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Abstract

AIM: To investigate the multicellular resistance of
human hepatocellular carcinoma HepG2 cells in three-
dimensional culture to delisheng, 5-fluorouracil and
adriamycin, and the possible molecular mechanisms of
delisheng.

METHODS: Human hepatocellular carcinoma HepG2
cells were cultured with a liquid overlay technique. After
the formation of multicellular spheroids, morphology was
analyzed by phase contrast microscopy, scanning electron
microscopy and transmission electron microscopy.
Sensitivity of HepG2 cells to delisheng, 5-fluorouracil and
adriamycin was investigated by MTT assay in multicelluar
spheroids and monolayers. Vascular endothelial growth
factor (VEGF) and endostatin expression were analyzed
in multicellular spheroids treated with delisheng,
5-fluorouracil, adriamycin and negative control PBS, with
immunohistochemical staining.

RESULTS: Multicellular spheroids exhibited structural
characteristics somewhat different to those in
monolayers. The cells in three-dimensional cell culture
turned out to be less sensitive to delisheng, 5-fluorouracil
and adriamycin than the cells cultured in monolayer. This
showed that delisheng had a satisfactory cells inhibition
ratio compared to 5-fluorouracil and adriamycin.
Immunohistochemical staining showed that VEGF and
endostatin expression was positive during growth as
multicellular spheroids, and endostatin expression in
spheroids with treatment of delisheng was higher than
that with 5-fluorouracil, adriamycin and PBS (139.35
+ 7.83, 159.23 + 10.34, 162.83 + 3.47 and 148.48 +
11.06, P < 0.05).

www.wjgnet.com

CONCLUSION: Chinese medicine compound delisheng
has satisfactory anti-tumor activity in HepG2 cells in
three-dimensional culture, and the effects are associated
with up-regulation of endostatin.

© 2007 WJG. All rights reserved.

Key words: Delisheng; Ginseng; Three-dimensional
culture; Multicellular resistance; Endostatin
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activity, and is associated with up-regulation of endostatin
in human hepatocellular carcinoma cell line HepG2 in three-
dimensional culture. World J Gastroentero/ 2007; 13(41):
5432-5439
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a highly malignant
tumor with a very high morbidity and mortality, and a
poor prognosis. Its incidence is increasing both in Asian
countries and in the USA. A majority of HCC patients
presents with advanced or unresectable disease. Even for

those with resected disease, the recurrence rate can be
as high as 50% at 2 years. Despite extensive efforts by
many investigators, systemic chemotherapy for HCC has
been quite ineffective, as demonstrated by low response
rates and no survival benefits! . With the continuous
development of the traditional Chinese medicine industry
in recent years, it has been proven that traditional Chinese
medicines (TCMs) have a marked effect on treating HCC,
with unique advantages, and have gained wide acceptance
as a safe, palliative and effective treatment in China"”.
Delisheng is a Chinese medicinal compound and is
usually used in combination with chemotherapy for HCC.
Furthermore, it has been reported that it can improve
the clinical symptoms and quality of life, without severe
adverse reactions, in patients with late-stage HCC. It is
composed of ginseng, milk vetch root, secretion bufonis
and Cantharidium. As delisheng is attractive as a natural
product for medicinal use, increasing attention is being
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paid to its scientific evaluation and its possible molecular
mechanisms.

Three-dimensional cell culture has been widely
used for studying the various molecular processes and
the development of therapy in recent years, for subtle
changes in phenotypic expression and biological activity
not demonstrated in conventional monolayer culture. In
contrast, multicellular spheroids of tumor cells provide
an excellent three-dimensional 7z vifro model to facilitate
detailed investigations, including the response to various
antineoplastic agents and their possible molecular
mechanisms, since spheroids mimic the solid tumors
more closely than monolayers do'". Tumor resistance to
anticancer drugs is a real phenomenon, partly because of
the so-called multicellular resistance (MCR), and it may
be the most important obstacle to cancer treatment' .
The resistance encountered in cells cultured as spheroids
seems to be analogous to the natural resistance observed
in patients, so the usage of three-dimensional cell culture
may provide a model for studies on the development of
anti-cancer drugs.

In this study, cells were cultured with a liquid overlay
techniquem’m. After the formation of multicellular
spheroids, morphology was analyzed by phase contrast
microscopy, scanning electron microscopy and
transmission electron microscopy. Sensitivity of human
hepatocellular carcinoma HepG2 cells to delisheng,
5-fluorouracil and adriamycin was investigated by MTT
assay in multicelluar spheroids and monolayers. Vascular
endothelial growth factor (VEGF) and endostatin
expression was analyzed in multicellular spheroids treated
with delisheng, 5-fluorouracil, adriamycin and negative
control PBS, with immunohistochemical staining;

MATERIALS AND METHODS

Human hepatocellular carcinoma cell line

The human hepatocellular carcinoma cell line used in the
present study was HepG2 preserved in The Center of
Molecular Biology of Xi’an Jiaotong University.

Monolayer and three-dimensional cell cultures

Each HepG2 cell line was maintained in DMEM (Gibco,
USA) medium supplemented with 10% fetal bovine
serum, 100 U/mL penicillin, 100 U/mL streptomycin in
5% CO2/95% air at 37°C. Cell cultures were maintained
in the exponentially growing state by passaging twice
weekly. Exponentially growing cells were harvested in a
monolayer cell culture, while for three-dimensional cell
culture obtained by liquid overlay technique, a single
cell suspension in complete medium was seeded in each
culture flask coated with 2% agarose. The conditions for
three-dimensional cell culture were exactly the same as for
monolayer culture, except for the presence of an agarose
layer. After 3 or 4 d incubation, multicellular spheroids
were obtained from each culture flask.

Scanning electron microscopy
After 3 or 4 d culture, monolayer cells and multicellular
spheroids were observed by phase contrast microscopy.

After which, samples were washed with PBS, pH 7.4, and
fixed with 2.5% glutaraldehyde for 2 h at 4°C. After three
washes in PBS, they were post-fixed with 1.0% osmium
tetroxide in PBS for 2 h at 4°C, then washed once in PBS,
followed by dehydration with an increasing ethanol series
(30, 50, 70, 90 and 100%y). The samples were then treated
with isoamyl acetate for 10 min, dried to the critical point,
and coated with gold. Finally, the samples were observed
with a scanning electron microscope (JEOL, JSM-840,

Japan).

Transmission electron microscopy

Additional samples were fixed and dehydrated as described
for scanning electron microscopy, and embedded in
Epon812 epoxy resin. Thin sections were prepared
and examined with a transmission electron microscope

(HITACHI, H-600, Japan).

MTT assay

The Chinese medicinal compound delisheng was
dispensed into a physic liquor to give a clinical dosage of
80 mL (recommended dose is 50-100 ml./d). Delisheng
was attenuated with Hanks balanced salts solution,
and the final concentration was 12.5, 25, 50, 100 and
200 pL/mL. MTT [3-(4, 5-dimethylthiazol-2-yl)-2,
5-diphenyl tetrazolium bromide] (Sigma, St. Louis, MO,
USA) was dissolved in PBS at 5 mg/ml and sterilized by
filtration. After treatment with 12.5, 25, 50, 100 or 200
ul/ml. delisheng; 6.25 x 107, 12.5 X 107, 25 X 107, 50
X 10” and 100 X 10° g/I. 5-fluorouracil; 0.15625 X 107,
0.3125 x 107, 0.625 X 107, 1.25 X 107 and 2.5 x 10” g/L
adriamycin in monolayer and three-dimensional cell culture
for 48 h, the cells were freshly disaggregated by enzymatic
dissociation, and the cell number was determined with
a hemocytometer. A cell suspension (150 pl) of each
sample was added to a 96-well plate. The cell number per
well was approximately 2 X 10°, Each well was added to
stock MTT solution (20 pL, 5 mg/mL). After incubation
in the presence of 5% CO2 and 95% air at 37°C for 4 h,
the supernatant was discarded. DMSO (150 pl.) (Sigma)
was added to each well and mixed thoroughly to dissolve
the dark blue crystals. After 30 min at room temperature
to ensure that all crystals were dissolved, the plates were
read with a Micro Elisa plate reader at a wavelength of 492
nm. All samples were read five times. The cell inhibition
rate was calculated by the following formula: cell inhibition
rate (%) = (1-OD of treated cells)/(OD of control cells)
X 100%.

Immunohistochemical staining

Antibody staining was performed with multicellular
spheroids. The monoclonal anti-VEGF antibody (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) was used
at a dilution of 1:25. The monoclonal anti-endostatin
(Santa Cruz Biotechnology) was used at a dilution of
1:25. Spheroids treated with delisheng (25 uL/mL),
5-fluorouracil (40 x 107 g/L), adriamycin (1 X 107 g/L)
and negative control PBS for 48 h were washed in PBS,
and fixed in 4% paraformaldehyde in PBS at 4°C for 1 h,

placed in a small tissue processing cassette full of 3%

www.wjgnet.com
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Figure 1 Multicellular spheroids of hepG2 cells observed with the phase contrast
microscope (x 100).

20 KV 1000 20 pm

agarose for 1 h, then dehydrated and embedded in paraffin.
Four-micrometer sections from the representative blocks
were immunohistochemically stained with mouse anti-
human monoclonal antibodies against VEGE, and rabbit
anti-human monoclonal antibodies against endostatin.
Four-micrometer thick sections were deparaffinized,
rehydrated and washed in PBS for 15 min, before
endogenous peroxidase activity was blocked. Primary
antibody was substituted by normal mouse and rabbit
serum as a negative control .Then endogenous peroxidase
activity was blocked by 30 min incubation in 3% hydrogen
peroxide solution. The specimens were washed with
PBS, pH 7.5. Non-specific binding was blocked by
incubating the slides with normal goat serum in PBS for
15 min at 37°C, then incubated overnight at 4°C with the
primary antibodies. After washing three times with PBS,
the sections were incubated with secondary antibody,
biotinylated antibodies for 40 min at 37°C. After washing
three times with PBS, the sections were immunostained
with avidin-biotin complex for 40 min at 37°C.
Visualization of the immunoreactions was conducted
with 3, 3’-diaminobenzidine (DAB, Sigma, UK) for 5 min.
Finally, sections were counterstained with hematoxylin.
The degree of the expression of immunohistochemical
products was classified into negative (< 10% of cells had
a positive reaction) and positive (> 10% of cells had a
positive reaction). Simultaneously, VEGF- and endostatin-
positive staining particles were quantitatively analyzed
by a LeicaQ550cw imaging analysis system (Germany)

www.wjgnet.com

Figure 2 Monolayer of hepG2 cells observed with the phase contrast microscope
(x 100).

Figure 3 Scanning electron microscopy of hepG2 cells. A: The
multicellular sphere was irregular with a diameter up to 1.0-2.0
mm, tight cell junctions were observed; B: Monolayer cells spread
dispersively and cell junctions were hardly observed.

to determine the mean grey values, the lower mean grey
values, and the stronger substrate coloration. The mean
grey values are an inverse ratio with the protein expression

quantity.

Statistical analysis

Data were reported as means = SE. The # test was used
for statistical analysis, P < 0.05 was considered statistically
significant.

RESULTS

Cell morphology (phase contrast microscopy, scanning
and transmission electron microscopy)

Multicellular spheroids and monolayer cells were observed
with phase contrast microscopy. The cells were oval
spheroids in three-dimensional cell culture (Figures 1 and 2).

Scanning electron microscopy showed that the
multicellular spheroids were irregular, with a diameter
of up to 200 um at 3-4 d. The cells were oval spheroids
or polyhedrons, with tight cell junctions, compared to
monolayer cells that were spread in a dispersed manner
and had few cell junctions (Figure 3).

Transmission electron microscopy showed that
desmosome and intermediate junctions were observed in
three-dimensional cell culture, but such structures were
rarely observed in monolayer cell culture. Multicellular
spheroids of approximately 200 um diameter showed no
obvious signs of extensive central apoptosis or necrosis,
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Figure 4 Transmission electron
microscopy of hepG2 cells: A (x
60000); B (x 30000): desmosome
junctions and intermediate junctions
were observed in three-dimensional
cell culture; C (x 3000); D (x 5000):
cell junctions were hardly observed in
monolayer cells with more microvilli on
the surfaces.

Table 1 Test sensitivity of delisheng in 3d and 2d cell culture

Table 3 Test sensitivity of adriamycin in 3d and 2d cell culture

Inhibition ratio (%)

Concentration (uL/mL) 3-d Monolayer P value
125 11.73 +11.58 33.81+10.54 0.014

25 20.94 +8.29 BYNOEROI5E 0.018

50 25.45 +5.62 46.01 £ 6.32 0.001

100 36.69 + 5.37 75.65 +10.47 <0.001

200 4393 +7.81 84.62 +3.24 <0.001

Inhibition ratio (%)

Concentration (g/L) 3-d Monolayer P value
0.15625 x 10° 11.40 £2.71 10.39 +5.07 0.705
0.31250 x 10° 12.17 £ 6.49 21.31 £2.85 0.02
0.62500 x10° 18.61 £9.41 25.69 +8.19 0.24
1.25000 x 10° 29.45 +5.26 41.66 + 6.52 0.012
250000 x 10° 38.09 +20.71 84.56 +7.97 0.002

Table 2 Test sensitivity of 5-fluorouracil in 3d and 2d cell

culture

Inhibition ratio (%)

Concentration (g/L) 3-d Monolayer P value
6.25 x 10° 18.25 £ 7.85 33.89 £9.41 0.021
12.50 x 10° 17.51£7.28 39.08 +7.74 0.002
25.00 x 10 18.18 £11.34 4318 +5.92 0.002
50.00 x 10° 17.87 £10.93 67.72+2.18 <0.001
100.00 x 10° 36.42 +10.54 81.17 £ 2.81 <0.001

although there was some swelling and there were fewer
microvilli on the surface of multicellular spheroids
compared to monolayer cells (Figure 4).

Response to delisheng, 5-fluorouracil and adriamycin
exposure

The sensitivity of monolayer and three-dimensional cell
cultures to delisheng, 5-fluorouracil and adriamycin was
investigated by MTT assay. The cell inhibition ratio in
three-dimensional cell culture treated with delisheng,
5-fluorouracil and adriamycin was lower than that in

monolayer culture (P < 0.01) (Tables 1-3, Figures 5-7),

Data were reported as means + SE (1 = 5).

which indicated the HepG2 cells in three-dimensional
culture became resistant to delisheng, 5-fluorouracil
and adriamycin. Cell inhibition ratio increased with
concentration of delisheng, 5-fluorouracil and adriamycin.
The results showed that delisheng had a satisfactory cell
inhibition ratio compared to 5-fluorouracil and adriamycin.

Immunohistochemistry staining

VEGF and endostatin protein expression were confirmed
in multicellular spheroids in three-dimensional culture.
Immunohistochemical analysis demonstrated that
VEGF and endostatin were expressed in the cytoplasm.
Endostatin expression in spheroids treated with delisheng
was higher than that with 5-fluorouracil, adriamycin
and negative control PBS (P < 0.05). However, VEGF
expression in spheroids treated with delisheng was similar
with 5-fluorouracil, adriamycin and PBS (P > 0.05) (Tables
4 and 5; Figure 8).

DISCUSSION

HCC is one of the most common types of human
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Figure 5 Sensitivity of HepG2 cells to delisheng determined by the MTT assay.
After the treatment with 12.5, 25, 50, 100 and 200 uL/mL delisheng for 48 h, the
cells in three-dimensional cell culture and monolayer culture were cultured with
MTT solution and cell inhibition ratio was determined. The cells in monolayer
culture were more sensitive to delisheng (P < 0.01).
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Figure 6 Sensitivity of HepG2 cells to 5-fluorouracil determined by the MTT assay.
After the treatment with 6.25, 12.5, 25, 50 and 100 x 10 g/L 5-fluorouracil for 48
h, the cells in three-dimensional cell culture and monolayer culture were cultured
with MTT solution and cell inhibition ratio was determined. The cells in monolayer
culture were more sensitive to 5-fluorouracil (P < 0.01).

malignancy worldwide. The prognosis in patients with
untreated HCC is very poor, with a median survival of
6 mo in patients who receive no specific treatment'”,
Curative therapy such as surgery, liver transplantation”,
or percutaneous treatments benefit only 25% of patients.
Systemic chemotherapy has been widely used in an
attempt to prolong this short survival time or to provide
symptomatic relief'”, but it appears to be less efficient,
possibly because it is used when metastases are already
present, and the tumor is large and spreading; moreover,
anticancer drug resistance is frequent. Tumor resistance
to anticancer drugs is a real phenomenon, but the most
prevalent mechanism may not correspond to multidrug
resistance . Instead, the so-called MCR, first described
in 1972 by Durand and Sutherland may be the most
important obstacle to cancer treatment. The resistance
encountered in cells cultured as spheroids seems to be
analogous to the natural resistance observed in patient
tumors. Tumor cells often form compact multicellular
spheroids when maintained in a three-dimensional culture
system. Various changes in molecular expression and even
in biological activity have been reported to exist between
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Figure 7 Sensitivity of HepG2 cells to adriamycin determined by the MTT assay.
After the treatment with 0.15625, 0.31250, 0.62500, 1.25000, 2.50000 x 10° g/L
adriamycin for 48 h, the cells in-three dimensional cell culture and monolayer
culture were cultured with MTT solution and cell inhibition ratio was determined.
The cells in monolayer culture were more sensitive to adriamycin (P < 0.01).

Table 4 Endostatin expression of multicellular spheroids with

treatment of delisheng, 5-fluorouracil, adriamycin and PBS

Drug Mean grey value
Delisheng 139.35 +7.83
5-fluorouracil® 159.23 +10.34
Adriamycin® 162.83 +3.47
PBS® 148.48 +11.06

P < 0.05 5-fluorouracil vs delisheng, ‘P < 0.05 adriamycin vs delisheng, °P <
0.05 PBS vs delisheng.

Table 5 VEGF expression of multicellular spheroids with

treatment of delisheng, 5-fluorouracil, adriamycin and PBS

Drug Mean grey value
Delisheng 188.00 + 6.33
5-fluorouracil® 189.93 + 16.58
Adriamycin® 193.44 £5.11
PBS® 184.82 +13.87

P > 0.05 5-fluorouracil vs delisheng, ‘P > 0.05 adriamycin vs delisheng, °P >
0.05 PBS vs delisheng.

the three-dimensional and conventional monolayer
cultures"™"”,

There are abundant resources in TCMs that have
been used clinically for > 5000 years in China and Asia,
and increasing attention is being paid to their scientific
evaluation. With continuing development of TCM, it has
a marked effect on the treatment of several, including
tumors, with unique advantages. Delisheng is a common
Chinese medicinal compound, whose composition
includes ginseng, milk vetch root, secretion bufonis and
Cantharidium. Satisfactory effects of delisheng have been
reported in patients with late-stage HCC that may improve
clinical symptoms and quality of life, without severe
adverse reactions. However, the mechanisms responsible
for this treatment are unknown. Many kinds of solid
tumors 7z vivo and tumor cells in three-dimensional cell
culture 7z vitro exhibit intrinsic or acquired resistance to
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cytotoxic drugs, which is one of the major obstacles to
clinical treatment.

In this study, human HepG2 cells were cultured with
a liquid overlay technique to form multicellular spheroids.
The results indicated that the cells were oval spheroid
or polyhedral, with fewer microvilli on the surface and
more desmosome and intermediate junctions, compared
to monolayer cells. The cells in three-dimensional culture
turned out to be less sensitive to delisheng, 5-fluorouracil
and adriamycin than those cultured in monolayer. Some
studies have indicated that more cells in multicellular
spheroids shift into a quiescent state. However, the
majority of conventional cytotoxic anticancer drugs
preferentially kill cycling cells. The increase in quiescent
cells might result in decreased sensitivity. VEGFE
and endostatin expression were confirmed in three-
dimensional culture. The data indicated that endostatin
expression in spheroids treated with delisheng was
higher than that with 5-fluorouracil and adriamycin and
negative control PBS, and a previous study has shown that
delisheng has a satisfactory cell inhibition ratio compared
to 5-fluorouracil and adriamycin. This suggests that the

Figure 8 Immunohistochemical
staining patterns of formalin-
fixed and paraffin-embedded
multicellular spheroids of
HepG2 cells (x 200) [A:
delisheng; B: adriamycin; C:
5-fluorouracil; D: negative
control PBS; E: negative
control (Primary antibody was
substituted by normal rabbit
serum)]. Endostatin expression
was confirmed in multicellular
spheroids, and the expression
of endostatin with treatment of
delisheng was higher than that
of 5-fluorouracil, adriamycin and
PBS (P < 0.05).

satisfactory effects of delisheng on HCC were associated
with the up-regulation of endostatin. As we know, one
of the components of delisheng, ginseng, has some
antiangiogenic activity. Recent studies have reported that
ginseng extract exerts anti-tumor activity through its effect
on the vascular system; furthermore, some investigators
have suggested that ginsenoside Rg3, a saponin extracted
from ginseng, alone or combined with cyclophosphamide
(CTX), inhibits growth and angiogenesis of ovarian cancer
by decreasing the microvessel density (MVD value) and
VEGF expression™ ), Endostatin as an angiogenesis
inhibitor has been shown to inhibit VEGF-induced
endothelial cell migration in vitro, and to have anti-tumor
activity in viro™**. Some investigators have studied tumor
growth in transgenic mice overproducing endostatin
specifically in the endothelial cells (a 1.6-fold increase
in the circulating levels), and found that tumor growth
was 3-fold slower than in wild-type mice”™. Therefore,
we think that the endostatin up-regulation induced by
delisheng in our experiment was possibly due to the
antiagiogenic activity of its ginseng component, and this
may explain why delisheng has satisfactory anti-tumor
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activity too. Although major emphasis has been placed
on the down-regulation of VEGE, the potential role of
endostatin increase induced by ginseng as an endogenous
inhibitor of angiogenesis in tumor growth inhibition can
not be ignored.

Further understanding of the mechanisms involved
in the activity of delisheng will help in the development
of new approaches to therapy of HCC. The satisfactory
activity of delisheng on HCC was associated with ginseng
up-regulation of endostatin expression.
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COMMENTS

Background

HCC is a highly malignant tumor with a very high morbidity and mortality. Despite
extensive efforts by many investigators, systemic chemotherapy for HCC has been
quite ineffective. Delisheng is a Chinese medicinal compound and is often used
in conjunction with chemotherapy for HCC, with satisfactory results. Our work
tried to establish the mechanisms for these effects of delisheng on HCC. Three-
dimensional cell culture has been widely used for studying the various molecular
processes, since spheroids mimic solid tumors more closely than monolayers do,
so the use of three-dimensional culture provides a model for the development of
anti-cancer drugs. In this study, cells were cultured with a liquid overlay technique. After
the formation of multicellular spheroids, we used the model to perform our experiments.

Research frontiers

With the continuous development of TCM in recent years, it is been demonstrated
that it can have a marked effect on treating HCC, with unique advantages, and it
has gained wide acceptance as a safe, palliative and effective treatment in China.
Delisheng is a Chinese medicinal compound and is often used in conjunction with
chemotherapy for HCC. Furthermore, it has been reported in patients with late-
stage HCC that delisheng may improve the clinical symptoms and quality of life,
without severe adverse reactions. As delisheng is attractive as a natural product
for medicinal use, increasing attention is being paid to its scientific evaluation
and its possible molecular mechanisms. Three-dimensional cell culture has been
widely used for studying the various molecular processes and development of
therapy in recent years, as it detects subtle changes in phenotypic expression
and biological activity not seen in conventional monolayer culture. In contrast,
multicellular spheroids of tumor cells provide an excellent three-dimensional in
vitro model to facilitate detailed investigations, including the response to various
antineoplastic agents and their possible molecular mechanisms, since spheroids
mimic solid tumors more closely than monolayers do. The resistance encountered
in cells cultured as spheroids seems to be analogous to the natural resistance
observed in patient tumors, so the usage of three-dimensional cell culture may
provide a model for developing anti-cancer drugs.

Innovations and breakthroughs

We used three-dimensional cell culture to study a Chinese medicine and its anti-
cancer effects. We showed that delisheng had satisfactory anti-cancer effects on
HCC, and these were associated with the up-regulation of endostatin. This was
possible because of the presence of ginseng in delisheng.

Applications

We confirmed that three-dimensional cell culture was suitable for the study of a
traditional Chinese medicine, and this may help other researchers to find a better
model for drug development. We also found that delisheng had satisfactory anti-
cancer effects on HCC, and these were associated with the up-regulation of
endostatin. This was made possible by one of delisheng’'s components, ginseng,
and this may provide a new method of therapy for HCC.

www.wjgnet.com

Terminology

Three-dimensional cell culture: this has been widely used for studying the various
molecular processes and development of therapy in recent years, because it can
detect subtle changes in phenotypic expression and biological activity not seen
in conventional monolayer culture. This is because spheroids mimic solid tumors
more closely than monolayers do. Delisheng: a Chinese medicinal compound that
is often used in conjunction with chemotherapy for HCC. Furthermore, it has been
reported in patients with late-stage HCC that it can improve clinical symptoms and
quality of life, without severe adverse reactions. Its composition includes ginseng,
milk vetch root, secretion bufonis and Cantharidium.

Peer review

The article provides a new model to study TCM, and explains the test outcome
rationally; furthermore, it introduces the Chinese medicinal compound delisheng
and indicates its further applications.
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Abstract

The aetiology of primary sclerosing cholangitis (PSC) is
not known. A more than 80-fold increased risk of PSC
among first-degree relatives emphasizes the importance
of genetic factors. Genetic associations within the human
leukocyte antigen (HLA) complex on chromosome 6p21
were detected in PSC 25 years ago. Subsequent studies
have substantiated beyond doubt that one or more
genetic variants located within this genetic region are
important. The true identities of these variants, however,
remain to be identified. Several candidate genes at other
chromosomal loci have also been investigated. However,
according to strict criteria for what may be denominated
a susceptibility gene in complex diseases, no such gene
exists for PSC today. This review summarises present
knowledge on the genetic susceptibility to PSC, as well
as genetic associations with disease progression and
clinical subsets of particular interest (inflammatory bowel
disease and cholangiocarcinoma).

© 2007 WJG. All rights reserved.
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INTRODUCTION

Primary sclerosing cholangitis (PSC) is a chronic
inflammatory condition of unknown aetiology,

characterised by progressive strictures of the intra- and
extrahepatic bile ducts and eventually liver cirrhosis and
liver failure™. No effective medical treatment is currently

availableP¥, and PSC is the major indication for liver
transplantation in the Scandinavian countries as well as
the fifth leading indication for liver transplantation in
the United States™. Population-based studies of disease
frequency are available from Norway, Great Britain and
The United States”, and indicate comparable incidence
(0.9-1.3 per 100000/year) and prevalence (8.5-14.2 per
100000) rates for these populations. The prevalence of
PSC is probably lower in Southern European and Asian
populations". In contrast to the female predominance of
many autoimmune diseases, approximately 2/3 of the PSC
patients are male!"'l. Affected individuals are young (less
than 40 years at time of diagnosis), and median survival
from time of diagnosis by cholangiography to death or
liver transplantation is approximately 12 years!''l.

Up to 80% of the PSC patients of Northern European
origin have concurrent inflammatory bowel disecase
(IBD)!". The frequency in Southern Europe and Asia is
lower (around 50% and 35%, respectively)!*'. According
to standard criterial®, the IBD phenotype in PSC has
mainly been classified as ulcerative colitis (UC), although
an association with colonic Crohn’s disease also exists!'*!".
The increased frequency of a variety of other autoimmune
diseases (e.g. type 1 diabetes) among patients with PSC
does not seem related to the increase in IBDM. There is
also an increased risk of cancer among the patients with
PSC, not only cholangiocarcinoma of the biliary tract
(approximately 13%-14% in Scandinavia)'**’, but also
other gastrointestinal malignancies (i.e. pancreatic and
colorectal cancer)!"”. The diagnosis of cholangiocarcinoma
is difficult because the cholangiographic changes
may look similar to those found in PSC without
cholangiocarcinomal'l. As a result, the cancer is often
recognised at an advanced stage when treatment by liver
transplantation does not improve survival®.

Smoking is the only environmental factor known
to influence PSC susceptibility and is associated with a
reduced risk of the disease.. Several genetic risk factors,
however, have been repeatedly described throughout
the 25 years since they were first detected?®*’l. The
present editorial aims to summarise present knowledge
on statistical associations between genetic variants and
risk of PSC or particular characteristics of PSC. In
genetic epidemiology, disease characteristics under study
are called phenotypes. Etymologically, the pheno-prefix
refers to “visible” or “evident”. Phenotypes, also referred
to as traits, may be dichotomous (e.g. PSC/healthy) or
quantitative (e.g. the level of alkaline phosphatase in a
blood sample from a PSC patient). The clinical definition
of a disease is primarily made to decide whether a
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Figure 1 Primary sclerosing cholangitis (PSC) is a patchwork of different
phenotypes in addition to the bile duct involvement. Most important are
inflammatory bowel disease (IBD), malignancy and other autoimmune diseases.
PSC is distinct from secondary sclerosing cholangitis (SSC).

particular treatment or follow-up may be indicated for a
patient or not. This practical aspect means that PSC as a
clinical “diagnosis” does not necessarily equal the ideal
“phenotype” for genetic association studies. The disease
phenotype in such studies should be as homogencous
as possible, simply because the presence of irrelevant
phenotypes in a study population will reduce the strength
of effects to be identified. The clinical phenotype of PSC
is compound (Figure 1).

In other diseases, susceptibility genes have been
identified through genome-wide linkage scans followed
by fine-mapping??*. In PSC, the lack of families with
affected sibling pairs has not allowed such studies
to position susceptibility loci?®®. The search for PSC
susceptibility genes has thus focused on plausible
candidates with regard to function™). As a general basis
for interpreting candidate gene association studies, an
introduction to important concepts of such studies will be
given, followed by a presentation and discussion of studies
performed in PSC. We searched PubMed for relevant
articles published up until the end of April 2007. We have
also reviewed the reference lists of identified articles, as
well as the reference lists of major immunogenetic- and
hepatology conferences held over the last 2 years.

GENETIC CONSIDERATIONS

In genetic terms, PSC is considered a complex trait,
meaning that polymorphisms in several genes along
with environmental factors are required for disease
development!™. Heritability for a disease is measured by (a)
concordance rates in monozygotic versus dizygotic twins
and (b) relative risk in siblings of a patient (A, = prevalence
among siblings divided by the general population
prevalence). For monogenic disorders, A, ranges from
several hundreds to several thousands, whereas values in
complex traits are usually below 100. A strong genetic
contribution to overall risk of PSC is supported by A,
values of approximately 100%), as compared with values
of 15-35 for Crohn’s disease and 6-9 for UCP.
Polymorphisms are genetic variants that have arisen
from mutational events in DNAP!. Conventionally, to be
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Figure 2 Statistical power (o = 0.05) for different odds ratios and allele
frequencies in a study of 365 patients and 365 controls, i.e. the number of alleles
in each group is 2 n = 730.

denominated a polymorphism, a mutant variant should
occur at a frequency of > 0.01 in the general population.
A particular nucleotide (or nucleotide sequence) at a
polymorphism is defined as an allele. The combination of
alleles on the two chromosomes is termed the genotype of
the individual at that position. A distinct combination of
two or more alleles of polymorphisms that occur together
on the same chromosome is defined as a haplotype.

When a mutation arises in a chromosomal region, it
does so on a background of particular DNA variants that
are already present in the population, i.e. the mutation
is linked to these surrounding alleles by the integrity
of the DNA molecule. Over time, recombination
tends to separate a mutant allele from the alleles of the
surrounding DNA. At the population level, the positive
association that remains between particular alleles at linked
polymorphisms is called linkage disequilibrium (LD),
meaning that these alleles occur more frequently together
than would be expected from their population frequencies.
Recombination ultimately leads to loss of LD unless there
is a selective advantage of particular allele combinations.

The relationship between disease phenotype and three
of the genetic concepts described (polymorphisms, alleles
and haplotypes), is the subject of genetic association studies.
That is, the aim of genetic epidemiology is to identify
alleles (or in diploid terms, genotypes) of polymorphisms
that are associated with an increase or decrease in risk
of disease or a particular characteristic of a disease.
The advantage of LD is that all polymorphisms in a
genetic region do not have to be genotyped to detect an
association. This is because the causative variant will reside
on the same haplotypes as other polymorphisms and can
be indirectly detected by typing for these. The disadvantage
of LD is that it may be almost impossible to determine
which of a series of alleles in LD on a haplotype that is
actually the causative variant. Most of the genetic variation
(> 99%) in the human genome is believed to be without
any phenotypic consequence®.

STATISTICAL CONSIDERATIONS

Because of the low prevalence, a major limiting factor for
statistical power in studies of PSC susceptibility genes
is sample size. Figure 2 illustrates the statistical power as
a function of the effect size (odds ratio; OR) and allele
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frequency of a genetic variant for studies performed
in the largest PSC population in which studies have
been petformed so far (# = 365)P). Two issues requite
mentioning. First, very weak effects (OR = 1.0-1.3) are
likely to be missed, even for populations of this size.
Second, rare variants of importance for PSC susceptibility
(allele frequency < 0.01) are likely to be missed unless the
OR of the variant is very high (or low; ORs < 1 were not
plotted for clarity).

An important controversy regarding the prospects of
mapping the genetic predisposition to complex diseases is
not related to statistical power, but the possible complexity
of allelic variation at a susceptibility locus. Supporters
of the “common-disease/common-variant” hypothesis
argue that common diseases arise due to polymorphisms
that are common (i.c. allele frequency > 0.10P%) in the
background population. Supporters of the “multiple rare
variants” hypothesis point to the complexity observed at
susceptibility loci in monogenic disorders, where multiple
rare alleles define a similar phenotype (e.g. the hundreds of
disease causing alleles at the cystic fibrosis transmembrane-
conductance regulator locus)P’l. Possibly, susceptibility
genes in complex diseases that are defined by multiple
rare variants cannot be identified using regular LD based
approachesP®. Although PSC is relatively rare, the main
HLA haplotypes that confer risk are relatively common
(e.g. the frequency of the PSC associated ancestral HLA
haplotype 8.1 is > 0.10 in Scandinavial™).

The abundance of false positive genetic association
studies (i.e. type I statistical errors) represents a problem
of legitimacy for this type of study designP®. Simply using
a P-value < 0.05 as “evidence” to distinguish between a
“positive” and “negative” finding in these studies can be
questioned™. The problem is partly related to the many
statistical tests performed in these studies. The so-called
Bonferroni correction (multiplying P-values with the
number of comparisons that have been performed) is the
most widely accepted strategy to account for this problem.

The Bonferroni approach has limitations. Due to the
many tests that are theoretically possible throughout the
genome, it can be argued that conservative significance
levels of 107 or even 10® should be used for all testsP®4",
Achieving such significance levels would require patient
collections simply not available for rare diseases like PSC.
The most recent proposal is that so-called permutation
testing (in Latin, “permutare” means “change completely”)
within a dataset is the preferable strategy to take account

of multiple testing!"!

I In permutation tests, case/control
assignment is shuffled randomly using a computer and
tests are run over and over again to count how often
the permuted dataset achieves the effect observed in the
correctly ordered dataset. If the permuted dataset achieves
an effect equal to or stronger than that observed in the
original dataset in 500 out of 10000 analyses, this means
that the probability of a type I error for a finding is 5%.
The problem of statistical significance in genetic
association studies philosophically relates to the problem
of causality for which criteria relevant to modern medicine
were proposed by Sir Austen Bradford Hill in a classic
essay in 19651 These critetia point to factors in addition
to the probability from statistical association tests (e.g.

biological plausibility) that are required for a causal
relationship to be established. This is also argued for in so-
called Bayesian statistics, where the prior probability of
a genetic variant to be associated (e.g. non-synonymous
polymorphism in a gene which function is relevant to the
disease phenotype), is accounted for when deciding on
the posterior probability of whether or not a finding is
validP¥. In sum, circumstantial evidence (from functional
studies or mouse models) is required to support findings if
a genetic variant should be considered causative in terms
of contributing to a disease phenotype™, whatever the
statistical evidence is available.

THE HLA COMPLEX AND GENETIC
ASSOCIATIONS OBSERVED IN PSC

The HLLA complex stretches across 7.6 million base
pairs (bp) of DNA on the short arm of chromosome
6 and contains 252 expressed protein-coding genes, of
which 28% are potentially related to immunological
functions™l. Throughout evolution of this genetic
region™ duplications have led to several gene clusters
containing genes of similar function (Figure 3)Il. HLA
class I molecules (i.e. HLA-A, -B and -C) are expressed
on all nucleated cells in the body and present intracellular/
endogenous antigens to CD8" T-lymphocytes. HLA class
[ molecules also serve as ligands for inhibitory killer
immunoglobulin-like receptors (KIRs) on natural killer
(NK) cells and y8 T-lymphocytes**!. HLA class TI
molecules are expressed on antigen presenting cells (e.g.
macrophages and dendritic cells) and present extracellular/
exogenous antigens to CD4" T-lymphocytes!*.

Sequence-based HLA-nomenclature was established
in 1987% The locus name is followed by an asterisk and
two pairs of digits. The first pair of digits denominates
the main type and is often similar to the serological
type (e.g. DRB1*03 is the same as serological DR3, but
DRB1#13 is only one of the DRG6 alleles). The second
pair of digits denominates the subtype (e.g. DRB1*0301
and DRB1*1301). Further definition is possible, since null
alleles are suffixed by “N”, and polymorphisms that do
not alter the amino acid sequence of the peptide binding
groove give rise to the fifth, sixth and seventh digits.
In result, a complete sequence-based HLA allele name
represents the haplotype of all alleles at all polymorphisms
within the HLLA gene at that chromosome.

LD between alleles at the HLA class [ and 1l loci
defines ancestral HLLA haplotypes (AHs) and are named
after which HLA-B allele they contain (e.g. the most
common haplotype with HLA-B*08 is called AH8.1)".
Alleles of other genes are in LD with these ancestral
haplotypes, and the co-occurrence of particular alleles
across the entire HLA complex on one chromosome is
called an extended HLLA haplotypel*”. At the population
level, the degree of conservation varies between
different extended HLA haplotypes®. As examples of
this phenomenon, an extended HLA haplotype with
the HLA-B*08 and DRB1*0301 alleles (i.e. the AHS8.1)
is remarkably conserved in the Northern European
population, whereas haplotypes carrying DRB1*04 alleles
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Figure 3 Schematic outline of the HLA complex on chromosome 6. Distances are arbitrary. By convention, the extended HLA complex stretches from the centromeric
border of the HLA class I loci (HLA-DP) to the telomeric limit of the histone gene cluster more than 4 million bp from HLA-A***. Centromeric to the HLA-DQ loci, a region

with intense recombination can be found (‘recombination hot-spot”)™*?.

are considerably less conserved and may not even qualify
for the denomination “extended haplotypes”*.

A HLA association in PSC was first identified
for HLA-B8 (i.e. HLA-B*0801) and DR3 (i.e.
DRB1*0301)**%. Later studies have verified that PSC
associations exist also for the other alleles of the AHS8.1
(the HLA-AT alleleP"] the HLA-C7 allelet, the major
histocompatibility complex class [ chain-related A (MICA)
*008/5.1 allele®*, and the tumour necrosis factor alpha
(TNFa) promoter -308 A allele®>*)). This haplotype is
associated with a wide range of autoimmune diseases?”l.
A cross-European study (Norway, Sweden, Great Britain,
Italy and Spain) concluded that a consistent, positive
HLA class Il association in PSC probably exists also for a
haplotype that carries the DR6 (i.e. DRB1*1301) allelel’.
In individuals negative for DR3 and DRG, an association
with haplotypes that carry the DR2 (i.e. DRB1*¥1501)
allele can be found. Negative associations with HLA
class II alleles have been reported for the DR4, DR7 and
DR11 alleles?™**l " although primarily in populations of
Northern European origin®. In Southern Europe, the
picture is even more complex, since the DR4 allele seems
to be consistent in LD with a predisposing variant in
TtalyP"**l whereas a protective effect is noted in Spain®*’.

