elevation of leucocytes in
group [ and higher elevations of bilirubin and alkaline
phosphatase levels in group II patients (Table 3). Blood
cultures were positive in 70 cases (40%, group I, » = 50;
group II, » = 20) with organisms such as Escherichia Coli
(n = 50; group I, » = 38; group II, » = 12), Klebseilla (»
= 12; group I, » = 9; group II, #» = 3), Acinobacter (»
=13; group I, » = 9; group II, #» = 4), Proteus (» = 9;
group I, » = 6; group II, » = 3) and Pseudomonas (# =
9; group I, » = 6; group II, » = 3). Twenty-three patients
had mixed infections. The biliary obstruction was most
commonly found to be in the lower part of common bile

and failure to improve within 72 h of conservative
management were more common indications of biliary
drainage in group II patients (Table 4). None of the
patients had undergone prior endoscopic or percutaneous
transhepatic biliary drainage. After hospital admission,
ERCP and endoscopic biliary drainage were performed
in patients with severe acute cholangitis after a median
interval of 20 h (range 3-42 h) in 153 patients and after
a median interval of 96 h (range 72-106 h) in 22 patients
who failed to respond to conservative management.

Endoscopic biliary drainage was achieved in 172
patients without any significant age related difference
in the success rate. A nasobiliary drain was placed in 80
patients (56 group 1, 24 group II) and a stent was placed
in 92 patients (64 group I, 28 group II). ERCP with
biliary drainage therefore could be achieved in 120 patients
in group I and 52 patients in group II. Abdominal pain,
fever, jaundice, hypotension, altered sensorium, peritonism
and renal failure improved after median time of 5 d in
all the 120 patients in group I (range 2-15 d) and after
median time of 10 d in 47 patients of group II (range
3-20 d). Similar normalization of leucocyte count was seen
after a median time of 7 d (range 3-20 d) in 120 patients in
group | and after a median time of 15 d (range 5-26 d) in
47 patients in group II. There were no immediate ERCP
related complications in either group of patients. There
were no episodes of displacement, kinking or occlusion of
NBD or of occlusion or migration of stent.

Five patients (carcinoma gallbladder » = 3, CBD
stones 7 = 2) died in group II after 3, 5, 6, 9 and 10 d
of endoscopic biliary drainage. All the five patients were
subjected to endoscopic biliary drainage (2 NBD, 3 stent)
after they failed to respond to conservative management
for 72 h. All the five patients died because of uncontrolled
cholangitis and septicemia despite antibiotics and
successful endoscopic biliary drainage.

There was a higher mortality in patients in group II
despite successful biliary drainage (0/120 25 5 /52). There
was no significant difference in mortality between group
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Group [ Group II P
n =104 (%) n = 18 (%)

Clinical parameters
Fever 102 (98)
Jaundice 101 (97.1)

10 (55.5) <001
14 (77.7) <001

Altered sensorium 1(0.96) 8 (44.4) <0.01
Hypotension 1 (0.96) 5(27.8) <0.01
Peritonism 12 (11.5) 6 (33.3) <0.01
Renal failure 3(2.8) 7 (38.9) <0.01
Indications of biliary drainage
Fever = 38.0°C 102 (98) 6 (33.3) <0.01
Hypotension 1 (0.96) 5(27.8) <0.01
Peritonism 12 (11.5) 6 (33.3) <0.01
Altered sensorium 1(0.96) 8 (44.4) <0.01
Failure to improve with 1 (0.96) 7 (38.9) <0.01
conservative treatment
Results of biliary drainage
Time taken for improvement
Median (range) days 5 (2-15) 10 (3-20) <0.01
Mortality 0 2 <0.01
Length of hospital stay
Mean (range) days 8.2 (7-20) 16.4 (7-30) <0.01

II patients with (2/21) and without (3/31) concurrent
diseases. Also thete was no difference in mortality between
group Il patients with benign (2/18) and malignant causes
(3/34) of biliary obstruction. Length of hospital stay was
significantly longer in group Il patients (16.4 £ 5.6, range
7-30 d) than in group [ patients (8.2 * 2.4, range 7-20 d).
Altered sensorium, hypotension, peritonism, mortality and
length of hospital stay were more in group II patients
with CBD stones (#z = 18) than in group I patients with
CBD stones (7 = 104) (Table 5).

DISCUSSION

Older age has been considered a risk factor for increased
morbidity and mortality rates in the treatment of acute
Cholangitis[Zl’ZZ]. However there is little specific information
available on clinical features and treatment of acute
cholangitis in the eldetly. In present study eldetly patients
with acute cholangitis were found to have relatively higher
incidence of severe cholangitis, hypotension, altered
sensorium, peritonism and renal failure. Symptoms in
elderly patients did not correlate with the severity of acute
cholangitis. Many elderly patients with severe cholangitis
presented with deceptively mild symptoms. Presence of
abdominal pain and high grade fever was less common
in elderly patients compared to young patients. Almost
40% of elderly patients had low grade fever and nearly
Y4 did not have fever. Therefore early diagnosis of acute
cholangitis based on symptoms alone was difficult as
reported earlier™. However on examination many elderly
patients had features suggestive of severe cholangitis
in form of jaundice, hypotension, altered sensorium,
peritonism and associated renal failure. All the elderly
patients showed abnormal results of laboratory tests.
However rise in leucocyte count was less compared to
leucocytosis in younger patients and bilirubin and alkaline
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phosphatase levels were higher in elderly patients than
in younger patients. This could be due to biliopancreatic
malignancy, a common cause of biliary obstruction in
elderly patients compared to benign diseases in younger
patients. Elderly patients also had a higher incidence
of coexisting medical problems like cardiovascular,
pulmonary, neurological and other systemic diseases. Due
to the high incidence of severe cholangitis, features like
hypotension and altered sensorium and associated other
concurrent systemic diseases, the management of acute
cholangitis in the elderly becomes difficult™.

Urgent endoscopic biliary drainage has been
recommended for severe acute cholangitis or cholangitis
that does not respond to conservative treatment!">",
Endoscopic biliary drainage including endoscopic
sphincterotomy, nasobiliary drainage and stenting has been
advocated as safe and effective measure for the treatment
of acute cholangitis with a mortality ranging from 2% to
8%. In present series, urgent endoscopic biliary drainage
yielded favorable outcome for all the young patients.
However endoscopic biliary drainage for elderly patients
was associated with significant mortality. Earlier studies
have shown that the success rates of therapeutic ERCP are
similar between elderly and young patients™*, However
the morbidity and mortality associated with therapeutic
ERCP are significantly greater in the eldetly than in young
patients ™. There were no serious complications of
endoscopic biliary drainage procedures in both elderly and
younger patients. In elderly patients higher morbidity and
mortality even after biliary drainage are considered due to
advanced acute cholangitis, exacerbation of concurrent
medical illnesses, unsuccessful biliary drainage procedures,
underlying biliopancreatic malignancy as a cause of biliary
obstruction, complications characteristic of eldetly such as
delirium, pneumonia or atelectasis and need for prolonged
ventilatory support after the endoscopic drainage
procedures” ™. Elderly patients are often unable to
tolerate endoscopic procedures because they are critically
ill or uncooperative. In this situation, the endoscopic
procedures can be performed safely and successfully
under general anesthesia and endotracheal intubation*’,
However none of the elderly patients in present seties
required general anesthesia, endotracheal intubation and
ventilatory support after endoscopic procedures for biliary
drainage.