Due to strong LD, an important question in HLA
genetics is whether genetic associations are due to
variation in the HLA class [ or II genes (meaning
that they arise because the patients are able to present
particular antigens to the T-cell receptor)®l) or due to
variation in neighbouring genesl®. There is some degree
of amino acid sequence similarity between several of the
PSC associated HLLA class I polypeptide variantst”¢l.
However, no consistency has been found regarding these
similarities®”l. The proposal of leucine at position 38 of
the DR polypeptide as a critical determinant for PSC
susceptibility relies heavily on the strong DRB3*0101
association in Northern European populations®. An
carly suggestion that a common denominator between
haplotypes with the DRB1*0301 and DRB1*1301 alleles
could be the DRB3*0101 allele (serologically DRw52a)
was later withdrawn®*®l. Another study found that the
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DRB1*1301-DRB3*0202 haplotype association is as
strong as the DRB1*1301-DRB3*0101 association".
Taken together, the most interesting proposal of a single
amino acid position in defining risk of PSC may rather
relate to a protective effect in carriers of proline at
position 55 of the DQP polypeptide, which is common
for DQ3 alleles known to be in LD with the protective
DR4, DR7 and DR11 alleles®. However, no consistent
risk allele is defined by this position®™, and to what extent
the HLA class II molecules ate of primatry importance in
the PSC pathogenesis should probably not be concluded
based on present evidence.

The PSC-associated MICA*008/5.1 allele has been
proposed as a common denominator between the PSC-
associated A*01-C*07-B*08-DRB1*0301-DQB1*0201
and A*03-C*07-B*07-DRB1*1501-DQB1*0602
haplotypes®*l. MICA functions as a ligand for the
activating NKG2D receptor on NK cells!*’l. It was recently
recognised that the two risk haplotypes in question share
alleles not only at MICA, but also at the neighbouring
HI.A-B and -C loci, when these are defined according
to the KIR binding properties of the HLA class [
molecules!®”. The PSC-associated HI.A4-B and -C KIR
ligand genotypes may result in decreased inhibition of NIK
cells and several subsets of T-lymphocytes that express
KIRs"*% Such combinations of KIR and HLA class [
ligand variants have been shown to increase susceptibility
to other autoimmune diseases*”. How the PSC-associated
MICA*008/5.1 allele may cause disease is not known.
This allele is also associated with an increased risk of other
autoimmune conditions®™, and may thus also result in an
increased activity of cells expressing the NKG2D receptor,
acting in synergy with the loss of inhibition resulting from
the PSC associated HLA class [ ligand genotypes. The
fact that the MICA 5.1 allele was recently shown to confer
protection against cholangiocarcinoma is in line with
an activating effect!”. Some studies report an increased
frequency of NK cells in the portal infiltrate of patients
with PSC when compared with other liver diseases!™",
and also in the intestinal mucosa of patients with PSC
without IBD compared with IBD patients without liver



Karlsen TH et a/. Genetics of PSC

5425

Table 1 Candidate gene studies performed in PSC

Gene Chromo- N Primary Reference Replication Reference
some (PSC) finding finding

IL-1 2q 40  Negative [76] Negative [77]
IL-10 1q 96  Negative [77] Negative [55]
MMP1 11q 165  Negative [78] NA -
MMP3 11q 111  Positive [79] Negative [78]
CCR5 3p 71  Positive [80] Negative [33]
ICAM-1  19p 104  Positive [81] Negative [82]
CFTR 7q 29  Negative [83] Negative [84,85]
MDR3 7q 37  Negative [86] Negative [87]
BSEP 2q 37  Negative [86] NA -
AIRE 21q 60 Negative  [88] NA -
NRAMP1 2q 40  Negative  [89] NA -
CTLA4 2q 144  Negative  [90] NA -
FOXP3 X 195  Negative [91] NA -

Interleukin-1 and -10 (IL-1 and -10), MMP1 and 3 (matrix metalloproteinase
1 and 3), CCR5 (chemokine receptor 5), ICAM-1 (intercellular adhesion
molecule 1), CFTR (cystic fibrosis transmembrane conductance regulator),
MDR3 (multidrug resistance gene 3), BSEP (bile salt export pump),
AIRE (autoimmune regulator), NRAMP1 (natural resistance-associated
macrophage protein 1), CTLA4 (cytotoxic T-lymphocyte-associated protein 4),
FOXP3 (forkhead box P3). NA: Not available.

disease™. Taken together with the genetic findings in this
region of the HLA complex (Figure 3), further studies on
the role of these cells in PSC seem warranted.

In sum, the HLA association in PSC is likely to be
complex. Multiple risk variants may exist™!, some of which
may be associated not only with PSC, but autoimmunity in
general.

PSC ASSOCIATIONS WITH
POLYMORPHISMS IN GENES OUTSIDE
THE HLA COMPLEX

Summarising the published genetic association studies
in PSC, it seems proven beyond doubt that one or
more genetic variants located within the HLA complex
are important. The true identities of these variants,
as discussed above, are not known. The situation is

even less clear with regard to other susceptibility loci.
Given the large number of protein coding genes in the
human genome (25-35000)P%, selecting candidate genes
for association studies is an extremely difficult task.
According to strict criteria for what may be denominated
a susceptibility gene in complex diseases (consistent
statistical evidence, functional consequence of identified
mutation, relevant tissue expression, e#.)?, no such gene
exists for PSC. A summary of studies performed is given
in Table 1. So far, most attention has been given to genes
known to be of importance in other autoimmune diseases.
The association between PSC and IBD has also inspired
some of the studies, as well as the observation of PSC-like
changes in cystic fibrosis/™.

Two of the negative findings are of particular interest
and will be discussed in greater detail. First, studies in
limited populations (# < 50) have pointed to a non-
significant increase of particular multidrug resistance
gene 3 (MDRJ) variants among PSC patients as compared

with healthy controls® 1. Knock-out mice for this

phospholipid transporter gene (called mdr2 in mice)
spontancously develop hepatic lesions resembling PSC™,
possibly due to loss of protection of the biliary epithelium
from toxic bile acids. Second, it cannot be formally ruled
out that the 32 bp deletion of the chemokine receptor 5
(CCR5) gene and the E/E genotype of the K469E SNP
in the intercellular adhesion molecule 1 (ICAM-7) gene
may confer population specific effects®™ % Both genes
are plausible candidate genes in PSC. The CCR5 may
be involved in the recruitment of intestinally activated
lymphocytes via portal expression of CCR5 ligands (e.g.
the macrophage inflammatory protein-la and ), and
ICAM-1 may play a similar role in recruiting leukocytes to
an inflamed liver by interacting with the B2-integrin ligand.
The negative findings in the replication series referred to
in Table 1 state it unlikely that genetic variants of these
receptors are of primary importance in the pathogenesis
of PSC. The receptors may, however, still be involved in
the disease process along with other CCRs and adhesion
molecules [e.g. CCRY and the mucosal addressin cell
adhesion molecule 1 (MAdCAM-1)P*+%].

GENETIC ASSOCIATIONS WITH CLINICAL
SUBSETS OF PSC PATIENTS

The most prominent features of PSC along with
the biliary changes are inflammatory bowel disease,

cholangiocarcinoma and other autoimmune diseases
(Figure 1).

The increased frequency of autoimmune diseases
among patients with PSC is possibly due to the increased
frequency of the AHS8.1 among the patientsP*’?. Similarly,
an increased frequency of IBD risk alleles among patients
with PSC could contribute to the co-occurrence of
these two phenotypes. Several IBD susceptibility genes
have been identified during the last 6 years through
the application of genome-wide linkage screens and
subsequent fine-mapping approaches™. To determine
if the high frequency of IBD among patients with PSC
could be due to genetic risk factors shared with IBD
in general, we recently genotyped key polymorphisms
of known IBD susceptibility genes in a large cohort
of Scandinavian PSC patients””. The following genes
were studied: caspase activating recruitment domain 15
(CARD15), toll-like receptor 4 (TL.R-4), caspase activating
recruitment domain 4 (CARD4), solute catrier family 22,
member 4 and 5 (SLC22A44 and SL.C22A45), Drosophila
discs large homolog 5 (DLG5) and multidrug resistance
gene 1 (MDRT7)P*. No significant PSC associations were
detected for any of the investigated polymorphisms®’.
These negative findings add to notions that the IBD
phenotype in PSC may be a “third” IBD phenotype!™,
possibly distinct from UC and Crohn’s disease not only
in clinical presentation, but also with regard to genetic
susceptibility.

It is of interest to know whether genetic associations
detected in PSC may be of particular importance for
the IBD phenotype among the PSC patients or patients
with IBD in general. In a recent study of HLA alleles in
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PSC and UC patients of the same cthnicity!", the only
parallel association detected was a protective effect of
the DRB1*0404 allele, more pronounced among the PSC
patients than among the patients with UC without liver
disease. No association with any of the main PSC risk
alleles (DRB1*0301, DRB1*¥1301 or DRB1*1501) was
found among the regular UC patients. Interestingly, a
non-significant trend towards a higher frequency of the
DRB1*1501 allele was noted among the patients with
PSC and concurrent IBD compared with PSC patients
without IBD, and the possibility should be held open
that this HLA haplotype may harbour genetic variants of
particular importance for the IBD phenotype in PSC. A
similar notion can be made with regard to the MMP3 5A
allele association detected by Satsangi ez a/”™”. Although
the replication study by Wiencke ez a/™ failed to confirm
an overall association with PSC susceptibility, a significant
association was evident when PSC patients with UC were
compared with UC patients without liver disease.

The study by Wiencke ¢ a/™ also detected a possible
association between cholangiocarcinoma and the
MMP1 1G allele. Although the number of patients
with cholangiocarcinoma in this series was too small for
conclusive statistics to be performed (# = 15), the 100%
occurrence of this allele among the cholangiocarcinoma
patients warrants future replication attempts in other
study populations. Recently, a highly significant association
between polymorphisms in the NKG2D gene and
cholangiocarcinoma in PSC was detected”!. Previous
studies have highlighted the importance of this activating
NK cell receptor in protection against other cancer
types!®
inflammatory pathways (e.g. IL-6"""), along with chronic
cholestasis!", is probably important for the malignant
transformation of cholangiocytes. The study by Melum
et al* points to the possible role of NK cell activity in
protection against neoplastic cells. Polymorphisms of the
NKG2D gene along with other parameters may also prove
important in identifying PSC patients at a particular low
risk of developing cholangiocarcinoma.

1. Persistent exposure to effector molecules of

MODIFIER GENES IN PSC

There is an increasing interest in so-called “modifier genes” in
complex diseases (as compared with “susceptibility genes”),
initiated by the recognition of the influence of such

genes on disease expression (e.g. severity) in monogenic
disorders like cystic fibrosis and haemochromatosis!'*'*l.
Modifier genes may point to biochemical and physiological
systems of relevance to prognosis and are therefore of
great clinical interest. Although PSC should be considered
a progressive condition culminating in death or liver
transplantation in most cases!'", the clinical course for

cach individual patient varies considerably!”"'"®

1. In terms
of disease course, indicators of PSC severity (e.g. portal
hypertension and need for liver transplantation) are
more likely to represent a particular discase stage than to
serve as valid measures of disease progression. The most
precise strategy for performing enquiries on effects from
genotypes on disease course in PSC is thus to compare

absolute survival time (defined as time from diagnosis
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until death or liver transplantation) using Kaplan-Meyer
analyses, or calculating the relative risk for death and/or
liver transplantation from Cox regressions!'*"".

We have recently observed that genetic variants of
the steroid and xenobiotic receptor (SXR) are associated
with a more aggressive disease course in PSC!"'". The
SXR is a ligand-dependent transcription factor known to
mediate protection against bile acid-induced liver injury
in cholestatic animal models!"'"""?. In this perspective, our
data may suggest that the activity of bile acid detoxification
systems could be of importance for disease progression
in PSC. Interestingly, the SXR ligand rifampicin has been
used in the treatment of cholestatic prutitus!', and it
has also been shown that ursodeoxycholic acid is able to
activate SXR in human hepatocytes!'!l. However, the SXR
may also influence inflammatory pathways via the pro-
inflammatory transcription factor nuclear factor kappa B
(NF-kB)!'", as well as liver fibrogenesis and thus cirrhosis
via direct effects on hepatic stellate cells and Kuppfer
cells!"'?). Further studies are needed to clarify the functional
consequences of various polymorphisms of the SXK gene
in patients with PSC.

The SXR variants associated with death or liver
transplantation in our study were not associated with PSC
susceptibility!"'”l. However, also for some of the disease-
associated variants in the HLA complex, modifier effects
have been observed. The first notion was made by Gow
et a' who desctribed an unusually aggressive disease
progression in four patients carrying the DR4 allele. Later,
Bobetg ez al'™ found that DR4 positive patients have an
increased risk of cholangiocarcinoma, but do formally
not experience an accelerated disease progression. In this
study, an increased risk of death or liver transplantation
was observed in patients heterozygous for the DR3-
DQ2 haplotype. As long as the causative variants along
the HLLA haplotypes in question have not been identified,
one can only hypothesize upon a biological explanation
for these observations. Given the complexity of the
HLA associations in PSC, it is even possible that other
variants within this region may be important for disease
progression than those primarily important for disease
susceptibility. However, for the same reasons it has been
difficult to pinpoint susceptibility genes in this region
(strong LD, multiple genes of immunological relevance,
efc.), such modifier genes may prove hard to identify
conclusively.

FUTURE STUDIES AND CONCLUDING
REMARKS

Although several important findings have been made
during the past 25 years since the first genetic association
study in PSC was performed®!, PSC remains an enigmatic
disease and future studies are warranted. With an ever
increasing availability of methods for efficient genotyping
of polymorphisms'™, a critical limitation for such studies
in PSC is the availability of well-characterised patient
materials. Collaborative efforts will be necessary to achieve
patient collections required for detecting the modest
effects (Figure 2), as well as for replicating results of
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uncertain validity®. Such collaborations are now being

undertaken in other diseases!""’

, and have successfully
aided in clarifying genetic associations found in PSCP.

In terms of future research strategies, several proposals
can be made. First, dissection of the widely replicated
HILA-associated susceptibility to PSC should be considered
a priority. Detailed maps of genetic markers in this region
are now available"™. It is anticipated that the systematic
application of such marker maps in populations of an
appropriate size may lead to the identification of true,
disease causing variants in this difficult region!.

Second, some biological pathways are pointed to by
existing findings (e.g. the possible importance of bile
acid homeostasis in influencing disease progression), and
further candidate gene studies of critical components of
these systems may identify additional risk factors. There
is increasing awareness of the importance of interaction
between polymorphisms in functionally related genes
in complex diseases, i.c. epistasis!?"'*?l. In some cases,
epistatic considerations have proven necessary for the
detection of effects from genetic variation on a phenotype

of interest(!?>124

1. These observations have implications
for study design in future candidate gene studies in PSC.
Polymorphisms not only in single genes, but in relevant
panels of several genes encoding proteins with closely
related functions, should be investigated.

Finally, two recent advances in the genetic research
field now make genome-wide studies feasible also for case-
control materials. First, the human haplotype map project
(HAPMAP) was recently completed!". In the project, 3.9
million SNPs have been genotyped in families of three
different ethnicities (at the time of writing). Results from
the project enable researchers worldwide to efficiently select
SNPs throughout the genome that are prone to cover
genetic variation of interest to a project!*'*l. Second,
although costs are high, genotyping technology now allows
for the typing of 100000's of SNPs simultaneously in the
same DNA sample!'®l. Emerging reports provide proof-
of-concept for genome-wide case-control studies!"**'*l,
However, there ate still statistical problems to be solved
regarding the many tests performed and risk of false
positive results™. As evident from Figute 2, only strong
effects may be detectable, and prospects may not yet justify
the costs. However, sooner or later genome-wide studies
seem warranted, also in PSC. Possibly, PSC susceptibility
genes will be identified that would otherwise never have
been included in hypothesis-driven candidate gene studies
of the type petformed so far!!.
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Abstract

AIM: To investigate the anti-viral mechanism of
combination therapy of interferon (IFN)-o and ribavirin
in patients with chronic hepatitis B.

METHODS: Twenty patients were assigned to receive
either IFN-a plus ribavirin (group A, 7 = 14) or no
treatment as a control (group B, 7 = 6). Patients were
analyzed for T-cell proliferative responses specific for
hepatitis B virus (HBV)-antigen and cytokine production
by peripheral blood mononuclear cells (PBMCs).

RESULTS: Combination therapy induced HBV-antigen
specific CD4+ T-cell proliferative responses in four
patients (28.6%). Production of high levels of HBV-
specific IFN-y, tumor necrosis factor (TNF)-a, interleukin
(IL)-12 by PBMCs was found in five patients (35.7%),
who showed significantly lower HBV DNA levels in serum
at 12 mo after treatment ended (P = 0.038) and at 24
mo of follow-up (P = 0.004) than those without high
levels of cytokine production.

CONCLUSION: HBV-antigen specific CD4+ T cells may
directly control HBV replication and secretion of anti-viral
T helper 1 (Thl) cytokines by PBMCs during combination
therapy of chronic hepatitis B with ribavirin and IFN-q.

© 2007 WJG. All rights reserved.
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INTRODUCTION

More than 400 million people worldwide have chronic
hepatitis B virus (HBV) infections'". Chronically infected
patients with active liver disease have a high risk of devel-
oping cirrhosis and hepatocellular carcinoma”. However,
therapeutic options against HBV still present a major
clinical challenge. The goal of treatment is HBY DNA
suppression, normalization of alanine aminotransferase
(ALT) levels and reduction in liver necroinflammation.
Currently available therapies against HBV are mainly in-
terferon (IFN)-a and nucleoside analogs, which are well
tolerated and induce a decrease in serum HBV DNA levels
and normalization of serum ALT levels. However, the ef-
ficacy of TFN-a™" or nucleoside analogs for treatment of
hepatitis B varies in different clinical situations” . IFN-q,
shows seroconversion from hepatitis B e antigen (HBeAg)
to antibody to HBeAg (anti-HBe), concomitant with HBV
DNA negativity in just one-third of patients treated, and is
both costly and induces adverse effects”. Tt has been well
established that IFN-q, has potent antiviral activity against
DNA and RNA viruses, and that it also acts as an immu-
nomodulatory agent'"). Some reports have suggested that
ribavirin shows antiviral and immune effects against vari-
ous infections'*, including hepatitis B and C. Both drugs
have the capacity to modulate systemic as well as virus-
specific T-cell responses, along with the potential to shift
the profile of cytokine secretion' ™',

Recent reports have suggested that combination
therapy with IFN-q plus ribavirin for chronic hepatitis B
significantly reduces viremia”" and induces lasting CD4+
T-cell proliferation and Th1 cytokine release at the site of
infection, which may lead to sustained HBV eradication!"”.
These preliminary data in anti-HBe-positive patients re-
fractory to IFN-q treatment appear to be promisinglw].
Thus, in the present study, we investigated the mechanism
involved in the control of HBV replication, utilizing com-
bination therapy with ribavirin and IFN-q.

MATERIALS AND METHODS

Patients

Twenty patients with chronic hepatitis B (14 men and 6
women; mean age 42 years), positive for both anti-HBe
and HBV DNA in the serum, and who had failed previ-
ous IFN-q treatment were enrolled in this prospective
trial. None had human immunodeficiency virus, hepatitis
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C virus, or hepatitis D virus infections, hepatocellular car-
cinoma, or had received nucleoside analogs. Six healthy
controls were also analyzed (mean age 38 years). Table 1
shows patient characteristics at enrollment. This study
conformed to the ethical guidelines of the Declaration of
Helsinki and was approved by institutional ethics commit-
tee. Informed consent was obtained from all patients prior
to inclusion.

Therapeutic and analytic schedule

The patients were divided into two groups: group A
(n = 14) for combination therapy with IFN-a plus riba-
virin, and group B (7 = 6) for untreated controls. Patients
in group A received 5 million U IFN-a2b three times a
week for 12 mo, plus ribavirin (1000 mg/d) orally for 12
mo!"”. Patients were followed for 12 mo after the end of
treatment. Blood chemistry, blood cell counts, and HBV
DNA were measured at the beginning of treatment, and
then every 1-2 mo during treatment and follow-up periods.
HBeAg and anti-HBe were measured at the beginning of
treatment, and then at 6-mo intervals. Blood samples for
immunological analysis were collected before therapy and
at 3,6, 9, 12, 18 and 24 mo after the commencement of
therapy. Serum HBV DNA was quantified, using transcrip-
tion-mediated amplification and a hybridization assay. The
concentration of HBV DNA in the samples was expressed
as the logarithm of genome equivalents per milliliter
(LGE/mL). Biochemical and hematologic parameters were
measured by standard methods. All patients completed
treatment and follow-up.

Cell preparation

The methods of cell preparation used here were nearly
identical to those of Ren ¢ al™” in their report focusing on
therapeutic vaccination against chronic hepatitis B. Periph-
eral blood mononuclear cells (PBMCs) from 20 patients
were separated from heparinized blood by density-gradient
centrifugation with lymphoprep (Nycomed Pharma AS,
Oslo, Norway). B cells were removed from PBMCs by
negative depletion, by incubating the cells with mouse anti-
CD19" antibodies coated on magnetic beads (Danal, Olso,
Norway). CD4+ or CD8+ T cells were then removed from
the resultant T cells in the same manner, using mouse anti-
human CD4+ or CD8+ antibodies coated on magnetic
beads (Danal), respectively. CD4+ cells were also blocked
with CD4+ antibodies (Caltag Laboratories, Burlingame,
CA, USA). The purity of the T-cell subpopulation was
monitored by immunolabeling with anti-CD3" antibodies
(Becton Dickinson, San Jose, CA, USA). Flow cytometry
revealed a > 95% purified T-cell subpopulation. PBMC
ot lymphocyte subsets were resuspended with 2 mmol/L
l-glutamine, 10 mmol/L HEPES, 100 kU/L penicillin,
100 mg/L streptomycin, and 50 mL/L. human AB serum
(complete medium).

Proliferation assay

The proliferation assay used in this study was nearly identi-
cal to that of Ren ez al”. T cells (1.5 x 10° cell/L in 0.2 mL.
complete medium) were cultured in triplicate wells of
96-well round-bottom microplates with medium alone, were

stimulated with 10 mg/I. phytohemagglutinin (PHA: Sigma)

Table 1 Clinical characteristics of patients at enrollment

Patient No. Age Gender ALT HBV DNA Type of response

(yr) (nkat/L) (10° LGE/L) (end of treatment)
Group A
1 48 M 89 6.8 Responder
51 M 158 7.3 Responder
3 44 M 86 8.3 Responder
4 41 M 464 8.0 Responder
5 39 M 122 48 Responder
6 67 M 142 8.1 Non-responder
7 52 M 140 8.3 Non-responder
8 26 M 69 4.8 Non-responder
9 52 M 46 7.6 Non-responder
10 3B M 39 5.4 Non-responder
11 24 & 458 8.7 Non-responder
12 27 F 51 8.5 Non-responder
13 52 F 80 7.4 Non-responder
14 37 F 57 6.8 Non-responder
Group B
15 42 F 43 7.2 No treatment
16 33 F 19 8.1 No treatment
17 sl M 138 3.9 No treatment
18 31 M o7 7.1 No treatment
19 29 M 79 7.1 No treatment
20 44 M 46 7.2 No treatment

P >0.05, Group A vs Group B.

and 3 mg/L HBV antigens: HBsAg protein, synthetic entire
preS1, HBeAg, and hepatitis B core antigen (HbcAg) (Viro-
stat, Portland, ME, USA). After 4 d of culture at 37°C in an
atmosphere of 50 mL/L CO:z in air, the cells were labeled
for 18 h with 37 kBq of [’H]-thymidine (Amersham, Little
Chalfont, UK). DNA-incorporated radioactivity was mea-
sured by scintillation counting. Data were expressed as the
stimulation index (SI), calculated as the ratio of the mean
cpm of triplicate cultures obtained in the presence of anti-
gen to cpm obtained without antigen. SI > 3 was considered
significant. The proliferative responses were not tested with
PBMCs from patients in control group B.

Cytokine assay

The cytokine assay used in this study was nearly identical
to that of Ren ez /", PBMCs (1.5 X 10° cell/L in 0.2 mL
complete medium) were cultured in triplicate wells of
96-well round-bottom microplates with medium alone, and
stimulated with 10 mg/L PHA or with 3 mg/L HBsAg,
HBeAg, HBcAg or preS1. After 3 d of culture at 37°C in
an atmosphere of 50 mL/L COsz in air, culture superna-
tants were collected. Concentrations of IFN-y, tumor ne-
crosis factor (TNF)-q,, interleukin (IL)-4, I1.-10 and 11.-12
p70 were determined using commercial ELISA kits (Gen-
zyme, Cambridge, MA, USA). Production levels after an-
tigen stimulation were expressed as the ratio of the mean
cytokine concentration of triplicate cultures obtained in
the presence of antigen to that obtained without antigen.

Statistical analysis
Results are expressed as mean £ SD. Differences in pro-
portions were tested by the Xz test. Mean quantitative
values were compared using the Mann-Whitney U test. All
reported P values were two-tailed and P < 0.05 was con-
sidered significant.
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Table 2 SI of T cells against HBV antigens from combination therapy patients

Patient No. 12 mo 24 mo
PHA HBsAg preSi HBeAg HBcAg PHA HBsAg preSi HBeAg HBcAg
1 38.1" 3.5 32! 3.9' 42 8.2' 41" 3.5' 41" 48
2 20.3' 34! 40' 41 44' 7.7" 3.2 3.0 44' 47"
3 19.5' 3.2 39' 48' 41 49' 3.5 3.7 47" 51"
4 323" 43! 7.8 7.2 7.9 9.6' 40 6.9 8.1" 8.8'
5 155" 19 23 2.0 17 8.4 35! 35 43' 44
6 12.8' 0.4 12 1.5 14 49' 11 13 15 12
7 50.2" 21 1.9 2.0 2.0 38.8 1.7 1.8 1.6 1.6
8 49 1.8 21 17 1.9 NT NT NT NT NT
9 66.3" 2.0 15 1.8 1.6 12.0' 15 1.2 15 13
10 56.6' 23 23 2.0 21 183" 2.0 21 1.8 1.9
11 23.8 1.1 1.0 1.1 1.2 8.7' 1.0 0.8 12 13
12 19.2' 1.4 1.2 1.4 13 46 1.1 15 11 1.2
13 420" 1.8 15 1.9 17 6.9' 15 13 14 15
14 21.8' 22 24 22 26 49' 2.0 23 1.9 2.0

'SI > 3 correspond to significant proliferative responses. NT, not tested; PHA (10 mg/L); HBV antigen (3 mg/L).

7r W Patients 1
B Patients 2
B Patients 3
O Patients 4

Stimulation index (SI)

il

CD4+ deletion

1 'l

Anti-CD4+

Anti-CD8+

T cell

Figure 1 Abrogation of antigen-specific T-cell proliferative responses from patients
1-4 at 12 mo (°P < 0.01 vs T cell and Anti CD8+).

RESULTS

Clinical outcome

HBV DNA levels decreased, with a significant reduction
at 9 mo and thereafter, as compared to those at baseline, in
the combination therapy patients. Serum HBV DNA levels
were also significantly lower in the combination therapy
patients than in the controls at 12 and 24 mo. At 12 mo,
four patients in group A (28.6%) (patients 1-4) had unde-
tectable HBV DNA levels, and also showed sustained not-
malization of ALT; they were thus considered sustained
responders, as previously reported’ ', The remaining 10
patients at 12 mo had detectable HBV DNA and elevated
ALT levels.

Induction of T-cell proliferation response to HBV antigens

Proliferative responses of T cells during combination ther-
apy and the follow-up period are summarized in Table 2.
Four patients (1-4) showed significant proliferative re-
sponses at 12 mo, and these responses were sustained
until 24 mo (the end of follow-up). These proliferative re-
sponses were always specific to both HBV antigens. Thus,
this combination therapy was found to have induced pro-
liferative T cell responses specific to the antigen contained
in these four patients (28.6%). Patient 5 also showed a
strong proliferative response at 24 mo. However, whether

www.wjgnet.com

the combination therapy induced this response is unclear
because it occurred at 12 mo after completion of therapy.

T-cell proliferative responses were also examined for
patients 1-4 after incubation with anti-CD4+ antibodies or
removing CD4+ or CD8+ cells. Depletion of CD8+ cells
did not clearly inhibit the proliferative responses, while
depletion of CD4+ cells or blocking with anti-CD4+ anti-
bodies completely abrogated the proliferative responses of
the patients (Figure 1).

HBV-specific cytokine production in PBMCs

HBV-specific cytokine production levels of PBMCs are
shown in Figure 2. Cytokine production showed a Th1-like
pattern characterized by secretion of IFN-y, TNF-a, and
II.-12 in the absence of I.-4 and IL-10 in five patients (1-5,
defined as responders). Patients 1-4 exhibited remarkable
increases in IFN-o, TNF-q,, and I1.-12 production at 3, 6 or
9 mo, as compared to patient 5 who showed mild, but not
significant, proliferative responses (Table 2). These respons-
es were sustained until the end of the observation period.
Production of Thl (IFN-y, TNF-q, and IL-12) and Th2
(IL-4 and IL-10) cytokines did not increase, or remained
unchanged in the patients who received other combination
therapy (patients 6-14, defined as non-responders).

The mean serum HBV DNA level was lower in re-
sponders than in non-responders at 12 mo (4.3 £ 1.1 o
6.0+ 1.1, P=0.038) and 24 mo 3.8 + 0 s 5.7+ 1.2, P =
0.004). It is noteworthy that HBV DNA fell to under the
detection limit at 24 mo in all responders. The decrease
in serum HBV DNA level was almost coincident with the
increase in IFN-y production by HBV antigen-specific T
cells, but was not preceded by any increase in serum ALT
levels in four responders (patients 2-5).

DISCUSSION

In the present study, a significant decrease was found in
serum HBV DNA levels at 9 mo and thereafter, along
with significantly lower levels of HBV DNA in the com-
bination therapy patients than in the controls at 12 and
24 mo. IFN-q plus ribavirin therapy appeared to inhibit
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HBYV replication in some patients, since serum HBV DNA
levels were significantly lower at 12 and 24 mo in respond-
ers who showed HBV-antigen-specific IFN-y, TNF-q, and
IL-12 production ## vitro in PBMCs that was augmented
in responders. The production of HBV-antigen-specific
Th1 (IFN-y, TNF-q, and IL-12) and Th2 (IL-4 and 1L.-10)
cytokines did not increase, or remained unchanged in non-
responders. Cytokine production showed a Thl-like pat-
tern, as well as induction of PBMCs, and was consistent
with the results of Rico ez al'™.

CD4+ T cells are necessary for the maintenance of
the effector functions of CD8+ T cells during chronic
viral infection™, Activated CD8+ cytotoxic T cells can kill
virus-infected cells by utilizing both perforin-dependent
and Fas-mediated cytotoxic mechanisms”. CD8+ T cells
can also secrete anti-viral cytokines such as IFN-y and
TNF-0*?. The HBV-antigen-specific T-cell reactivity ob-
served in our study may be relevant for the outcome of
the infection, because it may be crucial to provide help to
CD8+ cytotoxic T-cell responses to lyse and clear HBV-in-
fected cells®?". Nevertheless, eradication of HBV may be
accomplished by other cells non-cytolytically by transcrip-
tion and replication of HBV***). Based on our results, it
is not possible to establish the mechanism contributing
to HBV clearance (in this study we did not investigate
CD8+ cytotoxic T cells in the cytotoxic assay). However,
the decrease in serum HBV DNA levels was almost coin-
cident with the increase of IFN-y production by antigen-
specific CD4+ T cells and was not preceded by an increase
in serum ALT levels (as represented by patient 2, data not
shown). These results suggest that cytotoxic T cells are
unlikely to contribute to the control of HBV replication
in combination therapy with ribavirin and IFN-q,; results
that are supported by those of Rico e# al™. CD4+ T cells
appear to directly participate in the anti-viral response (by
producing anti-viral cytokines) rather than indirectly (by
helping cytotoxic T cells) in this combination therapy of
ribavirin and IFN-a. A role for Thl cells in controlling
viral infection is supported by experiments showing that
they can clear influenza™"”"! b
in a cytotoxic-T-lymphocyte-independent manner. Further,
a direct, cytokine-dependent anti-viral role for CD4+ T
cells, which produce Thl cytokines (Thl cells), has been
shown in HBV transgenic mice™, These reports support
our concept that the increased production of anti-viral
cytokines by PBMCs plays a crucial role in the control of
HBYV replication in combination therapy with IFN-o and
ribavirin. This combination therapy for chronic hepatitis
B not only significantly reduced viremia levels but also
induced lasting CD4+ T-cell proliferation and Th1 cyto-
kine release at the site of infection, which may have led to
sustained HBV eradication, as suggested by Rico ez a/'”.
Further studies will be needed to ascertain whether the
anti-viral mechanism of combination therapy is by a route
different from the one normally employed.

In conclusion, the present study indicated that com-
bination therapy with ribavirin and IFN-q for anti-HBe-
positive patients significantly reduces viremia, and induces
CD4+ T-cell proliferation and Thl cytokine secretion in
patients with chronic hepatitis B.

and vaccinia virus~ ' infections
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Research frontiers

Previous studies have suggested that combination therapy with IFN-o plus
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determined Th1 cytokine levels in PBMCs. Our results indicated that combination
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reduced viremia, and induced CD4+ T-cell proliferation and Th1 cytokine secretion.

Applications

This study indicates that combination therapy with ribavirin and IFN-c. for chronic
hepatitis B significantly reduces viremia; thus, this combination may represent an
alternative treatment option to achieve sustained eradication of HBV in patients
with chronic hepatitis B refractory to IFN-o. treatment.
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This is an interesting report of combination therapy with IFN-a. plus ribavirin
against chronic hepatitis B. The results suggest that HBV-antigen-specific CD4+ T
cells may directly control HBV replication and secretion of anti-viral Th1 cytokines
by PBMCs, utilizing combination therapy with ribavirin and IFN-o. against chronic
hepatitis B.
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Abstract

AIM: To examine genetic variation of nucleotide
oligomerization domain 1 (WOD1) and NODZ2, their
respective influences on Crohn’s disease phenotype and
gene-gene interactions.

METHODS: (ND:+32656*1) NODI1 polymorphism
and SNP8, SNP12 and SNP13 of NODZ2 were analyzed
in 97 patients and 50 controls. NOD2 variants were
determined by reaction restriction fragment length
polymorphism analysis. NOD1 genotyping and NOD2
variant confirmation were performed by specific
amplification and sequencing.

RESULTS: The distribution of NODZ polymorphism in
patients was different from controls (P = 0.045) and
not altered by existence of NOD2 mutations. In this
cohort, 30.92% patients and 6% controls carried at
least one NODZ variant (P < 0.001) with R702W being
the most frequent variant. Presence of at least one
NODZ mutation was inversely associated with colon
involvement (9.09% with colon vs 36.4% with ileal or
ileocolonic involvement, # = 0.04) and indicative of risk
of penetrating disease (52.63% with penetrating vs
25.64% with non-penetrating or stricturing behavior,
P = 0.02). L1007finsC and double NODZ mutation
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conferred the highest risk for severity of disease (26.3%
with penetrating disease vs 3.8% with non-penetrating
or stricturing behavior presented L1007finsC, # = 0.01
and 21.0% with penetrating disease s 2.5% with non-
penentrating or stricturing behavior carried double NODZ2
mutation, Z = 0.007). Exclusion of patients with NOD2
mutations from phenotype/NOD1-genotype analysis
revealed higher prevalence of *1*1 genotype in groups
of younger age at onset and colonic location.

CONCLUSION: This study suggests population
differences in the inheritance of risk NODZ polymorphism
and NODZ2 mutations. Although no interaction between
NODI-NODZ was noticed, a relationship between
disease location and Nod-like receptor molecules was
established.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Crohn's disease (CD) is a chronic inflammatory disorder
of the gastrointestinal tract. Although the etiopathogenesis
of this disease remains poorly understood, both genetic
and environmental factors have been suggested to
predispose to CD. Various disease phenotypes, including
age at diagnosis, sex, family history, location of disease,
response to medical therapies and behavior of the disease
may be genetically determined.

Experimental and observational data suggest that
intestinal inflammation arises from abnormal immune
reactivity to bacterial flora in the intestine of individuals
who are genetically predisposedm. The analysis of the
molecules that participate in the response of commensal
organisms revealed that gastric and intestinal cells are
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largely deficient in TLR signaling and must rely on
alternative systems, such as Nod-like receptors (NLRs) for
the detection of pathogens. The mammalian NLR family is
composed of more than 20 members that share a modular
domain organization of a C-terminal leucine-rich repeat
(LRR) domain, a central nucleotide-binding site domain
and a N-terminal protein-protein-interaction domain
composed of a CARD (caspase activation and recruitment
domain), pyrin domain or Bir domain®.

The first NLRs reported to have a direct function as
intracellular pattern recognition molecules were Nucleotide
oligomerization domain 1 (NODT7) (CARD4) and NOD2
(CARD15); both proteins detect distinct substructures
from bacterial peptidoglycan. NOD7 detects a unique
tripeptide motif found in Gram-negative bacterial
peptidoglycan and also in specific Gram-positive bacteria
such as Listeria and Bacillus spp"”. NOD2 detects muramyl
dipeptide, the largest molecular motif common to Gram-
negative and Gram-positive bacteria'”. Tt is expressed in
intestinal epithelial cells, with high expression in Paneth
cells in the small intestine, intestinal myofibroblasts,
granulocytes, endothelial, and monocyte-derived cells™”.

Identification of NODZ2 as the first susceptibility gene
for CD was a breakthrough in understanding inflammatory
bowel disease (IBD) pathogenesis. NOD2 gene is located
at the CD susceptibility locus (IBD7) on chromosome
16q12[‘7’8] and it has more than 60 sequence variants.
Although, disease-associated NOD2 mutations linked to
Blau syndrome and eatly onset of sarcoidosis have been
found in the region encoding the nucleotide-binding site
domain™"") the three common genetic mutations linked
to CD are mapped within or adjacent to the LRR region
of NOD?2 (leading to protein changes at R702W, G908R,
LlOO7ﬁnsC)[7’8]. These mutations are associated with an
altered NF-xB activation and the linkage is particularly
strong with ileal and ileocolonic cp""" NOD2
variants are associated with early surgery due to stenosis,
postsurgical recurrence, familial CD"” and stricturing and
penetrating forms of CD""".

CD association with NODZ2 has been widely replicated.
However, investigations into the inheritance of the three
risk alleles in NOD2 associated with susceptibility to CD
have demonstrated a remarkable heterogeneity across
cthnicities and populations with regional variation across

The discovery of NODZ2-related innate immune defects
in certain CD cases has led to speculation about defects
in other pattern recognition receptors and downstream
signaling molecules. The gene encoding NOD7 (CARD4)
is located within the chromosome 7p14 IBD locus, a
region that contains an IBD susceptibility locus in British
families'"”. An association between a complex insertion/
deletion polymorphism (ND:+32656*7) in NOD7 and
susceptibility to IBD has been described. Particularly, this
polymorphism has been associated to age at diagnosis and
to the presence of IBD extraintestinal manifestations'”.
This NOD7 polymorphism has also been associated to
increased susceptibility to asthma”*". In both diseases,
the mutation has been found to be an insertion/deletion
polymorphism in an intron of NOD7. Convincing
replication of these findings is pending, since no evidence

of association between ND1+32656*1 and IBD was found
in two recent well-powered data sets??,

The present study examines the genetic variation in
NOD7 and NOD2 and their respective influences on the
CD phenotype (age at diagnosis, disease location and
behavior) in a cohort of well-characterized CD patients.
Since NOD7 and NOD2 share structute and functions, a
potential interaction between NOD7 and NOD2 variants
in CD phenotype was analyzed. After stratifying patients
by their NOD2 genotype, the distribution of NODT
polymorphism was determined and the contribution
of each genotype was studied in regard to the discase

phenotype.

MATERIALS AND METHODS

Patients

Ninety-seven CD patients attending the IBD outpatient
clinic of Hospital Sant Pau (Barcelona, Spain) were
prospectively included in the study. Fifty healthy controls
matched for age, sex and geography wete also evaluated.
CD diagnoses were based on clinical, radiologic,
endoscopic and pathologic bases. Patients with CD were
classified according to Montreal classification for age at
onset, disease location and behavior™. All patients and
healthy controls gave informed consent and the study was
approved by the local ethics committee.

Genotyping

Analysis of NOD2 variants was performed as previously
described, using genomic DNA extracted from blood
samples by Qiagen kit (Qiagen, Heiden, Germany). A
panel of 3 single nucleotide polymorphisms (SNPS§, 72 and
713) was detected by a polymerase chain reaction (PCR)-
restriction fragment length polymorphism analysis (PCR-
RFLP)". Each NOD?2 variant was initially amplified by
PCR using specific primers (Table 1). The PCR products
were subsequently analyzed by restriction enzyme cleavage
and gel electrophoresis. For assay of the SNP8, the PCR
product (185 bp) was digested with Mspl, resulting in
the following fragments: 20, 35, 54 and 76 bp in R702
homozygous; 20, 35 and 130 bp in 702W homozygous and
20, 35, 54, 76, and 130 bp in heterozygous. For assay of
the SNP12, the PCR product (163 bp) was digested with
Hhal, resulting in the following fragments: 163 bp in G908
homozygous; 27 and 136 bp in 908R homozygous and
27, 136 and 163 in heterozygous. In order to detect the
SNP13, the PCR product (151 bp) was digested with Apal,
resulting in the following fragments: 151 bp for Leul007
homozygous; 20 and 131 bp in 1007Pro homozygous and
20, 131 and 151 bp in heterozygous.

Genotyping of NOD7 (ND1+32656) polymorphism
and confirmation of the three NODZ2 mutations were
performed by specific amplification with the primers
described in Table 1 and the subsequent sequencing of the
amplified products. Sequencing reaction was performed
using ABI PRISM BigDye terminator v1.1 Cycle
Sequencing Kit (Applied Biosystems, Foster City, CA)
and analyzed by Genescan analysis on an ABI Prism 3100
Genetic Analyser according to the manufacturer’s protocol

(Applied Biosystem).
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Table 1 Primers for NODZ2 and NOD1 genotyping

Forward Reverse Size (bp)
NOD2
R702W 5-AGATCACAGCAGCCTTCCTG-3" 5-CACGCTCTTGGCCTCACC-3" 185
GI08R 5-CTCTTTTGGCCTTTTCAGATTCTG-3" 5-CAGCTCCTCCCTCTTCACCT-3" 163
L1007finsC 5"-GGCAGAAGCCCTCCTGCAGGGCC-3" 5-CCTCAAAATTCTGCCATTCC-3" 151
NOD1
ND1+32656 5-TGACTGTGTGTGACTCTCTCTGC-3" 5-TGGTGAAAGCTCTCCACTATCTC-3" 250

Table 2 Genotype at NODZ2 polymorphisms in CD cases and healthy controls

Genotype count, 77 (%)

Mutation Group WT/WT Heterozygous Homozygous OR (95% CI)' P

R702W CcD 75 (77.32) 21 (21.65) 1 (1.03) 7.04 (1.58-31.30) 0.004
Controls 48 (96.00) 2 (4.00) 0

G908R CD 92 (94.85) 5 (5.15) 0 0.166
Controls 50 (100) 0 0

L1007finsC CD 89 (91.75) 8 (8.25) 0 4.40 (0.53-36.25) 0.167
Controls 49 (98.00) 1 (2.00) 0

'ORs and probability values for disease status associated with carriage of at least 1 mutant allele (heterozygous, compound heterozygous and homozygous were
grouped together). P-values were calculated with the Fisher’s Exact test when comparing controls and CD patients.

Statistical analysis

Genotype and allele frequencies of the patients and
controls were compared by the Xz test or Fisher exact test in
2 X 2 contingency tables with at least 1 expected value < 5.
Odds ratios (ORs) and 95% confidence intervals (Cls)
were calculated to estimate relative risks. A two-tailed P
value < 0.05 was considered significant. Statistical analysis
was performed using the Statistical Package for the Social
Sciences (SPSS) version 14.0 for Windows (SPSS Inc.,
Chicago, III).

RESULTS

Frequencies of three NOD2 mutant alleles and one NOD1
polymorphism in CD patients and healthy controls

NOD2 gene mutations (R702W, G908R and 1.1007finsC)
were determined in 97 CD patients and 50 healthy
controls. Frequencies are summarized in Table 2.
The distribution of genotypes at each mutation was
significantly different in CD patients versus controls.
R702W was the most frequent variant in CD and controls
(21.65% and 4%, respectively, P = 0.004), and the only
homozygous mutant patient in this cohort was found
for this SNP8. Carriage of R702W was associated to
the highest risk for CD in our cohort of patients (OR =
7.04; 95% CI: 1.58-31.30). Genotype frequency of the
L.1007finsC variant was lower than R702W, but showed
a tendency to be higher in CD patients than in controls
(8.25% ws 2%, P = 0.167; OD 4.40, 95% CI: 0.53-306.25).
The NOD?2 variant with the lowest frequency in CD
patients and in controls was G908R (5.15% w»s 0%,
P = 0.166). No homozygous NODZ2 mutant was found
for 1.1007finsC or G908R. In this CD cohort, 30.92% of
patients carried at least one variant of NODZ2 compared
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with 6% of healthy controls (P < 0.001) (Table 3),
conferring a high risk for CD (OR 7.01; 95% CI: 2.02-24.30).
Six CD patients but no controls carried two NOD2 variant
alleles.

NODT1 complex insertion/deletion polymorphism
(ND71+4+32656) was examined in the same cohort of
patients and controls (Table 4). Fifty-two percent of
controls were *1*1, 34% were *1*2 and 14% were *2+%2,
whereas 59.79% of CD patients were *1*1, 37.11%
were ¥1*2 and only 3.09% were *2*2. The distribution
of NOD7 genotype according to the NDi1+32656
polymorphism in CD patients and controls was statistically
different (P = 0.045). Frequency of CD patients carrying
*1 allele was 96.8% whereas in controls it was 86%,
conferring a significant risk to develop the disease (OR 5.10;
95% CI: 1.25-20.68, P = 0.032).

Distribution of NODT7 genotype according to WT
or mutant NOD2 was analyzed in CD patients to assess
potential interactions between NOD1 and NOD2 (Table 4).
Among those patients carrying at least one NOD2 mutant
allele, 60% of the patients were *1 *1, 36.66% were *1 *2
and 3.33% were *2 *2. Similatly, 59.70% of NOD2 WT/
WT were *1 *1, 37.31% were *1 *2 and 2.98% were *2
*2. The presence of NOD2 mutant alleles had therefore
no influence on the NOD7 polymorphism distribution
(P =0.99), suggesting no gene-gene interactions.

Clinical characteristics of CD patients according to the
NOD2 genotype

CD patients were classified according to Montreal
classification, with minor modifications as indicated in
Table 5. The association of NODZ2 mutations to each CD
phenotype was analyzed using each mutant genotype. The
presence of at least one risk allele or the joint analysis of
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Table 3 Distribution of NOD2 mutations in CD patients and
controls

Table 4 Genotype frequencies of ND:+32656 in CD patients
and controls

NOD2 genotype CD Patients, Controls, OR P
n (%) n(%) (95% Cl)'

At least one variant’ 30 (30.92) 3 (6) 7.01 (2.02-24.30) < 0.001

Heterozygous 24 (24.74) 3(6) 5.61 (1.59-19.0) 0.003
Compound 5(5.15) 0

heterozygous®

Homozygous 1(1.03) 0

'ORs and probability values for disease status associated with NOD2
genotype. “P-values are calculated with the Fisher’s Exact test when
comparing controls and CD patients. *At least one variant was considered
if any subject had at least one copy of the variant allele. *Compound
heterozygous was defined as the presence of two different variants.

compound heterozygous and homozygous for NOD2
mutations were considered as a single independent
variable.

A high proportion of patients in this cohort were
diagnosed under the age of 40 (A1l + A2, » = 2 + 78),
whereas 17 patients were diagnosed over 40 years (A3).
All 6 patients with 2 mutant NOD2 alleles were diagnosed
before 40 years of age.

To study the association between genotype and disease
location, one L1 + L4 patient was included in the L1
group (n = 34, 35.05%), and another I.2 + 1.4 patient was
included in the L2 group (z = 23, 23.71%). NOD2 WT/
WT patients were similarly distributed in L1, 1.2 and L3
groups: in 21.65% patients disease location was terminal
ileum (L.1), in 20.62%, it was colonic (L.2), and in 26.80%,
it was ileocolonic (LL3). However, location of disease in
NOD2 mutant patients was not identical to NOD2 WT'/
WT patients (P = 0.08). Despite the fact that R702W
polymorphism was the most frequent in this cohort, only
one patient with colon location carried this mutation (the
patient had a double NOD2 mutation). The presence of
at least one mutant NODZ2 gene was inversely associated
with exclusively colonic involvement (L2) (P = 0.04, OR
0.26; 95% CI: 0.07-0.96). When analyzing compound
heterozygous and homozygous NODZ mutations, 2.06%
of patients were I.1, 1.03% of patients were 1.2 and 3.09%
of patients were 1.3, indicating a comparable distribution.

Similarly to location, behavior groups in CD patients
were simplified as follows: B1 group included 4 patients
Blp (» = 37, 38%), B2 included 4 patients B2p (n = 41,
42%) and B3 included 4 patients B3p (» = 19, 19.5%).
Distribution of NODZ2 mutations was different depending
on disease behavior (P = 0.003). The presence of at
least one mutant NOD2 allele was indicative of risk of
penetrating disease (B3) (P = 0.02, OR 3.22, 95% CI:
1.14-9.06) with the allele 1.1007finsC being indicative of
the highest risk (P = 0.007, OR 8.92; 95% CI: 1.91-41.68).
The frequency of double NODZ2 mutants was significantly
higher in the B3 group than in the B2 and B1 groups
(66% of the double NOD2 mutants were B3, 33.3% were
B2 and non-double NOD2 mutants were B1). Presence
of two NOD2 mutant alleles was therefore indicative of
risk for severity of disease (P = 0.01, OR 10.13; 95% CI:
1.70-60.40). The exam of the behavior through the course

NODT genotype, n (%)

Group NODZ ' *1*q *1*2 *2%2

cD 97 58(5979°  36(37.11)  3(3.09)
WT/WT 67 40 (59.70) 25(37.31)  2(2.98)
Mutant® 30 18 (60.00) 11 (36.66)  1(3.33)

Controls 50 26 (52.00) 17 (3400) 7 (14.00)
WT/WT 47 23 (48.93) 17 (3617)  7(14.89)
Mutant 3 3 (100) 0 0

CD: Crohn'’s disease; WT: Wildtype. 'Number of CD patients or controls;
*Results are expressed as number of CD patients (% of CD patients); "NOD2
mutant was considered any subject that inherited at least one copy of the
variant allele.

of disease showed an expected changing pattern'. There
was a progressive reduction in the proportion of patients
in the group B1 (51.6% patients with 5 years of disease,
34.9% patients with 6-9 years of disease and 21.7%
patients with 10-15 years of disease). Inversely, there was
a progressive increase in the proportion of patients in the
groups of more complicated forms, B2 (34.5% patients
with 5 years of disease, 44.2 patients with 6-9 years of
disease and 52.2% patients with 10-15 years of disease)
and B3 (13.8% patients with 5 years of disease, 20.9%
patients with 6-9 years of disease and 26.1% patients with
10-15 years of disease). Selecting the group of patients
with 6-9 years of disease (7 = 43), the presence of at least
one NOD?2 mutation was indicative of risk of penetrating
disease (the B3 group) (P = 0.046, OR = 5.55, 95% CI:
1.14-27.01) and 66.7% of the double NOD2 mutants wete
included in the B3 group. Twelve patients with perianal
disease (B1p, B2p, and B3p) were analyzed separately. Four
of these patients presented one NODZ2 mutation, one was
a compound heterozygous and the rest were NOD2 WT/
WT.

Clinical characteristics of CD patients according to the
NOD1 genotype

Phenotype of CD patients was analyzed according to the
NDi+32656 polymorphism of NOD7 gene. Distribution
of NODT genotype according to older age at diagnosis
(A3 P = 0.64), location (L1 P = 0.28, L2 P = 0.56 and L3
P = 0.26) and behavior (B1 P = 0.55, B2 P = 0.99 and B3
P =0.99) of the disease were not different from healthy
controls. Similarly to a previous report, ND1+32656
genotype distribution in the group of eatly-onset CD (Al
+ A2) was different from that observed in healthy controls.
Only 2.5% of CD patients in the early-onset group had
*2*%2 genotype compared to 14% of healthy controls (P =
0.04).

Since NOD2 mutations have a strong association with
some CD clinical characteristics, and in particular with
the ileal location, 30 CD patients that presented at least
one NOD2 mutation were excluded from the phenotype/
genotype study to prevent any influence of NOD2
(Table 6). When comparing the distribution of NOD7
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Table 5 Clinical characteristics of CD patients according to NODZ2 genotype

NOD2 genotype, n (%)

Clinical features n' WT/WT R702W/WT G908R/WT L1007fsinsC/WT Heter.compound & P
homozygous OR (95% CI)

Age at diagnosis
<40yr (Al + A2) 80 54 (55.67)° 13 (13.40) 3 (3.09) 4(412) 6 (6.18) 0.57 1.56 (0.46-5.27)
> 40 yr (A3) 17 13 (13.40) 3 (3.09) 0 1(1.03) 0

Location
Ileal (L1) 34 21 (21.65) 8 (8.25) 1(1.03) 2 (2.06) 2 (2.06) 0.26 1.67 (0.69-4.06)
Colonic (L2) 23 20 (20.62) 0 1 (1.03) 1(1.03) 1 (1.03) 0.04 0.26 (0.07-0.96)
Tleocolonic (L3) 40 26 (26.80) 8 (8.25) 1 (1.03) 2 (2.06) 3(3.09) 0.5 1.38 (0.57-3.29)

Behavior
Non-stricturing, 37 24 (24.74) 8 (8.25) 3 (3.09) 2 (2.06) 0 0.5 1.37 (0.56-3.29)
non-penetrating (B1)
Stricturing (B2) 41 34 (35.05) 5 (5.15) 0 0 2 (2.06) 0.01 0.29 (0.11-0.78)
Penetrating (B3) 19 9 (9.28) 3 (3.09) 0 3(3.09) 4 (4.12) 0.02 3.22 (1.14-9.06)

CD: Crohn’s disease; WT: Wildtype. 'Number of CD patients in each subgroup; *P-values, odds ratios and confidence intervals refer to the comparison of

presence versus absence of the at least one mutant NOD2 allele; *Results are expressed as number of CD patients (% of CD patients).

polymorphism in each phenotype group with healthy
controls, a higher prevalence of *1*1 was observed in

the group Al + A2 (P = 0.04). Interestingly, there was a

Table 6 Clinical characteristics of NOD2 WT/WT CD patients

according to NOD1 genotype

clear tendency of the colonic group (I.2) to have a higher NOD2ZWT/WT
frequency of *1*1 and lower frequency of *1*2 and *2*2 Clinical features n' NODI: *1*1  *1*2  *2*2
than controls, but the distribution of the NDi+32656 Afzgt il?/-g\rlmfiz) o 2o w18 18
polymorphism was not statistically different because the > 40 zr (A3) 13 4615 4615 760
low number of cases decreased the power of the test. Location
Distribution of this NOD7 polymorphism in the other Tleal (L1) 21 57.14 3809 476
clinical subgroups of CD patients was comparable to Ec’l"nic (I_“2)L3 ig ;g o iils g
. . . eocolonic o b

healthy controls. Seven of the 12 patients with perianal Behavi )

. ehavior
disease (Blp + B2p + B3p) were NOD2 WT/WT. Non-stricturing, 24 625 33.33 416
In this subgroup of patients, NOD7 polymorphism non-penetrating (B1)
analysis showed that three of them were *1*1 and four Strictiring{(B2) 5t 6176 5529 294

re *¥1%2 Penetrating (B3) 9 44.44 55155 0

were : Controls 47 4893 3617 1489

DISCUSSION

The frequency of NOD2 mutant alleles associated to
CD in our cohort of patients was within the European
range, but deviated somewhat from populations of nearby
geographic regions[25’26]. The frequency of R702W was one
of the highest described in Caucasian populations, whereas
the frequency of L1007finsC was lower than in other
studies”. This observation is consistent with marked racial
and regional differences described in the inheritance of the
three risk NOD2 alleles',

As expected, carriage of NODZ2 mutations conferred a
high risk for developing CD, but this was neither necessary
nor sufficient for CD development. The three NOD2
mutations were not equally involved in CD susceptibility.
The presence of R702W showed the strongest risk for
CD in our cohort of patients. However, this mutation
was not associated to CD in Galician, Finnish or Scottish
populations®. The mutation with the strongest CD
association in several familial and non-familial studies was
L1007finsC", but this was not so in our cohort. Although
the frequency of 1.1007finsC was noticeably elevated in
CD patients, the absence of controls with this genotype
precluded a statistical comparison.

We found an association between the polymorphism

www.wjgnet.com

WT: Wildtype. 'Number of CD patients or controls in each subgroup; *Values
are expressed as the percent of patients in each clinical subgroup.

located at the intron IX-exon IX boundary of NOD7
and susceptibility to CD in our cohort of patients. These
results confirm a previous report associating this NOD7
polymorphism with early IBD-onset and extraintestinal
manifestations. Although one recent study did not
show a significant association with IBD™, this NOD1
non-coding polymorphism showed a strong association
with asthma and the presence of elevated IgE levels in
three independent panels of subjectslzo]. Other NODT
polymorphisms in the coding sequence have been
previously examined and showed no influence in CD
susceptibilitylzs]. Mutations with phenotypic effects should
be predominantly found at the coding sequence but
complex disease susceptibility is often mediated through
regulatory polymorphisms. In this case, NDi+32656
may affect the binding of an unknown nuclear factor™”
The involvement of NODT gene is not surprising, since
NOD1, similarly to NOD2, is involved in the recognition
of intracellular bacterial pathogen-associated molecular
patternsm] and the two molecules share structure and
functional similarities. Certain polymorphisms and
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mutations in these molecules may, therefore, result in
abnormalities during bacterial recognition with direct
implications for CD pathogenesis. Given the importance
of these results, further confirmatory studies are warranted
in more and larger IBD populations. In order to maximize
the opportunities to compare clinical subgroups, location
was kept simple and genotyping was specifically blinded
to clinical status. Mutations of the NOD2 gene were rare
among our patients with disease limited to the colon (L2).
This is in accordance with recent studies showing that
NOD2 mutations (particularly 1.1007finsC) are strongly
related to an increased risk of developing ileal CD. In
our cohort of patients we only found this association
after combining ileal and ileocolonic patients. This could
be the consequence of the low rates of limited ileal CD
in our cohort of patients compared to other studies
(ranging from 40% to 50% in CD patients)lzi’zoj. Since
location remains relatively stable during the course of the
disease™ the low rates of ileal CD seen in our patients
could be attributable to the impact of interobserver
disagreement”, variation of disease location among
different backgroundsm and even differences in diagnostic
techniques. The present study suggests a relationship
between disease location and different Nod-like receptor
molecules, with relevant clinical implications. Distinctive
subcellular location, trafficking, and expression of each
Nod-like receptors could be confining the association of
NODT7 and NOD?2 with location of the disease at different
parts of the gastrointestinal tract. In healthy humans,
NOD?2 is expressed in Paneth cells within the crypts of
the small intestine but not in colonic epitheh'umm. On the
other hand, colon intestinal epithelial cells constitutively
express NOD7%, NOD7 or NOD2 prevalence in colon or
ileum could also be due to the predominance of different
intracellular organisms or enteroinvasive bacteria for which
they are receptorsmj. Further studies are needed to better
clarify this subject.

A higher genetic load of NOD2 mutations increased
the susceptibility to CD and determined an aggressive
course of the disease. Although CD behavior is a dynamic
process progressing towards complicated forms in 80%
of patientsm], the presence of NOD2 variants could
predict a stricturing and penetrating disease!"". In addition,
NOD?2 variants have been associated with early surgery
due to stenosis and with CD recurrence after surgery' .
No association was established between the NOD7
polymorphism and disease behavior.

When comparing these results with other published
genotype/phenotype associations, potential confounding
factors should be taken into account to understand
the differences. Agreement in Montreal classification,
modification of the phenotype during follow-up, as well
as the mixture of populations in some studies could be
masking the particularities of each population. Our study
adds two novel approaches to previous studies. First,
two functionally related genes were analyzed for the first
time in the same population, and second, the association
phenotype/NOD7 genotype was established after ruling
out the strong influence of NOD2. Although this work
emphasized the importance of NOD7 and NOD2 on
CD disease phenotype, the complexity of IBD genetics

should not be ignored. Individual combinations of genetic
risk factors from other molecules such as OCTN, DLGS5,
TUCAN, MDR1, TNF and TLRs"**" would depict a
specific clinical picture for each CD patient.
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COMMENTS

Background

Crohn’s disease (CD) is a chronic inflammatory disorder of the gastrointestinal
tract. Genetic and environmental factors have been suggested to predispose to
CD. CD association with NOD2 mutations has been widely replicated but with
remarkable heterogeneity across populations. Similarly to NOD2, NOD1 has a
direct function as intracellular pattern recognition molecules but detecting different
substructures from bacterial peptidoglycan. The present study examines the
genetic variation in NOD1 and NOD2 and their respective influences on the CD
phenotype in a cohort of well-characterized CD patients.

Research frontiers

Individual combinations of genetic risk factors from NOD2, NOD1 and other
molecules, such as OCTN, TNF and TLRs, would depict a specific clinical picture
for each CD patient.

Innovations and breakthroughs

This study adds two novel approaches to previous studies. First, NOD2 and NOD1
were analyzed for the first time in the same population and second, the association
phenotype/NOD1 genotype was established after ruling out the strong influence of
NOD2. The present results suggest a relationship between disease location and
different Nod-like receptor molecules.

Applications

This is an association study that compares the allele or genotype frequencies
of two genes between affected and unaffected individuals of Crohn’s disease.
Exploring new gene variants associated with inflammatory bowel disease would
make possible the identification of proteins located in certain pathophysiological
pathways.

Terminology

NODs are cytosolic proteins that contain a nucleotide-binding oligomerization
domain (NOD). As sensors of bacterial components, NOD1 and NOD2 are
triggered by host recognition of specific motifs in bacterial peptidoglycan and, upon
activation, induce the production of proinflammatory mediators.

Peer review

This is a very well written paper. Authors examined genetic variation of NOD1 and
NOD?2, their respective influences on Crohn’s disease phenotype and gene-gene
interactions. This study suggests population differences in the inheritance of risk
NOD1 polymorphism and NOD2 mutations.
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Abstract

AIM: To validate an optimized **C-urea breath test
(**C-UBT) protocol for the diagnosis of 4 pylori infection
that is cost-efficient and maintains excellent diagnostic
accuracy.

METHODS: 70 healthy volunteers were tested with two
simplified *C-UBT protocols, with test meal (Protocol 2)
and without test meal (Protocol 1). Breath samples were
collected at 10, 20 and 30 min after ingestion of 50 mg
*C-urea dissolved in 10 mL of water, taken as a single
swallow, followed by 200 mL of water (pH 6.0) and a
circular motion around the waistline to homogenize
the urea solution. Performance of both protocols was
analyzed at various cut-off values. Results were validated
against the European protocol.

RESULTS: According to the reference protocol, 65.7%
individuals were positive for 4 pylori infection and 34.3%
were negative. There were no significant differences in
the ability of both protocols to correctly identify positive
and negative H pylori individuals. However, only Protocol
1 with no test meal achieved accuracy, sensitivity,
specificity, positive and negative predictive values of
100%. The highest values achieved by Protocol 2 were
98.57%, 97.83%, 100%, 100% and 100%, respectively.

CONCLUSION: A 10 min, 50 mg **C-UBT with no test
meal using a cut-off value of 2-2.5 is a highly accurate test
for the diagnosis of A pylori infection at a reduced cost.

© 2007 WJG. All rights reserved.
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INTRODUCTION

H pylori infection is present in around 50% of the world
populationm
countries where it is the most frequent chronic infection in
human kind".

H pylori infection has been associated with the
pathogenesis of gastric disorders such as gastritis, duodenal
and gastric ulcer, gastric cancer and MALT lyrnphornam, and
a variety of extradigestive disorders including hematologic,
such as iron deficiency anemia pernicious anemia’,
autoimmune neutropenia', Schonlein-Henoch purpura”,
thrombotic thrombocytopenic purpura™ and idiopathic
Pl It has also been implicated
in the pathogenesis of traditional autoimmune diseases,
including rheumatoid arthritis", Sjégren syndrome""! and
autoimmune thyroiditis"”, dermatologic diseases such as

13 14 . 15,16
rosacea” ' and cardiovascular events'™'

, with higher prevalence rates in developing

thrombocytopenic purpura

and urticaria
among others.

Diagnosis of H pylori infection can be established
by either invasive or non-invasive techniques. Invasive
techniques, by means of endoscopy, are expensivem,
cause patient discomfort and introduce the risk of cross-
infection'"®"”; moreover, there is morbidity and mortality
associated with the procedure™ and is not indicated in all
cases where the H pylori status must be determined”"*,
Non-invasive methods include serology™ "“C-urea or
PC-urea breath test (UBT)**, stool antigen test™ and
blood urea test”’.

The principle of the "C-UBT relies upon the ability of
the urease, produced by H pylori in the gastric mucosa, to
hydrolyze the orally administered °C-urea. This enzyme
breaks down any urea in the stomach to ammonia and
carbon dioxide (CO2), which is absorbed into the blood
stream and then released from the lungs. The labelled
carbon dioxide ("CO») is detected in breath samples™.

The aim of the present study was to standardize and
validate an assay that is cost-effective, while preserving
excellent diagnostic accuracy. Two simple protocols were
validated against the standard European protocol™, which
included modifications in the dose, formulation and via
of urea administration, sample collection times and test
meal. Appropriate cut-off values for these assays were also

established.
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MATERIALS AND METHODS

Subjects

The study population included 70 volunteers with no
gastrointestinal symptoms. The volunteers were informed
about the study and the tests, and signed an informed
consent in accordance with the Helsinki Declaration””
The study was classified as a research study with no

biological, physiological, psychological or social risks by
the Health Ministry of Colombia®". Because of the nature
of the study in healthy volunteers, it was considered non-
cthical to perform invasive tests such as biopsy, culture or
endoscopy.

Protocols

Reference protocol: H pylori infection status of individuals
was determined by the "C-UBT, according to the European
protocol described before™ and using commercial kits
(TAU-KIT, Isomed SL, Madrid, Spain) that provide both
a sensitivity and specificity close to 100%". This protocol
was standardized and was validated for our region, with over
15000 assays performed, and used as the gold standard.
The “C-UBT was analyzed by means of continuous flow-
isotope ratio mass spectrometry (ABCA, SerCon, Cheshire,
UK) at the Laboratorio Clinico Hematolégico® in Medellin,
Colombia.

The reference protocol was performed as follows:
After fasting for at least 8 h, individuals were given 4.2 g of
citric acid dissolved in 200 mL of water. Ten minutes later,
a duplicate basal breath sample was collected. Immediately
after, individuals were given 100 mg of PC-urea dissolved
in 125 mL of water. After 30 min, a duplicate post-urea
breath sample was collected. Results over 2.5 delta-over-
baseline (DOB) were considered positive for H pylori
infection.

Protocol 1: After fasting for at least 8 h, a first basal
breath sample was collected. Individuals were given 50 mg
of PC-urea (99%, Isotec, Miamisburg, Ohio, USA)
dissolved in 10 mL of water, taken as a single swallow.
Immediately after, individuals were given 200 mL of water
(pH 6.0). Volunteers, with a final volume of 210 mL, were
asked to make a circular motion around the waistline for a
few times to homogenize the aqueous solution and allow
contact of the “C-urea with the entire gastric mucosa.
Additional breath samples were collected afterwards at 10,
20 and 30 min.

Protocol 2: Same as Protocol 1, except that 4.2 g of
dehydrated citric acid were added to the 200 mL of water.

The performance of both protocols was analyzed at
various cut-off values from 0.5 to 5.5, at the different time
intervals (10, 20 and 30 min).

Statistical analysis

The y° test was used to analyze associations between
qualitative variables. For quantitative variables, the
Wilcoxon’s signed rank sum tests and Student’s #test were
applied. Normality of the distribution of the data was
assessed with the Wilk-Shapiro test. Sensitivity, specificity,
positive predictive value, negative predictive value, accuracy,

Youden index, likelihood ratios for a positive (LR+ve) or
negative (LR-ve) test were calculated against the defined
gold standard. The effectiveness of ecach protocol was
evaluated by ROC analysis. Processing and analysis of data
were done with the SPSS (Statistical Product for Service
Solutions) version 12.0 and EPIDATE Version 3.0. A
value of P < 0.05 was considered statistically significant.

RESULTS

This study included 70 individuals, 24 (34.3%) males
and 46 (65.7%) females, with an average age of 39.63
(SD =£ 12.58) years for males and 34.33 (SD * 10.17) years
for females. There were no significant differences between
the mean age for males and females (P = 0.061). According
to the reference protocol, 46 (65.7%) individuals were
positive for H pylori infection and 24 (34.3%) were
negative. When assessed by gender, 17 (70.8%) males and
29 (63%) females were positive for H pylorz; this association
was not statistically significant (P = 0.515).

Table 1 shows the performance of the protocols in
terms of sensitivity, specificity, accuracy, positive and
negative predictive values, Youden index and likelihood
ratios for a positive (LR+ve) or (LR-ve) test with the
different DOB cut-off values at 10, 20 and 30 min. Only
Protocol 1 (with no test meal) achieved accuracy, sensitivity,
specificity, positive and negative predictive values of 100%.
The highest values achieved by Protocol 2 were 98.57%,
97.83%, 100%, 100% and 100%, respectively.

There were no significant differences in the ability of
both protocols to correctly identify positive and negative
H pylori individuals at 10 (P = 0.32), 20 (P = 0.32) and 30
min (P = 0.32). These results were confirmed by ROC
analysis (Figure 1). The areas under the ROC curves for
both protocols were as follows: for Protocol 1, 1.0 at 10,
20 and 30 min; for Protocol 2, 0.9837 at 10 and 30 min,
and 0.9873 at 20 min. Although these results were not
statistically different, Protocol 1 shows the maximum
optimal values for an assay.

Table 2 shows the distribution of the DOB values at
10, 20, 30 min for H pylori positive and negative individuals
for Protocols 1 and 2. For Protocol 1, the median DOB
for H pylori infected individuals at 10 min was 13.64,
while for Protocol 2 was 12.02. There was no statistically
significant difference between these 2 values (Wilcoxon,
P = 0.121). In contrast, median DOB values at 20 and
30 min for both protocols showed significant differences
(P = 0.006 and P = 0.001, respectively). In addition,
for non-infected individuals there were no statistically
significant differences in the median DOB values at 10,
20 and 30 min (P = 0.710, P = 0.440 and P = 0.3460,
respectively) between both protocols.

DISCUSSION
The "C-UBT has become the gold standard of the non-

invasive tests for diagnosing H pylori infection, before and
after eradication treatment. Recently, The Maastricht I
Consensus Report has recommended the PC-UBT as the
best option to establish the diagnosis of H pylori infection,
especially in patients in whom endoscopy is not indicated™.
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Table 1 Performance of protocols (P1 and P2) in terms of sensitivity, specificity, accuracy, positive and negative predictive values,

Youden index and likelihood ratios for a positive (LR +ve) or (LR-ve) test with the different DOB cut-off values at 10, 20 and 30 min

Time DOB Sensitivity Specificity Accuracy Positive predictive Negative predictive Youden index LR +ve LR-ve
(min) value value
P1 P2 P1 P2 P1 P2 P1 P2 P1 P2 P1 P2 P1 P2 P1 P2
10 0.5 100 97.83 4583 625 81.43 85.71 77.97 83.33 100 93.75 0.46 0.6 1.85 261 ! 0.03
1.0 100 97.83 8333 7917 9429 9143 92 90.0 100 95 0.83 0.77 6.00 4.7 ! 0.03
1.5 100 97.83 95.83 9583 9857 97.14 97.87 97.83 100 95.83 0.96 0.94 2400 2348 ! 0.02
2.0 100 97.83 100 100 100 98.57 100 100 100 96 1.00 0.98 2 2 ! 0.02
2.5 100 95.65 100 100 100 97.14 100 100 100 92.31 1.00 0.96 2 2 ! 0.04
3.0 97.83 95.65 100 100 98.57 97.14 100 100 96.0 92.31 0.98 0.96 2 2 0.02 0.04
S5 97.83 95.65 100 100 98.57 97.14 100 100 96.0 92.31 0.98 0.96 2 2 0.02 0.04
4.0 95.65 95.65 100 100 97.14 97.14 100 100 9231 9231 0.96 0.96 2 2 0.04 0.04
4.5 9348 95.65 100 100 95.71 97.14 100 100 88.89  92.31 0.93 0.96 2 2 0.07 0.04
5.0 86.96 95.65 100 100 9143 97.14 100 100 80 92.31 0.87 0.96 2 2 0.13 0.04
5.9 84.78 95.65 100 100 90 97.14 100 100 7742 9231 0.85 0.96 2 2 0.15 0.04
20 05 100 97.83 66.67 62.5 88.57 85.71 85.19 83.33 100 93.75 0.67 0.6 3.00 261 0.03
1.0 100 97.83 95.83 75 98.57 90 97.87 8824 100 94.74 0.96 0.73 2400 391 ! 0.03
15 100 97.83 100 83.33 100 92.86 100 91.84 100 95.24 1.00 0.81 2 587 ! 0.03
2.0 100 97.83 100 100 100 98.57 100 100 100 96 1.00 0.98 2 z ! 0.02
25 100 95.65 100 100 100 9714 100 100 100 9231 1.00 0.96 2 2 ! 0.04
3.0 97.83 95.65 100 100 9857 97.14 100 100 96 9231 0.98 0.96 2 2 0.02  0.04
3.5 95.65 95.65 100 100 9714 97.14 100 100 9231 9231 0.96 0.96 2 2 0.04  0.04
4.0 89.13 95.65 100 100 92.86 97.14 100 100 82.76  92.31 0.89 0.96 2 2 0.11 0.04
45 84.78 95.65 100 100 90 97.14 100 100 7742 9231 0.85 0.96 2 2 0.15 0.04
5.0 82.61 9565 100 100 88.57 97.14 100 100 75 92.31 0.83 0.96 2 2 0.17 0.04
515 82.61 9348 100 100 88.57 95.71 100 100 75 88.89 0.83 0.93 2 2 0.17 0.07
30 0.5 100 97.83 5417 4583 8429 80 80.7 77.59 100 91.67 0.54 0.44 2.18 181 ! 0.05
1.0 100 97.83 91.67 70.83 97.14 88.57 95.83 86.54 100 94.44 0.92 0.69 12.00 335 ! 0.03
1.5 100 97.83 100 83.33 100 92.86 100 91.84 100 95.24 1.00 0.81 2 587 ! 0.03
2.0 95.65 97.83 100 91.67 97.14 95.71 100 95.74 9231  95.65 0.96 0.89 2 11.74 0.04 0.02
2.5 913 9783 100 100 9429 98.57 100 100 85.71 96 0.91 0.98 2 2 0.09 0.02
3.0 84.78 95.65 100 100 90 97.14 100 100 7742 9231 0.85 0.96 2 2 0.15 0.04
2.5 82.61 9565 100 100 88.57 97.14 100 100 75 92.31 0.83 0.96 2 2 0.17 0.04
4.0 7826 95.65 100 100 85.71 97.14 100 100 70.59 9231 0.78 0.96 2 2 0.22 0.04
4.5 7826 95.65 100 100 85.71 97.14 100 100 70.59 9231 0.78 0.96 2 2 0.22 0.04
5.0 76.09 95.65 100 100 8429 97.14 100 100 68.57 9231 0.76 0.96 2 2 0.24 0.04
5.5 71.74 9348 100 100 8143 95.71 100 100 64.86  88.89 0.72 0.93 2 2 0.28 0.07
DOB: Delta-over-baseline; ': ~ 0; % @ +.
10 min 20 min 30 min
v Protocol 1 V— Protocol 1 V— Protocol 1
1.0 1.0 1.0
[ u Protocol 2 [ u Protocol 2 [ u Protocol 2
0.8 [ 0.8 [ 08
£ 06 [ £ 06 [ o6 |
E = 4§ . E -
g 0.4 38 04 38 04 r
0.2 0.2 0.2 r
0‘0 Il Il Il Il Il Il Il Il Il J 0.0 Il Il Il Il Il Il Il Il Il J 0.0 Il Il Il Il Il Il Il Il Il J
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity 1-Specificity

Figure 1 ROC curves for protocols 1 and 2 at 10, 20 and 30 min to establish the diagnosis of H pylori infection.

Table 3 shows a selection of 40 studies from the
literature where relevant variations to the original PC-UBT
protocol®™ have been implemented. From each study,
the protocol with the best diagnostic performance was
selected™ . Of these, 12 (30%) yielded sensitivities and
specificities of 100 ) B3 A345,4756.61.63.65.6769)

Based on the results after reviewing the literature, the
present study introduced several variations to simplify
even further the technique and make it more cost-efficient,

www.wjgnet.com

without compromising the high standards of sensitivity,
specificity, positive and negative predictive values of the
test. Below is a brief review of the evolution of the assay,
since its first description, which led to the designing of the
protocols evaluated in the present study.

Urea dose
Originally, the "C-UBT was described with a dose of
PC-urea of 5 mg/kg of bodyweight™. Later on, doses of
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Table 2 Distribution of DOB values in A pylori positive and

negative individuals for both protocols at 10, 20 and 30 min

H pylori-positive individuals
10 min 20 min 30 min
Protocol 1 Protocol 2 Protocol 1 Protocol 2 Protocol 1 Protocol 2
Mean 17.38 17.69 18.25 22.32 15.44 22.08
Median  13.64 12.02 12.63 17.07 10.98 17.50
SD 14.47 12.68 22.80 15.01 17.75 13.00

H pylori-negative individuals

10 min 20 min 30 min
Protocol 1 Protocol 2 Protocol 1 Protocol 2 Protocol 1 Protocol 2
Mean 0.32 0.33 0.11 0.45 0.21 0.62
Median  0.51 0.32 0.28 0.34 0.38 0.59
SD 091 0.8 0.77 0.86 0.84 0.91

DOB: Delta-over-baseline.

35,72 36,40,47,48,51,54,57,60,62,65,73-83 .
125" and 100 mg[ 7 2Pl ere validated

by several American, European and Asian groups, and
[32,37,43-45,49,50,55,72,84-93] 52,56,58,04,95]

more recently 75 mg , 50 mg

38 mg[%], 25 mg and even 10 rng[w] of "C-urea have

proved to be sufficient.