In present study, the clinical profile and response to
endoscopic biliary drainage in elderly patients was similar
in patients having biliary obstruction due to benign and
malignant causes. Elderly patients with CBD stones
had different clinical profile, poorer response to biliary
drainage and higher mortality as compared to young
patients with CBD stones. In present series, all the five
elderly patients were subjected to endoscopic biliary
drainage after they failed to respond to conservative
management for 72 h. All the five patients died because of
uncontrolled cholangitis and septicemia despite antibiotics
and successful endoscopic biliary drainage. None of the
patients who underwent immediate endoscopic biliary
drainage because of high grade fever or associated features
like hypotension, altered sensorium and peritonism had
died. It is possible that patients with low grade fever and
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without features like hypotension, altered sensorium
and peritonism also had severe acute cholangitis which
was not clinically evident. Therefore they did not
fit into indications of immediate endoscopic biliary
drainage without waiting for assessment of response to
conservative management for 72 h and accounted for 25%
(5/20) of mortality in subgroup of elderly patients not
responding to conservative treatment for 72 h. Some of
the elderly patients presented with hypotension or altered
sensorium despite absent or mild abdominal pain and
without or with low grade fever suggesting thereby that
elderly patients may have severe acute cholangitis without
fever or with low grade fever and should be subjected to
immediate endoscopic biliary drainage without waiting for
72 h to assess the response to conservative treatment for
72 h. Higher mortality has earlier been reported in patients
with acute cholangitis who fail to respond to antibiotics
and therapeutic intervention is performed after 72 h of
hospital admission”**", Tt has been found that many times
it is not always clinically apparent which patients will
respond to medical treatment alone and which will require
urgent biliary drainage. The mortality rate is high for
patients who undergo delayed biliary drainage after failure
of medical therapy ™. In elderly patients, the levels of
bilirubin and alkaline phosphatase were significantly higher
than in young patients. It has been reported that higher
levels of bilirubin and alkaline phosphatase are associated
with higher mortality in patients with acute cholangitis™”
The differences in clinical profile, laboratory parameters
and response to biliary drainage in eldetly patients can not
be attributed to differences in type of bacteria causing
cholangitis because the bacteriological spectrum was
similar in elderly and young patients in present study.

Elderly patients with acute cholangitis have a high
incidence of severe cholangitis, concomitant medical
illnesses, hypotension, altered sensorium, peritonism, renal
failure and higher mortality even after successful biliary
drainage.

REFERENCES

1  Sharma BC, Kumar R, Agarwal N, Sarin SK. Endoscopic
biliary drainage by nasobiliary drain or by stent placement in
patients with acute cholangitis. Endoscopy 2005; 37: 439-443

2 Boey JH, Way LW. Acute cholangitis. Ann Surg 1980; 191:
264-270

3 van Lent AU, Bartelsman JF, Tytgat GN, Speelman P, Prins
JM. Duration of antibiotic therapy for cholangitis after
successful endoscopic drainage of the biliary tract. Gastrointest
Endosc 2002; 55: 518-522

4 Lai EC, Paterson IA, Tam PC, Choi TK, Fan ST, Wong J. Severe
acute cholangitis: the role of emergency nasobiliary drainage.
Surgery 1990; 107: 268-272

5 Leung JW, Chung SC, Sung JJ, Banez VP, Li AK. Urgent
endoscopic drainage for acute suppurative cholangitis. Lancet
1989; 1: 1307-1309

6 Chawla YK, Sharma BC, Dilawari JB. Endoscopic nasobiliary
drainage in acute suppurative cholangitis. Indian | Gastroenterol

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

1994; 13: 83-85

Leese T, Neoptolemos JP, Carr-Locke DL. Successes, failures,
early complications and their management following
endoscopic sphincterotomy: results in 394 consecutive patients
from a single centre. Br | Surg 1985; 72: 215-219

Leese T, Neoptolemos JP, Baker AR, Carr-Locke DL.
Management of acute cholangitis and the impact of endoscopic
sphincterotomy. Br | Surg 1986; 73: 988-992

Chawla YK, Sharma BC, Singh R, Sharma TR, Dilawari JB.
Emergency endoscopic nasobiliary drainage without the aid of
fluoroscopy. Indian | Gastroenterol 1993; 12: 97-98

Lai EC, Mok FP, Tan ES, Lo CM, Fan ST, You KT, Wong ]J.
Endoscopic biliary drainage for severe acute cholangitis. N
Engl ] Med 1992; 326: 1582-1586

Lin XZ, Chang KK, Shin JS, Lin CY, Lin PW, Yu CY, Chou
TC. Emergency endoscopic nasobiliary drainage for acute
calculous suppurative cholangitis and its potential use in
chemical dissolution. | Gastroenterol Hepatol 1993; 8: 35-38
Cotton PB. Endoscopic drainage for suppurative cholangitis.
Lancet 1989; 2: 213

Sharma BC, Agarwal DK, Baijal SS, Saraswat VA, Choudhuri
G, Naik SR. Endoscopic management of acute calculous
cholangitis. | Gastroenterol Hepatol 1997; 12: 874-876

Gogel HK, Runyon BA, Volpicelli NA, Palmer RC. Acute
suppurative obstructive cholangitis due to stones: treatment
by urgent endoscopic sphincterotomy. Gastrointest Endosc
1987; 33: 210-213

Hui CK, Lai KC, Yuen MF, Ng M, Chan CK, Hu W, Wong
WM, Lai CL, Wong BC. Does the addition of endoscopic
sphincterotomy to stent insertion improve drainage of the bile
duct in acute suppurative cholangitis? Gastrointest Endosc 2003;
58: 500-504

Leung JW. Does the addition of endoscopic sphincterotomy
to stent insertion improve drainage of the bile duct in acute
suppurative cholangitis? Gastrointest Endosc 2003; 58: 570-572
Lee DW, Chan AC, Lam YH, Ng EK, Lau JY, Law BK, Lai
CW, Sung JJ, Chung SC. Biliary decompression by nasobiliary
catheter or biliary stent in acute suppurative cholangitis: a
prospective randomized trial. Gastrointest Endosc 2002; 56:
361-365

Lau JY, Chung SC, Leung JW, Ling TK, Yung MY, Li AK.
Endoscopic drainage aborts endotoxaemia in acute cholangitis.
Br ] Surg 1996; 83: 181-184

Sugiyama M, Atomi Y. The benefits of endoscopic nasobiliary
drainage without sphincterotomy for acute cholangitis. Am |
Gastroenterol 1998; 93: 2065-2068

Kumar R, Sharma BC, Singh ], Sarin SK. Endoscopic biliary
drainage for severe acute cholangitis in biliary obstruction as a
result of malignant and benign diseases. ] Gastroenterol Hepatol
2004; 19: 994-997

Sugiyama M, Atomi Y. Treatment of acute cholangitis due to
choledocholithiasis in elderly and younger patients. Arch Surg
1997; 132: 1129-1133

Pitt HA, Cameron JL, Postier RG, Gadacz TR. Factors affecting
mortality in biliary tract surgery. Am J Surg 1981; 141: 66-72
Gigot JF, Leese T, Dereme T, Coutinho J, Castaing D, Bismuth
H. Acute cholangitis. Multivariate analysis of risk factors. Ann
Surg 1989; 209: 435-438

Deenitchin GP, Konomi H, Kimura H, Ogawa Y, Naritomi
G, Chijiiwa K, Tanaka M, Tkeda S. Reappraisal of safety of
endoscopic sphincterotomy for common bile duct stones in the
elderly. Am ] Surg 1995; 170: 51-54

Sugiyama M, Atomi Y. Endoscopic sphincterotomy for bile
duct stones in patients 90 years of age and older. Gastrointest
Endosc 2000; 52: 187-191

Thompson JE Jr, Tompkins RK, Longmire WP Jr. Factors in
management of acute cholangitis. Ann Surg 1982; 195: 137-145

S- Editor LiuY L-Editor Ma]Y E-Editor Liu WF

www.wjgnet.com



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

World ] Gastroenterol 2006 October 28; 12(40): 6556-6558
World Journal of Gastroenterology ISSN 1007-9327
© 2006 The WJG Press. All rights reserved.

CASE REPORT

Portal thrombosis and steatosis after preoperative
chemotherapy with FOLFIRI-bevacizumab for colorectal liver

metastases

Matteo Donadon, Jean-Nicolas Vauthey, Evelyne M Loyer, Chusilp Charnsangavej, Eddie K Abdalla

Matteo Donadon, Jean-Nicolas Vauthey, Eddie K Abdalla, The
University of Texas, MD, Anderson Cancer Center, Department of
Surgical Oncology, Houston, Texas 77030, United States

Evelyne M Loyer, Chusilp Charnsangavej, The University
of Texas MD Anderson Cancer Center, Diagnostic Radiology,
Houston, Texas 77030, United States

Correspondence to: Jean-Nicolas Vauthey, MD, Professor
of Surgery, Chief, Liver Service, The University of Texas MD
Anderson Cancer Center, Department of Surgical Oncology, Unit
444, 1515 Holcombe Boulevard, Houston, Texas 77030,

United States. jvauthey@mdanderson.org

Telephone: +1-713-7922022 Fax: +1-713-7922022

Received: 2006-08-01 Accepted: 2006-09-13

Abstract

In order to discuss the role of preoperative chemo-
therapy for colorectal liver metastases, which is used
frequently before hepatic resection, even in patients
with resectable disease at presentation, we herein
report the development of two complications, partial
portal vein thrombosis and hepatic steatosis with
lobular inflammation, during the course of preoperative
chemotherapy with FOLFIRI plus bevacizumab for
colorectal liver metastases, which recognition led to
timely discontinuation of chemotherapy as well as a
change in the surgical strategy to resect the tumors
and the damaged liver through advanced techniques.
We conclude that duration of treatment and drug doses
and combinations may impact the development of
chemotherapy-induced liver injury. Surgeons and medical
oncologists must work together to devise safe, rational,
and oncologically appropriate treatments for patients
with multiple colorectal liver metastases, and to improve
the understanding of the pathogenesis of chemotherapy-
induced liver injury.
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INTRODUCTION

Surgical resection of colorectal liver metastases is
nowadays a standard of care for resectable disease
with 5-year survival rate approaching 60%". Because
of several theoretical benefits, preoperative systemic
chemotherapy has been frequently used to downsize the
disease.

We report here the development of two complications,
partial portal vein thrombosis and hepatic steatosis with
lobular inflammation, during the course of preoperative
chemotherapy with FOLFIRI plus bevacizumab for
colorectal liver metastases, and discuss the surgical
management and implications.

CASE REPORT

A 61-year-old woman was referred for treatment of
synchronous multiple bilobar colorectal liver metastases.
Six months after a laparoscopic right hemicolectomy for
a pT3N2 colon cancer, a multiphase spiral computed
tomography (CT) performed without and with intravenous
(IV) contrast revealed bilateral disease with a total of five
lesions distributed in segments [, I, IVA, VI and VI
amenable to hepatic resection (Figure 1). Because of the
known high risk of disease recurrence after liver resection
for multiple bilobar and synchronous metastases in patients
with N2 classification of primary tumor, the patient was
treated with six courses of preoperative chemotherapy
with FOLFIRI (irinotecan, 5-fluorouracil, and high-dose
leucovorin) plus bevacizumab.

Repeat CT performed without and with [V contrast
3 wk after the completion of chemotherapy with
bevacizumab showed downsizing of the lesions in
segments [, IVA, VI-VII, and stable disease in the
segment II. Non-contrast images also showed the
development of diffuse fatty infiltration of the liver
with sparing of segments V and VI while the images
acquited after [V contrast administration revealed absent
portal perfusion of the right anterior sector associated
with right anterior portal branch occlusion. The lack of
portal flow to segments V and VIl explained sparing
from steatosis and increased arterial flow to these
segments. Some compensatory hypertrophy of the left
liver was evident (Figure 2). The patient had no evidence
of hypercoagulation and no other known risk factors
for thrombosis. Even though this patient experienced
downsizing of bilobar liver metastases, the new finding
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Figure 1 Contrast enhanced CT at the level of the portal bifurcation before
treatment shows metastasis in segment | (arrowhead), opacified right anterior and
posterior segmental portal veins (white arrows), and opacified middle and right
hepatic veins (open arrows).

of portal vein thrombosis led to discontinuation of
chemotherapy and reassessment of the treatment plan.
Prior to occurrence of portal vein thrombosis, a partial
right hepatectomy plus resection of the metastases in
segments IVA, I and I, was planned. The finding of
right portal vein thrombosis led to a change in operative
plan to include resection of the segments involved both by
tumor and by portal vein thrombosis in a 2-stage fashion.
At the first stage, segmental resection of the lesions in
segments [ and II was performed, preserving the majority
of the parenchyma of the lateral bisegment. Three-
dimensional liver volumetry revealed the planned remnant
liver (bisegment II /Ill) was of inadequate volume to
permit resection of the right liver plus segment V.
Therefore, in order to increase volume and function of the
liver remnant prior to the 2-stage resection, percutaneous
right portal vein embolization extended to segment [V
was performed. Repeat CT volumetry after 4 wk revealed
adequate liver remnant hypertrophy, and the remaining
diseased liver was resected by extended right hepatectomy
(resection of Couinaud segments [V through VII). The
postoperative course after each stage was uneventful. The
pathological review of the specimen revealed 50% necrosis
in the tumors and moderate-severe steatosis with lobular
inflammation in the resected liver.

DISCUSSION

We report the development of partial portal vein
thrombosis in combination with hepatic steatosis
and lobular inflammation (steatohepatitis) during the
course of preoperative chemotherapy with FOLFIRI
plus bevacizumab for colorectal liver metastases. This
thrombotic complication, which occurred during
chemotherapy, was possibly not because of the presence
or treatment effect of a metastatic lesion since no tumor
was associated with the thrombosed portal vessel. Absence
of previous data on vascular events in association with
5-fluorouracil alone, a drug which has been in use for more
than 50 years, raises the possibility of an event associated
with bevacizumab and/or irinotecan treatment.
Bevacizumab is 2 humanized recombinant murine
monoclonal antibody to vascular endothelial growth

Figure 2 Contrast enhanced CT at the level of the portal bifurcation after
treatment shows improved hepatic metastasis in segment | (arrowhead), non-
visualization of the thrombosed anterior right segmental portal vein (arrow),
opacified posterior segmental portal veins, middle and right hepatic veins, and
wedge shaped increased enhancement (open arrows) of the anterior sector
secondary to portal vein occlusion.

factor A (VEGF-A) that competitively blocks binding
of VEGF-A to its receptors, resulting in inhibition of
angiogenesis. Bevacizumab has been reported to be
associated with delayed wound healing, venous and
arterial thromboembolism; however, to our knowledge
bevacizumab has not been reported to cause portal venous
thrombosis'¥. The proposed mechanism of bevacizumab-
related thrombosis is complex-both hemorrhagic and
thrombotic events may be involved. Briefly, bevacizumab
by antagonizing VEGI’s functions might decrease the
renewal capacity of endothelial cells in response to trauma,
leading simultaneously to a tendency to bleeding and
thrombosis™".

Preliminary evidence that irinotecan may be associated
with arterial and venous thrombotic events has been
reported as well, but portal vein thrombosis has not been
reported previously and the pathophysiology of irinotecan-
related thrombotic events remains unclear'™".

The baseline incidence of thrombosis in cancer
patients is significant, and the development of portal vein
thrombosis in our patient cannot be definitively attributed
to chemotherapy'”. However, the pattern of thrombosis,
the occurrence during chemotherapy treatment, and the
absence of any vascular complications after colectomy,
portal vein embolization or 2 sequential hepatectomy
procedures, suggest that combination of FOLFIRI and
bevacizumab contributed to this complication.

Histopathologic review of the resected liver confirmed
not only moderate-severe steatosis consistent with the CT
findings, but also revealed lobular inflammation"”. Steatosis
plus lobular inflammation can progress to steatohepatitis,
which has been associated with preoperative chemotherapy
with irinotecan, and may raise the risk of death after liver
surgery "', Adverse outcomes related to chemotherapy-
induced injury likely relate to a decreased regenerative
capacity of injured hepatocytes in response to major
hepatectomy, possibly through alterations of nuclear
factors such as nuclear factor-kappa B, which is crucial for
the priming phase of liver regeneration'"”

In the patient reported, who had resectable disease at
presentation, development of both portal vein thrombosis
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and hepatic steatosis suggests that chemotherapy treatment
contributed to these events and raised the possibility
that curative surgery would not be possible. Fortunately,
the recognition of these complications led to timely
discontinuation of chemotherapy as well as a change in the
surgical strategy to resect the tumors and the damaged liver
through advanced techniques (portal vein embolization,
extended hepatectomy, 2-stage approach) in an effort to
minimize morbidity.