>

Test meal

From the beginning, there has been a belief that a delay
in gastric emptying is necessary for optimal performance
of the test, to allow enough time for the H pylri-urease to
react in the gastric mucosa, if present. Initially individuals
wete given a meal consisting of one can of “Sustacal”
pudding or 120 mL of 25% glucose polymer, followed 10
min later by a polycose solution containing the “C-urea™.
Through the years there have been numerous modifications
to the test meal, including the use of citric acid alone
before administering the urea I o mixed with
the "C-urea at the time of administration™ ™" or as
a presentation in combination with the “C-urea**"™"*”,
Several alternatives to citric acid have also been tested,
including orange juicem’w’67’90’9SJ and apple juice“(m, as well
as other types of food such as milk*™*""% and a pudding
test meal™* and even water™™'". As shown in Table 3,
the majority of the test meals have provided reliable results.
Even the complete absence of a test meal has shown little,
if any, variation in the diagnostic performance of the

[35,40.47,53,56,59,60,102,104]
assay

Via of administration and formulation of **C-urea

Another issue that has been addressed by different groups
is the interference of other urease-producing bactetia in the
oral cavity and oropharynx"™'", leading to an increase in
false positive values. As a result, there have been different
approaches in the formulation and way of administration
of the labeled urea, including the development of “C-urea
tablets*" ) capsules' ™" and even the intragastric
instillation of the urea through the endoscope!™ """,
Some have also suggested mouth rinsing before and after
urea admimstradon[3‘)-4l,48,51,52,54,58,()[),()8,110]'

Sample collection times
The "C-UBT was originally described with a basal sample
and 18 post-urea samples taken during the following

180 min®. Rapidly the assay was modified and currently
only 2 samples are obtained: pre and post-urea. Sampling
times, although shorter than initially, have differed among
protocols.

Ways of reducing the cost of the "C-UBT could
include decreasing the amount of PC-urea used, reducing
the duration of the test, and improving the ease with
which the test can be administered and tolerated. The
conventional European PC-UTB protocol used in our
region is sensitive and specific enough (values close
to 100%), but it takes 40-45 min to complete and is
performed using 100 mg of “C-urea. For the present study
we decided to use 50 mg of PC-urea to reduce the cost of
the assays by half, a dose that has proved to be as accurate
as higher doses™* % The PC-urea was administered
diluted in 10 mL of water and taken as a single swallow,
to try to avoid cross-contamination with urease-producing
oropharyngeal bacteria. Immediately after 200 mL of water
(pH 6.0) with 4.2 g of citric acid (Protocol 2) and without
citric acid (Protocol 1) were administered, and volunteers
were asked to make a circular motion around the waistline
for a few times to homogenize the aqueous solution
and allow contact of the "C-urea with the entire gastric
mucosa. It has been shown that H pylori urease operates in
a pH range from 3.1 to 10, with an optimal activity at pH
6.0 By utilizing water at pH 6.0, activity of the H pylori
urease was optimized for Protocol 1, where no citric acid
was used. Acid solutions have been used by many to delay
gastric emptying and to provide a higher acidic environment
to induce H pylori-urcase activity™™, although it has been
demonstrated by Pantoflickova e a/"" that the emptying is
determined by the caloric density of the test meal rather
than by its pH. Finally, in order to reduce the duration of
the test, both protocols were tested at different sampling
times: 10, 20 and 30 min.

This study included 70 individuals, 34.3% males and
65.7% females, with an average age of 39.63 £ 12.58 years
for males and 34.33 £ 10.17 years for females. According
to the reference protocol, 46 (65.7%) individuals were
positive for H pylori infection. No statistically significant
association was found between gender and presence of
H pylori infection (P = 0.515).

There were no significant differences in the ability
of both protocols to correctly identify positive and
negative H pylori individuals at the various sampling times.
However, only Protocol 1, with no test meal, yielded a test
with sensitivity, specificity, positive and negative predictive
values, and accuracy of 100% when compared to the gold
standard, when using a DOB cut-off value between 2 and
2.5 at 10 and 20 min, and a DOB cut-off value of 1.5 at
20 and 30 min. For Protocol 2, with citric acid, the highest
accuracy (98.57%) was achieved at 10 min using a DOB
cut-off value of 2.0, at 20 min a DOB cut-off value of 2.0,
and at 30 min with a DOB of 2.5.

Median DOB for H pylori infected individuals at 10 min
was 13.64, while for Protocol 2 was 12.02. There was no
statistically significant difference between these 2 values
(Wilcoxon, P = 0.121). However, median DOB values
at 20 and 30 min for both protocols showed significant
differences (P = 0.006 and P = 0.001, respectively). These
results are in accordance with those by Atherton ¢ al'”
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Table 3 '>C-UBT protocol with best diagnostic performance from each study with samples obtained within 30 min of '*C-urea

administration: Review of literature

First author Year Measuring Gold n  Pre- 3C-urea "*C-urea Test Additional ¢ Cut-off Sens. Spec. PPV NPV Acc.
(reference) equipment standard analytical dose formulation meal information point (%) (W) (%) () (%)
(mg)  and via of related to (DOB)
administration 3C-urea
administration
Braden™ 1994 IRMS “C-UBT 217 Overnight 75 NA None 20 5 99 100
fasting
Koletzko™ 1995 IRMS, "“C-UBT 51 Overnight 75 Powder in Taken with 15 5 100 100
NDIRS fasting 150 mL 0.033  “C-urea
mol/L citric
acid solution
Klein®™! 1996 IRMS H 465 NA 125 Powderin  Ensure 30 24 954 879 94.8
90 mL sterile
water
(Meretek kit)
Malaty® 1996 IRMS H,RUT,C 66 Overnight 125 Powderin 100 None 20 24 96 100
fasting mL water
Taniguchi®™ 1996 NDIRS H 153 Overnight 100  Powderin30 None 15 1 978 74
fasting mL water
Dominguez- 1997 IRMS H,RUT,C 80 Overnight 80 Powderin50 200 mL 30 4 100 100
Murios™ fasting mL water 0.1 mol/L
citric acid
solution
Epple®™ 1997 IRMS H 77 Overnight 75 NA Citric acid 30 13 96 100
fasting
Kato™ 1998 IRMS H, C,RUT 133 Overnight 100 Powder in 100 None Mouth rinsing 10 SIS 99 100
fasting mL of water after "C-urea
Miwa* 1998 IRMS H 409 8 hfasting 100 Powder None Mouth rinsing 20 5 97 97
before and
after C-urea
Ohara™! 1998 IRMS H, RUT, C 248 Overnight 100  Powder in 100 None Mouth rinsing 20 215) 98 98 98
fasting mL tap water after "C-urea
Hamlet*”? 1999 IRMS "C-UBT, 134 Overnight 100 Twotablets  Taken with 10 18 95 100
H, RUT, C fasting (Diabact UBT) “C-urea
with 50 mg of
PC-urea
+ 456 mg of
anhydrous
citric acid
swallowed
with 200 mL of
water
Leodolter™ 1999 IRMS H,RUT,C 50 NA 75 Powderin200 Taken with 30 4 100 100
mL 0.1 mol/L "“C-urea
citric acid
solution
Leodolter™ 1999 IRMS H, RUT, C 233 NA 75 Powder in 200 Taken with 30 4 9% 9% 97
mL citric acid “C-urea
solution
Savarino® 1999 IRMS H,RUT 134 Overnight 75  Powder in Taken with 30 5 100 100
fasting 150 mL 0.033  “C-urea
mol/L citric
acid solution
Van der 1999 LARA H,C 544 NA 100  Powder in Ensure 30 6.3-7.5 93-95 94-96 95-98 86-94
Hulst" 50 mL sterile
water
Gisbert”? 2000 IRMS “C-UBT, 53 Overnight 100 Powder in None 30 3339 100 100
H fasting 50 mL water
(TAU-KIT)
Peng™! 2000 IRMS H,RUT,C 136 6hfasting 100 Powder in 100 mL Mouth rinsing 15 48 94 89
50 mL sterile  milk after “C-urea
water and laid on
their sides,
changing sides
every 5 min
Riepl"” 2000 NDIRS H,C 100 Overnight 75 Powder in 200 Taken with 15 65 92 94 89 9%
fasting mL orange PC-urea
juice
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Savarino™ 2000 IRMS H,RUT 117 Overnight 75 Powder in 150 Taken with 30 5 98 97 98 97 98
fasting mL 0.033 PC-urea
mol/L citric
acid solution
Sheu™ 2000 IRMS H,C 441 Overnight 100 NA 100 mL of ~ Mouth rinsing 15 4 98 97
fasting fatty test ~ before and
meal after "C-urea
Sheu®™ 2000 IRMS, H,C 177 Overnight 50 NA 100mL  Mouthrinsing 15 35 96 99 99 97
NDIRS fasting citric acid  after *C-urea
solution
Wong™ 2000 IRMS H,RUT 202 Overnight 75 Powderin50 24 gof 30 5 9% 98 98 9% 97
fasting mL distilled  citric acid
water
Yoshida®™ 2000 LARA H,C PCR 104 Overnight 100 Powderin50 None Mouth rinsing 20 2.7 98 100 99
fasting mL distilled after "C-urea
water
Mana® 2001 NDIRS H 223 Overnight 75 Powder 20 mL 0.1 10 100 95 94 100
fasting mol/L
citric acid
solution
Wong™ 2001 IRMS H,RUT 101 Overnight 75 Powderin50 None 30 3545 100 100 100
fasting mL water
Chua®™ 2002 IRMS H,RUT,S 100 NA 100  Powder in Pacientslaid 30 35 94 100 100 89
solution on their left
containing side for 30
citric acid and min
PC-urea
Liao®™ 2002 IRMS H,RUT 152 Overnight 50 Powderin 200 mL full- Patients 15 2530 99 97 99 97 99
fasting 50 mL sterile  cream cow's gargled with
water milk water 3 times
after "C-urea
and laid on
their sides,
changing sides
every 3 min
Ng®” 2002 IRMS H,RUT 123 Regular 75 Powderin50 2.4 g citric 30 55 93 97 100 97
meal mL water acid in 200
within 2 h mL solution
of the
PC-urea
Chen” 2003 NDIRS H,RUT,C, 586 Overnight 100 Powderin100 None Patients 20 35 98 97 98
SAT fasting mL of water gargled with
water 3 times
after "C-urea
and laid down
on the left side
for 5 min
Gatta™ 2003 IRMS H, RUT, C 200 Overnight 50 Tablet (Diabact Citric acid 10 1.65-3.15 100 100
fasting UBT) with 50
mg of °C-urea
and 456 mg of
anhydrous
citric acid
swallowed
with 200 mL of
water
Gisbert 2003 IRMS H,RUT 36 Overnight 100 Powder in 200 mL 30 5 9 100 100 91
fasting 50 mL water  solution
(TAU-KIT) with4.2 g
citric acid
Wong'®! 2003 IRMS H,RUT 150 Overnight 50 Tablet (Diabact Citric acid 20 21 100 100
fasting UBT) with 50
mg of ’C-urea
and 456 mg
of anhydrous
citric acid
swallowed
with 200 mL of
water
Ohara'™! 2004 IRMS "“C-UBT, 254 Overnight 100 Film-coated ~ None 20 25 98 98 98
H, C,RUT fasting tablet
swallowed
with 100 mL of
water
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Urita®! 2004 IRMS H,S 129 Overnight 100 Powderin100 None Sample taken 20 25 100 100 100
fasting mL tap water through
nostril
Beiki®” 2005 NDIRS 'C-UBT, 76 Overnight 75 Powder in 200 30 35 100 97 98 100 99
H, RUT fasting mL orange
juice
Kopacova” 2005 IRMS “C-UBT 27 Overnight 100 Powderin50 150 mL 10 35 100 100 100
fasting mL distilled  distilled
water with 1 g water with
citric acid 3 g citric
acid, orange
juice or
distilled
water
Peng!® 2005 IRMS H,RUT,C 50 6h fasting 100 Capsule with None Mouth rinsing 15~ 4-5 100 100 100
water before and
after "C-urea
and laid on
their sides,
changing
sides every 5
min
Gatta” 2006 IRMS H,RUT 100 Overnight 25 Dissolvedin Citric acid 30 4.4-626 100 100
fasting water 1g)
Mauro™ 2006 IRMS H,C 176 Overnight 75 Powderin100 Taken with 30 3 100 99 95-98 100
fasting mL citricacid  “C-urea
solution
Mauro”! 2006 IRMS H,C 67 Overnight 75 Powderin 100 Taken with 10 3 100 96 95-98 99-100
fasting mL citricacid “C-urea
solution
Present study 2007 IRMS “C-UBT 70 Overnight 50 Powder None Patients made 10 2.0-25 100 100 100 100 100
fasting in 10 mL a circular
sterile water motion
immediately around the
followed by waistline for a
200 mL sterile few times
water

n: Participating individuals; t: Sampling time; PPV: Positive predictive value; NPV: Negative predictive value; Acc: Accuracy; UBT: Urea breath test; H: histology;
C: Culture; RUT: Rapid urease test; S: Serology; NA: Not available; IRMS: Isotope ratio mass spectrometry; NDIRS: Non-dispersive infrared spectrometry; LARA:

Laser assisted ratio analyser; DOB: Delta-over-baseline.

and Gisbert ¢z al*”, who showed that the test meal did not
affect "C-UBT results at 10 min, but increased the values
thereafter.

In conclusion, an optimal laboratory test should be
non-invasive, easy to perform, highly reproducible, cost-
efficient and with a sensitivity and specificity close to
100%. When compared to other protocols published in
the literature, the present conditions of Protocol 1 have
further optimized the PC-UBT assay, as this is the only
protocol with a sampling time of 10 min, a °C-urea dose
of 50 mg and no test meal that can yield a test with 100%
accuracy for the diagnosis of H pylori infection. These
variations provide a protocol that can reduce the cost of
the "C-UBT assay, is innocuous, well tolerated, has no
restrictions and could be implemented for all patients
in whom endoscopy is not an indication”*” and as a
screening test for H pylori epidemiological studies. Further
studies are underway to try to decrease the “C-urea to an
even lower dose, using biopsy as the gold standard.

ACKNOWLEDGMENTS

To all volunteers that willingly participated in the study
and to the medical technologists at Laboratorio Clinico
Hematoldgico, in particular to Gloria Elsy Escobar-Gallo

www.wjgnet.com

and Luz Marina Valencia-Zuluaga. To Victor Calvo-
Betancur for his assistance with the statistical analysis. To
Ana 1. Toro, for her insightful discussions and help with
the English translation.

COMMENTS

Background

H pylori infection is present in around 50% of the world population and has been
associated with the pathogenesis of gastric disorders such as gastritis, gastric
ulcer and MALT lymphoma, and a variety of extradigestive diseases, including
idiopathic thrombocytopenic purpura, iron deficiency anemia and autoimmune
thyroiditis, among others. Diagnosis of H pylori infection can be established by
either invasive techniques, by means of endoscopy, or non-invasive techniques
such as the **C-urea breath test.

Research frontiers

The **C-urea breath test relies upon the ability of an enzyme (urease), produced
by H pylori in the stomach, to break down the administered urea. Patients swallow
the urea labelled with a non-radioactive isotope (*°C). After a few minutes, the
isotope-labelled carbon dioxide (°COz) is exhaled in the breath if there is presence
of H pylori urease in the stomach. The difference in the *CO: values before and
after ingestion of the labelled urea will determine the presence of infection.

Innovations and breakthroughs
Many have attempted to lower the high cost of the *C-urea breath test, while
preserving excellent diagnostic accuracy. For this purpose, modifications in the
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dose, formulation and way of administration, sample collection times and test
meals have been evaluated.

Applications

A low cost **C-urea breath test for the detection of H pylori infection before and
after eradication treatment will make this non-invasive assay more accessible for
patients, especially in developing countries.

Terminology

“C-UBT: Breath test that includes urea labelled with C, a non-radioactive isotope.
DOB: Delta over base line, units used to express the amount of *COx contained in
the breath sample.

Peer review

This is a well written and comprehensively referenced article. The methods section
is adequately described and the results clearly presented. The conclusions are a
fair interpretation of the results.
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Abstract

AIM: To investigate the poor prognosis of HCC with
PVTT, we evaluated the efficacy by a new combination
chemotherapy for advanced hepatocellular carcinoma
(HCC) with portal vein tumor thrombus (PVTT).

METHODS: From 2002 to 2007, a total of 10
consecutive patients with Stage IVA HCC accompanied
by PVTT were studied prospectively to examine the
efficacy of treatment by intra-arterial infusion of a
chemotherapeutic agents consisting of etoposide,
carboplatin, epirubicin and pharmacokinetic modulating
chemotherapy by 5-FU and enteric-coated tegafur/uracil.

RESULTS: The mean course of chemotherapy was
14.4 (range, 9-21) mo. One patient showed complete
response (CR) with disappearance of HCC and PVTT
after treatment, and the two patients showed partial
response (PR), response rate (CR + PR/AIl cases 30%).
The median survival time after the therapy was 457.2 d.
The one-year survival rate was 70%. Adverse reactions
were tolerable.

CONCLUSION: Although the prognosis of most patients
with Stage IVA HCC by PVTT is poor, our combination
chemotherapy may induces long-term survival and is an
effective treatment and produced anti-tumor activity with
tolerable adverse effects in patients for advanced Stage
IVA HCC accompanied by PVTT.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
common malignancies worldwide including Japanl'.
Although the development of imaging modalities has
made the early diagnosis of HCC possible, surgically
resectable cases are relatively uncommon because of a
hepatic function reserve and/or an advanced stage at
presentation. Several modalities, such as percutaneous
ethanol injection (PEI), transcatheter arterial embolization
(TAE), chemolipiodolization, microwave coagulation
therapy (MCT), and radiofrequency ablation therapy (RFA)
are reportedly useful in treating patients with unresectable
disease™’. However, unfortunately, many hepatocellular

carcinoma patients have tumor recurrence. Furthermore,
HCC has a predilection for portal vein invasion, which has
been shown to be a poor prognostic factor. An effective
therapy regimen is needed for advanced HCC with portal
vein tumor thrombus (PVTT). Recent trials have been
reported that combination therapy of intra-arterial 5-FU
and systemic interferon for HCC with PVTT is effective!*.
However, portal venous invasion is a crucial factor that
can worsen the prognosis of patients with HCC. It often
leads to extensive spreading of the tumor throughout
the liver, and can increase portal venous blood pressure,
resulting in the fatal rupture of esophageal varices, and can
decrease portal flow which causes ascites, jaundice, hepatic
encephalopathy, and liver failure. Previous studies have
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reported that the median survival time of patients with
portal venous invasion was 2.7-4 mo if left untreated®’.

As systemic therapy of HCC, we had previously
achieved complete remission of multiple HCC associated
with hepatitis C virus-related decompensated liver cirrhosis
by oral administration of enteric-coated tegafur/uracil®.
Furthermore, we reported that oral administration of
enteric-coated tegafur/uracil induces long-term survival
and is an effective treatment for Stage IV-A HCCPL.
However, this therapy by single agent is not effective HCC
with PVTT. Therefore, there is an urgent need for new
method and active drugs for PVIT from HCC.

The aim of this study is to evaluate the usefulness
by intra-arterial infusion of a chemotherapeutic agents
consisting of ctoposide, carboplatin, epirubicin and
pharmacokinetic modulating chemotherapy by 5-FU
and enteric-coated tegafur/uracil for HCC with tumor
thrombosis of the main trunk of the portal vein.

MATERIALS AND METHODS

Ethics

The study protocol was reviewed and approved by the
Hospital Ethics Committee. Informed consent was
obtained from each patient who entered a randomized
controlled trial and from family member(s).

Patients

A group of 10 consecutive patients with HCC accompanied
by portal vein tumor thrombus (PVTT) were enrolled in
the therapeutic trial between April 2002 and April 2007.
The diagnosis of HCC was made by histologically and/or
imaging study.

All patients received intra-arterial regional chemotherapy
carried out at the Department of Gastroenterology and
Hepatology, Saiseikai Niigata Second Hospital and gave their
informed consent according to our situational guidelines,
and the study received ethical approval.

Eligibility criteria for patients in this study included the
following: (1) diagnosed Stage VA HCC with PVTT (2)
unresectable carefully assessed by the individual experts; (3)
no recent active treatments including surgery, radiotherapy,
chemotherapy, transarterial embolization, percutaneous
ethanol injection, or other regional treatment within six
month; (4) HCC with PVTT diagnosed by total image
systems such as computed tomography (CT) or magnetic
resonance imaging (MRI). (5) the ability to manage the
indwelling catheters and implanted injection ports; (6)
adequate hematologic function (white blood cell count >
3000/L, platelet count > 80000/1., and hemoglobin level
> 9.5 gm/dL); adequate renal function (serum creatinine
< 1.5 mg/dL and a creatinine clearance > 60 mL/min); (7)
adequate hepatic function, (8) a performance status less
than 3 at pre-treatment, (9) portal tumor thrombi located
the first portal branch, or the main portal trunk, and (10)
informed consent.

Treatment schedule and follow up

For intra-arterial regional chemotherapy, catheters were
introduced into the proper or common hepatic artery
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placed via the right femoral artery using the Seldinger
method. The gastroduodenal artery and the right artery
were occluded by a steel coil as indicated to prevent
gastroduodenal injury from the anticancer agents.
Intra-arterial regional chemotherapy was performed by
puncturing a thin needle percutancously into the port.
Before every infusion, we confirmed that the catheters
were patent, either by checking the blood back-flowing
in the catheter or by injecting a contrast medium under
fluoroscopy. Using an infusion pump (Syringe Pump,
Terumo Co. Ltd., Osaka, Japan), 50 mg/body of etoposide
(VePesid, Bristol-Myers Squibb Co. Ltd., Tokyo, Japan),
300 mg/body of carboplatin (Paraplatin, Bristol-Myers
Squibb Co. Ltd., Tokyo, Japan) and 60 mg/body of
epirubicin (Farmorubicin, Kyowa Hakko Kogyo Co. Ltd.,
Tokyo, Japan) were infused from each catheter over a
30-minute period. Subsequently, a continuous arterial
infusion of 5-FU (500 mg/m?* (5-FU, Kyowa Hakko
Kogyo Co. Ltd., Tokyo, Japan) was given for 24 h.
Before the needle was removed from the port, both the
port and connected catheter were filled with undiluted
heparin (1000 U/mL). An antiemetic and an H2-receptor
antagonist were given intravenously. This treatment was
repeated once weekly for 3 consecutive weeks of every
4 wk or biweekly, mainly at our outpatient clinic, for as
long as possible. All patients were given also enteric-
coated tegafur/uracil (Taiho Pharmaceutical, Co. Ltd.,
Tokyo, Japan) at a dose rate of 200 mg/body twice daily.
Treatment was continued for a minimum of 8 wk and
given until patient withdrawal or death even after the
progression of disease.

Studies during follow-up included a physical
examination, complete blood count, platelet count, and
determination of levels of AFP, PIVKA-II, amylase, liver
transaminase, urea nitrogen, and creatinine. Either an
ultrasonogram or a computed tomogram of the abdomen
was obtained at least every two months, to determine the

size of HCC and PVTT.

Evaluation of therapeutic response

The therapeutic clinical response of the liver was assessed
in accordance with the World Health Organization
Criteria. Clinical responses were graded as follows.
Complete response (CR) was defined as disappearance of
all measurable lesions in the liver, continuing for at least 4
weeks when assessed by both computed tomography and
ultrasonography. Reduction of tumor size by more than
50%, continuing for at least 4 wk, was regarded as partial
response (PR). No change (NC) was determined as tumors
showing a decrease in size of less than 25%. Progressive
disease (PD) was defined as tumors that had grown over
25%.

Statistical analysis
Survival curves were calculated by the Kaplan-Meier
method and the difference between survival curves was
evaluated using the log-rank test.

Statistical analyses were performed using Stat
View-J4.11 software (Abacus Concepts; Berkeley,
California) to assess the relative prognostic importance
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Table 1 Characteristics of the patients

10 patients

Age mean 60.20 y.o (range 35-70)
Sex: Male/Female 7/3
Child-Pugh’s stage: A,B/C 8/2
"Virus: HBsAg/anti-HCV 8/2"

100
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Figure 1 Cumulative survival of patients with hepatocellular carcinoma
accompanied by PVTT who treated combination therapy.

of wvariables in predicting the survival rate. Differences at
P < 0.05 were considered significant.

RESULTS

Background clinical and laboratory data of patients
Patients’ profiles before the combination chemotherapy
are listed in Table 1. Seven men and three women, with a
median age of 60.2 years, were treated. Positive HBsAg
was found in 70% of patients, while anti-hepatitis C virus
(HCV) serology was positive in 30% of patients.

Child-Pugh Grade A/B was 2/6, the remaining patients
had Grade C. Only 2 patients received the full courses of
chemotherapy. The median number of cycles received per
patients was 15.3. Dose reduction was required in 80%
of the patients, mainly due to profound bone marrow
suppression from the previous cycle.

Cumulative survival rate of patients by Kaplan-Meier
survival curves
Of the 10 patients in the treated group, a total of 3
(30.0%) were classed as CR or PR, and a total 7 (70.0%)
were classed as NC or PD. At the time of the final analysis
(April 2007) 2 patients (from the treatment group) were
alive. A total of 153 treatment cycles were administered.
The overall survival curve for all 10 patients is shown
in Figure 1. The median survival was 457.2 d. The survival
rates at the end of 1-year and 2-year were 70.0% and
20.0%, respectively. Of the 10 patients studied, 8 had died
by the time of this analysis. The survival curves for clinical
responders (CR or PR) and the others (NC or PD) are
shown in Figure 2. The 6-mo and one-year survival rates
were 100% and 100.0%, respectively, in the responders

al
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Figure 2 Survival of patients with hepatocellular carcinoma accompanied by
PVTT according to the response and control (Log-rank P < 0.05). CR: Complete
response, PR; Partial response, NC; No change, PD; Progressive disease.
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Figure 3 Survival of patients with hepatocellular carcinoma accompanied by
PVTT according to Child-Pugh’s stage (Log-rank P = 0.98).

and 100% and 57.1%, respectively, in the non-responder.
There was a significant difference in survival between the
two groups (P < 0.01).

However, there was not a significant difference in
survival rates between Child-Pugh A/B group and Child-
Pugh C group (Figure 3).

Side effects and complications due to regional
chemotherapy

The side-effects and complications encountered during
therapy are summarized in Table 2. Local complications at
the femoral artery entry sites did not occur in any patient.
No serious complications that necessitated intensive
care were encountered during therapy. The side-effects
included oral dryness, diarrhea and liver dysfunction, and
bone marrow suppression. Mild oral dryness was noted
at the beginning of the treatment in 40.0% of patients,
but this subsided as treatment continued. Mild diarrhea
was noted at the beginning of the treatment in 30.0% of
patients, but this also subsided with time. Such symptoms
resolved spontaneously or after appropriate therapy. The
complications experienced by patients treated with regional
chemotherapy were well tolerated. No other serious
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Table 2 Main clinical side effects observed during the treatment

(n represents the number of patients having experienceed the
effect in any of the courses)

Grade of toxicity

1 2 3 4
Oral dryness 3 1 0 0
Diarrhea 1 2 0 0
Vomiting 1 0 0 0
Liver dysfunction 1 2 0 0
Fever 0 0 0 0
Hair loss 1 0 0 0
BM suppression 4 4 0 0

complications, such as gastric ulcer, liver damage, renal
damage, vascular complications, or cardiac toxicity were
encountered. However, dose reduction was required in
80% of the patients, mainly due to profound bone marrow
suppression from the previous cycle. There were no
treatment-related deaths from administration of regional
chemotherapy.

DISCUSSION

Patients with HCC ate highly compromised by failing liver
function. HCC is associated with a high risk of portal
vein involvement. PVTT is one of important prognostic
factors in patients with HCC. However, HCC with PVTT
is refractory to treatment. The treatment of HCC with
PVTT is still problematic and major challenge item for
oncologists because of its high and dismal outcomes.
None of the reported treatment regimens can be
considered to be standard treatment for HCC with PVTT.

Meanwhile, regional hepatic arterial infusion

chemotherapy is a reasonable drug delivery system for
patients with advanced HCC because the tumors detive
most of their blood supply from the hepatic artery,
whereas the portal vein supplies the normal parenchymal'”l,
Furthermore, chemotherapy combined with interferon is
reported to be effective for HCC with PVTT.

Combined treatment with 5-FU and alpha-interferon
for HCC patients was first reported by Patt, ¢/ a/ in
199311, The response rate was reportedly 22%. Urabe
et al' treated 16 patients with HCC and PVTT in the
main trunk or the major branches of the portal vein by
intrahepatic infusion of methotrexate, 5-FU, and cisplatin,
and administered alpha-interferon subcutancously. The
response rate and median survival time were 46.7% and 7
mo, respectively.

Moreover, combined intra-arterial 5-FU and
subcutancous alpha-interferon therapy for 8 patients
with HCC accompanied by PVTT in the major portal
vein was reported by Sakon e @/, The response rate was
63%. In another study by this group in 2005, 55 patients
received this treatment, and 8 (14.5%) showed a complete
response, 16 (29.1%) showed a partial response, 4 (7.3%)
showed no response, and 27 (49.1%) showed progressive
disease!’. The median sutrvival time and 5-year sutrvival
rate were 11.8 mo and 16.4%, respectively. Using this
combination protocol, Obi ez a/* treated 116 patients with
unresectable HCC accompanied by PVTT in the main
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trunk or the 1st branches of the portal vein. The survival
rates at 1 and 2 years among overall patients were 34%
and 18%, respectively, in contrast to 15% and 5% among
the historical controls. Survival rates at 1 and 2 years were
81% and 59% among complete responders, respectively,
and 43% and 18% among partial responders. The median
survival time was prolonged to 11 mo in patients with an
active response, although there appears to be no benefit in
patients without an active response.

However, it is chaotic to determine whether the
combination chemotherapy with interferon is effective or
not for HCC accompanied by PVTT.

We previously reported™ that administration of
enteric-coated tegafur/uracil induces long-term survival
and is an effective treatment for Stage IV-A HCC.
However, single agent such as enteric-coated tegafur/uracil
was not effective for HCC with PVTT. So, combination
chemotherapy is needed for HCC with PVTT.

The choice of the anticancer agent is important in
achieving favorable clinical results. We selected etoposide,
carboplatin, epirubicin and pharmacokinetic modulating
chemotherapy by 5-FU and enteric-coated tegafur/uracil.

Firstly, etoposide is agent which has shown significant
antitumor against HCCI'*'l. It could be suggested as
part of intensive multidrug regimens for HCC and high-
risk HBVI"""I. Though response rates to cisplatin and
ctoposide™ given systemically as single agents are 5 and
15%, intra-arterial combination chemotherapy using
cisplatin and etoposide produces a high rate of objective
tumor remissions in patients with HCCP.

However, cisplatin has been reported that it has a
lot of nephrotoxic and emetic effects. To the contrary,
carboplatin has demonstrated antitumor activity
comparable to cisplatin and has been shown to have fewer
nephrotoxic and emetic effects. In fact, carboplatin is
thought to be a useful anticancer agent in patients with
HCC treated with TACE. Furthermore, it is reported that
carboplatin is effective for HCCP*,

So we selected carboplatin as combination with
ctoposide. In addition, a combination of epirubicin and
ctoposide appears to be an active and tolerable therapeutic
option for HCC patients who are not candidates for
surgical or locoregional procedures!"***.

Recently, Kusunoki ¢z a/ reported that pharmacokinetic
modulating chemotherapy, based on the concept that the
benefit of a continuous venous 5-fluorouracil infusion can
be potentiated by low-dose oral tegafur/uracil is useful for
a variety of cancers??,

In fact, it is reported that modified pharmacokinetic
modulating chemotherapy had no severe side effect and
was effective for advanced unresectable HCCP,

Based on these facts, we tried combination
chemotherapy for HCC with PVTT. In our series, the
treatment resulted in an objective response rate of 30%
and a median survival of 457.2 d. Only the three patients
who had an objective response had a survival of long
duration.

As our group was small, we did not perform a statistical
analysis to determine a predictive factor for response.
However, our results are comparable with those of most
interferon combination chemotherapy.
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In our study, the toxicity of this therapy was low
despite the fact that all of the patients had cirrhosis. It is
noteworthy that there were no patients showing overt liver
toxicity. Moreover, there was no treatment-related death.

In this study, no hepatotoxicity due to this combination
chemotherapy was observed. The side effects of this
regimen were minimal and well tolerated.

In conclusion, this chemotherapeutic regimen
ameliorated the survival of patients with advanced HCC
without serious adverse effects.

We suggest that, in the near future, this chemotherapy
method should be subjected to a prospective randomized
controlled study for HCC with PVTT. Further prospective
randomized clinical trials of chemotherapy for HCC with
PVTT will be needed.

COMMENTS

Background

Portal venous tumor thrombus (PVTT) is a crucial factor that can worsen the
prognosis of patients with hepatocellular carcinoma (HCC). It often leads to
extensive spreading of the tumor throughout the liver, and can increase portal
venous blood pressure, resulting in the fatal rupture of esophageal varices, and
can decrease portal flow which causes ascites, jaundice, hepatic encephalopathy,
and liver failure. However, there is not effective useful therapy for HCC combined
with PVTT. Therefore, there is an urgent need for new and active drugs and
combination chemotherapy of advanced HCC.

Research frontiers

HCC has a predilection for portal vein invasion, which has been shown to be a
poor prognostic factor. An effective therapy regimen is needed for advanced HCC
with PVTT. Combination chemotherapy is needed for HCC with PVTT urgently. The
choice of the anticancer agent is important in achieving favorable clinical results.
The authors selected etoposide, carboplatin, epirubicin and pharmacokinetic
modulating chemotherapy by 5-FU and enteric-coated tegafur/uracil. Progress in
implantable drug delivery systems has made possible the repeated arterial infusion
of chemotherapeutic agents for patients with advanced HCC recently. Therefore,
hepatic arterial infusion chemotherapy has been often selected as a therapeutic
option for advanced HCC with PVTT.

Innovations and breakthroughs
The authors investigated the efficacy, the feasibility, usefulness, and complication
rate of arterial combination therapies for HCC with PVTT.

Applications

Intra-arterial combination chemotherapy is useful and inducing long-term survival
for advanced HCC accompanied by PVTT. Further prospective randomized clinical
trials of chemotherapy for HCC with PVTT will be needed.

Terminology
PVTT: Portal vein tumor thrombus meaning tumor thrombus locating the first portal
branch, or the main portal trunk.

Peer review
This is an interesting manuscript reporting the strategy for HCC with PVTT. This
new information is certainly worthy of publication.
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Abstract

AIM: To investigate the systemic hemodynamic
effects of two surgical procedures largely employed for
treatment of schistosomal portal hypertension.

METHODS: Thirty-six patients undergoing elective
surgical treatment of portal hypertension due to
hepatosplenic mansonic schistosomiasis were
prospectively evaluated. All patients were subjected to
preoperative pulmonary artery catheterization; 17 were
submitted to esophagogastric devascularization and
splenectomy (EGDS) and 19 to distal splenorenal shunt
(DSRS). The systemic hemodynamic assessment was
repeated 4 d after the surgical procedure.

RESULTS: Preoperative evaluation revealed (mean +
SD) an increased cardiac index (4.78 = 1.13 L/min per
m?), associated with a reduction in systemic vascular
resistance index (1457 # 380.7 dynes.s/cm’.m?). The
mean pulmonary artery pressure (18 = 5.1 mmHg) as
well as the right atrial pressure (7.9 = 2.5 mmHg) were
increased, while the pulmonary vascular resistance index
(133 * 62 dynes.s/cm®.m’) was decreased. Four days
after EGDS, a significant reduction in cardiac index (3.80
+ 0.4 L/min per m? P < 0.001) and increase in systemic
vascular resistance index (1901.4 + 330.2 dynes.s/cm”.
m?, P < 0.001) toward normal levels were observed.
There was also a significant reduction in pulmonary
artery pressure (12.65 + 4.7 mmHg, £ < 0.001) and no
significant changes in the pulmonary vascular resistance
index (141.6 + 102.9 dynes.s/cm°.m’). Four days after
DSRS, a non-significant increase in cardiac index (5.2
+ 0.76 L/min per m?) and systemic vascular resistance

index (1389 =+ 311 dynes.s/cm’.m”) was observed. There
was also a non-significant increase in pulmonary artery
pressure (19.84 = 5.2 mmHg), right cardiac work index
(1.38 + 0.4 kg.m/m?) and right ventricular systolic work
index (16.3 + 6.3 g.m/m?), without significant changes
in the pulmonary vascular resistance index (139.7 + 67.8
dynes.s/cm®.m?).

CONCLUSION: The hyperdynamic circulatory state
observed in mansonic schistosomiasis was corrected by
EGDS, but was maintained in patients who underwent
DSRS. Similarly, the elevated mean pulmonary artery
pressure was corrected after EGDS and maintained after
DSRS. EGDS seems to be the most physiologic surgery
for patients with schistosomal portal hypertension.

© 2007 WJG. All rights reserved.
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INTRODUCTION

In Brazil, mansonic schistosomiasis is an endemic disease,
and its hepatosplenic form, which is characterized by
presinusoidal portal hypertension with preserved liver
function and marked splenomegaly, is a major cause of
portal hypertension' ™. Upper digestive tract hemorrhage
due to esophageal varices rupture is the most feared
complication'”,

The development of portal hypertension, regardless
of its etiology, is a consequence of increased vascular
resistance, mostly due to an architectural distortion of
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the liver parenchyma secondary to fibrosis, but also due
to a diminished endothelial nitric oxide release from the
hepatic endothelium”. Increased portal venous inflow due
to mesenteric artetiolar vasodilatation, and determined by
increased levels of vasodilators, also contributes to portal
pressure increase.

The pathophysiology of portal hypertension in
hepatosplenic mansonic schistosomiasis also displays
a systemic hyperdynamic state’’. We have previously
reported that this hyperdynamic circulatory state seems
to be corrected in the intraoperative period during
esophagogastric devascularization and splenectomy
(EGDS)". However, to the best of our knowledge,
there are no data in the literature regarding postoperative
systemic hemodynamics after surgical treatment of
schistosomal portal hypertension.

The purpose of this study was to prospectively
investigate the postoperative systemic hemodynamic effects
in two different surgical procedures largely employed for
treatment of schistosomal portal hypertension.

MATERIALS AND METHODS

Thirty-six patients with portal hypertension and a
history of previous upper digestive tract bleeding, due to
esophageal varices rupture secondary to hepatosplenic
mansonic schistosomiasis, were prospectively studied

before and after elective surgical treatment between June
1998 and March 2005. Eighteen patients were male and
eighteen female, with a mean age of 39 (range 22-506) years.
Laboratory data and arterial blood gases are expressed in
Table 1. Transthoracic echocardiography was performed in
all patients before surgery. The Hospital Ethics Committee
approved the study protocol, and all patients signed their
informed consent. Immediately before surgery, patients
underwent a right internal jugular vein puncture with the
introduction of a pulmonary artery catheter (Edwards
Swan-Ganz TM, caliber 7F, model 93A-131H; Baxter
Corporation, USA) for invasive systemic hemodynamic
assessment. Patients were randomized for two different
elective surgical procedures: 17 were subjected to
esophagogastric devascularization and splenectomy
(EGDS) and 19 to distal splenorenal shunt (DSRS). A
mean pulmonary artery pressure greater than 25 mmHg
was considered as an absolute contraindication for DSRS.

EGDS consisted of ligation of the splenic artery close
to the body of the pancreas, followed by splenectomy and
devascularization of the distal 5-7 cm of the esophagus,
and of the upper two thirds of the stomach proximal
to the incisura angularis. DSRS consisted of dissection
of the splenic vein from the splenic hilum until its
junction with superior mesenteric vein, and ligating all
small vessels between the pancreas and the splenic vein
(splenopancreatic disconnection). Left renal vein anterior
and superior surfaces were dissected, the splenic vein was
transected near it’s junction with the superior mesenteric
vein, and an anastomosis between the splenic and renal
veins was performed with a running suture. No immediate
complications were observed and there was no intra- or
postoperative mortality.