Chemotherapy will be used with more frequency
before hepatic resection. Duration of treatment and drug
doses and combinations may impact the development of
chemotherapy-induced liver injury. Surgeons and medical
oncologists must work together to devise safe, rational,
and oncologically appropriate treatments for patients with
multiple colorectal liver metastases, and to improve the
understanding of the pathogenesis of chemotherapy-
induced liver injury.
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Abstract

Gallbladder tuberculosis (GT) is an extremely rare
disease, and very few cases have been reported in the
literature. The first case of GT was described in 1870
by Gaucher. A correct preoperative diagnosis of GT
is unusual, and it is frequently confused with various
gallbladder diseases. We present a new case of a
patient who underwent surgery with the preoperative
diagnosis of gallbladder cancer after a false positive
positron emission tomography scan in the diagnostic
work-up.
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INTRODUCTION

Abdominal tuberculosis is common in developing
countries but gallbladder tuberculosis (GT) is an extremely
rare disease!™”, and very few cases have been reported in
the literature!”. The first case of G'T was described in 1870
by Gaucher.

A correct preoperative diagnosis of GT is unusual, and
it is frequently confused with various gallbladder diseases.
We present a new case of a patient who underwent surgery
with the preoperative diagnosis of gallbladder cancer after
a false positive positron emission tomography (PET) scan
in the diagnostic work-up.

CASE REPORT

A 64-year-old man was admitted to our department for
abdominal pain and jaundice. Abdominal examination
revealed a palpable mass in right hypochondrium.
Laboratory tests were normal. A gallbladder mass was
observed on ultrasound. A computed tomography (CT)
scan showed a thickened gallbladder wall with possible
infiltration of liver parenchyma and duodenum, and we
proposed a diagnosis of advanced neoplasm of gallbladder
(Figure 1). A PET scan showed a hypermetabolic area in
the right liver lobe in the usual location of the gallbladder,
infiltrating the liver parenchyma (Figure 2) and reaffirming
our suspected diagnosis of advanced neoplasm of
gallbladder.

We performed a subcostal laparotomy and observed a
very large tumor that involved gallbladder and duodenum.
A biopsy of the gallbladder wall was taken, and the
histologic perioperative study reported gallbladder
tuberculosis with no signs of malignancy. We then
performed a cholecystectomy and observed the presence
of cholecistoduodenal fistulae, so that we closed the
duodenum. An exhaustive examination of the abdominal
cavity revealed no other foci of tubercular infection. The
definitive histologic study showed granulomatous reaction
with the presence of multinucleated giant cells and caseum
necrosis compatible with GT.

The postoperative course was uneventful. A Mantoux
test was positive. Other techniques (chest X-ray,
bronchoscopy) showed no tubercular infection in other
organs. Antitubercular drugs were prescribed for six
months.

DISCUSSION

The gallbladder is highly resistant to tubercular
infection, and the presence of cholelitiasis and cystic
duct obstruction is essential for the development of
GT". About 70% of GT cases are accompanied by
gallstones”. Four types of GT have been described,
according to whether only the gallbladder is involved
or there is generalized tuberculosis and whether the
gallbladder mucosa is histologically involved". GT often
occurs together with other intra-abdominal tuberculosis,
usually in women over 30 years of age”. However, in the
present case it was restricted to the gallbladder, because
the duodenum was only locally involved. The route of
infection may be peritoneal, hematogenous or lymphatic[z].
Histologically, the lesion may be in the form of a localized
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Figure 1 CT scan suggestive of image of
gallbladder neoplasm.

Figure 2 High up-
take in gallbladder
fossa (false positive
for gallbladder can-
cer).

ulceration or there may be typical tuberculosis nodules in
the wall of varied size and numbers.

A wide spectrum of symptoms have been described
in patients with GT, including abdominal pain in right
hypochondrium, weight loss, fever, anorexia, diarrhea,
nausea, vomiting and a palpable abdominal mass'”.
Anemia, elevated ESR and positive tuberculin test are
usually found in laboratory examinations.

The correct diagnosis of GT is difficult, and it is usu-
ally made after a cholecystectomy'. Ultrasound and CT
may show an enlarged gallbladder, a thickened gallbladder
wall, soft tissue masses, or nodular lesions, although nei-
ther ultrasound nor CT lesions are specific”. The diagno-
sis of tuberculosis in other abdominal organs (liver, spleen,
lymph nodes or peritoneum) is very helpful for diagnosing
GT.

The differential diagnosis of GT includes acute and
chronic cholecystitis, polypoid lesions and gallbladder cat-
cinoma®”. The presence of a mass that fills the gallbladder
associated with cholelitiasis is indistinguishable from carci-
noma of the gallbladderm. Moteover, both GT and carci-
noma can give rise to regional lymph nodes. The presence
of liver metastasis or liver infiltration suggests the pres-
ence of a gallbladder carcinoma. On the other hand, lung
lesions or mesenteric thickening is frequent in patients
with tubercular infection.

PET is a very accurate diagnostic method for cancer.

www.wjgnet.com

PET can image the metabolic differences between normal
and malignant cells using tumor-seeking tracers”. Accord-
ing to some authors, it is difficult to distinguish patients
with lung cancer from those with pulmonary tubetculosis
due to the high uptake rate of patients with active tubet-
culosis™. This is because an increased glycolysis of mac-
rophages, cells present in tubercular infection, results in a
high FDG uptake value"”. 11C-choline tracer is more accu-
rate than 18F-fluorodeoxyglucose for making the differen-
tial diagnosis between tubercular infection and cancer”.

There has been little experience with PET as a diagnos-
tic tool in gallbladder cancer but the first published reports
are fairly encouraging, showing a sensitivity of 75%™.
At our department, a prospective trial is in progress to
establish the sensitivity of PET scan in patients with suspi-
cion of gallbladder cancer based on CT scan. The present
patient was included in this trial and the results obtained
appeared to confirm the suspected diagnosis of gallblad-
der cancer. To our knowledge, this is the first case of a
false positive PET scan in a gallbladder cancer due to GT.
There is one previous report of pancreatic tuberculosis
that was misdiagnosed as pancreatic cancer after a positive
PET scan’.

Tuberculosis was common in Spain in the past but is
now an uncommon finding in immunocompetent patients,
and the GT diagnosis was therefore unexpected. In the
countries with a high rate of tuberculosis infection, the
possibility of a tuberculosis infection should be considered
in patients suspected of a hepatobiliary cancer (liver, pan-
creas or gallbladder) with a positive PET if the patient has
a positive Mantoux test or a history of tuberculosis.
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Abstract

A 49-year-old, previously healthy woman sought
treatment for abdominal pain. Colonoscopy revealed
ascending colon cancer. Computed tomography and
angiography showed splenic metastasis and thrombosis
extending from the splenic vein to the portal vein. She
underwent right hemicolectomy, splenectomy, and distal
pancreatomy. Histological findings showed no malignant
cell in the splenic vein which was filled with organizing
thrombus. We postulate the mechanism of splenic vein
thrombosis in our case to be secondary to the extrinsic
compression of the splenic vein by the splenic metastasis
or by the inflammatory process produced by the splenic
metastasis. In conclusion, we suggest that splenic
metastasis should be added to the list of differential
diagnosis which causes splenic vein thrombosis. In the
absence of other sites of neoplastic disease, splenectomy
seems to be the preferred therapy because it can be
performed with low morbidity and harbors the potential
for long-term survival.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Isolated splenic vein thrombosis is a rare clinical syndrome
that may lead to left-sided portal hypertension. Metastasis
to the spleen from solid tumors is also considered rare.
When identified it usually occurs in the setting of widely
disseminated diseases. We report a case of isolated splenic
vein thrombosis secondary to splenic metastasis of an
adenocarcinoma of the colon. The splenic lesion was
detected before the resection of the primary colon lesion
during a complete metastatic work-up.