Four days after surgery, when the surgical effects had

www.wjgnet.com

Table 1 Preoperative laboratory and arterial blood gases data

Mean + SD Normal values

ALT (IU/L) 31.7+16.8 7-45
AST (IU/L) 31.6 +20.5 7-45
Gamma GT (IU/L) 46.2 255 7-50
ALP (IU/L) 118.5 + 46.3 60-122
BUN (mg/dL) 255 +5.75 10-50
Cr (mg/dL) 0.78 +0.16 0.6-1.4
TP (g/dL) 7.45+0.71 6-8
ALB (g/dL) 418 +0.48 3.5-5.0
PT (s) 142429 14+2
PTT (s) 29.8 +6.26 30+2
TBIL (mg%) 1.16 £ 0.73 1.4
IBIL (mg%) 0.79 £ 0.67 0.8
Hb (g/dL) 112424 12-18
Ht (%) 344£72 36-54
WBC (10°/mm”) 3.63+22 4-10
PLT (10°/mm®) 88.74 + 56.24 150-400
pH 7.41+0.05 7.37-7.44
pO: (mmHg) 91.4+65 80-100
pCO:2 (mmHg) 34.9+32 34-45
Sa0: (%) 97.1£0.95 96-98

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; Gamma
GT: Gamma glutamil transpeptidase; BUN: Blood urea nitrogen; Cr:
Creatinine; PT: Prothrombin time; PTT: Partial thromboplastin time; Hb:
Hemoglobin; Ht: Hematocrit; WBC: White blood cells; PLT: Platelets; pO2:
Arterial oxygen tension; PaCOz: Arterial carbon dioxide tension; SaOz:
Arterial oxygen saturation; ALP: Alkaline phosphatase; TP: Total serum
protein; ALB: Aalbumin; TBIL: Total serum bilirubin; IBIL: Indirect bilirubin.

worn off, the systemic hemodynamic assessment was
repeated and the pulmonary artery catheter was removed.
There were no complications related to pulmonary artery
catheterization.

Statistical analysis

Statistical analysis was accomplished by the paired # test,
and P < 0.01 was considered as statistically significant,
with a 99% confidence interval.

RESULTS

The results of the transthoracic Doppler echocardiography
are shown in Table 2. No ventricular hypertrophy or
segmental contraction abnormality was observed, and no
patients presented valvular lesions or pericardial effusions.
All patients presented normal systolic and diastolic
ventricular function. In two patients, echocardiography
revealed an estimated pulmonary artery pressure of 60
and 40 mmHg, respectively, accompanied by a discrete
dilatation of the right ventricle. These two patients were
subjected to EGDS.

Pre- and postoperative hemodynamic evaluation
data are shown in Table 3 and Figure 1. Preoperative
hemodynamic evaluation revealed an increased mean
cardiac index (4.78 £ 1.13 L/min per mz) and a reduction
in the systemic vascular resistance index (1457 + 380.7
dynes.s/cm’.m?). The systolic index (60.24 + 12.8 mL/
beats per m%), left cardiac work index (6.14 + 1.43 kgm/
rnz), left ventricle systolic work index (76.6 £ 17.8 gm/
m’), right cardiac work index (1.22 £ 0.5 kg.m/m’) and
right ventricle systolic work index (15.25 * 6.4 gm/m?
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Table 2 Preoperative transthoracic echocardiography in

patients with portal hypertension due to hepatosplenic mansonic
schistosomiasis

Preop (mean + SD) Normal range

Ao 30.7+1.9 20-35 mm
LA 38.1+4.6 20-40 mm
LVDD 49.7+£39 35-55 mm
FDV 125.4 +29.6 50-150 mL
LVSD 309+2.8 20-35 mm
SV 30.1+8.1 50-150 mL
DD 37.6+3.3 30%-40%
EF 759+45 65%-80%
Se 89+0.6 7-11 mm
Pw 84+05 7-11 mm
V/M 65.1+6.8 45%-75%

Ao: Aorta; LA: Left atrium; LVDD: Left ventricular diastolic diameter; FDV:
Final diastolic volume; LVSD: Left ventricular systolic diameter; SV: Systolic
volume; DD: Shortening fraction; EF: Ejection fraction; Se: Septum wall
thickness; Pw: Left ventricular wall thickness; V/M: Left ventricular volume/
mass relationship; E/ A: Ratio between wave E and A.

Table 3 Pre- and postoperative hemodynamic parameters in

patients with portal hypertension due to hepatosplenic mansonic
schistosomiasis

Preop EGDS DSRS  Normal values
HR 80.2+114 83.1+10.6 86.7+17.9 80-100 beats/min
MABP 914+125 93.6+14.4 9236 £13.75 80-100 mmHg
RAP 79+25 7+24 726+24 0-7mmHg
PCWP 10227 91+3 955+2 8-12 mmHg
PAP 18+5.1 12.65+4.7° 1984+52 12-15 mmHg
CI 478 +1.13 3.8 +0.4° 52+0.76 2.5-4 L/min per m’
SI 60.24 £12.8 462+8.6% 59.64+10.5 41-51 mL/beat per m’

SVRI 1457 +380.7 1901.4+330.2" 1389311 1970-2390
dynes.s/cm’.m”

141.65£102.9 139.7 £67.8 225-315
dynes.s/cm’.m”

PVRI 133 + 62

LCWI  6.14+1.43 49£07°  694+13 34-42kgm/m’
LVSWI  76.6+17.8 59+12.6° 8265+17 50-62 g.m/m’
RCWI  1.22+05 0.79+04°  131£0.35 0.54-0.60 kg.m/m’
RVSWI 15.25 + 6.4 945+48"  163+63 7.9-97 gm/m’

°P < 0.01 between EGDS and PREOP; ‘P < 0.001 between EGDS and
PREOP. Values are expressed as means + SD. EGDS: Esophagogastric
devascularization and splenectomy; DSRS: Distal splenorenal shunt; HR:
Heart rate; MABP: Mean arterial blood pressure; PAP: Mean pulmonary
artery pressure; RAP: Mean right atrium pressure; PCWP: Pulmonary
capillary wedged pressure; CI: Cardiac index; SI: Systolic index; SVRI:
Systemic vascular resistance index; PVRI: Pulmonary vascular resistance
index; RCWI and LCWI: Right and left cardiac work indexes, LVSWI and
RVSWI: Left and right ventricular systolic work indexes.

were all increased. Heart rate (80.2 £ 11.4 beats/min),
mean arterial blood pressure (91.4 £ 12.5 mmHg) and
pulmonary capillary wedge pressure (10.2 £ 2.7 mmHg)
were all within normal limits. Mean pulmonary artery
pressure (18 £ 5.1 mmHg), as well as right atrial pressure
(7.9 £ 2.5 mmHg), was increased, while the pulmonary
vascular resistance index (133 = 62 dynes.s/ cm’.m’?) was
decreased.

Four days after EGDS, there was a significant decrease
in cardiac index (3.8 * 0.4 L/min per m’) and a significant
increase in systemic vascular resistance index (1901.4 *
330.2 dynes.s/cm’.m% toward normal levels. The systolic
index (46.2 £ 8.6 mL/beats per m?), left cardiac work index
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Figure 1 Schematic illustration showing important differences in cardiac index (Cl)
and pulmonary artery pressure (PAP) before and after EGDS (dashed line) and
DSRS (continuous line).

4.9 £ 0.7 kgm/m?) and left ventricle systolic work index
(59 £ 126 g.m/mz) also significantly decreased toward
normal levels. There was no significant alteration in heart
rate (83.1 + 10.6 beats/min), mean arterial blood pressure
(93.6 £ 14.4 mmHg), pulmonary capillary wedge pressure
(9.1 £ 3 mmHg) and right atrial pressure (7 + 2.4 mmHg).
There was also a significant reduction in pulmonary artery
pressure (12.65 + 4.7 mmHg), right cardiac work index (0.79
+ 0.4 kgm/m?), right ventricle systolic work index (9.45 +
4.8 gm/ m?), and a non-significant increase in pulmonary
vascular resistance index (141.65 + 102.9 dynes.s/cm’.m’).

Four days after DSRS, there was a non-significant
increase in cardiac index (5.2 * 0.76 I/min per m?), and
a non-significant decrease in systemic vascular resistance
index (1389 + 311 dynes.s/cm’.m?). The systolic index
(59.64 + 10.5 ml./beats per m?), left cardiac work index
(6.94 + 1.3 kgm/m”) and left ventricle systolic work index
(82.65 + 17 gm/ m’) remained above normal levels. There
were non-significant increases in heart rate (86.7 £ 17.9
beats/min) and mean arterial blood pressure (92.36 *
13.75 mmHg), and non-significant decreases in pulmonary
capillary wedge pressure (9.55 = 2 mmHg) and right atrial
pressure (7.26 * 2.4 mmHg). In addition, there were non-
significant increases in pulmonary artery pressure (19.84 +
5.2 mmHg), right cardiac work index (1.31 + 0.35 kgm/
m’), and right ventricle systolic work index (16.3 + 6.3 gm/
m®), with no significant alteration in pulmonary vascular
resistance index (139.7 + 67.8 dynes.s/cms.mz).

DISCUSSION

Hemodynamic changes after the surgical treatment of
schistosomal portal hypertension with disconnection or

www.wjgnet.com
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shunt procedures may contribute to the understanding of
the hyperdynamic circulation observed in these patients
with portal hypertension and preserved liver function.
Twenty-nine patients (80.5%) showed an elevated cardiac
index in the preoperative evaluation, which characterized a
hyperdynamic circulatory state®”, Although easily clinically
recognized in patients with cirrhosis by peripheral arterial
vasodilatation, hypotension and tachycardia, which are
usually related to progressive liver failure, in schistosomal
patients, these alterations are completely absent because
they are less intense and liver function is preservedm.

We have previously demonstrated that hepatosplenic
schistosomiasis presents mild pulmonary hypertension
and induces a hyperdynamic circulatory state, which is
corrected after EGDS?”. We have suggested that these
changes are correlated with the portosystemic collateral
circulation, especially as a consequence of splanchnic
hyperflow!”. Our group, as do Wattanasirichaigoon e# a/”,
believes that portosystemic collateral circulation mimics
an arteriovenous fistula, in which the high-pressure portal
blood connects with the lower pressure systemic venous
circulation, which decompresses the portal circulation, but
increases portal blood flow. As portal blood flow increases,
so does collateral flow, and it is almost totally shunted
with the systemic circulation. These observations should
be considered particularly in patients with hepatosplenic
schistosomiasis, in whom large splenomegaly induces
splenic hyperflow, which plays an important role in the
origin and maintenance of hyperdynamic circulation™. Tn
the present study, 15 patients subjected to EGDS (88.2%)
presented normalization of cardiac and systemic vascular
resistance indexes, which suggested that EGDS corrected
the hyperdynamic circulation. In cirrhosis, physical
exercise and pharmacological stress determine an increase
in left ventricular end diastolic pressure and a fall in
cardiac stroke index and left ventricular ejection fraction,
which indicates an abnormal ventricular response”"',
In these patients, the reduced vascular resistance may
mask left ventricular failure. In contrast, the correction
of hyperdynamic circulation without elevation of filling
pressure, and the normal pre-operative echocardiographic
parameters strongly suggest an absence of cardiomyopathy
in patients with portal hypertension due to hepatosplenic
mansonic schistosomiasis.

On the other hand, patients subjected to DSRS
maintained a hyperdynamic circulation. These observations
suggested that splenic flow through the venous shunt
maintained a low-resistance circuit and hence, the
hyperdynamic circulation. These findings are corroborated
by the increases in heart rate, systolic, left cardiac work
and left ventricle systolic work indexes observed in these
patients. Studies that assess the hemodynamic pattern in a
later period after EGDS or DSRS are necessary to confirm
the findings of our study.

Portopulmonary hypertension (PPHTN) is defined
as an increase in mean pulmonary artery pressure greater
than 25 mmHg, increased pulmonary vascular resistance
(greater than 120 dynas/cm’), and pulmonary capillary
wedge pressure lower than 15 mmHg, in the presence of

[13-1

. 5 .
portal hypertension”"?, There are several mechanisms

proposed for its development, including an increased
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[16-18]

production of vasoconstrictors , increased pulmonary

blood flow leading to vascular endothelial damage and
remodelingm, excess of pulmonary vascular volume™”,
cirthotic cardiomyopathy with myocardial thickening and

21 . . . - [22
P and in situ microthrombosis™.

diastolic dysfunction
Interestingly, to date there are no data showing any
correlation between the extent of PPHTN and the
intensity of portal pressure, severity of liver disease or
degree of shunting[zﬂ.

Arterial blood gases and left (systolic and diastolic)
ventricular function were within normal limits and,
pulmonary capillary wedge pressure was < 15 mmHg in all
patients during the hemodynamic study, which provided
evidence of normal cardiopulmonary function.

In the present study, 23 patients (63.8%) presented
with pulmonary artery pressure greater than 15 mmHg; 13
(36.1%) between 15 and 20 mmHg, eight (22.2%) between
20 and 25 mmHg. In two patients (5.5%), pulmonary
artery pressure was > 25 mmHg, which demonstrated a
tendency toward pulmonary hypertension in schistosomal
portal hypertension, as previously described by our groupm.

After EGDS, we observed a significant reduction in
pulmonary artery pressure in 88.2% of the patients. There
was also a significant reduction in right cardiac work and
right ventricular systolic work indexes, without significant
increase in pulmonary vascular resistance index. The two
patients without pulmonary artery pressure reduction
showed a normal preoperative pulmonary artery pressure
(< 15 mmHg). These findings suggest that pulmonary
hyperflow may contribute to the elevated pulmonary
artery pressure observed in these patients. The reduced
pulmonary vascular resistance may be an accommodation
of pulmonary vasculature to the hyperflow, in an
attempt to maintain normal pulmonary artery pressure.
Nevertheless, this adaptation seems ineffective, since
pulmonary artery pressure was elevated in the majority
of the patients studied. The two patients with PPHTN
subjected to EGDS showed reduction of both cardiac
index and mean pulmonary artery pressure.

These findings were confirmed by the hemodynamic
pattern of patients subjected to DSRS, with which, 16
patients (84.2%) showed a slight increase in pulmonary
artery pressure, right cardiac work and right ventricular
systolic work indexes. In fact, we have previously
reported the cases of two young asymptomatic patients
with normal cardiovascular preoperative assessment
(electrocardiography, thoracic X-ray and transthoracic
echocardiography) who died 4 and 7 d after DSRS, and
necropsy showed signs of acute pulmonary hypertension
and right ventricular failure™, We hypothesized that these
patients had undiagnosed preoperative elevated mean
pulmonary artery pressure that caused acute pulmonary
hypertension after the splenorenal shunt, due to pulmonary
hyperflow. The importance of preoperative hemodynamic
evaluation in hepatosplenic schistosomiasis is to identify
patients with raised pulmonary artery pressure, and
consequently, to choose EGDS rather than DSRS as the
ideal surgical treatment.

In conclusion, the hyperdynamic circulatory state
present in hepatosplenic mansonic schistosomiasis was
corrected by EGDS, but it was maintained by DSRS.
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Similarly, the raised mean pulmonary artery pressure was
corrected by EGDS and maintained by DSRS. EGDS
seems to be the most physiologic surgical alternative for
patients with schistosomal portal hypertension, because
of its tendency to lead to immediate normalization of
the systemic and pulmonary hemodynamic parameters.
Cardiomyopathy present in cirrhotic portal hypertension
seems to be absent in hepatosplenic mansonic
schistosomiasis. Hemodynamic studies to evaluate the
late circulatory pattern in these patients are necessary to
confirm our findings.

COMMENTS

Background

To the best of our knowledge, there are no data in the literature regarding
postoperative systemic hemodynamics after surgical treatment of schistosomal
portal hypertension. The purpose of this study was to prospectively investigate the
postoperative systemic hemodynamic effects in two different surgical procedures
largely employed for treatment of schistosomal portal hypertension.

Research frontiers/Innovations and breakthroughs
Hemodynamic changes after the surgical treatment of schistosomal portal
hypertension with disconnection or shunt procedures may contribute to the
understanding of the hyperdynamic circulation observed in these patients with
portal hypertension and preserved liver function. This knowledge may be useful in
deciding on the best surgical option for each patient.

Applications

The importance of preoperative hemodynamic evaluation in hepatosplenic
schistosomiasis is to identify patients with raised pulmonary artery pressure, and
consequently, choose EGDS rather than DSRS as the ideal surgical treatment.
EGDS seems to be the most physiologic surgical alternative for patients with
schistosomal portal hypertension, due to its tendency to lead to immediate
normalization of the systemic and pulmonary hemodynamic parameters.

Terminology
Schistosomal portal hypertension: presinusoidal portal hypertension in patients
with preserved liver function.

Peer review

This study examines in patients with pre-hepatic portal hypertension, caused
by schistosomiasis, the short-term effects of two different interventions, EGDS
and DSRS, on hemodynamic cardiac parameters derived from transthoracic
echocardiography and direct measurement of pulmonary artery pressure. The
study shows that EGDS lowers cardiac output and mean pulmonary artery
pressure (probably as a result of splenectomy), while DSRS has no effect on these
parameters.
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Abstract

AIM: To evaluate the frequency of neural cell adhesion
molecule (NCAM)-180 expression in fresh tumor
tissue samples and to discuss the prognostic value of
NCAM-180 in routine clinical practice.

METHODS: Twenty-six patients (16 men, 10 women)
with colorectal cancer were included in the study. Fresh
tumor tissue samples and macroscopically healthy
proximal margins of each specimen were subjected to
flow-cytometric analysis for NCAM-180 expression.

RESULTS: Flow-cytometric analysis determined
NCAM-180 expression in whole tissue samples of
macroscopically healthy colorectal tissues. However,
NCAM-180 expression was positive in only one case
(3.84%) with well-differentiated Stage II disease who
experienced no active disease at 30 mon follow-up.

CONCLUSION: As a consequence of the limited number
of cases in our series, it might not be possible to make a
generalisation, nevertheless the routine use of NCAM-180
expression as a prognostic marker for colorectal
carcinoma seems to be unfeasible and not cost-effective
in clinical practice due to its very low incidence.

© 2007 WJG. All rights reserved.

Key words: Neural cell adhesion molecule-180; Colorectal
cancer; Prognosis; Flow-cytometry

www.wjgnet.com

Tascilar O, Cakmak GK, Tekin 10, Emre AU, Ucan BH,
Irkorucu O, Karakaya K, Gul M, Engin HB, Comert M. Neural
cell adhesion molecule-180 expression as a prognostic
criterion in colorectal carcinoma: Feasible or not?. World J
Gastroenterol 2007; 13(41): 5476-5480

http://www.wjgnet.com/1007-9327/13/5476.asp

INTRODUCTION

Cancer is currently one of the major causes of morbidity
and mortality in humans. Tumor progression to local
invasion and metastasis are clinically the most relevant
processes for prognosis. However the molecular pathways
involved in tumor progression are the least well defined at
the cellular level, which represents one of prime challenges
in cancer research. Tumor suppressor genes are the major
target for treatment modalities in most malignant diseases,
including gastrointestinal neoplasies. For colon carcinoma,
Deleted in Colon Carcinoma (DCC) accounts for one of
the best described tumor suppressors involved in adhesive
interactions. DCC is a member of the immunglobulin (Ig)
superfamily. The neural cell adhesion molecule (NCAM,
CD506) is another member of this family possessing
structural and sequence homology to DCC™. Members
of the Ig family of cell adhesion molecules (CAMs) play an
important role in progression to tumour malignancy and
metastasis. NCAM is an embryologic adhesion molecule and
a cell membrane protein that modulates neuroendocrine cell
growth, migration, and differentiation”. NCAM mediates
cell-cell and cell-matrix adhesion, contact inhibition and
tissue morphogenesis and also is proposed to be critical in
signal transduction™. The major variants of NCAM are
classified based on the sialic acid content as either NCAM-H
(high-sialic-acid content) or NCAM-L (low-sialic-acid
content). The properties of NCAM-H molecules are the
following: relative molecular weight between 200-250 kDa,
more prevelant in embrionic tissue, blocks adhesion-binding
sites and fascilitates cell migration during embriogenesisw].
Therefore, cell-cell or cell-matrix adhesions can be altered
by downregulation of NCAM molecules or by upregulation
of sialic acid content within the NCAM protein. NCAM-L
with a molecular weight of 120-180 kDa predominates
in adult tissue and is expressed in three major isoforms,
resulting from alternative mRNA splicing and depending
on cell type and stage of differentiation™®”. The major




Tascilar O ef a/. NCAM-180 expression and prognosis

5477

isoforms have the 5-distal immunoglobulin and 2-membrane
proximal fibronectin (FN)-II domains. NCAM-120 is
glycophosphatidylinositol-linked to the plasma membrane
by a sequence encoded by exon 15", NCAM-140 has the
basic NCAM-120 structure with a transmembrane sequence
and a short (40-kDa) intracellular tail. NCAM-180 has
a longer intracellular tail (90 kDa) encoded by exons 17,
19, and unique to this isoform, exon 18. The intracellular
component of NCAM-180 anchors the molecule to the
cytoskeleton. NCAM-180 is believed to be an important
structural molecule that mediates cell-cell adhesion by
providing a mechanical linkage between the cytoskeleton
and the extracellular adhesive end of the molecule resulting
in tissue stabilisation!"”. NCAM-180 was found to be
expressed in normal colonic epithelium villous tips and the
expression was demonstrated to be lost in highly aggressive
colon cancers™"". This study was undertaken to further
evaluate the frequency of NCAM-180 expression in fresh
tumor tissue samples by flow-cytometric analysis and to
discuss the prognostic value of NCAM-180 in colorectal
carcinoma in routine clinical practice.

MATERIALS AND METHODS

Patients and tumor samples

Fresh tumor tissue samples were obtained at operation
from 26 patients with colorectal cancer who underwent
surgery between January 2002 and January 2006. Two
samples from each case, one of which was chosen directly
from the center of a main tumor lesion and the other
from the macroscopically healthy proximal margins,
were transferred to flow-cytometric analysis immediately.
The remaining specimen was fixed in 10% phosphate
buffered formaldehyde, and embedded in paraffin for
histopathological analysis. Patient characteristics are shown
in Table 1. Oncologic follow-up was performed in each
case within 6-12 mo periods. Clinical data were obtained
by direct interviews with patients as a part of oncologic
follow-up. Patients were defined as having an aggressive
clinical course if they presented with an obstructing or
perforating lesion or had metastatic disease. Death within
18 mo of presentation was also classified as having an
aggressive clinical course. Participation in the study was
voluntary and all patients gave their informed consent to
participate. The study was approved by the Local Ethics
Committee of Zonguldak Karaelmas University Hospital,
Zonguldak, Turkey.

Flow-cytometric analysis

All biopsy materials were dissociated mechanically
with Medimachine (Becton Dickinson, CA, USA). The
dissociated cells were prepared as single cell suspension in
PBS (phosphate buffered salt solution) .The cell number
was calibrated as 10 X 106/rnL. Each 100 pL sample
incubated with 10 pL anti-CD56-PE (phycoerythrin
conjugated NCAM monoclonal antibody) for 15 min at
room temperature. Samples were processed by a Coulter Q
Prep Workstation and run with a Beckman-Coulter Epics
XL MCL flow cytometer (Beckman coulter, Florida, USA).
At least 20000 events were acquired for each sample. Data
analysis was performed using EXPO32 (Beckman-Coulter)

Table 1 Background of 26 cases of resected colorectal
carcinoma

Case Gender Age (yr) Location Tumour

1 E 49 Colon Adenocarcinoma
2 E 70 Rectum Adenocarcinoma
8] M 86 Colon Adenocarcinoma
4 M 76 Colon Adenocarcinoma
5 M 73 Colon Adenocarcinoma
6 E 76 Colon Adenocarcinoma
7 M 72 Colon Adenocarcinoma
8 E 68 Colon Adenocarcinoma
9 M 72 Colon Adenocarcinoma
10 M 50 Rectum Adenocarcinoma
11 M 88 Colon Adenocarcinoma
12 F 68 Rectum Adenocarcinoma
13 F 48 Colon Adenocarcinoma
14 F 75 Rectum Adenocarcinoma
15 M 37 Rectum Adenocarcinoma
16 M 57 Rectum Adenocarcinoma
17 F 71 Colon Adenocarcinoma
18 M 70 Colon Adenocarcinoma
19 M 47 Colon Adenocarcinoma
20 M 47 Colon Adenocarcinoma
21 F 71 Colon Adenocarcinoma
22 M 53 Colon Adenocarcinoma
23 M 80 Rectum Adenocarcinoma
24 F 49 Rectum Adenocarcinoma
25 M 76 Colon Adenocarcinoma
26 M 62 Rectum Adenocarcinoma

software. Only CD45 negative population gated were
used for NCAM analysis. The upper limit of background
fluorescence was set such that no more than 1% of the
events with the matched isotype was in the positive region.

Histological classification

Pathologic stagings were performed based on the
TNM staging system developed by the American Joint
Committee on Cancer!”. Histologic tumor typing was
applied according to the classification system indicating
poot, moderate or well differentiation. Macroscopically
healthy proximal margins were verified to be tumor free by
histopathologic examination.

RESULTS

Of the 26 patients, 16 (61.5%) were male and 10 (38.5%)
were female. The mean age was 65.04 £ 13.60 (range,
37-88) years. Tumors were found to be localized in
colonic segments in 19 (73.07%) and in rectum in the
rest 7 (26.93%) cases. Four patients died because of
cardiovascular or pulmonary complications following
surgery. No patients died during follow-up. The mean
follow-up period was 19.05 £ 12.33 (range, 4-56) mo.
Histopathologic stage, differentiation status, NCAM-180
expression and postoperative survival periods are shown
in Table 2. The number of patients in Stage I, 1, Il and
IV disease were 3 (11.53%), 7 (26.92%), 9 (34.61%), and 7
(26.92%), respectively. Tumors were detected to be well-
differentiated in 4 (15.38%), moderately-differentiated
in 15 (57.69%) and poorly-differentiated in 7 (26.92%)
cases. Flow-cytometric analysis determined NCAM-180
expression in whole tissue samples of macroscopically
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Table 2 Results of histopathologic evaluation and flow cytometric analysis of NCAM-180 status

Case pTNM Stage Histology NCAM-180 Outcome
1 T3NOMO II Moderate - No active disease at 21 mo follow-up
2 T4NIM1 I\ Poor - Died of metastatic diesease 8 mo postresection
3 T4N2M1 I\ Moderate - No active disease at 9 mo follow-up
4 T3NOMO II Well - No active disease at 20 mo follow-up
5 T4ANIM1 I\ Poor - Died of cardiopulmonary complication postoperatively
6 T3N1IMO il Moderate - No active disease at 6 mo follow-up
7 T2NOMO 1 Moderate - Metachrone colonic disease at 15 mo
8 T2NOMO I Moderate = No active disease at 15 mo follow-up
9 T4N2MO il Moderate = Died of metastatic diesease 18 mo postresection
10 T3N2MO il Moderate = No active disease at 18 mo follow-up
11 T2NOMO I Moderate = Died of cardiopulmonary complication postoperatively
12 T3NOM1 % Poor - Died of cardiopulmonary complication postoperatively
13 T3N1IMO I Moderate - No active disease at 32 mo follow-up
14 T3N1IMO I Moderate - No active disease at 20 mo follow-up
15 T3NOMO II Poor - No active disease at 16 mo follow-up
16 T3N1IMO il Well - No active disease at 19 mo follow-up
17 T3NOMO II Well + No active disease at 30 mofollow-up
18 T3N1IMO il Well - No active disease at 44 mo follow-up
19 T4N2M1 I\ Poor - Died of metastatic diesease 5 mo postresection
20 T4N2M1 I\ Poor - Died of metastatic diesease 4 mo postresection
21 T3NOMO Il Moderate - Died of metastatic diesease 56 mo postresection
22 T4ANIM1 I\ Moderate - Died of metastatic diesease 15 mo postresection
23 T4ANIMO il Moderate - Died of cardiopulmonary complication postoperatively
24 T3NOMO I Poor - No active disease at 18 mo follow-up
25 T3NOMO I Moderate - No active disease at 16 mo follow-up
26 T4ANIMO il Moderate - No active disease at 14 mo follow-up

healthy colorectal tissues. However, NCAM-180
expression was positive in only one case (3.84%) with well-
differentiated Stage I disease, and this patient experienced
no active disease at 30 mo follow-up.

Correlation between NCAM-180 expression in colorectal
cancer and other parameters

It is not possible to compare overall survival outcomes
in this series with only one (3.84%) positive NCAM-180
expression. However, NCAM-180 expression was positive
in a well-differentiated Stage Il tumor with an uneventfull
clinical course for 30 mo following surgery. Considering
well-differentiated tumors, one of three patients without
NCAM-180 expression experienced a longer disease free
survival period (44 »s 30 mo). Moreover, NCAM-180
epxression was not detected in both moderate or poor
differentiated tumors. Evaluation of the patients with
stage Il disease demonstrated that one of six patients
without NCAM-180 expression survived 56 mo after
diagnosis and no active disease was detected in the other
5 patients within a mean follow-up period of 18.2 (range,
16-21) mo.

DISCUSSION

Tumoral invasion and metastasis are the most critical and
complex processes in aggressive human cancers and are
one of the major causes of cancer deaths. Cell adhesion
molecules, including the immunoglobulin superfamily,
play a crucial role in determining tumor development and
the metastatic cascade™"". Variations in cell-cell and cell-
matrix adhesion accompany the progression from benign
tumours to invasive, malignant cancer and the subsequent

www.wjgnet.com

metastatic dissemination of tumour cells. The hallmark of
neoplastic and metastatic growth is thought to be reduced
adhesiveness between cells and also between cells and the
extracellular matri”. Several groups of adhesion molecules
are importantly involved in regulation of tumor invasion
and metastasis.

NCAM (CD56) is a calcium independent cell adhesion
molecule, which mediates homotypic and heterotypic
cell-cell and cell-matrix adhesion”"”. NCAM has been
found to be a significant factor for survival in various solid
tumors. A correlation between reduced NCAM expression
and poor prognosis has been reported for some cancer
types[“’ls’w]. The existence of NCAM-180 has been
proposed to be a good prognostic criterion in colorectal
carcinoma'". Previous studies have demonstrated that
NCAM-180 is present in normal colonic epithelium and in
benign colonic tumors and loss of NCAM-180 expression
might result in defective intracellular adhesion between
colonocytes in aggressive colon carcinoma™"". In this
study we investigated the NCAM-180 expression rate in
fresh tumor tissue samples of colorectal carcinoma and
the association of an aggresive clinical course with loss of
this expression.

NCAM expression has been investigated in various
solid and neuroendocrine tumours. There is a consensus
that presence of its polisialiated (embryonic) form, which is
less adhesive than the adult form [that contains a relatively
low polisialic acid (PSA) content], is associated with a poor
prognosis. Correlation between N-CAM expression and
perineural spread has been confirmed in a vatiety of human
carcinomas. The existence of the polisialiated form of
NCAM in Wilms® tumort, neuroblastoma, pituitary tumor,
small cell lung cancer, gallbladder and bile duct cancer,
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squamous cell cancer of head and neck, and prostat cancer
results in perineural invasion and agrressive metastatic
behaviour with a poor clinical outcome™ ™. As the
expression of the polisialiated form of NCAM correlates
with tumor growth and invasiveness because of its role in
cell disassociation, 1t was considered to be a poor prognostic
criterion in pituitary tumors and rhabdomyosarcoma**’,
Polysialation has been proposed to involve steric inhibition
of membrane-membrane apposition and cell adhesiveness,
based on the biophysical properties of the polisialic acid™.
In renal cell carcinoma, NCAM expression was suggested to
be a risk factor for tumor metastasis’. Moreover, NCAM
is not polysialylated in renal cell carcinoma suggesting that
it plays another role in these tumors involving homophilic
adhesion”". Conversely, for other tumors like pancreatic
adenocarcinomas, reduced levels of NCAM expression
were found to correlate with increased tumor malignancy”.
This result was also observed in a transgenic mouse
model of B-cell pancreatic carcinoma by crossing these
mice with NCAM knockout mice™. The hypothesis was
reduced levels of NCAM could increase cell dissociation
from primary tumors. Moreover, an overall decrease in
the NCAM level has been observed in another subset of
tumors including colon carcinoma and astrocytoma. In these
tumors NCAM expression is markedly down-regulated, and
the loss of NCAM correlates with poor prognosisw’“’lg’s}].
In gastrointestinal neoplasia, when pancreatic, colorectal
and gastric cancer were considered, pootly differentiated
tumors had lower levels of NCAM than well or moderately
differentiated tumors'™.

Previous studies have demonstrated that NCAM-180
is present in normal colonic epithelium and NCAM-180
expression was found to be absent in clinically aggressive
colon carcinomas'". Consistent with this thesis, colorectal
carcinomas expressing NCAM-180 should experience a
good clinical course with longer disease free survival. In
other words, overexpression of the polysialylated form of
NCAM or reduced expression of NCAM-180 has been
suggested to decline intracellular adhesion, facilitating
metastatic behavior in cancer. This study was designed
to determine the rate of NCAM-180 expression in fresh
colorectal tumour tissue and correlation of NCAM-180
expression with clinical course. In our series of 26 colorectal
carcinoma, we determined NCAM-180 expression in only
one patient (3.84%) (pathologic stage Il -well differentiated
tumour) with a good clinical course during a follow-up
period of 30 mo. This was an expected finding according
to the previous literature™"". However, we detected that 6
of the other patients with the same clinical and pathological
stage at diagnosis and surgery, experienced either similar or
a better clinical course during follow-up as well. Moreover, 2
patients without NCAM-180 expression and in an advanced
pathological stage at diagnosis survived more than the
patient with NCAM-180 expression. These are controversial
results predicting that attribution of NCAM-180 expression
as a good prognostic criterion in colorectal carcinoma is
something to be interrogated before acceptance.

NCAM-180 has been proposed as a candidate tumor
supressor in colorectal carcinoma previously and might
play a crucial role in tumor behaviour by mediating colonic
epithelial integrity and preventing tumour invasiveness

and metastasis due to cellular adhesive properties. When
colorectal cancer is considered, loss of NCAM-180
expression might lead to reduced homotypic binding
between cancerous cells, resulting in detachment from the
primary cancerous mass and invading other organs, acting
systematically. However, in our series the NCAM-180
expression rate was only 3.84% and statistical correlation
analysis of survival with NCAM-180 expression was not
possible according to this low frequency. Moreover, the
comparision according to tumor differentiation and stage
revealed that loss of NCAM-180 expression in either well-
differentiated or stage Il disease did not result in a worst
clinical course. As a consequence of the limited number
of cases in our series, it might not be possible to make a
generalisation, nevertheless the routine use of NCAM-180
expression as a prognostic marker for colorectal carcinoma
seems not to be feasible and cost-effective in clinical
practice due to being present at a very low frequency.
Further studies with a greater number of cases are thus
called for to study the underlying mechanisms of tumor
metastasis and prognosis in colorectal carcinoma.
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Background

Cancer being one of the most mortal disease worldwide, tumor markers and
prognostic criterions attract a great enthusiasm above researchers. Tumor
suppressor genes and cell adhesion molecules are considered to play a crucial
role in tumor pathophysiology.

Research frontiers

Neural cell adhesion molecule (NCAM-CD56) mediates cell-cell and cell-matrix
adhesion, contact inhibition and tissue morphogenesis and also proposed to be
critical in signal transduction. The major variants of NCAM are classified based
on the sialic acid content as either NCAM-H (high-sialic-acid content) or NCAM-L
(low-sialic-acid content). NCAM-L with a molecular weight of 120-180 kDa,
predominates in adult tissue and is expressed in three major isoforms. NCAM-180
is believed to be an important structural molecule that mediates cell-cell adhesion
by providing a mechanical linkage between the cytoskeleton and the extracellular
adhesive end of the molecule resulting in tissue stabilisation.

Innovations and breakthroughs

A correlation between reduced NCAM expression and poor prognosis has been
reported for some cancer types. NCAM-180 expression has been demonstrated
to be lost in highly aggressive colon cancer and proposed to function as a tumor
supressor. From this point of view we aim to evaluate the frequency of NCAM-180
expression in fresh tumor tissue samples by flow-cytometric analysis and to discuss
the prognostic value of NCAM-180 in colorectal carcinoma in routine clinical practice.

Applications

The most critical deficit in the ability to treat cancer effectively is the lack of
knowledge about cellular basis and markers for early diagnosis. The verification
of an association between various types of malignancies and adhesion molecules
might provide novel targets to cancer therapy by indicating the accurate goals.

Terminology

Neural cell adhesion molecule (NCAM-CD56) is a well identified cell membrane
protein and a member of immunoglobulin superfamily, possessing structural and
sequence resemblance to Deleted in Colon Carcinoma (DCC), which is another
member of the same superfamily.
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Peer review

The authors evaluated the frequency of NCAM-180 expression in fresh tumor tissue
samples by flow-cytometric analysis and found that NCAM-180 expression in whole
tissue samples of macroscopically healthy colorectal tissues, but only in one case
(3.84%) with well-differentiated Stage I disease. As discussed by the authors that
the limited number of cases in the series, it is impossible to make a generalization.
Further study with a large series of cases should be carried out to evaluated the
clinicopathological significance of NCAM-180 expression in colorectal cancers.
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Abstract

AIM: To investigate serum alanine aminotransferase
(ALT) levels in relation to the clinical, biochemical,
ultrasonographic and histological characteristics of
patients with hepatitis C virus.

METHODS: Duration of disease, HCV-RNA, liver
steatosis, and the hepatitis activity index (HAI) were
correlated with serum ALT in 36 patients with HCV. ALT
values were also investigated in 16 control subjects
without any liver diseases.

RESULTS: In bivariate analyses, ALT levels correlated
with duration of HCV infection (P < 0.01), HCV-RNA (P <
0.05), and the HAI (P < 0.01). Among the components of
the HAI, ALT concentrations were significantly associated
with periportal bridging/necrosis (P < 0.01) and fibrosis
(P < 0.05). In multivariate analysis, periportal bridging/
necrosis (B = 0.508; £ < 0.01), duration of HCV infection
(B=0.413; P < 0.01), and HCV-RNA (B = 0.253; P < 0.05)
were independently associated with ALT activity. The
normal ALT activity for men and women was < 23 IU/L
and < 22 IU/L, respectively.

CONCLUSION: In patients with HCV, alterations in
the liver tissue as reflected by ALT elevation are mainly
associated with periportal bridging/necrosis, viral load
and duration of disease. A cut-off value < 23 IU/L
distinguished with high diagnostic accuracy healthy
controls from patients with HCV.

© 2007 WJG. All rights reserved.

Key words: Hepatitis C virus; Disease duration; Viral
Load; Inflammation; Normal alanine aminotransferase

Akkaya O, Kiyici M, Yilmaz Y, Ulukaya E, Yerci O. Clinical
significance of activity ALT enzyme in patients with hepatitis
C virus. World J Gastroenterol 2007; 13(41): 5481-5485

http://www.wjgnet.com/1007-9327/13/5481.asp

INTRODUCTION

Hepatitis C virus (HCV) is a major cause of chronic liver
disease, frequently progressing to cirrhosis and increased
risk of hepatocellular carcinoma!"?. Chronic hepatitis C is
often silent, most of the times discovered only by routine
serologic or biochemical testing!*®. Many attempts to
identify the natural history and progression of hepatitis
C infection have been made, but several aspects remain
to be elucidated”. In individuals with chronic hepatitis C,
viral load and elevated serum alanine aminotransferase
(ALT) levels may have clinical relevance*'". When
parenchymal liver cells are damaged, aminotransferases
leak from the liver into the blood, resulting in elevated
levels of these enzymes in the bloodstream. The exact
definition of the normal levels of serum ALT activity is
crucial for screening and follow-up studies in hepatitis C
infection""'?, It should be noted, however, that half of
the untreated patients with chronic HCV infections display
normal or minimally elevated serum ALT levels!*',
Accordingly, several studies have recently questioned

whether previously established values to define normal
ALT range are clinically accurate!"'?. In this regard, it has
been posited that the limits of normal for serum ALT
should be revised accordingly!"?.

In the present study, we sought to investigate serum
ALT levels in relation to the clinical, biochemical,
ultrasonographic and histological characteristics of patients
with hepatitis C. We also aimed to study the normal level
of ALT in Turkish healthy adults at low risk for chronic
liver diseases. This information, in addition to daily clinical
practice, may be clinically useful for research studies of
hepatitis C and chronic liver diseases in Turkey.