CASE REPORT

A 49-year-old woman presented complaining of abdo-
minal pain in May 2003. There was no relevant medical
history. Her performance status was not impaired. Physical
examination revealed upper abdominal tenderness with
mild guarding. Laboratory findings revealed anemia
with hemoglobin of 84 g/L and hematocrit of 29.9%.
Esophagogastroduodenoscopy revealed no remarkable
finding, Colonoscopy revealed ascending colon cancer of
7 cm in diameter. The level of tumor markers was elevated
with carcinoembryonic antigen of 36.7 ug/ L. and CA19-9
of 1870 kU/L. Computed tomography of the abdomen
showed splenic metastasis (Figure 1A), but no metastasis
in the liver. Contrast-enhanced computed tomography
and angiography showed occlusion of the splenic vein,
a shadow defect at the portal vein, and development of
collaterals, which suggested tumor thrombosis extending
from the splenic vein to the portal vein (Figures 1B, 2A, B).

We diagnosed her as having an ascending colon cancer
with splenic metastasis and splenic vein tumor thrombosis
(T3NXM1, Stage IV). She underwent right hemicolectomy,
splenectomy, and distal pancreatomy. The tumor of the
spleen was adherent to the left hemidiaphragm, so a small
segment of the diaphragm was removed en bloc. The
portal vein was resected at its junction with the splenic
vein and reanastomosed.

Histological findings showed a moderately diffe-
rentiated adenocarcinoma of the ascending colon (Figure
3A) that invaded into serosa, with one of the five lymph
nodes being positive for metastatic adenocarcinoma.
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Figure 1 Contrast-enhanced computed tomography of the abdomen. A: Enlarged
spleen with hypodense lesion in the superior spleen which was considered to be
splenic metastasis; B: Hypoattenuating thrombus in the splenic vein and the portal
vein.

Figure 2 Digital substraction angiography. A: The venous phase of the celiac
artery angiogram reveals occlusion of the splenic vein and development of
collaterals; B: The venous phase of the superior mesenteric artery angiogram
reveals a defect shadow in the portal vein at its junction with the splenic vein.

The tumor of the spleen consisted of a moderately

www.wjgnet.com

Figure 3 Histological findings of the tumor of the ascending colon. A: Moderately
differentiated adenocarcinoma (HE, x 20); B: Immunostaining for cytokeratin 7
showing a negative reaction (x 20); C: Immunostaining for cytokeratin 20 showing
a positive reaction (x 20).

differentiated adenocarcinoma similar in histology to the
tumor of the ascending colon (Figure 4A). These sections
were stained with immunohistochemical reactions of
antibodies to cytokeratins 7 and 20 (Figures 3B, C, 4B, C).
Negative staining for cytokeratin 7 and positive staining
for cytokeratin 20 was consistent with splenic metastasis
of an adenocarcinoma of the colon'".

On the contrary to the preoperative diagnosis, no
malignant cell was recognized in the splenic vein which
was filled with organizing thrombus (Figure 5).

The postoperative course was uneventful. Two years
and three months later, the patient is alive and well except
for a nodule in the Douglas fossa which seems to be
metastasis.

DISCUSSION

Isolated splenic vein thrombosis is a rare clinical syndrome
that causes left-sided portal hypertension. It may lead to
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Figure 4 Histological findings of the tumor of the spleen. A: Moderately
differentiated adenocarcinoma (HE x 20); B: Immunostaining for cytokeratin 7
showing a negative reaction (x 20); C: Immunostaining for cytokeratin 20 showing
a positive reaction (x 20).

bleeding from gastric varices. The majority of splenic
vein thrombosis are the result of pancreatic pathologies,
including acute and chronic pancreatitis, pancreatic
pseudocyst, pancreatic tumor and abscesses'”. Other
reported causes are traumas, umbilical vein catheterizations,
lymphomas and sarcomas, retroperitoneal fibrosis, gastric
surgeries, splenic artery aneurysms, myeloproliferative
diseases, hereditary thrombocythemia®, renal diseases
including renal cell carcinomas' and benign renal cysts™,
and tuberculous lymphadenitis'’. Our case did not have
these diseases, and so we postulate the mechanism of
splenic vein thrombosis in our case to be secondary to the
extrinsic compression of the splenic vein by the splenic
metastasis or by the inflammatory process produced by
the splenic metastasis. To our knowledge, there has been
no report of isolated splenic vein thrombosis secondary to

Figure 5 Histological findings of the splenic vein filled with not tumor thrombus,
but organizing thrombus. The elastic tissue ring is intact (HE, x 4).

splenic metastasis.

Carcinoma of the colon frequently metastasizes to the
liver but only occasionally involves the spleen. The spleen
is considered an unfavourable site for the development of
metastases but the reason for this is not fully understood.
Metastatic carcinoma that involves the spleen is usually
a manifestation of widely disseminated disease involving
multiple organs. Berge conducted an autopsy study on
7246 patients with various types of malignant tumors'”,
Splenic metastases were found in 21 out of the 1019 (2%)
patients with colorectal carcinoma, but all were associated
with involvement of other organs as well.

There are no long-term follow-up data of splenectomy
for metastasis from colon cancer. Our patient underwent
splenectomy, as it would deem to provide the only chance
for long-term survival.

In conclusion, we suggest that metastatic tumor of the
spleen should be added to the list of differential diagnosis
which causes splenic vein thrombosis. Splenic metastasis
from adenocarcinoma of the colon is a rare finding, In the
absence of other sites of neoplastic disease, splenectomy
seems to be the preferred therapy because it can be
petrformed with low morbidity and harbors the potential
for long-term survival.
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Abstract

A rare case of pseudo-Budd-Chiari Syndrome in a patient
with decompensated alcoholic liver disease is reported.
Although clinical and radiological findings suggested
Budd-Chiari Syndrome, the liver biopsy revealed
micronodular cirrhosis and absence of histological signs
of hepatic outflow obstruction.

© 2006 The WIG Press. All rights reserved.

Key words: Pseudo Budd-Chiari; Budd-Chiari syndrome;
Liver cirrhosis; Alcoholic steatohepatitis

Robles-Medranda C, Lukashok H, Biccas B, Pannain VL,
Fogaga HS. Budd-Chiari like syndrome in decompen-
sated alcoholic steatohepatitis and liver cirrhosis. World J
Gastroentero/ 2006; 12(40): 6564-6566

http://www.wjgnet.com/1007-9327/12/6564.asp

INTRODUCTION

Budd-Chiari Syndrome (BCS) is a rare, heterogeneous and
potentially lethal condition caused by obstruction of the
hepatic venous outflow tract', situated anywhere between
the small hepatic venules until the right atrium". In
Western countties, thrombosis from multiples causes is the
predominant factor in the etiology of BCS”. The correct
diagnosis is very important for the therapeutic approach.
Doppler ultrasound, computed tomography (CT) scan,
and magnetic resonance imaging (MRI) provide evidence
of hepatic vein (HV) thrombosis, with different specificity
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and sensitivity™*”.

Pseudo-BCS is a condition which until now has not
been well known. Only four reports were found in the
literature and all of these concerned patients with a
mechanical compression of the hepatic outflow due to an
enlarged liver and liver cirrhosis.

The diagnosis of pseudo-BCS is difficult, because
clinical and radiological findings are extremely similar to
BCS, making invasive methods necessary.

We report a case of presumed BCS in a patient with
alcoholic liver disease and emphasize the importance of
the differential diagnosis for the correct management of
these patients.

CASE REPORT

A 49-year-old female was admitted to our hospital with
a 6-mo history of abdominal pain, progressive ascites,
weight loss, anorexia and fatigue. There was no previ-
ous history of GI bleeding, surgery, hemotransfusions or
spontaneous abortion. Also, she denied the use of oral
contraceptives. Right up until admission day, she had con-
sumed excessive amounts of alcohol for over 8 years. On
physical examination we found mild jaundice, anemia, spi-
der nevi, palmar erythema, hepatomegaly of 16 cm below
the lower edge of the ribs, moderate ascites and edema.
A systolic ejection murmur at the abdominal right upper
quadrant was also found. Cardiac and pulmonary ausculta-
tion was normal. There was no jugular venous distention
or pulsatile liver. Laboratory results are listed in Table 1.

Spontaneous bacterial peritonitis was diagnosed
and treated. During endoscopy, three small esophageal
varices were found. Doppler ultrasound revealed gross
hepatomegaly 20 cm, with only a narrowed middle HV
visible and a tributary branch. Absence of flow in the
HV was reported. The CT-scan showed the massive
hepatomegaly with irregular distribution of contrast,
enlarged caudate lobe, and contrast hypercaptation at the
left hepatic lobe.

The possibility of hepatocarcinoma plus BCS was
considered. Serum viral markers were all negative and
a-fetoprotein level was normal (4.61 U/mL).

MRI examination suggested the diagnosis of BCS
due to patchy enhancement, absence of left and right
HV and a narrowed middle HV with two narrowed
tributary branches. An arterio-portal shunt was seen and
hepatocarcinoma was excluded (Figure 1).

The diagnosis of BCS was made with a high degree
of certainty by radiological exams. The search for hyper-
coagulable states was all negative.
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Figure 1 MRI in arterial phase showing a massive hepatomegaly with en-
larged caudate lobe and patchy enhancement of contrast. A branch of portal

vein is shown (arterio-portal shunt).
W

ha - _..-'

s &

e PR TR
'l'.!| - T
J "

Figure 2 Liver biopsy reveals perisinusoidal and pericellular fibrosis (Gomorij's
reticulin stain, original magnification x 100).

Due to the patient’s previous history and clinical
condition, a liver biopsy was performed in order to clarify
the extent of liver damage due to alcohol abuse as well as
venous occlusion.

The liver biopsy showed micronodular cirrhosis,
perisinusoidal and pericellular fibrosis (Figure 2). There
was neither pericentral congestion nor other histological
signs of hepatic outflow congestion and the use of
anticoagulant therapy was not indicated. The venography
was not performed due to the results of the liver biopsy.

The patient was discharged four weeks after admission
with improvement of her clinical condition and laboratory

results (Table 1).

DISCUSSION

BCS is a rare disease, varied in cause, presentation and
progression, with different diagnostic and therapeutic
approaches. The radiological methods are part of the
diagnostic work-up for BCS™,

The first-line test is Doppler ultrasound of the liver"!
that has a sensitivity of 87.5% in the diagnosis of BCS'.
The presence of a caudate vein equal or larger than 3
mm in diameter” or abnormalities in the flow of the HV
outflow tract are suggestive of BCSP.

MRI is the second-line test for BCS!". It permits
differentiation between all forms of BCS"'. Due to the
high cost and low availability of this test, MRI is only

Admission Discharge Normal

day day values
Hemoglobin (mg/dL) 9.7 11.0  12.0-16.0
Mean corpuscular volume (fL) 108.1 103 80.0-96.0
Leukocytes (/mm’) 21800 10100 4000-11000
Platelets (mil/mm?®) 306 250 140-360
Prothrombin time (s) 17.6 15.2 13
INR 1.52 1.2 1.0-1.4
Aspartate aminotransferase (U/L) 135 44 15-37
Alanin aminotransferase (U/L) 32.7 40 30-65
Gamma-GT (U/L) 907 312 5-85
Bilirubin (mg/dL) 2.73 14 0-1.0
Albumin (g/L) 24 36 34-50
Creatinine (mg/dL) 0.5 0.6 0.6-1.3
Alkaline fosfatase (U/L) 217 118 50-136

recommended when the diagnosis is not clear after
Doppler ultrasound'*'?.

A CT-scan may show an enlargement of the liver
(caudate lobe), with patchy enhancement after contrast;
but with indeterminate results due to false-positive in
50% of the cases”™”. Combination of the three techniques
in the appropriate clinical setting increases sensitivity to
80%-90%"".

In accordance with international guidelines, in BCS,
liver biopsy and venography of hepatic veins are indicated
when the diagnosis remains uncertain™'¥, The third-line
investigation is liver biopsy, which provides information
for important differential diagnoses'”. In current practice
venography is rarely considered necessary for establishing
a diagnosis and is carried out only when treatment is being
plannedm.

Clinical exams and radiological testing strongly
indicated that our patient was suffering from BCS. Due to
the radiological results during the clinical evolution, it was
no necessary to perform the venography. However, when
the possible causes of BCS in our patient were extensively
sought, by other means, all of them turned out to be
negative.

The hypothesis of hepatocarcinoma was made
due to the findings in the CT-scan. But this, too, was
excluded after the MRI showed an arterio-portal shunt.
It is well known that arterio-portal shunts can be present
in a cirrhotic liver and confuse the diagnosis with
hepatocarcinoma“S], as was the case in our patient.

Hypercoagulable states and thrombosis of other causes
represent more than 75% of the etiology in patients with
BCS"™. Other authors suggest that more than 85% of
idiopathic causes of BCS are due to myeloproliferative
disorders"*"",

One doubt in this case was the possibility that alcoholic
intake could have been the cause of this BCS or in some
way be associated with it. Two reports in the literature
show this rare association'>',

Shankel ez a/ in 1987 described a patient with BCS
and alcoholic liver disease. The patient presented both
inferior vena cava (IVC) and nephrotic syndromes. In
spite of the BCS diagnosis, absence of thrombus and
only a mechanical compression of the IVC was found at
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Abstract

Focal nodular hyperplasia (FNH) is a relatively rare
benign hepatic tumor, usually presenting as a solitary
lesion; however, multiple localizations have also been
described. The association of FNH with other hepatic
lesions, such as adenomas and haemangiomas has been
reported by various authors. We herein report a case of
a hepatocellular carcinoma arising within a large focal
nodular hyperplasia, in a young female patient.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Focal nodular hyperplasia (FNH) is a relatively rare
benign liver tumor, often asymptomatic and discovered
incidentally™”. Tt occurs in both men and women, but
shows a predilection for young women. FNH presents
as a solitary lesion in 70% of the cases, while in 30% of
patients two to five lesions are present”’. Multiple lesions
occur rarely”,

Although an association with the use of oral contra-
ceptives has been shown®”, its pathogenesis is still unclear.

The potential for malignant transformation of FNH into
hepatocellular carcinoma (HCC) has not been demonstrat-
ed”. However, cases of anatomical adjacency of fibrola-
mellar carcinoma (FL-HCC) and FNH in the same patient
have been described, and some authors have suggested a
direct link between the two tumors™".

The simultaneous presence of HCC in its typical form
and FNH is exceptional. To the best of our knowledge,
only few cases regarding simultaneous occurrence of FNH
and HCC of the liver have been reported in literature™",
In this case report we describe a case of co-existent FNH
and HCC and discuss the clinical management and thera-
peutic implications.

CASE REPORT

A 23-year-old woman was referred to the Outpatient
Department of our hospital with a present history of
fatigue and a past medical history of atresia of oesopha-
gus which was reconstructed during her neonatal age and
underwent oesophageal dilatations in her adolescence. She
has never used oral contraceptives and had no history of
hepatitis or alcohol abuse. Physical examination did not
reveal any abnormal findings. Laboratory findings includ-
ing serum o-fetoprotein and carcinoembryogenic antigen
levels were within normal ranges. Contrast-enhanced ab-
dominal CT scan showed five lesions in the liver (both left
and right lobes), with the largest of the lesions located in
the left lobe, an angiomyolipoma in the right kidney and
multiple small angiomyolipomas of the left kidney. All liver
lesions enhanced greatly during the early arterial phase
(Figure 1A and B).