MATERIALS AND METHODS

Study sample

A total of 306 patients (24 females, 12 males; mean age:
47.9 £ 13.2 years) with HCV infection were studied
before the treatment with antiviral drugs. Patients with
hemochromatosis, Wilson’s disease, autoimmune hepatitis,
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Table 1 General characteristics of the study patients with HCV

infection

Characteristic Entire cohort
(n = 36)
Female, n (%) 24 (66.6%)
Age (yr) 479132
Estimated duration of HCV infection (mo) 58 (24-120)
HCV RNA (IU/mL) 2471075 + 2490186
Body mass index (kg/m?) 285+3.9
Waist Circumference (cm) 98 +11
Fasting glucose (mg/dL) 96 £10
Haemoglobin (mg/dL) 13.9+1.5
HOMA index 31+24
Total cholesterol (mg/dL) 161 36
HDL cholesterol (mg/dL) 48 +£11
Triglycerides (mg/dL) 98 + 41
Serum albumin (g/dL) 4403
Serum globulin (g/dL) 31+0.6
Serum creatinine (mg/dL) 0.8+0.2
AST (IU/L) 48 (32-67)
ALT (IU/L) 64 (34-80)
ALP (IU/L) 90 +33
GGT (IU/L) 45 (29-63)
LDH (IU/L) 184 +32
Total Bilirubin (mg/dL) 07+0.3
Direct Bilirubin (mg/dL) 0.3 (0.2-0.4)
Platelet count (10°/mm’) 202 + 54
Ferritin (ng/mL) 45 (34-77)
Positive ANA, 1 (%) 2(5.5%)
Positive AMA, n 0
Positive ASMA, n 0
Positive LKM-1, n 0

Data expressed as means * SD, or median (interquartile range), as
appropriate; HOMA: Homeostasis model assessment; HDL: High-
density lipoprotein; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; ALP: Alkaline phosphatase; GGT: Gamma glutam.yl
transpeptidase; LDH: Lactate dehydrogenase; ANA: Antinuclear antibodies;
AMA: Antimitochondrial antibodies; ASMA: Anti-smooth muscle antibody;
LKM-1: Liver-kidney microsomal antigen.

primary biliary cirrhosis, sclerosing cholangitis, biliary
obstruction, alpha-1 antitrypsin deficiency, or malignancies
were excluded from the present study. None of the
subjects was using any medications, including estrogens,
amiodarone, steroids, tamoxifen, or herbal supplements.
Furthermore we excluded patients with daily alcohol
intake exceeding 20 g/d. For control purposes, 16
healthy age- and gender-matched volunteers (9 females,
7 males) were recruited. All controls were judged to be
in good health and confirmed as having normal liver
by ultrasound. Subjects with a consumption of alcohol
> 20 g/d or who were taking any medication were not
included in the control group. All subjects underwent
physical examination, anthropometric measurements and
biochemical screening,

A written informed consent was obtained from all
participants. Our study was in accordance with the ethical
standards for human experimentation and approved by the
Ethics Committee of the Uludag University Medical School.

Laboratory and virology assessment

Blood samples for the evaluation of alanine aminotransferase
(ALT), and biochemical parameters were obtained after
overnight fasting. Routine biochemical tests were carried out

using commercially available kits (Hitachi, Tokyo, Japan). The

www.wjgnet.com

HCV-RNA was determined in the sera using an RT-PCR
assay (Amplicor, Roche, Mannheim), with a sensitivity of
70 copies/mlL.

Ultrasound assessment
Liver ultrasound (US) scanning was performed to assess
the degree of steatosis. All US procedures were performed
by the same operator. Liver steatosis was assessed semi-
quantitatively on a scale of 0 to 3:0, absent; 1, mild; 2,
moderate and 3, severe.

Histological analysis

Ultrasonography-guided liver biopsies were performed
under conscious sedation using a 16-gauge Klatskin
needle. The length of histological specimens was not
smaller than 2.5 cm. All biopsy specimens were placed in
formalin solution for fixation and embedded in paraffin
blocks. Serial sections (sectioned at 4 pum intervals) were
stained with hematoxylin-eosin and Masson’s trichrome.
The hepatitis activity index (HAI), designed by Knodell
and Desmet!">') was used to grade the severity of the
necroinflammatory process and fibrosis. HAI comprises
four separate scores, including periportal necrosis with or
without bridging necrosis (0-10), intralobular degeneration
and focal necrosis (0-4), portal inflammation (0-4) and
fibrosis (0-4).

Statistical analysis

Variables are presented as counts and percentages, mean +
SD. Correlations among the study variables were assessed
by means of the Pearson’s correlation coefficients.
Multivariate stepwise regression models were used to
assess the independent predictors of ALT levels in patients
with HCV infection. Cut-off values for serum ALT values
were determined by means of the ROC curve analysis with
the use of the MedCalc statistical software (Mariakerke,
Belgium). A P < 0.05 was considered statistically
significant. All computations were made using SPSS 11.0
(SPSS Inc., Chicago, 1L, USA).

RESULTS

Bivariate analysis of serum ALT levels in patients with
HCV infection

The characteristics of individuals with HCV infection are
given in Table 1. The estimated median duration of HCV
infection was 58 (interquartile range: 24-120) mo. Steatosis
was present in 22 (61%) of the 36 HCV infected patients, of
whom 8 (22%) had grade 1, 11 (30%) grade 2, and 3 (9%)
grade 3. The histological findings of the study participants
are shown in Table 2. In bivariate correlation analyses,
ALT levels correlated with duration of HCV infection
(r = 0.46, P < 0.01, Figure 1), HCV-RNA (r = -0.33,
P < 0.05, Figure 2), and the HAI (» = 0.44, P < 0.01,
Figure 3). Among the components of the HAI, ALT
concentrations were significantly associated with periportal
bridging/necrosis (= 0.50, P < 0.01) and fibrosis (» = 0.37,
P <0.05).

Multivariate analysis
Multivariate stepwise regression analysis was used to
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Table 2 Liver histology in the 36 study participants with HCV
infection

Variable Score

Hepatitis activity index 95+£3.7
Periportal necrosis with or without bridging necrosis 37+£22
Intralobular degeneration and focal necrosis 27+1.1
Portal inflammation 3.0+1.0
19+£12
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Figure 1 Scatter diagram and regression line showing a significant positive
relationship between duration of HCV infection and serum alanine aminotransferase
(r=0.46, P <0.01).
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Figure 2 Scatter diagram and regression line showing a significant inverse
relationship between viral load and serum alanine aminotransferase (r = -0.33,
P <0.05).

identify independent predictors of ALT levels in our
patients with HCV infection. Serum ALT activity was
considered as the dependent variable. All variables listed
in Table 1 were entered into the multivariate model as
independent variables. The results of this analysis showed
that periportal bridging/necrosis (B = 0.508; P < 0.01),
duration of HCV infection (B = 0.413; P < 0.01), and
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Figure 3 Scatter diagram and regression line showing a significant positive
relationship between the Histology Activity Index and serum alanine aminotransferase
(r=0.44,P <0.01).

HCV-RNA (B = 0.253; P < 0.05) were, in the order they
entered into the model, independently associated with
ALT levels.

|dentification of a cut-off value for serum ALT levels
according to gender

In order to establish a better cutoff value for ALT in
hepatitis C screening in our Turkish population, the ALT
levels were measured in 16 healthy age- and gender-
matched volunteers. ALT levels in the control population
were 18.2 £ 3.6 IU/L. The cutoff value was identified
by construction of a ROC curve (receiver operating
characteristic) in each gender. In females, the better cutoff
value for ALT was at 22 TU/L, with sensitivity of 87.5%
and specificity of 100% in identifying subjects without
HCV infection (Figure 4). In males, the better cutoff value
for ALT was at 22 IU/L, with sensitivity of 100% and
specificity of 100% in identifying subjects without HCV
infection (Figure 5).

DISCUSSION

This study provides insights into the correlates of ALT
levels in the setting of patients with HCV infection. We
found that, in our sample of Turkish patients, serum ALT
levels were significantly and independently correlated with
periportal bridging/necrosis, viral load and duration of
HCYV infection.

Serum ALT levels, as a measure of biochemical
hepatitis activity, increased significantly with periportal
bridging/necrosis, and this association was stronger than
for other components of the HAI index. Our findings
are in line with previous studies showing a statistically
significant linear relationship between the degree of ALT
elevation and the amount of liver injury based on the
HALI scote!". In our study, viral load was significantly and
inversely correlated with mean ALT levels. This result is in
keeping with the findings of Ito e /™, who showed that
mean viral load was significantly higher in chronic HCV
patients with persistently normal ALT levels. In this regard,
it has been hypothesized that immune response to HCV
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Figure 4 ROC curve of serum ALT for discriminating female HCV patients from
women without liver disease. The better cutoff value for ALT was at 22 IU/L, with
sensitivity of 87.5% and specificity of 100% in identifying subjects without HCV
infection.

could play a role in rendering viral load smallet!™. It should
be noted, however, that some authors have reported
higher ALT levels in patients with high viral load!.
Another group has suggested that no significant difference
in viral load exists between patients with abnormal ALT
levels and those with normal ALT levels™. Although the
reasons for conflicting data remain to be clarified, the
discrepancies in the literature may be due at least in part
to the presence of potential confounders such as ethnicity
or different sample sizes. The duration of HCV infection
may be of importance for the development of cirrhosis
and patients with longer periods of infection may be more
likely to have higher ALT levels™. In our study we found a
positive association between ALT activity in the serum and
duration of HCV infection. Some authors, however, have
failed to demonstrate such a relationship?'l. In any case, it
should be kept in mind that the onset of HCV infection
may be difficult to establish in some patients, thereby
rendering disease duration undefined.

Growing evidence has suggested that up to 25% of
patients with chronic hepatitis C virus infection have
petsistently normal aminotransferase levels (10% to 40%,
according to different studies)”*. The normal range
for ALT level was set in the 1950 s and has changed
little since then. However, several recent studies have
questioned whether previously established reference values
to define normal ALT range are really accurate. Under
these circumstances, it has been repeatedly suggested that
the limits of normal ALT activity should be revised®*.
In most countries, the cutoff value for ALT is defined
as twice the upper limit of the normal range of healthy
individuals®®. The normal ALT activity for men and
women is < 23 IU/L and < 18 IU/L, respectively. In
order to gain more insights on the normal level of ALT in
Turkish healthy adults at low risk for chronic liver diseases,
we measured ALT activity in a control population from
our country. By ROC curve analysis, we found that the
optimal cutoff point in our population was 23 IU/L in
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Figure 5 ROC curve of serum ALT for discriminating male HCV patients from men
without liver disease. The better cutoff value for ALT was at 23 IU/L, with sensitivity
of 100% and specificity of 100% in identifying subjects without HCV infection.

males and 22 TU/L in females. Using our newly calculated
cutoff value, we found that the sensitivity and specificity
for detection of subjects without HCV infection were
100% and 100% in men and 87.5% and 100% in women,
respectively. Hopefully, these new data obtained in the
Turkish population should contribute to the ongoing
discussion regarding new reference systems for the
measurement of the catalytic activity of ALT in the clinical
practice® . Given the small sample size, we believe
that our findings may stimulate future studies on a larger
number of patients.

In conclusion, we have provided evidence that the
main correlates of ALT levels in HCV patients are
petiportal bridging/nectosis, viral load and duration of
HCV infection. A cut-off value < 23 IU/L in males and
22 TU/L in females may distinguish with high diagnostic
accuracy healthy control subjects from patients with
HCV.
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COMMENTS

Backgrounds

The exact definition of the normal levels of serum ALT activity is crucial for
screening and follow-up studies in hepatitis C infection. However, half of the
untreated patients with chronic HCV infections display normal or minimally
elevated serum ALT levels. Accordingly, several studies have recently questioned
whether previously established values to define normal ALT range are clinically
accurate.

Research frontiers

Recent evidence has suggested that the limits of normal for serum ALT should be
revised. In the present study, we sought to investigate serum ALT levels in relation
to the clinical, biochemical, ultrasonographic and histological characteristics of
patients with HCV.
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Innovations and breakthroughs
We have provided evidence that the main correlates of ALT levels in HCV patients
are periportal bridging/necrosis, viral load and duration of HCV infection.

Applications
A cut-off value < 23 IU/L in males and 22 IU/L in females may distinguish with high
diagnostic accuracy healthy control subjects from patients with HCV.

Terminology
ALT elevation: aminotransferases leak from the liver into the blood when
parenchymal liver cells are damaged.

Peer review

The study is of particular interest to the practical medicine. The results provide
sufficient evidence that the activity of ALT correlates with histological changes,
viral load and duration of infection in patients with HCV.
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Abstract

AIM: To determine the prevalence and symptoms of
gastroesophageal reflux disease (GERD) in a healthy
general population in relation to demographic, lifestyle
and health-seeking behaviors in Shiraz, southern Iran.

METHODS: A total of 1978 subjects aged > 35 years
who referred to Gastroenterohepatology Research Center
and who completed a questionnaire consisting of 27
questions for GERD in relation to demographic, lifestyle
and health-seeking behaviors were included in this study
for a period of five months. The validity and reliability of
the questionnaire were determined.

RESULTS: The prevalence of GERD was 15.4%, which
was higher in females (17.3%), in rural areas (19.8%),
and in illiterate subjects (21.5%) and those with a mean
age of 50.25 years. The prevalence was significantly
lower in subjects having fried food (14.8%), and fruit
and vegetables (14.6%). More symptoms were noticed in
subjects consuming pickles (22.1%), taking aspirin (21%)
and in subjects with psychological distresses (27.2%)
and headaches (22%). The correlation was statistically
significant between GERD and halitosis (18.3%),
dyspepsia (30.6%), anxiety (19.5%), nightmares (23.9%)
and restlessness (18.5%). Their health seeking behavior
showed that there was a significant restriction of diet
(20%), consumption of herbal medicine (19%), using
over-the-counter drugs (29.9%) and consulting with
physicians (24.8%). Presence of GERD symptoms was
also significantly related to a previous family history of
the disease (22.3%).
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CONCLUSION: GERD is more common in females, rural
and illiterate subjects and correlated with consumption of
pickles, occurrence of headache, psychological distress,
dyspepsia, halitosis, anxiety, nightmare and restlessness,
and a family history of GERD and aspirin intake, but the
correlation was negative with consumption of fat and
fiber intake.
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INTRODUCTION

Symptoms of gastroesophageal reflux disease (GERD)
represent one of the most frequent health problems in
the western world'". Approximately 10% of the American
population suffer from daily heartburn and about one
third have periodic symptoms”. Based on the population
studied, the prevalence of the primary GERD symptoms,
heartburn (a burning feeling behind the breast bone) or
acid regurgitation (an acid taste in the mouth) varies be-
tween 9% and 42%". The relationship between GERD
and lifestyle habits, e.g. cigarette smoking, alcohol and cof-
fee consumption, ingestion of medications such as aspirin
and non-steroidal anti-inflammatory drugs (NSAIDs), and
diet has not been firmly established, and inconsistent results
have been obtained from population-based studies!™*?.

As there are few population-based data on GERD in
Asia”" this study was performed for the first time in
Shiraz, southern Iran with the aim of determining the
prevalence of GERD symptoms and describing the demo-
graphic, lifestyle and health-secking behaviors associated
with GERD.

MATERIALS AND METHODS

Materials
This study was carried out in a group of GERD patients.
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Table 1 Frequency of GERD symptoms and their correlation

with different characteristics of subjects in Shiraz, Southern Iran
(n = 1978)

Characteristics GERD Symptoms (%) P value
Present  Absent

Gender Male 12.3 87.7 0.003
Female 17.3 82.7

Habitat Urban 13 87 0.001
Rural 19.8 80.2
Tlliterate 21.5 78.5

Education Primary school  16.1 83.9 <0.001
High school 13.6 86.4
University 123 87.7

Physical activity No 14.8 85.2 0.373
Yes 16.3 83.7

Psychological distress ~ No 14.9 85.1 0.003
Yes 27.2 72.8

Recurrent headache No 14.7 85.3 0.009
Yes 22 78

Past GI disease history No 13.3 86.7 <0.001
Yes 223 77.7
Thin 10.5 89.5

Body mass index Normal 15.7 84.3 0.065
Overweight 13.4 86.6
Obese 18.8 81.2

Age (mean) (yr) 50.25 49.83 0.547

GERD: Gastroesophageal reflux disease.

Methods

In a population-based study, 3600 subjects were selected
by cluster random sampling method based on postal code
division of Shiraz, southern Iran into 17 districts. After
clarifying the research project for each subject, he/she re-
ceived an invitation letter to refer to Mottahari Digestive
Clinic of Gastroenterohepatology Research Center affili-
ated to Shiraz University of Medical Sciences. The project
was approved by the Ethics Committee of the university
and a written consent was obtained from each patient par-
ticipating in the study. The study was undertaken for a pe-
riod of five months from April to September 2004 while
1978 subjects completed the questionnaire. The included
subjects were aged > 35 years, of both genders, and from
both urban and rural areas. A team of interviewers who
had received an intense training completed the question-
naire consisting of 27 questions categorized into three sec-
tions of demographic, lifestyle and symptoms of GERD
(Appendix 1). A gastroenterologist completed the clinical
questions of the questionnaire in the clinic. The reliabil-
ity and validity of the questionnaire were determined by
requesting 100 subjects to be interviewed at our clinic by
the same trained interviewers and a gastroenterologist for
completion of the questionnaire, respectively. Heartburn
was defined as a burning feeling in epigastric atea that rises
through the chest in substernal area and acid regurgitation
as liquid coming back into the mouth leaving a bitter or
sour taste. A subject was defined to suffer from GERD
when he/she reported heartburn and/or acid regurgita-
tion in the preceding year with a frequency of at least
three times a week irrespective of its severity or duration.
Sociodemographic variables included age, gender, habitat,
marital status, educational level, biological characteristics,

such as BMI [weight in kg in the fasting state divided by the

square of the height in meters, resulting in five categories
of thin (< 18 kg/m?), normal (18-24.9 kg/m’), overweight
(25-29.9 kg/mz), obese (30-40 kg/rnz) and very obese
(> 40 kg/ m?)], lifestyle such as physical activity (at least
30 min/week or sufficient to produce adequate sweating),
dietary habits, cigarette smoking, alcohol, coffee and tea
consumption and the use of aspirin and NSAIDs. Rural
and urban habitats were defined by the size of the resi-
dence area (under 30000 inhabitants »s 30000 inhabitants
or more). Dyspepsia was defined as epigastric or upper
abdominal symptoms (pain or discomfort) in the past year.
Information was put directly into a computer database un-
der supervision of a professional biostatician.

Statistical analysis

Statistical analysis was performed using the SPSS computer
software package (Version 11.5, Chicago, Il). A P value of
0.05 or less was considered to be statistically significant
and all reported P values were two sided using Chi-square
tests.

RESULTS

Among 3600 visited households, the interview question-
naire was completed in 1978 subjects (response rate,
54.9%; mean age, 49.90 £ 11.14 years). Among the sub-
jects, 29.4% were male, 56.6 % lived in urban and 43.4%
in rural regions; 39.7%, 29.7%, 17.2% and 13.5% of the
subjects were respectively in 35-44, 45-54, 55-64 and > 65
years age groups; 25.6%, 32.3%, 14.5% and 27.6% of the
participants were illiterate, or with primary, high school
and university educational levels, respectively. The reliabil-
ity and validity of the questionnaire were 82% and 70%,
respectively.

The prevalence rate of GERD was 15.4% (304 sub-
jects, GERD occurring at least 3 times per week). Table 1
shows the prevalence rates of GERD in relation to demo-
graphic data, revealing that the prevalence was higher in
females (17.3%, P = 0.003), in rural areas (19.8%, P = 0.001),
and in illiterate subjects (21.5%, P = 0.001). In subjects
with GERD, a higher prevalence of psychological distress
(27.2%, P = 0.003) and headaches (22%, P = 0.009) was
observed.

Table 2 demonstrates the frequency of GERD symp-
toms in relation to dietary, smoking and drinking habits
and medication of the participants. The results indicated
a lower prevalence in subjects having fried food (14.8%,
P =0.005), and a higher prevalence among those consum-
ing pickles (22.1%, P = 0.001). There was no association
between GERD symptoms and drinking spirits (P = 0.095)
or water (P = 0.063) with meals, salt intake (P = 0.458)
and physical activity (P = 0.373). The correlation between
GERD symptoms and subjects being a current or former
cigarette smoker (10.8%, P = 0.055) or water pipe smoker
(18.7%, P = 0.096) was not significant either.

The prevalence of GERD was lower in subjects with
more fruits and vegetables intake (14.6%, P = 0.001) and
those drinking tea (14.9%, P = 0.465) and coffee (12.9%,
P = 0.701), but was higher among those drinking alcohol
(15.6%, P = 0.205) but the difference was significant from
those with consumption of fruits and vegetables.
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Table 2 Prevalence of GERD in relation to lifestyle of subjects

in Shiraz, southern Iran (7 = 1978)

Table 3 Health-seeking behavior of subjects with GERD
Symptoms in Shiraz, Southern Iran (7 = 1978)

Life style and GERD symptoms (%) P value Health-seeking behavior GERD Symptoms (%) P value

dietary habits Present  Absent and associated symptoms Present  Absent

Pickle Yes 221 77.9 <0.001 Restricting diet No 12.9 87.1 < 0.001
No 12.8 87.2 Yes 20 80

Salt No 15 85 0.458 Herbal medicine intake No 13.2 86.8 0.001
Yes 16.3 83.7 Yes 19 81

Fried food No 24 76 0.005 Medication advised No 15.1 849 0.058
Yes 14.8 85.2 by friends Yes 23.5 76.5

Fast food No 15.7 84.3 0.518 Over-the-counter drugs ~ No 122 87.8 <0.001
Yes 14.5 85.5 Yes 29.9 70.1

Fiber No 30.2 69.8 <0.001 Visiting physician No 10.5 89.5 <0.001

(fruit and vegetables) Yes 14.6 85.4 Yes 24.8 75.2

Cigarette No 159 84.1 0.055 Halitosis No 14.2 85.8 0.024
Yes 10.8 89.2 Yes 18.3 81.7

Water pipe No 14.8 85.2 0.096 Dyspepsia No 8.9 91.1 < 0.001
Yes 18.7 81.3 Yes 30.6 69.4

Tea No 16.1 83.9 0.465 Anxiety No 9.5 90.5 < 0.001
Yes 14.9 85.1 Yes 19.5 80.5

Coffee No 154 84.6 0.701 Nightmare No 121 87.9 <0.001
Yes 129 87.1 Yes 23.9 76.1

Spirit with meal No 16.7 83.3 0.095 Restlessness No 10.2 89.8 < 0.001
Yes 14 86 Yes 18.5 81.5

Water with meal No 17.6 824 0.063
Yes 14.3 85.7

Alcohol No 9.7 90.3 0.205
Yes 15.6 84.4 .

Feeding duration (min) <10 165 g5 In our population-based study, the prevalenq: of
10-20 145 855 0519 GERD was 15.4% defined as heartburn and/or acid re-
>20 16.1 83.9 gurgitation at least three times per week. In a population-

Aspirin No 14.7 85.3 0.02 based study, Khoshbaten"” reported a prevalence of
Vs 2 % 2.7% for GERD as heartburn occurring at least thrice in

NSAIDs No 14.5 85.5 0.067 . . . .
s i 81 recent two weeks in Tabriz, northwestern Iran. This dif-

GERD: Gastroesophageal reflux disease; NSAIDs: Non-steroidal anti-
inflammatory drugs.

We noticed more symptoms in subjects taking NSAIDs
(17.9%, P = 0.067), and aspitin (21%, P = 0.020) (Table 2),
but the difference was only significant for aspirin. Subjects
with GERD symptoms are restricting their diets (20%,
P = 0.001), taking herbal medicine (19.0%, P = 0.001), us-
ing the over-the-counter (OTC) drugs (29.9%, P = 0.001)
and consulting with physicians (24.8%, P = 0.001). In
subjects consuming medication advised by their friends,
the difference was not statistically significant (23.5%,
P = 0.058). Subjects with GERD had a significantly higher
accurrence of halitosis (18.3%; P = 0.024), dyspepsia
(30.6%; P = 0.001), anxiety (19.5%; P = 0.001), nightmare
(23.9%; P = 0.001) and restlessness (18.5%; P = 0.001)
(Table 3). There was an association between GERD symp-
toms and a family history of the disease (22.3%; P=0.001)

(Table 1).

DISCUSSION

It has been estimated that the digestive disease with the
highest annual direct cost in the USA is GERD (about US$
9.3 billion)""”. Furthermore GERD patients have reported
decrements in the health-related quality of life when com-
pared with the general population"*"”, Among western
patients, heartburn and acid regurgitation are known to be
specific for GERD!",
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ference may be due to his different case definition in the
questionnaire. In a sample of general population in Ger-
many, 18% of subjects suffered from GERD'"Y, Wong
et al”™ in a study by telephone contact reported a preva-
lence of 29.8% in a Chinese population. A study by tele-
phone calls in a Spanish population showed a prevalence
rate of 25.2%-34.7%"". A monthly prevalence of 1.6%
was reported in Singaporem. Hu et a/””" demonstrated that
only 5% of a Chinese population had GERD. In a large
study of Taiwanese patients, 17% had at least one of three
reflux symptoms dailym]. Several factors that may influence
the prevalence of GERD have been identified, including
genetic factors and differences in body mass index and
lifestyle* . Geographical differences in GERD preva-
lence are difficult to interpret due to the different case
definitions and questionnaires used™*".

As shown in Table 1, the GERD prevalence was higher
in females, rural areas, and illiterate subjects and those with
a mean age of 50.25 years. Wong ¢# al"", Diaz-Rubio ¢z al™?
and Mahadeva ¢z al'” also reported a higher prevalence of
GERD in females. Some studies have not demonstrated a
relationship between gender and GERD""". In relation to
habitat, Diaz-Rubio ez a/'” showed that GERD prevalence
was higher in rural areas and in relation to educational
level, a higher prevalence in illiterate subjects similar to our
study. The relationship between a lower educational level
and the frequency of GERD was described previously,
which probably reflects the action of certain unhealthy
lifestyle habits, or less ability to modify such habits™"”.

In relation to life style, smoking and alcohol have often
been cited as risk factors for GERD, although findings of
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. . . . 3,27,28,20
studies on this matter have been inconsistent™ >, Ac-

cording to Nocon ef al™ smoking was a risk factor for
GERD, which was associated with reflux symptoms and
was dose-dependent. Nilsson ez al, reported that smoking
and salt were risk factors for reflux symptoms. Our results
showed no correlation between GERD and smoking;

In our study, we found no effect of alcohol, tea, coffee
and spirits on GERD symptoms. In a population-based
study, Nilsson ¢z 2/ did not notice any effect for these
risk factors. No relationship in Nocon ef al’s study" was
found between the intake of alcohol and reflux symptoms.
Wong ez al'" and Mahadeva e a/'” indicated the increase
of GERD prevalence due to consumption of alcohol,
which is not consistent with our results. Drinks such as tea
and coffee have also been reported to be linked to GERD
but this is controversial. Although tea has been shown
to increase gastric acid secretion, it does not appear to
contribute to GERD™. Wendle ¢# /" showed that cof-
fee increases GERD and the irritant effect of coffee was
correlated to the caffeine content, but this has also been
disputed. Chang ez 4" found no link between coffee or
tea consumption and the incidence of GERD. Diaz-Rubio
et al™ also noticed that occurrence of GERD was inversely
associated with coffee consumption. There was also no ef-
fect of tea or coffee on GERD symptoms in Nocon e7 a/s
study"™. The inverse relationship with coffee, tea or alco-
hol consumption should not be interpreted as a protective
role for these beverages. Restriction in drinking of tea,
coffee and alcohol may arise from the suggestions of their
friends, even in our country, where alcohol consumption
is not legally allowed. The role of coffee as a promoter
of gastroesophageal reflux disease™ is also consistent,
suggesting that the avoidance of coffee is a sound recom-
mendation for GERD sufferers. In relation to fiber intake,
El-Serag et al” and Nocon et al'™ reported that consump-
tion of fruits were associated with GERD symptoms
and found a protective effect of dietary fiber, which was
similar to our results. In relation to dietary fat, El-Serag
et al” found an increased risk of GERD in subjects with a
high intake of dietary fat. The data of Nocon ef al"™ also
showed that subjects with reflux symptoms tend to have
a diet richer in fat. It has been shown that dietary fat can
increase the transient lower esophageal sphincter relax-
ation”" possibly zia release of cholecystokinin'™., There-
fore, the lower fat content in a population may explain, in
part, the lower prevalence of GERD.

In relation to consumption of spirits, we found no as-
sociation between reflux symptoms and consumption of
spirits. These results were different from Nocon ef al™,
With regard to physical exercise, there are conflicting re-
sults™, According to Nocon ef al™] subjects with GERD
were less active physically, but our data did not confirm
these results. Some studies have observed an association
between the use of aspirin or NSAIDs and the presence
of GERD"” and use of NSAIDs is a risk factor for
erosive esophagitis[5’15’34], whereas others have not”. A
higher consumption of NSAIDs and aspirin were visible
in subjects of our study with GERD symptoms but was
only statistically significant for aspirin. In relation to medi-
cal care utilization, the results vary among countries from
16% to 56%. A study from Singapore found that 40% of

GERD sufferers used OTC drugs or visited a physician
for GERD symptomsm. This is in contrast with a study in
Minnesota, USA, in which only 5.4% of GERD sufferers
visited physiciansm. In the study of Wong ez al™ 48%
of subjects with GERD had received treatment, 6% had
taken OTC medication, and 35% had visited physicians.
In our study, in relation to health seeking behavior, there
were significant differences between GERD symptoms
and restricting diets, consumption of herbal medicine, us-
ing OTC drugs and visiting a physician. Caution should be
taken when applying the data to countries in which medi-
cal care is available on a fee-for-service basis. Patients usu-
ally associate certain nutritional habits with the occurrence
of reflux symptoms, and the avoidance of certain food is
often cited as a therapeutic measure”"". Nevertheless, the
causal role of particular food in the etiology of GERD
is still unclear. A family history of reflux symptoms was
reported as a risk factor for GERD™. GERD in the suf-
ferer’s spouse or a direct family member was reported to
be associated with the presence of GERD". These results
were identical to our data. In relation to BMI, although
most studies have confirmed the association between BMI
and GERD symptoms, the results to date have remained
inconsistent. Risk factors for GERD in the West have
been shown to include a high BMI™". Similar to our study,
a cohort study from New Zealand, also found no associa-
tion between BMI and reflux symptomsm. In contrast,
the large population-based HUNT 2 study reported an
association between BMI and reflux symptoms. Nocon
et al™ reported similar results while being overweight or
obese was significantly associated with GERD symptoms.
Hampel ez al™ also found a significant association between
obesity and GERD symptoms. The association between
obesity and the prevalence and severity of GERD was
confirmed by several other authors™”.,

Our study showed that halitosis, headaches, psychologi-
cal distress, anxiety, nightmares and restlessnes were com-
mon in GERD subjects. The importance of psychological
distress was also suggested by others™”"). Some population
surveys conducted in western countries have suggested that
patients with GERD have a higher level of stress and anxi-
ety Wong et al"™ showed that psychological morbidity
may play an important role in health care-seeking behavior,
and co-existing depression and anxiety may act as a catalyst
for a patient to seck medical care, rather than as a cause of
symptoms. Lower levels of psychological well-being were
observed in subjects with GERD™. The important strength
of our study was its large sample of subjects in a healthy
population, which is representative of the adult population
in our country between the ages of 35-75 years.

In conclusion, the prevalence of GERD (15.4%) was
significantly higher in females, rural and illiterate subjects.
An inverse correlation was seen between GERD and con-
sumption of fat and fiber intake. A correlation was noticed
between GERD and pickle consumption, occurrence
of headache, psychological distress, dyspepsia, halitosis,
anxiety, nightmare and restlessness and a pervious family
history of GERD. The association between GERD and
aspirin was also significant. Future longitudinal studies and
follow-ups are needed to clarify other possible risk factors
and associations with GERD.
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Marital status
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Occupation
Past medical history

Physical activity

Family history of gastrointestinal diseases
Number of meals/day

Duration of serving each meal
Pickles consumption with meal?
Salt consumption with meal?
Having fast food?

If yes, how many/week?

Having fried foods?

Any smoking?

If yes

Type of analgesics regularly used?
Having fibers (fruits,vegetables)
Type and time of drinks?

Alcohol drinking?
Any history of Gastroesophageal reflux

(Heartburn or acid regurgitation) during last year?

Any upper abdominal discomfort or dyspepsia?
Health care-seeking behavior?

Any complaints of:
Name and Signature of interviewer
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S- Editor Zhu LH L- Editor MaJY E-Editor Li]JL

Date: ...ooveviinnians

Femaleo Maleno

......... years

Singleo  Marriedo  Widow o Divorced o

Urbano  Rural o

Illiterate o Primary o Middleo  High schoolo  University o
Headache o Psychological distress o Hyperlipidemia o

................ Times per week

Yeso Noo If Yes : Specify the disease
Breakfasto Luncho  Dinnero  More o
............... min

Yeso Noo

Yeso Noo

Yeso Noo

Yeso Noao

Yes o ( Cigarette o Water pipe o) No o
........... /day  ...year

NSAIDso  Aspirin o

Yeso Noao

Tea, after meal o

Water, with or after meal o Coffee, after meal o

Spirit, with or after meal o

Yes, usually o Yes, occasionally o Never o
Yeso Noo
Yeso Noo

Diet restriction o
Over-the-counter drugs o

Anxiety 0

Herbal medicinen  Using medicine suggested by friends o

Visiting a physician o
Restlessness 0

Nightmares o Halitosis o
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Abstract

AIM: To compare the prevalence of 4 pylori infection,
peptic ulcer, cytomegalovirus (CMV) infection and Candida
esophagitis in human immunodeficiency virus (HIV)-
positive and HIV-negative patients, and evaluate the
impact of CD4 lymphocyte on A pylori and opportunistic
infections.

METHODS: A total of 151 patients (122 HIV-positive and
29 HIV-negative) with gastrointestinal symptoms were
examined by upper endoscopy and biopsy. Samples were
assessed to determine the prevalence of 4 pyfori infection,
CMV, candida esophagitis and histologic chronic gastritis.

RESULTS: The prevalence of 4 pylori was less common
in HIV-positive patients (22.1%) than in HIV-negative
controls (44.8%; P < 0.05), and the prevalence of
H pylori displayed a direct correlation with CD4 count
stratification in HIV-positive patients. In comparison with
HIV-negative group, HIV-positive patients had a lower
incidence of peptic ulcer (20.7% vs 4.1%; P < 0.01), but
a higher prevalence of chronic atrophy gastritis (6.9%
vs 24.6%; P < 0.05), Candida esophagitis and CMV
infection. Unlike HIV-negative group, A4 pylori infection
had a close relationship to chronic active gastritis (P <
0.05). In HIV-positive patients, chronic active gastritis
was not significantly different between those with
H pylori infection and those without.

CONCLUSION: The lower prevalence of H pylori
infection and peptic ulcer in HIV-positive patients with
gastrointestinal symptoms suggests a different mechanism
of peptic ulcerogenesis and a different role of 4 pylori
infection in chronic active gastritis and peptic ulcer.
The pathogen of chronic active gastritis in HIV-positive
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patients may be different from the general population that
is closely related to A pylori infection.

© 2007 WJG. All rights reserved.
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INTRODUCTION

H pylori has been extensively studied and proven to be
the main cause of chronic gastritis and peptic ulcer in the
HIV-negative population“’zl. The reported prevalence of
H pylori in unselected populations ranges from 32% to
65%"%. Over 90% patients with chronic active gastritis
showed an evidence of H pylori infection™"” and
70%-100% of those patients had peptic ulcer disease!".

In contrast, the prevalence of H pylori infection in
patients infected with HIV has been reported to be
remarkably low™ ", Reasons for these lower rates of
H pylori infection remain unclear. Other studies showed
that H pylori infection is similar in both HIV-positive and
HIV-negative patients'>"”!, Patients infected with HIV, with
or without acquired immune deficiency syndrome (AIDS),
have a high incidence (50%-90%) of upper gastrointestinal
syrnptomsm. The immune deficiencies caused by HIV
give rise to many different gastrointestinal opportunistic
infections, such as cytomegalovirus (CMV) infection and
fungal esophagitis”s’m.

The aims of our study are to assess the prevalence
of H pylori infection and the association with histological
chronic active gastritis in HIV-positive patients with
gastrointestinal symptoms. The impact of CD4" count
on the prevalence of H pylori, gastric CMV infection and
Candida esophagitis was also evaluated.

MATERIALS AND METHODS

Patients
The study was carried out at Beijing You’an Hospital,
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Capital Medical University, Beijing, the largest referral
center for management of HIV infection and HIV-
related complications in China, from January 2003 to
March 2006. Endoscopy was performed in 151 patients
for gastrointestinal symptoms such as abdominal pain,
dyspepsia, diarrhea, nausea, vomiting, gastrointestinal
bleeding, and odynophagia or dysphagia.

The study groups consisted of 122 HIV-positive
patients (49 males and 73 females; mean age 40.8 = 7.9,
range 26-60 years) and 29 age-matched HIV-negative
patients (15 males and 14 females; mean age 49.5 £ 12.7,
range 28-77 years) as control groups. The absolute CD4"
lymphocyte count of HIV-positive patients at the time of
endoscopic examination was measured with FACS Count
Reagents (BD Company, USA). Patients all gave their
consent before undergoing endoscopy, and the symptoms,
consumption of medications within one month, including
antibiotics, proton pump inhibitors were also recorded.

Endoscopy, diagnosis and histology

Video-endoscopes (Olympus XQ240, Tokyo, Japan)
were used for the procedure. All patients underwent
three biopsies from the lesser and greater curvature of
the gastric antrum and lesser curvature of lower body,
one for Rapid Urease Test (RUT) and two for histology.
Additional biopsies were obtained from endoscopic
lesions such as ulceration. The biopsy specimens were
placed in 10% formaldehyde at the time of endoscopy
and stained with hematoxylin-eosin, Warthin-Starry stains
for histologic chronic gastritis and H pylori infection,
and immunocytochemical techniques were performed
for CMV infection (Monoclonal Mouse Anti-Human
Cytomegalovirus, Dako). The H pylori infection was
diagnosed by positive identification of both the organism
on histology (Warthin-Starry) and RUT. The histologic
gastritis was diagnosed according to the Sydney criteria’'”,
Specimens were reviewed by only one pathologist who was
blind to the status of those patients in present study.

The Candida esophagitis was diagnosed by sheathed
brush cytology from endoscopic lesions, and gross
appearance of mucosal presented with white plaques.
Specimens obtained by sheathed brush should be smeared
onto slides for fungi.

Statistical analysis

Chi-square test or Fisher exact probability tests were used
to compare the prevalence of H pylori, CMV infection,
Candida esophagitis, and peptic ulcer between HIV-
positive patients, control groups, and HIV-infected
patients with higher and lower CD4" counts and the use
of antibiotics and proton pump inhibitors. Independent
sample 7 test was used to compare the age and sex between
the HIV-positive and control groups. A value of P < 0.05
was regarded as statistically significant.

RESULTS

The patient data and the prevalence of H pylori and
endoscopic findings in HIV-positive patients and HIV-
negative patients are shown in Table 1. The gastrointestinal

Table 1 Patient data and clinicopathology

HIV-positive HIV-negative P
(n = 122) (%) (1 = 29) (%)

Age (yr) 40879 495+127 NS
Male 49 15 NS
Female 73 14 NS

Gastrointestinal symptoms NS
Abdominal pain and distention 38 14 NS
Dyspepsia 42 6 NS
Diarrhea 27 1 0.02
Nausea and vomiting 47 8 NS
Odynophagia and dysphagia 21 0 0.035
Others 16 6 NS

Consumption of medications within one month, 1 (%)

Antibiotics 47 (38.5) 3 (10.3) 0.004
Proton pump inhibitor 3(2.5) 4 (13.8) 0.034

H pylori infection 27 (22.1) 13 (44.8) 0.013

Candida esophagitis 19 (15.6) 0(0) 0.05

Peptic ulcer 5(4.1) 6(20.7) 0.007

Chronic atrophy gastritis 30 (24.6) 2(6.9) 0.036

CMYV infection 6(4.9) 0(0) 0.49

CMV: Cytomegalovirus; NS: Not significant.

Table 2 H pylori infection and previous use of antibiotics

related to CD4* count in HIV-positive patients 7 (%)

CD4* count H pylori infection P  Antibiotic therapy P
CD4" = 200/ uL (1 = 65) 19 (29.2) 0.044 19 (29.3) 0.024
CD4" <200/ L (n = 57) 8 (14.0) 28 (49.1)

CD4" =100/ L (1 = 85) 24 (28.2) 0.014 29 (34.1) 0.13
CD4" <100/ L (n = 37) 3(8.1) 18 (48.6)

symptoms of HIV-positive patients were mostly
nonspecific, such as diarrhea, dyspepsia, abdominal pain,
nausea, vomiting, and odynophagia or dysphagia. Only the
occurrence of symptoms of diarrhea, odynophagia, and
dysphagia in HIV-positive patients was significantly higher
than that of control group (P < 0.05). The prevalence
of H pylori infection was significantly lower in the HIV-
positive group than that of HIV-negative control group
(27/122; 22.1% vs 13/29; 44.8%, P < 0.05). Endoscopic
examination revealed more patients with peptic ulcer in
HIV-negative group than in HIV-positive group (6/29;
20.7% vs 5/122; 4.1%, P < 0.01). Mote histologic chronic
atrophy gastritis was found in HIV-positive patients than
in HIV-negative group (30/122; 24.6% vs 2/29; 6.9%,
P < 0.05). Opportunistic infection by CMV was noted in
4.9% (6/122) HIV-positive patients but none in the HIV-
negative group (P = 0.49). The incidence of Candida
esophagitis in HIV-positive patients (19/122; 15.6%) was
significantly higher than that of HIV-negative patients
(P < 0.05).

H pylori infection was less common in those with CD4"
counts < 200/l than those with CD4" counts > 200/ L
in HIV-positive patients (8/57; 14.0% vs 19/65; 29.2%,
P < 0.05). Interestingly, the prevalence of H Pylori infection
displayed a direct correlation with the CD4" lymphocyte
count stratification in HIV-positive patients (Table 2). The
Candida esophagitis was significantly more common in
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Table 3 Relationship of CD4* count to A pylori infection and

Endoscopic Findings in HIV-positive patients 7 (%)

Table 4 Relationship of chronic active gastritis to H pylori

infection

CD4* = 200/uL CD4* < 200/pL P

(n = 65) (n = 57)
H pylori infection 19 (29.2) 8 (14) 0.044
Candida esophagitis 4 (6.2) 15 (26.3) 0.002
Peptic ulcer 2(3.1) 3(5.3) 0.881
Chronic atrophy gastritis 13 (20) 17 (29.8) 0.209
CMYV infection 1(1.5) 5(8.8) 0.155

HIV-positive patients with CD4" count < 200/ ul. than
those with CD4" count > 200/l (15/57; 26.3% vs 4/65;
6.2%, P < 0.01), and the average CD4" counts of patients
with Candida esophagitis was 116.47 £ 133.08/uL. The
CMYV infection was more common in HIV-positive
patients with CD4" count < 200/pL than those with CD4"
count > ZOO/uL , but it was not statistically significant
(5/57; 8.8% vs 1/65; 1.5%, P = 0.155) (Table 3).

Histological examination revealed less chronic active
gastritis in HIV-positive patients than in HIV-negative
control group (24/122; 19.7% »s 9/29; 31%, P = NS),
but the difference was not statistically significant. The
relationship of H pylori infection with chronic active
gastritis was evaluated in HIV-positive and HIV-negative
patients (Table 4). In HIV-negative group, the incidence
of chronic active gastritis was significantly higher in those
with H pylori infection (61.5%) than those without (6.3%;
P < 0.01). In HIV-positive group, the rate of chronic
active gastritis was not significantly different between those
with H pylori infection (29.6%) and those without (16.8%;
P=0.14).

The relationship in H pylori and CMV infection and
peptic ulcer was evaluated between the two groups of
patients. Peptic ulcer was detected in five HIV-positive
patients, one of whom (20%) was positive for H pylori
infection and one (20%) for CMV infection. In HIV-
negative group, six patients were diagnosed as having
peptic ulcer, four (67%) as H pylori infection and none as
CMYV infection.

The previous use of antibiotics and proton pump
inhibitor was also evaluated between HIV-positive and
HIV-negative patients (47/122; 38.5% »s 3/29; 10.3%,
P < 0.01 and 3/122; 2.5% »s 4/29; 13.8%, P < 0.05,
respectively) (Table 1). If CD4" count was taken into
consideration, the use of all kinds of antibiotics in HIV-
positive patients with CD4" counts < 100/uL was not
significantly different in those with CD4" counts > 100/ pl
(18/37; 48.6% w5 29/85; 34.1%, P = 0.13) (Table 3). Those
antibiotics mainly included Sulfonamides, penicillins and
quinolones. None of the patients took NSAIDs, aspirin or
steroid before endoscopic examination.

The HIV-positive patients in this study were usually
concomitant with HCV and/or HBV infection which was
more significantly frequent than in HIV-negative patients
(102/122; 83.6% »s 2/29; 6.9%, P < 0.01). Nine patients
with esophagogastric varices (7.4%) and 3 patients with
portal hypertensive gastropathy (2.5%) in HIV-positive
group were also found by endoscopic examination.

www.wjgnet.com

HIV-positive group (7 = 122) HIV-negative group (7 = 29)

H pylori * H pylori H pylori * H pylori
(n = 27) (n = 95) (n =13) (n=16)
Chronic active 8(29.6) 16 (16.8) 8 (61.5) 1(6.3)
gastritis, 11 (%)
P 0.140 0.005
DISCUSSION

In the present study, we found that the majority of
gastrointestinal symptoms of HIV-positive patients at our
hospital were similar to that of HIV-negative group. In
comparison with HIV-negative group, the symptoms of
diarrhea, odynophagia, and dysphagia were significantly
more in HIV-positive patients (P < 0.05). Several previous
studies"*"*"” revealed that more than 71% of AIDS
patients who present with dysphagia and odynophagia
have endoscopic evidence of esophageal candidiasis. Our
result showed a high infection rate of Candida esophagitis
in HIV-positive patients (19/122; 15.6%), which may be
a possible explanation. Studies showed that the incidence
of Cryptosporidium infection has been estimated to be
16%-33% in the AIDS patients in north America with
chronic diarthea™". In developing countries, the infection
of Cryptosporidium was 55% among AIDS patients™.
The etiological factor of diarrhea in HIV-positive patients
in our study was not evaluated.

The prevalence of H pylori infection in HIV-positive
patients at our hospital was significantly lower than
that in HIV-negative control group. Our results were in
agreement with some previous reports” . The reason
of lower prevalence of H pylori infection may be lack of
CD4" cells, use of antibiotics and proton pump inhibitor,
decreased acid secretion, or competitive inhibition by other
pathogens in HIV-positive patients.

According to previous reports, CD4" lymphocytes
were reported to be involved”™ ™ in the pathogenesis of
H pylori-related gastritis or ulcer. It is well known that
CD4" cells play a role in inducing gastritis and this gastritis
might be a mechanism by which H pylori colonization
is enhanced®. Patients with HIV infection and a low
CD4" count would then lose this mechanism by which
H pylori colonization is sustained, and infection intensity
would diminish. In addition, the T-cell response to the
organism could serve to induce tissue and epithelial
damage. In AIDS patients, the decreased T-cell would
induce a decreased incidence of H pylori gastritislz7j. In
our results, a stratification of cases on the basis of CD4"
count has shown a decrease of H pylori infection with
the progression of HIV-related disease, and histological
examination revealed less chronic active gastritis in HIV-
positive patients than in HIV-negative control group (19.7%
vs 31%). H pylori infection was closely related to chronic
active gastritis in HIV-negative group (P < 0.05), but not
in HIV-positive patients, indicating that other pathogens
might exist , such as CMV and Cryptosporidium infection.

An impairment of H pylori colonization environment
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might result from a progressive atrophic involution of the
gastric mucosa with secondary decreased acid secretion
in HIV-positive patients, which represents an altered
intragastric environment”*”. In our results, histologic
chronic atrophy gastritis in HIV-positive patients was
significantly higher than in HIV-negative group (30/122;
24.6% »s 2/29; 6.9%, P < 0.05), which might be result
of gastric secretory failure in HIV infection patients.
The impaired acid secretion may allow subsequent
gastric bacterial overgrowth and provide a less suitable
environment or competitive inhibition for H pylori
colonization.

An altered intragastric environment might also result
from frequent use of antibiotics against apportunistic
infections in patients at an advanced stage of HIV
infection™. In comparison with HIV-negative group, HIV-
positive group had a more frequent use of antibiotics. In
HIV-positive patients, previous use of antibiotics with
CD4" counts < 100/pL was not significantly different
from that of CD4" counts > lOO/pL (P =0.13), but
the prevalence of H pylori infection showed significant
difference. In our patients, the antibiotics most frequently
used was trimetoprim-sulfa, usually for treatment or
prophylaxis against pneumocystis in HIV-positive
patients, and monotherapy of antibiotics has been proven
to inhibit rather than eradicate H]y//orz'm. Therefore,
current prophylaxis has been excluded from evaluation of
eradicating the microorganism. Previous use of proton
pump inhibitors might alter intragastric environment and
therefore influence the prevalence of H pylori infection.
In the present study, the HIV-negative control group took
proton pump inhibitors more frequently than HIV-positive
group (13.8% vs 2.5%, P < 0.05), which further proved
the lower prevalence of H pylori infection in HIV-positive
patients.

In this study, all 122 HIV-positive patients with
gastrointestinal symptoms, only 4.1% had peptic ulcer,
but 20.7% in HIV-negative group. This might explain that
the low prevalence of H pylori infection result in the lower
incidence of ulcers among HIV-positive patients. On
the other hand, decreased acid secretion in HIV-positive
patients plays a role in the lower incidence of peptic ulcer.
According to previous reports, CMV-associated peptic
ulcer disease was highly prevalent and CMV was the only
organism significantly associated with gastroduodenal
ulcers in HIV-positive patients, and H pylori was an
uncommon cause of peptic ulcer". In our study, among
the 5 patients with peptic ulcer in HIV-positive group,
only one proved to have CMV infection, which was lower
according to previous studies*?. The inadequate biopsies
in the present study may be a possible explanation.
According to literature, histological changes of CMV
infection are patchy in distribution, however, and the single
biopsy sensitivity for ulcerative lesions has been reported
to be as low as 13%. Therefore, at least 8-10 biopsies of
suspicious lesions are recommended””.

Candida esophagitis is one of the most common
opportunistic infections in patients with AIDSPY,
Our study showed that the Candida esophagitis was
significantly higher in HIV-positive patients with CD4"
count below 200/uL, and the average CD4" counts with

Candida esophagitis was 116.47 £ 133.08/uL. According
to previous studies, the CMV infection is also a common
opportunistic pathogen in HIV-positive patients with
a low CD4” count and is one of the main causes of
gastrointestinal ulcer in AIDS patientsm’m. The incidence
of CMV infection in HIV-positive patients (4.9%) in our
P2 The incorrect
location of biopsy may be another possible reason.

study was lower than previous reports

According to literature review, gastric CMV infections are
usually seen in the fundus with contiguous involvement
of the esophagus and gastroesophageal junction, and
the distal stomach and antrum are less commonly
involved”™ . 1n the present study, the biopsy specimens
were usually obtained from gastric antrum and lower body,
therefore might lower the incidence of CMV infection in
our patients.

The HIV-positive patients in the present study, mainly
from Henan Province of China, infected through illegal
blood plasma collection, and usually coinfected with HCV
and/or HBV infection (83.6%). Endoscopic examination
also revealed findings such as esophagogastric varices and
portal hypertensive gastropathy, which were significantly
different from previous reports.

In summary, we have found that a lower prevalence
of H pylori infection and peptic ulcer in HIV-positive
patients with gastrointestinal symptoms than that of HIV-
negative patients with similar symptoms. The mechanism
of chronic active gastritis in HIV-positive patients may be
different from HIV-negative group that was closely related
to H pylori infection. Various opportunistic infections
(especially Candida esophagitis) of upper gastrointestinal
tract likely occur in HIV-positive patients with a CD4"
count less than 200/ L.
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Abstract

AIM: To explore the effects of 4 pylori infection on
gap-junctional intercellular communication (GJIC) and
proliferation of gastric epithelial cells /n vitro.

METHODS: A human gastric epithelial cell line (SGC-
7901) cultured on coverslips was exposed overnight
to intact A pylori (CagA® or CagA strains) and
sonicated extracts, respectively. GJIC between the
cells was detected by fluorescence redistribution after
photobleaching (FRAP) technique. Proliferation of SGC
cells was determined by methylthiazolyl tetrazolium (MTT)
assay.

RESULTS: When compared with control in which cells
were cultured with simple medium alone, both CagA”*
and CagA H pylori isolates could inhibit GJIC (CagA™:
F = 57.98, P < 0.01; CagA: F = 29.59, P < 0.01) and
proliferation (CagA™: F = 42.65, P < 0.01; CagA: F =
58.14, P < 0.01) of SGC-7901 cells. Compared with
CagA  strains, CagA™ H pylori more significantly down-
regulated GJIC of gastric cells (intact # pylori: t = 13.86,
P < 0.01; sonicated extracts: ¢ = 11.87, P < 0.01) and
inhibited proliferation gastric cells to a lesser extent
in vitro (intact H pylori: t = 3.06, P < 0.05; sonicated
extracts: ¢ = 3.94, P < 0.01).

CONCLUSION: Compared with CagA™ H pylori strains,
CagA* strains down-regulate GJIC of gastric epithelial
cells more significantly and inhibit proliferation of gastric
cells to a lesser extent /n vitro. H pylori, especially
CagA" strains, may play an important role in gastric
carcinogenesis.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Epidemiological and animal studies have demonstrated
a strong causal relationship between gastric cancer and
chronic infection with H pylori, especially cytotoxin-
associated gene A (cagA)-positive strains' . The cagA gene
product CagA is directly delivered into gastric epithelial
cells via type IV secretion system. Following membrane
localization and subsequent tyrosine phosphorylation,
CagA interacts with a variety of host cell proteins that are
involved in the regulation of cell growth and motility",
However, the exact mechanism responsible for the
development of gastric cancer in H pylori-infected patients
still remains unclear.

Gap-junctional intercellular communication (GJIC) is
an important mechanism controlling cellular homeostasis,
proliferation and differentiation. Inhibition of GJIC
between adjacent cells has been postulated to be one of
the important events occurring during the promotional
stage of cancer'’. The vast majority of neoplastic
cells reduce GJIC compared to their nonneoplastic
counterparts”. A number of tumor promoters, such as
12-O-tetradecanoylphorbol-13-acetate (TPA), have been
known as potent inhibitors of GJIC.

So far, changes of GJIC in H pylori-associated gastric
carcinoma have not been extensively exploited. In the

present study, we attempted to explore the molecular
mechanisms of H pylori infection in gastric carcinogenesis
by studying its effects on GJIC of gastric epithelial cells
in vitro.

MATERIALS AND METHODS

H pylori strains
H pylori strains 97002 and 97004 were identified by and
stored in Department of Medical Microbiology and

www.wjgnet.com
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Table 1 Effects of intact H pylori and sonicated extracts on
GJIC of SGC-7901 cells (17, mean + SE)

Table 2 Effect of intact H pylori and sonicated extracts on

proliferation of SGC-7901 cells (7, mean + SE)

Group CagA* strain” CagA strain® Group CagA* strain” CagA strain”
Intact H pylori® 26.05 + 3.39 (40)" 36.95 + 3.78 (44)° Intact H pylori® 0.755 % 0.048 (6)° 0.680 * 0.036 (6)°
Sonicated extracts’ 15.92 + 2.53 (40)° 22.69 *2.60 (41)° Sonicated extracts* 0.938 + 0.037 (6) 0.830 + 0.056 (6)*
Negetive control 66.39 +9.95 (24) Negetive control 0.955 + 0.038 (6)

Positive control (TPA) 8.47 £0.95 (22) Positive control (TPA) 0.986 * 0.045 (6)

P < 0.01 one-way ANOVA us negative control, 'P < 0.05 ANOVA/Dunnett
vs negative control, ‘P < 0.01 vs t-test of CagA” and CagA™ H pylori strains.

Parasitology, Zhejiang University School of Medicine. The
genotypes of vacuolating cytotoxin gene A (vacA) of the
strains 97002 and 97004 were sla/m1 and m2, respectively.
The results of Western blot and cell vacuolation test
demonstrated that the strain 97002 was CagA+ /VacA™ and
97004 CagA'/VacA'.

H pylori culture

H pylori strains were cultured on ECY blood-free medium'”
at 37°C for 5 d, under 100% humidity and microaerophilic
conditions (50 mL/L Oz, 100 mL/L CO2, and 850 mL/L
N3). The bacteria were harvested from the agar plates,
washed twice with 0.01 mol/L PBS and stored at -20°C.

Preparation of intact H pylori and sonicated extract
samples

The frozen bacteria were dissolved in RPMI1640 culture
medium and adjusted to 1 x 10" CFU/L in intact
bactetial samples and 1 X 10" CFU/L in sonicated extract
samples, respectively. The preparation of sonicated extract
samples additionally included H pylori pulverization with
ultrasound, centrifugation at 10000 t/min for 20 min with
the supernatant collected.

Cell culture

Human gastric epithelial cell line SGC-7901 was
obtained from Department of Medical Microbiology and
Parasitology, Zhejiang University School of Medicine
and cultured in RPMI1640 medium (Gibco, USA)
supplemented with 10% fetal bovine serum (FBS)
(Sijiging, China), 1 X 10° TU/L penicillin and 100 mg/L.
streptomycin. The cells were incubated at 37°C in a
humidified atmosphere containing 950 mL/L air and
50 mL/L CO2. The cells were grown on 22 mm X 22 mm
coverslips in tissue culture dishes (35 mm in diameter)
and the culture medium was changed every other day. To
determine cell proliferation, SGC-7901 cells were plated
into 96-well microplates (0.5 X 10° cells/well) and cultured
for 12 h.

Cell treatment with H pylori extracts

Twenty-four hours prior to GJIC measurement, cells of
the test groups were treated overnight with intact H pylori
or sonicated extracts. Negative and positive controls were
treated with RPMI1640 with 2% NBS and 5 ug/ L. TPA was
added to the positive control during the last 1 h.

Measurement of GJIC by FRAP technique
GJIC between SGC-7901 cells was measured by
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"P < 0.01 one-way ANOVA vs negative control, ‘P < 0.05 ANOVA/Dunnett
vs negative control, ‘P < 0.01 vs t-test of CagA” and CagA™ H pylori strains.

fluorescence redistribution after photobleaching (FRAP)
technique first described in 1986". 6-carboxyfluorescein
diacetate (6-CFDA) was used as the dye that could be
retained inside the cells due to its hydrolysis by cytoplamic
esterases into 6-carboxyfluorescein (6-CF). 6-CF could
permeate gap junction channels due to its low molecular
weight. FRAP was achieved under a confocal laser
scanning microscope (Leica TCS-SP, Germany) and the
detailed protocol was performed as previously described”.

Determination of cell proliferation by MTT assay

When SGC-7901 cells confluenced by 70% in the
96-well microplates, cell proliferation was assessed by
methylthiazolyl tetrazolium (MTT) assay as previously
described". The absorbance value per well at 570 nm was
read on an automatic multiwell spectrophotometer (Bio-

Rad, USA).

Statistical analysis

All data were presented as mean * SE. Statistical analysis
was carried out by ANOVA followed by Dunnett’s ~test.
P < 0.05 was considered statistically significant.

RESULTS

H pylori down-regulated GJIC of SGC-7901 cells

The GJIC of SGC-7901 cells was measured by FRAP after
treated with intact H pylori or sonicated extracts for 24 h
and presented as fluorescence transfer rate (K, 107/s)
(Table 1). In the present study, both CagA" and CagA’
H pylori isolates including intact H pylori and sonicated
extracts down-regulated GJIC of SGC-7901 cells (CagA":
F=5798, P<0.01; CagA™: = 29.59, P < 0.01). Compared
with CagA’ strains, CagA”™ H pylori more significantly
down-regulated GJIC of gastric cells (intact H pylors:
+=13.86, P < 0.01; sonicated extracts: #= 11.87, P < 0.01).
In addition, our study demonstrated that TPA (5 pg/L for 1
h) had a significant inhibitory effect on GJIC of gastric cells.

Effect of H pylori on cell proliferation

The effects of intact H pylori and sonicated extracts on the
proliferation of SGC-7901 cells were evaluated by MTT
assay (Aswam) (Table 2). The results suggest that both
CagA" and CagA™ H pylori isolates inhibited proliferation
of SGC-7901 cells (CagA™: F = 42.65, P < 0.01; CagA™:
F = 58.14, P < 0.01). However, CagA+ H pylori strain
inhibited proliferation of gastric cells to a lesser extent
when compared with CagA’ strain (intact H pylors: + = 3.00,
P < 0.05; sonicated extracts: 7= 3.94, P < 0.01).
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DISCUSSION

Among various forms of intercellular communication
systems in multicellular organisms, GJIC is the only form
by which cells exchange signals directly from the inside of
one cell to the neighboring cells. GJIC plays a crucial role
in maintaining homeostasis by keeping growth control
signals at equilibrium among GJIC-connected cells""",
Most tumor cells have a reduced ability to communicate

among themselves and/or with surrounding normal cells,
confirming the importance of functional GJIC in growth
control . GJIC is mediated by gap junction channels
composed of tetramembrane spanning proteins, known
as connexins. At least 13 subtypes of connexin have been
identified and four or five subtypes are detectable in the
gastrointestinal tract .

It has been reported that connexin 32 in normal gastric
mucosa is reduced significantly or absent in atrophic
gastric mucosa and metaplastic epithelial cells, and no
malignant cells from patients with gastric carcinoma
contain detectable connexin 32", These results suggest
that loss of cell-cell communication through the gap
junction may act as an early indicator of gastric carcinoma.

In this study, the effects of H pylori infection on GJIC
of gastric epithelial cells were detected 7 vitro, suppressing
interferences of various cytokines and immune factors
in vivo, suggesting that both CagA+ and CagA™ H pylori
isolates inhibit GJIC of SGC-7901 cells and the down-
regulating effect of CagA™ H pylori is more significant than
that of CagA™ strains. These findings emphasize the close
relationship between H pylori especially CagA” strains and
gastric carcinoma.

Increased cellular proliferation rates are characteristic
in malignant tissue. Because of unstability of the genome
of proliferating cells, hyperproliferation increases the
possibility of DNA damage and ancupoidy. Dysplasia
may evolve into carcinoma if damaged DNA cannot
be repaired on time or fails in promoting the apoptosis
system!"”. H pylori infection of the gastric mucosa is
closely associated with changes in gastric epithelial cell
proliferation. In vivo data show that gastric epithelial
hyperproliferation is common in H pylori-infected persons
and the degree of proliferation is directly associated with
the severity of mucosal neutrophilic infiltration™"*?,
However, it was reported that an overall increase in gastric
epithelial cell proliferation is not associated with H pylori
gastritis[zﬂ. It is not very clear whether the increased
proliferation seen 7z vivo is a direct effect of H pylori, or a
reflex increase in proliferation in response to increased cell
damage, indirectly caused by H pylori. A recent report by
Cabral ¢z al”" suggested that the increased cell proliferation
rate in patients with H pylori infection might be related to
the H pylor-induced inflammation rather than to a direct
action of the pathogen.

Several 7z vitro studies reported that H pylori can inhibit
cell prolifemtionlz‘r’’26J , which is consistent with the results
of this study. The possible reason for the contradiction
between the findings 7z vivo and 7n vitro is that in vivo studies
are representative of the effect of persistent H pylori
infection whereas 7z vitro experimental studies are
representative of an acute H pylori-mediated effect. Also,
the increased cell proliferation in patients with H pylori

infection might be due to the increased production of

gastrin vivd™. Moteover, in vivo increased epithelial cell
injury is associated with a reflex increase in proliferation
of uninjured cells, which would not be seen 7 vitro as
cach cultured gastric cell is in contact with bacteria”".
Cell proliferation is an essential process for the integrity
of gastric mucosa. Deceasing cell turnover may increase
the chances of ulcer formation and delay ulcer healing.
Therefore, our findings seem to be relevant to the
pathogenesis of H pylori-associated peptic ulcer diseases.

CagA" H pylori is frequently isolated from patients
with gastric cancer in Western countries and may be more
virulent in its pathogenesispg’zgl. In vivo studies reported
that infection with CagA" H pylori strains is linked with
higher acute inflammatory scores than CagA strains”™’')
suggesting that these strains preferentially induce epithelial
cell proliferation by stimulating inflammatory mediators.
Our results show that CagA+ strains could inhibit
proliferation of gastric epithelial cells to a lesser extent
than CagA ones. Thus gastric cells injured by exposure
to CagA" H pylori strains may be more likely to progress
through the cell cycle, which possibly results in the risk of
replication of cells with DNA damage[zﬂ.

In conclusion, H pylori can directly inhibit GJIC and
proliferation of gastric epithelial cells 7z vitro. Compared
with CagA™ H pylori strains, CagA+ strains more significantly
down-regulate GJIC and inhibit proliferation to a
of gastric epithelial cells lesser extent. Accelerated
proliferation increases the risk of DNA damage and gene
mutation. Inhibited GJIC makes cancet-initiated cells
escape from the control of neighboring cells. H pylors,
especially CagA+ strains, may play an important role in
gastric carcinogenesis.

COMMENTS

Background

It has been widely accepted that there is a strong association between H pylori
infection and gastric cancer, but the exact molecular mechanism of the pathogen in
gastric carcinogenesis has not clarified yet. Nearly 40 years ago, loss of functional
gap junctions was described in cancer cells and led to the hypothesis that such
a type of intercellular communication is involved in the carcinogenesis process.
Since then, a lot of data have been accumulated confirming that gap junctions
are frequently decreased or absent in cancer cells. Gap junction deficiency has
been defined in the literature either as the lack of gap-junction plaques or as the
lack of gap-junctional intercellular communication (GJIC). It has been reported
that connexin 32 in normal gastric mucosa as a mediator of GJIC is reduced
significantly or absent in atrophic gastric mucosa and metaplastic epithelial cells.
However, these reports have not revealed the relationship between changed GJIC
and H pylori infection of the gastric mucosa.

Research frontiers

There has been a considerable interest over recent years in factors that predispose
individuals to develop gastric carcinoma. Complex interactions between several
H pylori, host genetics and environmental factors determine this predisposition.
Understanding the molecular mechanism of the interaction between H pylori and
gastric epithelial cells will provide us with a new strategy for effective prevention of
the development of gastric cancer induced by H pylori infection.

Innovations and breakthroughs

In this article, the molecular mechanism of H pylori infection in gastric
carcinogenesis was explored by studying its effects on GJIC of gastric epithelial
cells in vitro. The results suggest that H pylori could inhibit GJIC of cultured gastric
epithelial cells and the down-regulation effect on GJIC of CagA” strains was more
significant than CagA” ones.
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Applications

This article emphasizes the close relationship between H pylori especially
CagA’ strains and gastric carcinoma. It provides a new direction to illuminate
the molecular mechanism of H pylori in gastric carcinogenesis. It also implies
that compounds able to restore GJIC in junctional deficient cells or prevent its
disruption in junctional proficient cells may be used in making new strategies for
the prevention and/or treatment of human gastric malignancies.

Terminology
Gap junctions: membrane structures made of intercellular channels which permit
the diffusion of small hydrophilic molecules from cytoplasm to cytoplasm.

Peer review

The paper seems innovative. Altered expressions of connexins have been
observed in various pathological processes of the digestive tract, including gastric
cancer. To our knowledge, it is the first study to explore the molecular mechanism
of H pylori infection in gastric carcinogenesis by studying its effects on GJIC of
gastric epithelial cells in vitro.
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Abstract

AIM: To investigate the regulation of activin receptor-
interacting protein 2 (ARIP2) expression and its possible
relationships with collagen type IV (collagen V) in mouse
hepatoma cell line Hepal-6 cells.

METHODS: The ARIP2 mRNA expression kinetics in
Hepal-6 cells was detected by RT-PCR, and its regulation
factors were analyzed by treatment with signal
transduction activators such as phorbol 12-myristate
13-acetate (PMA), forskolin and A23187. After pcDNA3-
ARIP2 was transfected into Hepal-6 cells, the effects of
ARIP2 overexpression on activin type II receptor (ActRIl)
and collagen IV expression were evaluated.

RESULTS: The expression levels of ARIP2 mRNA in
Hapel-6 cells were elevated in time-dependent manner
12 h after treatment with activin A and endotoxin
LPS, but not changed evidently in the early stage of
stimulation (2 or 4 h). The ARIP2 mRNA expression
was increased after stimulated with signal transduction
activators such as PMA and forskolin in Hepal-6 cells,
whereas decreased after treatment with A23187
(25.3% =+ 5.7% vs 48.1% =+ 3.6%, P < 0.01). ARIP2
overexpression could remarkably suppress the expression
of ActRIIA mRNA in dose-dependent manner, but has
no effect on ActRIIB in Hepal-6 cells induced by activin
A. Furthermore, we have found that overexpression
of ARIP2 could inhibit collagen IV.mRNA and protein
expressions induced by activin A in Hapel-6 cells.

CONCLUSION: These findings suggest that ARIP2
expression can be influenced by various factors. ARIP2
may participate in the negative feedback regulation of

signal transduction in the late stage by affecting the
expression of ActRIIA and play an important role in
regulation of development of liver fibrosis induced by
activin.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Activin is a multifunctional growth and differentiation
factor of transforming growth factor-beta (TGF-f3)
superfamily™?. As an important regulator, activin is
involved in the acute phase response of inflammatory

diseases and tissue repair, and also play an important
role in inducing liver fibrosis™”. The actions of activin
on target cells are tissue-specific, which associate with
the difference of activin receptor signal transduction. It
has been found that the tissue-specificity might depend
on a new group of intracellular signal proteins, activin
receptor-interacting proteins (ARIPs)", ARIPs have four
forms at least, all of which can specifically interact with
activin type II receptor (ActRII) and regulate intracellular
signal transduction induced by activin'®'’!, Tt has been
demonstrated that not only the expression and distribution
but also the biological activities of ARIPs were obviously
different in various tissues. ARIP2 can enhance ActRII
endocytosis and reduce ActRIIA receptor expression on
cell membranes »iz Ral/RalBP1-depending pathway, and
has a capability of suppressing activin-induced signal
transduction. There was high expression of ARIP2 mRNA
in liver tissues tested by Northern blot'". Therefore, we
reason out that ARIP2 may participate in the functional
regulation of hepatocytes treated by activin.

Since ARIP2 has only been recently discovered, the
mode of expression regulation and function of it have not
been well characterized. In this study, we have explored
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regulation of ARIP2 expression and its effects on the
expression of collagen type IV (collagen IV) which is
component of extracellular matrix (ECM), using mouse
Hepal-6 cells, which were obtained from mouse hepatoma
cell line and had functions of hepatic parenchymal cells"",

MATERIALS AND METHODS

Materials

Lipopolysaccharide (LPS, from E.coli 0111:B4), A23187,
phorbol 12-myristate 13-acetate (PMA) and forskolin
were obtained from Sigma. AMV Reverse Transcriptase
was purchased from Promega. ExTaq was obtained from
Takara Biotechnology Co (Kyoto, Japan). Dulbecco’s
modified Eagle’s medium (DMEM) was purchased from
GIBCO. Trizol reagent was obtained from Invitrogen.
Activin A was provided by Dr. Eto T (Ajinomoto Central
Research Laboratories, Japan).

Cell culture

Hepal-6 cells from mouse hepatoma cell line were
provided by Shanghai Cell Bank of Chinese Academy of
Sciences (Shanghai, China) and were maintained in DMEM
medium supplemented with 10% fetal calf serum (FCS) at
37°C in a 5% CO:2 humidified incubator.

Plasmid construction

The vector construction has been described previously™.
The set of primers was designed as follows. The sense
primer was 5-GGAATTCATGAACGGACGGGTGGAT
TA-3', which introduced an EcR 1 site, and the anti-sense
primer 5'-GCTCGAGTCATTGTCTGCACAATAAAC
A-3', which introduced an X)o/1 site. cDNA fragments
encoding full-length ARIP2 (1-153 amino acid residues)
were amplified by PCR. The amplified cDNA fragments
were inserted into plasmid pMD18-T, and were then
subcloned into eukaryotic expression vector pcDNA3. The
reconstructed plasmid was named as pcDNA3-ARIP2.

Detection of ARIP2 mRNA expression in Hepal-6 cells
stimulated by activin Aand LPS

Hepal-6 cells were plated into 12-well tissue culture
plates at a density of 2 X 10° cells/mlL and incubated
in 10% FCS-DMEM at 37°C, 5% COz2 over night. The
cells were cultured in 2% FCS-DMEM in the presence or
absence of activin A (5 ng/mL) and LPS (2.5 pg/mL),
respectively. After 2, 4, 8, 12 and 24 h, the cells were
harvested respectively and total RNA was extracted by
using the TRIzol reagent according to the manufacturer’s
protocol (Invitrogen). The mRNA expression of ARIP2
was examined by RT-PCR, and GAPDH was considered
as inner control. PCR was performed for 30 cycles.
Amplified PCR products were subjected to 1.5% agarose
gel electrophoresis, and stained with ethidium bromide for
detection. Specific bands were analyzed using ImageMaster
VDS (Pharmacia Biotech Company, Sweden). The primer
sequences were shown at Table 1.

Assay of the effects of signal transduction kinetins on the
expression of ARIP2 mRNA

To further study the regulation elements of ARIP2
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expression, the Hepal-6 cells plated into 12-well tissue
culture plates were cultured in 2% FCS-DMEM in the
presence or absence of activin A (5 ng/mL), A23187
(200 nmol/T), PMA (20 nmol/T), forskolin (50 umol/I.)
and LPS (2.5 pg/ml), respectively. After 24 h, the cells
were harvested respectively and total RNA was extracted
by using the TRIzol reagent. The expression of ARIP2
mRNA was examined by RT-PCR.

Overexpression of ARIP2 in Hepal-6 cells

To determine possible bioactivity of ARIP2, effects of
ARIP2 on the mRNA expressions of ActRIIA, ActRIIB
and collagen type IV were analyzed by RT-PCR. The
Hepal-6 cells were washed once with serum-free DMEM,
and were then transfected with pcDNA3-ARIP2 (0.1,
0.3 pg) and pcDNA3 (0.3 pg) by using Lipofectamine
2000 reagent according to the manufacturer’s protocol
(Invitrogen), respectively. The transfected cells were
incubated in the presence or absence of activin A
(5 ng/mlL) overnight. The cultured cells were harvested
and total RNA was extracted by using the TRIzol reagent.
RT-PCR was performed for detecting ActRIIA, ActRIIB
and type IV collagen mRNA expressions. The primer
sequences were shown at Table 1.

Flow cytometry for type /1 collagen protein expression

Hepal-6 cells were collected 24 h after transfected with
pcDNA3-ARIP2. The expression of type IV collagen
proteins were assessed by flow cytometry (FACSort
Vantage; BD, Franklin Lakes, NJ ) using anti-mouse type IV
collagen antibodies. The data were collected and analyzed
on computer (Cell Quest software; BD Biosciences), to
assess the percentage of positive fluorescence cells. A
representative experiment of the two performed was shown.

RESULTS

Kinetics of ARIP2 mRNA expression in Hepal-6 cells
stimulated by activin A and LPS

As a regulation protein of activin signal pathway, the
expression of ARIP2 mRNA could be increased by
stimulation with activin A. In this study, the levels of
ARIP2 mRNA expression were time-dependently up-
regulated 12 h after treatment with activin A in Hepal-6
cells, but not obviously changed at 2-4 h after being
treated with activin A. Endotoxin LPS as inflammatory
factor can bind with Toll-like receptor 4 on hepatocytes.
We found that ARIP2 mRNA expression in Hepal-6 cells
was remarkably promoted by LPS treatment, and the
expression levels were time-dependently up-regulated 12
h after treatment with LPS in Hepal-6 cells (Figure 1).
These data suggested that the expression of ARIP2 was
increased in the late stage of activin A and LPS treatment,
and ARIP2 might participate in the negative regulation of
the late stage signal transduction in Hepal-6 cells.

The signal transduction kinetins regulated the expression
of ARIP2 mRNA

PMA is the activator of protein kinase C (PKC)"?,
A23187 is the calcium ion vector!"”, forskolin is the
kinetin of cAMP-dependent protein kinase A (PKA)""
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Table 1 Primer sequences used in transcriptase-polymerase chain reaction (PCR)

Target Primers Sequences Products size (bp) Genbank No.
GAPDH Sense 5-GATTGTTGCCATCAACGACC-3’
371 BC083149
Antisense 5-GTGCAGGATGCATTGCTGAC-3’
ARIP2 Sen?e 5-GTCAGCCGTATCAAAGAGGATG-3 371 AY157057
Antisense 5 -CTTGTGGCAATACTTCTCTGGTG-3’
ActRITA Sense 5-ATTGGCCAGCATCCATCTCTTG-3"
Antisense 5-TGCCACCATCATAGACTAGATTC-3" 2% XM_123799
ActRIIB Sense 5-TGCTGAAGAGCGACCTCAC-3
Antisense 5-AGCAGGTCCACATTGGTGAC-3 S NM_007397
Collagen IV Sense 5-GCCTGCTCAAGGAGAAGACA-3’
Antisense 5-GATCCATAGGAGTCTCCAGGT-3" 380 NM_007734

2h 2h 4h 4h

8h 8h 12h 12h 14h 14h

ARIP2

GAPDH

Activin

ARIP2

GAPDH

Figure 1 Expressions of ARIP2 mRNA in Hepal-6 cells stimulated by activin A and
LPS.

Figure 2 The effects of signal transduction activators on expressions of ARIP2
mRNA. Lane 1: Hepal-6 cells untreated; Lane 2: Treated with activin A (5 ng/mL);
Lane 3: A23187 (200 nmol/L); Lane 4: LPS (2.5 pg /mL); Lane 5: PMA (20 nmol/L);
Lane 6: forskolin (50 umoliL ).

and endotoxin LPS can bind with Toll-like receptor 4 on
the surface of hepatocytes to stimulate cellular activities
non—speciﬁcaﬂy“SJ. To further study the regulation factors
of ARIP2 expression, we used all of the above signal
transduction activators to stimulate Hepal-6 cells and
observed the expression of ARIP2 mRNA. The results
showed that activin A (ARIP2 mRNA content relative to
GAPDH, 66.2% £ 4.9%), LPS (76.5% * 5.7%), PMA
(72.3% £ 5.2%) and forskolin (79.8% % 6.6%) could
promote the expressions of ARIP2 mRNA (untreated
control group, 48.1% £ 3.6%), whereas A23187 (25.3%
T 5.7%) could suppress it markedly (Figure 2), 25.3% *+
5.7% vs 48.1% £ 3.6%, P < 0.01. These data indicated that
activators of the PKC, PKA signal transduction pathways
and LPS via Toll-like receptor 4 could up-regulated the
expression of ARIP2 mRNA.

Effects of ARIP2 overexpression on ActRIl expression in
Hepal-6 cells

To investigate the biological activities of ARIP2 expression
in Hepal-6 cells, expression vectors pcDNA3-ARIP2 were

ActRIIA

ActRIIB

GAPDH

Figure 3 The mRNA expressions of ActRIIA and ActRIIB in ARIP2-overexpressed
Hepal-6 cells. Lane 1 and 2: Hepal-6 cells were transfected with empty vector
pcDNA3 (0.3 ng); lane 3: pcDNA3-ARIP2 (0.1 pg) + pcDNA3 (0.2 ng); lane 4:
pcDNA3-ARIP2 (0.3 pug).

transfected into Hepal-6 cells and the effects of ARIP2
overexpression on ActRITA and ActRIIB expression
were observed in Hepal-6 cells. In this study, we found
that ARIP2 overexpression could obviously suppress the
expression of ActRIIA mRNA in Hepal-6 cells induced by
activin A in dose-dependent manner, but has no effect on
ActRIIB (Figure 3). These findings indicated that ARIP2
might down-regulated the expression of ActRIIA to
suppress activin signal transduction in hepatocytes.