Three months later, 2 new contrast-enhanced abdomi-
nal CT scan was repeated and revealed apart from the
known masses an increase in the size of the tumor in the
left lobe of the liver (diameter from 4 cm to 7 cm). On
unenhanced scans all masses appeared well-defined and
homogencously hypodense. Following an i.v. bolus of con-
trast, the masses showed early arterial contrast enhance-
ment, with the exception of a centrally located area in
the largest lesion, which remained hypodense (Figure 2A
and B). On portal venous phase scans all lesions became
isodense. The central hypodense area of the largest lesion
remained unchanged during the portal venous phase scans,
while became hyperdense on delayed scans. This area was
attributed to a central scar, a finding consistent with a
typical FNH. The remaining three masses were also con-
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Figure 1 A: Unenhanced transverse CT
scan demonstrates multiple hypoattenuating
masses located on both liver lobes. Fatty
tissue (known angiomyolipoma) replaces
the most of the upper pole of the right
kidney; B: Post-contrast CT scan depicts
multiple round liver lesions, with a smooth
margin, which demonstrate intense
homogeneous enhancement. The lesion
located in segment three, has a small
central area of hypodensity, consistent with
a central scar.

Figure 2 A: Pre-contrast CT scan
3 mo later, revealing the significant
increase in the size of the lesion
located in the left liver lobe; B: Post-
contrast image at the same level
showing the increased contrast
uptake of the lesion.

Figure 3 A: Photograph of the surgical specimen. The inset shows the cut surface: White arrow points at the scar of FNH and black arrow shows the hepatocellular
carcinoma; B: Photomicrograph from the lesion. Left: Connective tissue from the core of FNH containing thin wall vessels (black arrows) and cholangioles (black arrowheads).
Right: hepatocellular carcinoma. The tumor shows a trabecular growth pattern (white arrows) and focal pseudoglandular transformation (white arrowheads) (HE x 100).

sidered as FNHs. MR imaging was carried out at the same
time and the findings were consistent with multiple FINHs.

Due to the great increase in the size of the mass lo-
cated in the left lobe, during such a short period (3 mo), a
CT guided core liver biopsy was performed in the largest
lesion. Pathologic examination of the biopsy revealed that
the specimen composed of fibrous tissue surrounded a
nodule of hyperplastic hepatocytes, contained numerous
thin-walled vessels, as well as numerous proliferated bile
ductules. No evidence of malignancy was observed. Based
on the radiological and histopathological data, the provi-
sional diagnosis of FNH was made. In order to exclude
any coexistent brain pathology, the patient underwent
brain MR imaging, which was normal.

The surgical procedure involved the resection of the

www.wjgnet.com

I and II liver segments. During the operation a frozen
section was performed, revealing FNH. The surgical speci-
men measured 17.3 cm x 15.0 cm x 10.2 cm (Figure 3A).
It consisted of a portion of liver which contained two
masses, the larger measuring 9 cm x 6 cm x 5 cm and the
smaller 4.5 cm x 3.5 cm x 2.0 cm. Macroscopically, both
masses had a yellow-white cut surface and a central scar.
In addition, the smaller mass contained another smaller
tumor measuring 2.1 cm x 1.8 cm x 1.0 cm, which was
located in the periphery and showed a brown-green cut
surface (Figure 3A-inset). Microscopic examination of
the specimen revealed the presence of FNH (two discrete
tumors), whereas the smaller tumor included within the
smaller mass represented a well-differentiated hepatocel-
lular carcinoma (Figure 3B). Diagnosis of HCC was based
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Figure 4 Microphotograph showing details of the tumor. A, B: The tumor displays a trabecular growth pattern (A-arrow, B-arrow) with focal pseudoglandular transformation
(A-arrowhead) (HE, A x 250, B x 400); C: Tumor cells show positive immunohistochemical stain for hepatocyte antigen (arrows-streptavidin biotin peroxidase x 250);
D: Tumor cells show positive immunohistochemical stain for cytokeratin 18 (arrows-streptavidin biotin peroxidase x 400); E: Immunohistochemical stain for polyclonal
carcinoembryonic antigen displays a canalicular pattern (arrows-streptavidin biotin peroxidase x 100).

on morphological (HE stain) and immunohistochemical
grounds (Figure 4): The neoplastic cells exhibited positive
stain for hepatocyte paraffin antigen and cytokeratin 18
and negative stain for cytokeratin CK19, chromogranin,
synaptophysin, common leukocyte antigen negative, CD34
antigen. In addition, polyclonal carcinoembryonic antigen
displayed a canalicular pattern.

The postoperative period was uneventful. During the
follow-up period, the patient underwent liver transplanta-
tion in another center abroad. Pathologic examination at
that time revealed that the two small tumors in the right
liver lobe represented liver angiomyolipomas (personal
communication). At present time, eight years after the ini-
tial diagnosis, the patient is alive.

DISCUSSION

Benign liver tumors are uncommon in surgical practice
(3%-5% of all liver tumors); haemangioma is the most
common type (55%-60%), whereas adenomas (8%-19%)
and FNH (21%-27%) are less frequent. FNH, also called
mixed tumor represents a small percentage (1%-5%); its
definition is derived from the coexistence of two or more
tumor phenotypes[1’12’13]. FNH is generally considered to be
a hyperplastic response to an abnormal blood supply'.

The potential of benign liver tumors for malignant
degeneration has been extensively discussed in the
literature; in particular, a considerable risk of malignant
transformation has been reported for hepatic adenoma',
which was supported by findings of HCC foci within
the benign tumor mass. This is why surgical resection of
hepatic adenomas is recommended by most authors (apart
from considerations about possible rupture of larger
adenomas and subsequent intra-abdominal bleeding).

Conversely, there is no agreement on the malignant
potential of FNH. To the best of our knowledge
only a few cases of co-existent FNH and HCC have
been reported in the literature™"" and the pathological
correlation is not always clear. Saul ef a/ reported one
case in 1987 in which FNH and HCC were concomitant,
although the HCC was a fibrolamellar variant (FL-HCC) B,
Chen e al recently reported one case of HCC partially
surrounded by FNH", while even more recently Cucchetti
et al reported a case of simultaneous presence of FNH
and HCC".

Simultaneous appearance of FNH with adenoma
and haemangioma“sl has been reported. The simultaneous
occurrence of adenoma, focal nodular hyperplasia and
haemangioma has also been described and the authors have

[16,17]

concluded that adenoma, FNH and haemangiomas might
have a common origin that should be attributed to vascular
changes primarily caused by a congenital abnormality of
the angioarchitecture and blood circulation of the liver”.
Various authors have described the co-existence of FNH
with vascular cranial malformations®™ cystic dysplasia
of the kidneys™", Klippel-Trenaunay syndrome™. In
all cases described so far, the coexistence of the above
findings were attributed to a so called syndrome or were
described as coincidental™. A useful diagnostic tool for
the distinction between liver cell adenoma and FNH, when
the routine histopathologic features are not very clear, is
clonality analysis™/,

The histopathological features of FL-HCC suggest a
direct link between this tumor and FNH and some authors
hypothesize a direct evolution from FNH to FL-HCC™",
Also, the simultaneous presence of adjacent adenoma does
not exclude the development of HCC from malignant
degeneration of the adenoma. Therefore co-existence of
FNH and HCC in the same patient is an exceptional event,
to the best of our knowledge reported only in two cases.

Recent insight into the molecular characteristics of the
clonal growth of FNH failed to support further a possible
derivation of HCC from FNH; two different studies,
conducted by Gaffey'” and Paradis'"”, were undertaken
to clarify the monoclonal or polyclonal nature of these
tumors by a method that scans the molecular pattern of
inactivation of chromosome X. The authors eventually
came to opposite conclusions. In another study®, clonal
analysis was applied to macroscopically different portions
having different histological features within the same
tumor, with concomitant FNH and HCC; the results
showed that FNH was of monoclonal origin, but the
FNH clone was similar to that of HCC and therefore the
authors’ conclusions did not support the hypothesis that
HCC was the product of malignant transformation from
FNH. The issue of an identical clonal origin of FNH and
HCC therefore remains a matter of debate, although we
feel it is rather imprudent at present to completely exclude
any malignant potential of FINH.

The potential of FNH for malignant evolution would
appear unlikely on the basis of the follow-up of patients
with non-surgically excised FNH. Weimann e# a/ observed
an increase in the size of FNH lesions only in 9.5% of 53
cases, with no malignant transformation during a mean
follow-up of three years™. Likewise, in other studies no
increase in lesion size was observed among 11 patients
in a two-year follow-up, and in some cases the FNH
even completely disappeared over time". This evidence

www.wjgnet.com
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recently led Charny ef 4/, to conclude that, if the diagnosis
is unequivocal, surgical resection is not indicated for
asymptomatic FENH",

A clear and precise diagnosis of a benign liver tumor is
difficult to obtain in every patient, particularly in the case
of FNH. In the series collected by Terkivatan, difficulty in
differentiating FNH from adenoma or HCC represented
the indication for surgery in 32% of cases™. FNH was
rarely encountered by radiologists prior to the current
practice of helical multiphasic CT or MR imaging. It is
also believed that as the imaging methods improve, FNH
will be encountered more frequently. Many authors have
reported the CT features of FNH. Imaging characteristics,
typical of FNH, include a homogeneous well-defined
hypo-, or iso-dense lesion on unenhanced scans, which
shows bright enhancement during eatly arterial phase and
becomes isodense on portal venous phase. Central scars
are hypodense on early arterial and portal venous phases
and become hyperdense on delayed scans™ ™. Magnetic
resonance imaging is another modality also used for the
confident diagnosis of FNH. The reported sensitivity and
specificity values for contrast enhanced-MRI diagnosis
of FNH was 70% and 98% respectively in an article
by Cherqui ef a/ in a series of 41 patients with clinical
radiological and pathological correlations. The central
scar was detected in 78% of the cases™. An alternative
to angiography could be hepatic cholescintigraphy, which
according to the study of Weimann, best reflected the
vascular pattern and the typical biliary ductule proliferation
of FNH (sensitivity = 82%, specificity = 97%)%".

Finally, the diagnostic value of liver biopsy in suspected
FNH is rather limited; the lesion itself may not be reached
or the specimen may not be sufficient for an accurate
diagnosis, and false negative results are deleterious for the
final outcome as hepatic adenomas or HCC may bleed or
seed along the needle track.

In conclusion, at present there is no clear-cut evidence
supporting the potential for malignant degeneration of
FNH into HCC; the indication for surgery, particularly
in small lesions (< 4 cm) and asymptomatic patients, is
therefore rather controversial. In view of this uncertainty,
a correct diagnosis which differentiates between FNH
and HCC must be achieved for all cases by means of
a multidisciplinary approach. Due to the rarity of the
association between FNH and HCC it is difficult to draw
solid conclusions for both the pathology of this entity and
the appropriate management of these patients.
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symposia@falkfoundation.de

European Multidisciplinary Colorectal
Cancer Congress 2006

12-14 February 2006

Berlin

Congresscare

info@congresscare.com
www.colorectal2006.org

Falk Symposium 152: Intestinal Disease
Part I, Endoscopy 2006 - Update and Live
Demonstration

4-5 May 2006

Berlin

Falk Foundation e.V.
symposia@falkfoundation.de

Falk Symposium 153: Intestinal Disease
Part II, Immunoregulation in Inflammatory
Bowel Disease - Current Understanding
and Innovation

6-7 May 2006

Berlin

Falk Foundation e.V.
symposia@falkfoundation.de

14th United European Gastroenterology
Week

21-25 October 2006

Berlin

United European Gastroenterology
Federation

www.uegw2006.de

World Congress on Controversies in
Obesity, Diabetes and Hypertension
25-28 October 2006

Berlin

comtec international
codhy@codhy.com
www.codhy.com

Asia Pacific Obesity Conclave
1-5 March 2006

New Delhi

info@apoc06.com
www.apoc06.com/

ILTS 12th Annual International Congress
3-6 May 2006

Milan

ILTS

www.ilts.org

XXX Panamerican Congress of
Gastroenterology

11-16 November 2006

Cancun
www.panamericano2006.org.mx

Internal Medicine: Gastroenterology
22 July 2006-1 August 2006
Amsterdam

Continuing Education Inc
jbarnhart@continuingeducation.net

6th Annual Gastroenterology And
Hepatology

15-18 March 2006

Rio Grande

Office of Continuing Medical Education
cmenet@jhmi.edu
www.hopkinscme.net

Hepatitis 2006

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

World Congress on Gastrointestinal Cancer
28 June 2006-1 July 2006

Barcelona, Spain

c.chase@imedex.com

International Conference on Surgical
Infections, ICSI2006

6-8 September 2006

Stockholm

European Society of Clinical Microbiology
and Infectious Diseases
icsi2006@stocon.se
www.icsi2006.se/9/23312.asp

5th International Congress of The
African Middle East Association of
Gastroenterology

24-26 February 2006

Sharjah

InfoMed Events
infoevent@infomedweb.com
www.infomedweb.com

7th World Congress of the International
Hepato-Pancreato-Biliary Association

3-7 September 2006

Edinburgh

Edinburgh Convention Bureau
convention@edinburgh.org
www.edinburgh.org/conference

13th International Symposium on Pancreatic
& Biliary Endoscopy

20-23 January 2006

Los Angeles - CA

laner@cshs.org

2006 Gastrointestinal Cancers Symposium
26-28 January 2006

San Francisco - CA

Gastrointestinal Cancers Symposium
Registration Center
giregistration@jspargo.com

Society of American Gastrointestinal
Endoscopic Surgeons

26-29 April 2006

Dallas - TX

WWW.sages.org

Digestive Disease Week 2006
20-25 May 2006

Los Angeles

www.ddw.org

Annual Postgraduate Course

25-26 May 2006

Los Angeles, CA

American Society of Gastrointestinal
Endoscopy
www.asge.org/education

American Society of Colon and Rectal
Surgeons

3-7 June 2006

Seatlle - Washington

www.fascrs.org

71st ACG Annual Scientific and
Postgraduate Course

20-25 October 2006

Venetian Hotel, Las Vegas, Neveda

The American College of Gastroenterology

AASLD 57th Annual - The Liver Meeting™
27-31 October 2006

Boston, MA

AASLD

New York Society for Gastrointestinal
Endoscopy

13-16 December 2006

New York

WWW.Nysge.org

EVENTS AND MEETINGS IN
2007

9th World Congress on Gastrointestinal
Cancer

20-23 June 2007

Barcelona

Tmedex

meetings@imedex.com

Gastro 2009, World Congress of Gastro-
enterology and Endoscopy London, United
Kingdom 2009
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the main text. Provide a brief title for each figure on a separate page. No
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Inappropriate references
Authors should always cite references that are relevant to their article, and

avoid any inappropriate references. Inappropriate references include those
that are linked with a hyphen and the difference between the two numbers at
two sides of the hyphen is more than 5. For example, [1-6], [2-14] and [1, 3,
4-10, 22] are all considered as inappropriate references. Authors should not
cite their own unrelated published articles.

Statistical data
Present as mean £ SD or mean * SE.

Statistical expression
Express 7 test as # (in italics), F test as F (in italics), chi square test as ¥ (in

Greek), related coefficient as 7 (in italics), degree of freedom as y (in Greek),
sample number as 7 (in italics), and probability as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pressure,
pB)= 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose
concentration, ¢ (glucose) 6.4 = 2.1 mmol/L; blood CEA mass concentration,
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likewise for 40 g/L formaldehyde, not 10% formalin; and mass fraction,
8ng/g, efe. Arabic numerals such as 23, 243, 641 should be read 23 243 641.
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is at: http://www.wjgnet.com/wjg/help/15.doc
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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
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