ARIP2 overexpression suppressed type IV collagen
expression in Hepal-6 cells

The previous studies showed that activin A could induce
liver fibrosis and stimulate excess secretion of ECM
components, for example, collagen and fibronectin™'®. As
an inhibitor of activin signal transduction, ARIP2 maybe
influence the collagen production in hepatocytes induced
by activin A. In this study, activin A could obviously
stimulate the expression of type IV collagen mRNA in
Hepal-6 cells. Whereas, after transfecting pcDNA3-ARIP2
into Hepal-6 cells for 24 h, the ARIP2 overexpression
could significantly suppress the expressions of type IV
collagen mRNA induced by activin A in dose-dependent
manner (Figure 4). To further determine the type IV
collagen protein expression, the mature type IV collagen
protein levels in Hepal-6 cells were examined by flow
cytometry. The results showed that ARIP2 overexpression
could remarkably inhibit the expression levels of type IV
collagen proteins in Hepal-6 cells induced by activin A
(the percent of positive fluorescence cells, 2% »s 16%)
(Figure 5), which results were the same with that of type
IV collagen mRNA by RT-PCR. These findings suggested
that high level expression of ARIP2 might influence the
expression of ECM components in hepatocytes and
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_ Co”agen

GAPDH

Figure 4 ARIP2-overexpression suppressed the expressions of collagen IV
mRNA in Hepal-6 cells. lane 1 and 2: Hepal-6 cells were transfected with empty
vector pcDNA3 (0.3 pg); lane 3: pcDNA3-ARIP2 (0.1 ug) + pcDNA3 (0.2 ug); lane
4: d pcDNA3-ARIP2 (0.3 ng). The cells were incubated in the absence (lane 1) or
the presence of activin A (5 ng/mL) (lane 2, 3 and 4) for 24 h.

down-regulate the development of liver fibrosis induced
by activin.

DISCUSSION

ARIPs have obvious expression and distribution diversity,
which are key factors to the histological specificity of
activin action'®. It has been demonstrated that both
ARIP1 and ARIP2 are inhibitors of activin signal
transduction. However, ARIP1 mainly distributed in
nerve tissues, ARIP2 widely existed in tissues. The high
expression of ARIP2 mRNA could be detected in liver
tissue by Northern blot'”. In order to investigate the
kinetic changes of ARIP2 expression, we used activin A
and endotoxin LPS to stimulate Hepal-6 cells, and then
examined the expression of ARIP2 mRNA. The results
showed that the expression levels of ARIP2 mRNA were
not changed obviously after being treated by activin in
the early stage, but up-regulated depending on time 12
to 24 h after treatment (Figure 1). Stimulated by LPS,
ARIP2 expression is also up-regulated evidently 12 h after
treatment. In the present study, we further examined the
effects of signal transduction activators PMA, A23187
and forskolin on the expression of ARIP2 in Hepal-6
cells (Figure 2). These data indicated that activin A,
LPS, PMA and forskolin could promote the expression
of ARIP2 mRNA in Hepal-6 cell, whereas calcium ion
vector-A23187 could inhibit the expression of ARIP2
mRNA. These findings suggested that ARIP2 expression
could be influenced by various factors and might
participate in the regulation of signal transduction in the
late stage in Hepal-6 cells.

Activin receptors are the members of serine/
threonine kinase receptors”™. Activin binds to
receptor type II to form a complex primarily. The
complex interacts with the receptor type [ and makes
it phosphorylated, then activates endocellular Smad2/3
protein binding to receptor type I . Finally, it transduces
signal into nucleus mediated by Smad4. Therefore,
ActRIIs are the crucial receptors of activin signal
transduction. In this study, we found that both ActR IIA
and ActR IIB could be expressed in heapl-6 cells. To
investigate the biological activities of ARIP2 expression
in Hepal-6 cells, we transfected Hepal-6 cells with
pcDNA3-ARIP2 and observed the effect of ARIP2
overexpression on ActRIIA and ActRIIB expressions
in Hepal-6 cells. The results showed that ARIP2
overexpression could obviously suppress the expression
of ActRIIA mRNA in Hepal-6 cells induced by activin

www.wjgnet.com
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Figure 5 Flow cytometry analysis of collagen IV protein expressions in Hepal-6
cells. A: Hepal-6 cells were transfected with 0.3 pug pcDNA3; B: with 0.3 pg
pcDNA3-ARIP2. 16% or 2% expressed the percent of positive fluorescence cells
inAorB.

A, but had no effect on ActRIIB (Figure 3). All the
above data indicated that ARIP2 could down-regulated
the expression of ActRIIA and participate in the process
of negative feedback regulation of activin signal in
hepatocytes.

Activin not only play an important role in regulating
secretion of hormone, but also serves as autocrine
and paracrine factors to regulate the differentiation,
proliferation, apoptosis of cells and embryonic
development[”’m. The latest studies have reported that
as an important regulator, activin also has effects on
inducing liver fibrosis, suppressing hepatocyte growth
and so on”"?. Tt has been demonstrated that activin was
produced by hepatocyte and hepatic stellate cell (HSC)
and could promote HSC activation and stimulate excess
production of ECM components, for example, collagen and
fibronectin™**. Tt has been reported that activin A could
be expressed positively in fibrotic hepatocytes, and it also
could take actions by autocrine™, In this study, we found
that activin A could stimulate the expression of type IV
collagen mRNA, whereas, the ARIP2 overexpression
could remarkably suppress the mRNA expression of type
IV collagen in Hepal-6 cells induced by activin A (Figure 4)
and decrease the protein expression levels of type IV
collagen. As a kind of collagen composed ECM, type [V
collagen could co-deposited in Diss with fibronectin in the
early stage of hepatic injury and take part in the formation
of liver fibrosis. These findings suggested that ARIP2
overexpression might influence the synthesis of ECM
in hepatocyte and negatively regulate the formation and
development of liver fibrosis induced by activin A.

In conclusion, ARIP2 can be up-expressed in Hepal-6
cells by inducement with various factors and may
participate in the regulation of signal transduction in the
late stage. We may release or restraint liver diseases induced
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by activin and achieve the goal of treatment if ARIP2
expression can be elevated in hepatocytes to inhibit the
effects of activin.
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Activin A is involved in hepatic fibrosis formation. However, the mechanism of
fibrotic process is not well understood. In this study, effects of anti-fibrosis by
ARIP2 are investigated in mouse Hepal-6 cells.

Research frontiers
ARIP2 is a regulator of activin signaling pathway, but studies about its regulation in
production of component of extracellular matrix (ECM)s are not reported.
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Since ARIP2 has only been recently discovered, the mode of expression regulation
and function of it have not been well characterized. We designed this experiment
to investigate ARIP2 expression and its effects on the expression of collagen type
IV by using Hepal-6 cells.

Applications
No ideal drug is available so far for the therapy of hepatic fibrosis. ARIP2 may be
play an important role in regulation of development of liver fibrosis induced by activin.

Terminology
Activin receptor-interacting protein2 (ARIP2) can specifically interact with activin
type II receptor (ActR1II) and down-regulate intracellular signal transduction

induced by activin.

Peer review

The topic is of interest for that up to now no antifibrotic therapy is available in
patients with hepatic fibrosis. The negative effect of ARIP2 on production of
component of extracellular matrix described in this paper shows that ARIP2 might
be a potential treatment option.
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Abstract

AlIM: To investigate the influence of high dose of
dexamethasone on inflammatory mediators and
apoptosis of rats with severe acute pancreatitis (SAP).

METHODS: SAP rats were randomly assigned to the
model group and treatment group while the normal
rats were assigned to the sham operation group. The
mortality, ascite volumes, ascites/body weight ratio and
pancreas pathological changes of all rats were observed
at 3, 6 and 12 h after operation. Their contents of
amylase and endotoxin in plasma and contents of tumor
necrosis factor (TNF-a), phospholipase Az (PLA2) and IL-6
in serum were also determined. The microarray sections
of their pancreatic tissues were prepared, terminal
transferase dUTP nick end labeling (TUNEL) staining was
performed and apoptotic indexes were calculated.

RESULTS: There was no marked difference between
treatment group and model group in survival. The
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contents of amylase and endotoxin in plasma and
contents of TNF-a, PLA2 and IL-6 in serum, ascite
volumes, ascites/body weight ratio and pancreas
pathological scores were all lower in treatment group
than in model group to different extents at different time
points [P < 0.05, 58.3 (26.4) ng/L vs 77.535 (42.157)
ng/L in TNF-a content, 8.00 (2.00) points vs 9.00 (2.00)
points in pathological score of pancreas respectively;
P < 0.01, 0.042 (0.018) EU/mL vs 0.056 (0.0195) EU/mL
in endotoxin content, 7791 (1863) U/L vs 9195 (1298)
U/L in plasma amylase content, 1.53 (0.79) vs 2.38
(1.10) in ascites/body weight ratio, 8.00 (1.00) points
vs 11.00 (1.50) points in pathological score of pancreas;
P < 0.001, 3.36 (1.56) ng/L vs 5.65 (1.08) ng/L in IL-6
content, 4.50 (2.00) vs 7.20 (2.00), 4.20 (1.60) vs 6.40
(2.30), 3.40 (2.70) vs 7.90 (1.70) in ascite volumes,
respectively]. The apoptotic indexes of pancreas head
and pancreas tail were all higher in treatment group than
in model group at 6 h [F < 0.01, 0.00 (2.00)% vs 0.00
(0.00)%, 0.20 (1.80) vs 0.00 (0.00) in apoptosis indexes,
respectively].

CONCLUSION: The mechanism of dexamethasone
treatment in acute pancreatitis is related to its inhibition
of inflammatory mediator generation and induction of
pancreatic acinar cell apoptosis.

© 2007 WJG. All rights reserved.
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INTRODUCTION

The pathogenesis of severe acute pancreatitis (SAP) is
closely related to the factors such as activation of pancreatin,

release of inflammatory mediators, microcirculation
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disturbance and apoptosis. The sound therapeutic effects
of large dose of dexamethasone on SAP have been
demonstrated. In this experiment, the mechanism of large
dose of dexamethasone in SAP was discussed and the
changes of inflammatory mediator content and pancreatic
acinar cell apoptosis after dexamethasone treatment for SAP
rats were observed. The tissue microarray has also been
applied to the pathohistological examination of pancreatitis
to improve the study efficiency.

MATERIALS AND METHODS

Materials

Clean grade healthy male Sprague-Dawley (SD) rats with
body weight of 250-300 g were purchased from the
Experimental Animal Center of Medical School, Zhejiang
University. Sodium taurocholate and pentobarbital were
purchased from USA Sigma Company, and dexamethasone
injection from Zhejiang Xinchang Pharmaceutical
Company, China. The full automatic biochemical analyzer
was used to determine the plasma amylase level (U/L).
Plasma endotoxin tachypleus amebocyte lysate kit was
purchased from Shanghai Yihua Medical Science and
Technology Corporation (Institute of Medical Analysis,
Shanghai, China), the calculation unit is EU/mL.
The TNF-o ELISA kit was purchased from Jingmei
Bioengineering Corporation, the calculation unit is
pg/mL (ng/L). The serum secretory phospholipase Az
enzyme assay ELA kit (PLA2) was purchased from R&D
System Institute and the calculation unit is U/mL. The
above determinations were all operated according to the
instructions of the kits.

Animal grouping and rat SAP model preparation

Ninety clean grade healthy male SD rats were prepared
into SAP models by the improved Aho’s method and
randomly divided into the model group (45 rats) and
treatment group (45 rats). Another 45 were assigned
into the sham operation group. The above groups were
then randomly divided into the 3, 6 and 12 h group with
15 rats in each. The treatment group was injected with
dexamethasone via vena caudalis, 0.5 mg/100 g body
weight, 15 min after successful preparation of SAP model.
In the sham operation group, pancreas and duodenum
were turned over before the abdomen was closed. The
sham operation group and model group were injected with
the saline of the same volume #7z vena caudalis 15 min
after the operation". SAP model was established according

1
to the reference!".

Observation indexes

The rat mortality was determined at 3, 6 and 12 h after
operation and the survival rate was calculated at different
time points.

After the rats were anesthetized by sodium pentobarbital
and killed in batches, the pancreas samples were collected.
Fix them according to the related requirements, observe
the pathological changes of pancreas after HE staining
and compare the pathological scores among groups. The
standard of pancreas pathological score was in accordance

Table 1 Comparison of ascite volumes [M (Qr)]

Group 3h éh 12 h

Sham operation group 0.50 (0.00)  0.70 (0.50)  0.60 (0.30)
Model group 7.20 (2.00)  6.40(2.30)  7.90 (1.70)
Dexamethasone treated group ~ 4.50 (2.00)°  4.20 (1.60)°  3.40 (2.70)"

"P < 0.001, dexamethasone treated group vs model group.

with reference”. The content of amylase, endotoxin in
plasma, and TNF-q, 11.-6 and PLA2 in serum of all groups
were determined at different time points.

Apoptotic indexes

The tissue microarray was applied to prepare the tissue
microarray sections of pancreas, which were stained by
DNA, and terminal transferase dUTP nick end labeling
(TUNEL). The observation of pancreatic cells and calcula-
tion of apoptotic indexes were carried out respectively.

Statistical analysis

The statistical analysis was conducted with the SPSS11.5
software. The Kruskal-Wallis test or variance analysis (only
applied to PLLA2) was performed for the comparison among
the three groups. The Bonfferoni test was also applied to
the comparison. There are statistical significances when
P <0.05.

RESULTS

Survival

The mortality of model group was 0% (0/15), 0% (0/15)
and 13.33% (2/15) at 3, 6 and 12 h, respectively. The
sham operation group and dexamethasone treated group
survived at all time points while there was no marked
difference between the model group and dexamethasone
treated group (P> 0.05)"".

Comparison of ascite volumes

The model group and treated group had significantly
higher ascite columes than sham operation group
(P < 0.001), while the treatment group had significantly
lower ascite volume than the model group (P < 0.001)
(Table 1).

Comparison of ascites/body weight ratio

The model group and treatment group had significantly
higher ascites/body weight ratio than sham operation group
(P < 0.001), while the treatment group had significantly
lower ratio than the model group at 3 h (P < 0.01),
and the treatment group had significantly lower ratio than
the model group at 6 and 12 h (P < 0.001) (Table 2).

Comparison of plasma amylase content

The plasma amylase content in model group and
dexamethasone treated group was significantly higher
than in the sham operation group at all time points
(P < 0.001). There was no marked difference between
the dexamethasone treated group and model group at 3
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Table 2 Comparison of ascites/body weight ratio [M (Qr)]

Group 3h é6h 12 h
Sham operation group 0.20 (0.04) 0.30 (0.30)  0.22 (0.10)
Model group 238 (1.10)  258(0.70)  2.54 (0.71)
Dexamethasone treated group ~ 1.53 (0.79)°  1.40 (0.63)*  1.36 (0.74)"

P <0.01, ‘P < 0.001, dexamethasone treated group vs model group.

and 6 h (P > 0.05). The plasma amylase content in the
dexamethasone treated group was significantly less than in

the model group at 12 h (P < 0.01) (Table 3).

Comparison of plasma endotoxin content

The plasma endotoxin content in the model group and
dexamethasone treated group was significantly higher
than in the sham operation group at all time points
(P < 0.001). No marked difference was found between
the dexamethasone treated group and model group at 3 h
(P > 0.05). The content in dexamethasone treated group
was significantly less than in the model group at 6 and 12 h
(P < 0.01) (Table 3).

Comparison of serum TNF-a. content

The model group and dexamethasone treated group had
significantly higher serum TNF-o content than the sham
operation group at all time points (P < 0.001). No matrked
difference was noticed between the dexamethasone
treated group and model group at 3 h (P > 0.05). The
dexamethasone treated group had significantly less serum
TNF-a content than the model group at 6 and 12 h
(P < 0.05)" (Table 3).

Comparison of serum IL-6 content

The serum IL-6 contents of model group and treatment
group were significantly higher than those of sham
operation group (P < 0.001); the content of treatment
group was significantly lower than that of model group at
3 h (P < 0.01); and the contents of treatment group were
significantly lower than those of model group at 6 and
12 h (P < 0.001) (Table 3).

Comparison of serum PLA2 content

The model group and dexamethasone treated group
significantly higher serum PLA2 content than the sham
operation group at all time points (P < 0.001). The content
in the dexamethasone treated group was significantly less

than in the model group (P < 0.001) (Table 4).

Pathological score of pancreatic tissue

HE staining was performed and the pathohistological
score standard was referred to the improved Schmidt
score. Two chief pathologists used the blind method for
scoring.

Gross pathological changes of pancreas. (1) Sham
operation group: No apparent abnormality of pancreas
and petipancreatic epiploon at all time points. (2) Model
group: The gross pathological change of pancreas tail was
more apparent than that of pancreas head. The severity
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of overall pathological change increased with time after
modeling. At 3 h, a small amount of hemorrhagic ascites
was observed by naked eyes with relatively apparent
changes of pancreas hyperemia and edema, hemorrhage
and necrosis; at 6 and 12 h, hemorrhagic ascites increased
more apparently with edema, hemorrhage and necrosis,
and more saponified spots could be seen on peripancreatic
epiploon and peritoneum. (3) Treatment group: At 3 h,
the degree of pancreas hyperemia and edema, hemorrhage
and necrosis was milder than that of model group with
decrease of ascitic fluid; at 6 and 12 h, the pancreatic
hemorrhage and necrosis area and degree were milder than
those of model group with apparent decrease of ascitic
fluid.

The pancreas pathological changes under light
microscope. (1) Sham operation group: Mild interstitial
edema occurred in a few cases, and neutrophil infiltration
was occasional. No acinar cell, fat necrosis and hemorrhage
were observed. (2) Model group: The pathological change
severity increased with time after modeling. At 3 h,
pancreas interstitial hyperemia, edema, a small amount of
inflammatory cell infiltration, focal necrosis and interstitial
hemorrhage occurred, among which some were lamellar
hemorrhage and necrosis. At 6 h, interstitial edema,
hemorrhage, inflammatory cell infiltration, focal and
lamellar hemorrhage and necrosis occurred. At 12 h, large
area of hemorrhage and necrosis, lobule outline damage
and a large amount of inflaimmatory cell infiltration were
found. (3) Treatment group: The pathological change
scope and degree of most cases were milder than those
of model group at corresponding time points. Only a few
had lamellar hemorrhage and necrosis, but the scope of
hemorrhage and necrosis decreased and inflammatory cell
infiltration apparently alleviated.

Comparison of pathological score of pancreas

Both model group and dexamethasone group had
significantly higher pathological score of pancreas than the
sham operation group at different time points (P < 0.01)
while that in dexamethasone group was significantly less
than in the model group at 3 and 6 h (P < 0.05), and it was
also significantly less in the dexamethasone group than in
the model group at 12 h (P < 0.01) (Table 5).

Comparison of apoptosis indexes

The apoptosis index of pancreas head and tail at 3 and
12 h was not significantly different among all groups
(P > 0.05). No marked difference was found between the
model group and sham operation group at different time
points (P > 0.05). At 6 h, the apoptosis index of pancreas
in the treatment group was significantly higher in the
model group and sham operation group (P < 0.01) (Table 6,
Figure 1A and B).

Correlation analysis

There was a positive correlation between amylase and
PLA>2 of model group at 3 h (P < 0.05); the TNF-«
content of treatment group was positively correlated with
PLA2 at 6 h (P < 0.05). There was a positive correlation
between pancreas pathological score and TNF-¢ (P < 0.05).
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Table 3 Comparison of different indexes level in blood [M (Qr)]

Index Sham operation group Model group Dexamethasone treated group

3h 6h 12h 3h 6h 12 h 3h 6h 12 h
Amylase 2038 2117 1725 7423 8149 9195 6739 7839 7791°
(U/L) (346) (324) (434) (2275) (1540) (1298) (2310) (2258) (1863)
Endotoxin 0.015 0.015 0.016 0.035 0.055 0.056 0.03 0.040° 0.042°
(BU/mL) (0.007) (0.007) (0.005) (0.017) (0.025) (0.0195) (0.014) (0.012) (0.018)
TNF-o 33 49 3.7 46.125 77.535 67.301 38.4 58.3" 38.7
(ng/L) (3.6) (2.6) (2.3) (37.954) (42.157) (32.1315) (26.6) (26.4) (28.5)
IL-6 1.75 1.75 1.48 4.87 6.65 5.65 3.31° 317 3.36°
(ng/L) (0.65) (1.04) (0.57) (1.38) (1.45) (1.08) (1.38) (1.28) (1.56)

°P < 0.05, °P < 0.01, dexamethasone treated group vs model group.

Table 4 Comparison of serum PLAz2 content (mean * SD,

U/mL)

Group 3h é6h 12h
Sham operation group 18.70+4.40 16.70+3.83  18.52+11.32
Model group 103.70 +20.82 119.85 £ 17.74 121.29 +17.00
Dexamethasone treated group 53.96 +15.4° 67.75+27.95° 65.27 +26.21°

°P < 0.001, dexamethasone treated group vs model group.

Table 5 Comparison of pathological score of pancreas [M (Qr)]

Group 3h é6h 12h

Sham operation group 0.00 (1.00) 0.00 (1.00) 0.00 (1.00)
Model group 8.00(2.00)  9.00 (2.00) 11.00 (1.50)
Dexamethasone treated group ~ 7.00 (2.00)°  8.00 (2.00)"  8.00 (1.00)"

°P < 0.05, °P < 0.01, dexamethasone treated group vs model group.

Table 6 Comparison of apoptosis index of the head and tail of pancreas [M (Qr)]

Group (¢/h) Pancreas head

Pancreas tail

3h 6h 12 h 3h 6h 12 h
Sham operationgroup 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Model group 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Dexamethasone treated group 0.00 (0.00) 0.00 (2.00)" 0.00 (0.00) 0.00 (0.00) 0.20 (1.80)" 0.00 (0.00)

"P < 0.01, dexamethasone treated group vs model group.

DISCUSSION

Under normal circumstances, the inflammatory mediators
are at low level of dynamic balance to maintain the stability
of the internal environment. Excessive inflammatory
reaction plays a vital role in SAP pathogenesis”. In
this experiment, the influence of dexamethasone on
inflammatory mediators in treatment of SAP rats
was studied and its relationship with the apoptosis of
pancreatic acinar cells was discussed.

Figure 1 A: Dexamethasone treated
group-6 h (Apoptosis of pancreatic acinar
cell); B: Dexamethasone treated group-6 h
(Apoptosis of pancreatic acinar cell).
(TUNEL x 400).

TNF-q can increase the local tissue damage and
capillary permeability, eventually aggravating pancreatic
necrosis, which is important in AP, Norman ez a/”
found in SAP rats a positive correlation between the
TNF-a concentrations in pancreatic tissue and plasma and
the level of pancreatic injury and inflammation, which is
consistent to the fact that in this experiment, the pancreas
pathological score was positively correlated with TNF-o
at 12 h in model group (P < 0.05). It was found in this
experiment that the serum TNF-q contents were lower

www.wjgnet.com
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in treatment group than in model group at 6 and 12 h
(P < 0.05), demonstrating that dexamethasone plays a
certain role in inhibiting serum TNF-o content. Since
PLA:2 plays an important role in SAP onset®" PLA>
antagonist can significantly improve the pathological
injury of pancreas of the animal model with pancreatic
U In this study, the serum PLA: content
was lower in treatment group than in model group
(P < 0.001), demonstrating a significant inhibiting effect
of dexamethasone on PLLA2 or its generation. 11.-6, mainly

injury

generated by monocyte/macrophage, T cell, B cell, ez,
participates in many acute body reactions such as burn,
sepsis and major operation. The positive correlation
between serum 1L-6 level and AP severity has been proved
by many studies'”. And the histological score of pancreas
can be significantly improved by lowering 11.-6. The serum
IL-6 contents were all lower in treatment group than in
model group to different extents (P < 0.01 or P < 0.001),
demonstrating that dexamethasone can inhibit serum I1.-6
content.

In recent years, it was found that both inflaimmatory
mediators and pancreatic acinar cell apoptosis are
related to AP, Apoptosis participates in AP onset"'”.
The apoptosis of pancreatic acinar cell might be a
reaction beneficial to the body after the occurrence of
U7 Both necrosis and apoptosis are death
modes of injured cells"”. However, substantially different

pancreatitis

from necrosis, apoptosis will not release the harmful
substance in lysosome or cause intense inflammatory
reaction™. Necrosis prevails in SAP. The illness can
be alleviated by apoptosis induction and aggravated by
apoptosis inhibition! . In this experiment, according to
the result of TUNEL staining, the apoptotic index was
higher in treatment group than in model group (P < 0.01),
and the pathological score was lower in treatment group
than in model group (P < 0.05) at 6 h, demonstrating that
dexamethasone can promote the apoptosis of pancreatic
cells and protect pancreatic tissue.

The effect of glucocorticoid (represented by
dexamethasone) on AP/SAP has been an issue in dispute.
In 1952, Stephensen ef al™ for the first time reported the
effect of glucocorticoid in AP treatment. Many empirical
studies show glucocorticoid can improve the survival of
AP animals”” Its mechanisms mainly are: inhibiting the
generation of inflammatory mediators and (or) inhibiting
the effects of inflammatory mediators, enhancing
body stress, improving microcirculation, alleviating
endotoxemia, cleaning free radicals, inhibiting nitric oxide
(NO) and expression of NF-kB, et In terms of
administration and dose, Dong ez al’ found a large dose
of dexamethasone was obviously superior to the small
dose dexamethasone in therapeutic effect and early use
of dexamethasone was supetior to dexamethasone of the
same dose 5 h later. We used large doses of dexamethasone
and achieved relatively sound therapeutic effects, obviously
alleviating pathological changes of pancreas.

This empirical study used the improved Aho’s
method™ to prepare SAP model, the rat survival of the
dexamethasone treated group was significantly higher
than that of the model group, but there was no marked
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difference between the two groups (P > 0.05). However,
no matter gross or under light microscope, the treatment
group has milder pancreatic tissue cell inflammatory
pathological changes, less ascitic fluid and hemorrhage,
and lower necrosis scope than the model group at all time
points.

The contents of amylase and endotoxin in plasma
and TNF-q, PLA2 and 11.-6 in serum were all lower in
dexamethasone treated group than in model group. The
apoptotic index was higher in treatment group than in
model group while the inflammation, hemorrhage and
necrosis of pancreas were all milder in treatment group
than in model group, indicating that dexamethasone can
improve the pancreatic injury of SAP rats by directly
inducing pancreatic cell apoptosis, or indirectly inducing
apoptosis through inhibition of excessive rise of TNF-q,
1L-6, PLAo, efe. In this experiment, no relation has been
found between inflammatory mediators and pancreas
apoptotic index. However, it has been found in many
studies that the inflammatory mediators released by
injured cells in AP can influence apoptosis. The role
of inflammatory mediators that indirectly regulate
apoptotic gene is significant and non-neglectable during
its participation in apoptosis. It is worth mentioning that
there are various but one influential factors act together
to result in apoptosis during AP, presenting a network
relation structure”™

We used the tissue microarray section maker (Beecher
Instruments, USA) to drill a hole 2.0 mm in diameter on
recipient block and combined TUNEL staining method
to examine the apoptotic index. The results indicate that
the tissue chip 2.0 mm in diameter can achieve reliable
experimental result, which is representative, time, energy
and reagent saving, and convenient for control.

COMMENTS

Background

The severe acute pancreatitis (SAP) is one of the common acute abdomens
in clinical practice. The pathogenesis of SAP is closely related to factors such
as activation of pancreatin, release of inflammatory mediators, microcirculation
disturbance and apoptosis. The recent studies prove the apoptosis could be a
beneficial reaction to AP. The apoptosis of acinar cell in pancreas inducing injury
can alleviate the inflammatory reaction. In this experiment, the mechanism of
dexamethasone treatment in SAP was discussed and the changes of inflammatory
mediator content and pancreatic acinar cell apoptosis were observed.

Research frontiers

To discuss the influence of dexamethasone on inflammatory mediators and
apoptosis of rats with SAP, the authors established the rat SAP models and
combined the tissue microarrays to observe the influence of dexamethasone
on apoptosis of acinar cell in pancreas, providing a new theoretical basis for
dexamethasone treatment of SAP and application of tissue microarrays in
pancreatitis pathological examinations.

Innovations and breakthroughs
The tissue microarray has been applied to the pathohistological examination of
pancreatitis to improve the study efficiency.

Applications

The sound therapeutic effects of a large dose of dexamethasone on SAP have
been demonstrated. It is of some value to apply tissue microarrays to pathological
examination and analysis of non-tumor diseases like pancreatitis.
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Terminology

The apoptosis is a kind of self-protecting fashion namely the body starts the
autogene program under certain pathological and physiological conditions and
removes the irreparable cells, which is substantially different from necrosis. Tissue
microarray (TMA), or tissue chip, is a method of harvesting small disks (diameter
0.6-2.0 mm) of tissue from a range of standard histologic sections and placing in
an array on a recipient paraffin block by which hundreds of cases can be analyzed
simultaneously. This technique allows maximization of tissue resources by analysis
of small-core biopsies of blocks, rather than complete sections.

Peer review

Through animal studies, the authors investigated the influence of dexamethasone
on inflammatory mediators and apoptosis of rats with severe acute pancreatitis.
They concluded that the mechanism of dexamethasone treatment in acute
pancreatitis is related to its inhibition of inflammatory mediator generation and
induction of pancreatic acinar cell apoptosis.
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Abstract

Endosonography-guided biliary drainage (ESBD) is a new
method enabling internal drainage of an obstructed bile
duct. However, the histological conditions associated
with fistula development via the duodenum to the bile
duct have not been reported. We performed ESBD
14 d preoperatively in a patient with an ampullary
carcinoma and histologically confirmed changes in
and around the fistula. The female patient developed
no complications relevant to ESBD. Levels of serum
bilirubin and hepatobiliary enzymes declined quickly, and
pancreatoduodenectomy was carried out uneventfully.
The resected specimen was sliced and stained with
hematoxylin-eosin. Histological evaluation of the
puncture site in the duodenum and bile-duct wall, and
the sinus tract revealed no hematoma, bile leakage,
or abscess in or around the sinus tract. Little sign of
granulation, fibrosis, and inflammatory cell infiltration
was observed. Although further large-scale confirmatory
studies are needed, the findings here may encourage
more active use of ESBD as a substitute for percutaneous
transhepatic drainage in cases with failed/difficult
endoscopic biliary stenting.

© 2007 WJG. All rights reserved.
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INTRODUCTION

The role of endosonography (ES) in digestive diseases is
gradually expanding from diagnostic to therapeutic ap-
plications. In the mid 1990s, the feasibility of ES-guided
cholangiopancreatography was first reported by Harada
et al" (pancreatography) and Wiersema ez a/” (cholangiog-
raphy). Several reports on the application of this technique
for therapeutic purposes, such as ES as a guide for biliary
drainage, have been published.

We have recently applied ES-guided biliary drainage
(ESBD) for preoperative decompression of the biliary tree
in a patient with cancer of the papilla of Vater. The results
of histological evaluation of and around the sinus tract are
reported herein.

CASE REPORT

A 76-year-old Japanese woman was admitted to our de-
partment, complaining of jaundice and itching, Laborato-
ry data on admission showed the following abnormalities:
serum total bilirubin, 11.7 mg/dL; glutamic oxaloacetic
transaminase (GO'T), 389 1U/L; glutamic pyruvic trans-
aminase (GPT), 285 IU/L; and alkaline phosphatase
(ALP), 1487 TU/L. Transabdominal ultrasonography and
abdominal computed tomography revealed a mass in the
ampullary region, along with dilatation of the bile and
pancreatic ducts (Figure 1). To resolve her complaints,
endoscopic retrograde cholangiopancreatography (ERCP)
with biliary stenting was attempted. However, cannula-
tion of the bile duct was unsuccessful because stenosis
of the descending portion of the duodenum, and the
presence of a tumor at the papilla of Vater that bled eas-
ily when contacted, made it impossible to manipulate the
endoscope to identify the orifice. After obtaining written
informed consent, ESBD was undertaken. Following vi-
sualization of the extrahepatic bile duct with a curved lin-
ear array echoendoscope (GF-UC240P; Olympus, Tokyo,
Japan), the dilated bile duct was punctured zia the upper
part of the descending portion of the duodenum with a
19G needle (Olympus) (Figure 2A). Following removal of
the core needle, white bile was aspirated. A small amount
of contrast agent was then injected vz the sheath catheter
into the bile duct, to guide stent placement and to con-
firm the absence of bile leakage or extravasation. A guide-
wire 0.889 mm in diameter (Jagwire; Boston Scientific,
Natik, MA, USA) was introduced into the sheath catheter

and inserted into the intrahepatic bile duct. Subsequent to
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Figure 1 CT reveals a mass in the ampullary region (arrow) with a dilated
extrahepatic bile duct. The patient also had multiple renal cysts.

Figure 2 A, B: Puncture of the bile duct via the duodenum under endosonographic
guidance, followed by deployment of a plastic stent. C: Endoscopic view after
stent placement.

removing the sheath catheter and leaving the guidewire 7
sitn, we dilated the puncture tract with a dilator catheter
7F in diameter, and placed a 7F plastic stent (Figure 2B
and C). The patient developed no symptoms related to
the procedure and her initial complaints also soon disap-
peared. One week after the procedure, levels of serum
total bilirubin, GOT, GPT, and ALP had declined to 3.2
mg/dL, 33 TU/L, 47 TU/L, and 780 IU/L, respectively.
She underwent pancreaticoduodenectomy 14 d after
ESBD. Macroscopically, the sites of the puncture in the
bile duct and duodenum were clear without infection,
hemorrhage or hematoma (Figure 3).Histological exami-
nation revealed mild inflammatory cell infiltrate adjacent
to the sinus tract in the duodenal and bile duct walls,
without hemorrhage (Figure 4). A fistula was formed

Figure 3 Fresh resected specimen. No hematoma or abscess is seen at the site
of the puncture in the bile duct.

along the tract of the puncture without significant reactive
changes. No evidence of severe inflammation, such as bile
peritonitis, was found on the extraluminal side of either
the duodenum or the bile duct.

DISCUSSION

The role of ES in the management of gastrointestinal
diseases has evolved from imaging of the gut wall and
organs adjacent to the alimentary tract, to its use as a
guide for tissue sampling with a fine-needle, as well as in
therapeutic applications such as injection of agents into
tumors and drainage of pancreatic pseudocysts. Endo-
sonographic approaches to an inaccessible bile duct and
pancreatic duct by ERCP were first reported in the mid
1990s. In 1996, Wiersema ef al” reported the feasibility
of ES-guided cholangiopancreatography. Subsequently,
several case series have been published on the feasibility
and effectiveness of ESBD, the first being by Giovan-
nini e/ o/’ in 2001, in a pancreatic cancer patient with a
history of failed cannulation of the bile duct, even after
precutting, who underwent preoperative chemoradio-
therapy. They succeeded in the deployment of a 10F
stent in a two-step procedure by changing endoscopes.
In 2003, Burmester e al’ reported three cases of suc-
cessful stent placement among four attempts at ESBD.
They achieved biliary drainage by a one-step technique,
a modification of the Seifert technjque[g] for drainage of
pancreatic pseudocysts. They approached the bile duct via
the duodenum, stomach and even the jejunum. Mallery
et al” performed endoscopic ultrasound-guided rendez-
vous drainage of the bile duct and pancreatic duct after
unsuccessful ERCP. They succeeded in stent placement
following antegrade traverse of the stenosis with a guide-
wire in three (two biliary and one pancreatic) of six cases.
Puspok er al applied this technique to cases of bile duct
stones with difficult cannulation of the bile duct, and re-
ported excellent results. Kahaleh ez al” recently published
their experience of ESBD in 23 patients. They carried out
puncture of the bile duct zia the stomach, duodenum and
jejunum, and concluded that intrahepatic access to the bili-
ary system appears safer than the extrahepatic approach.
As described here, acceptable success rates and inci-
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Figure 4 Microscopic views of the sinus tract. Mild inflammatory cell infiltrate
adjacent to the sinus tract in the duodenal wall and the bile duct wall is seen,
without hemorrhage or abscess formation. A fistula is formed along the tract of the
puncture but without significant reactive changes. A: Low-power view of the sinus
tract (x 1.25); B: End of the sinus tract on the hile duct side (x 5); C: End of the
sinus tract on the duodenal side (x 5).

dence of complications were reported for puncture and
stent placement under sonographic guidance. However,
there have been no reports of the influence of this tech-
nique on the gut wall, bile duct, or intervening tissues
between them. This is believed to be the first report de-
scribing the preoperative performance of ESBD and the
histological condition of the sinus tract established by this
method. The duodenum, bile duct and sinus tract showed
no adverse histological changes. These results are attribut-
able to the use of endosonography as a guide. This tech-
nique has a low potential risk of major bleeding as color

www.wjgnet.com

Doppler evaluation is utilized for determining the route of
the puncture. Injury to adjacent organs is also minimized
due to clear visualization of the structutes in the area of
interest, with the use of high-frequency ultrasound. Some
authors™* have applied a fistulotome with electrocautery
for puncture. However, it seems theoretically safer to apply
a simple puncture needle to avoid damage to the tissues in
and around the pathway of the puncture.

The present study elucidated histological changes at
and around the sinus tract, following ESBD. The results
that no severe inflammation or hemorrhage occurred
should encourage the wider use of this technique, although
further large-scale studies will be needed.

In general, the method of choice for biliary obstruction
is endoscopic biliary stenting. Percutaneous transhepatic
cholangio-drainage (PTCD) is considered a substitute.
However, PTCD can result in pain after placement of the
drainage tube, and can restrict activities of daily living. In
contrast, ESBD is a safe and effective method for biliary
drainage and does not cause pain or restriction of daily
living, as is the case with endoscopic biliary stenting. It
should therefore replace PTCD in a large proportion of
those patients with an obstructed biliary tree and with dif-
ficult cannulation of the bile duct, duodenal stenosis, or
deformity of the papilla of Vater caused by cancer, which
hinders detection of the orifice, regardless of the likeli-
hood of successful PTCD.

As is the case with plastic stents in endoscopic biliary
stenting, the diameter of the stent available in ESBD is re-
stricted by the diameter of the working channel of the en-
doscope employed. The endoscope we used had a 2.8-mm
diameter working channel, allowing the use of only 7F
stents, or smallet.

Dilation of the sinus tract can be achieved with a dila-
tor balloon, following insertion of the guidewire into the
bile duct zia the lumen of the placed stent and removal
of the sent alone. Therefore, once access to the bile duct
has been established, it is possible to place a stent with
a larger caliber, even a metallic stent, without difficulty
in cither a one- or two-step procedure. In the long term,
it is inevitable that plastic stents will become occluded.
Deployment of a metallic stent will prolong patency, as
shown in endoscopic transpapillary biliary stenting[lol.
Covered metallic stents are deemed to be advantageous in
avoiding bile leakage.

Further development of accessory devices specialized
for ESBD will help expand its indications.
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Abstract

This study aimed to describe a case in which an
isolated splenic metastasis was synchronous with the
colonic primary and a concomitant splenic abscess was
associated. A wide review of the literature was also
performed. A 54-year-old woman with abdominal pain
and fever was admitted to our department. Abdominal
CT revealed two low-density areas in the spleen and
wall-thickening of the left colonic flexure, which was
indistinguishable from the spleen parenchyma. The
patient underwent emergency celiotomy, with the
presumptive diagnosis of obstructing colon carcinoma
of the splenic flexure, and concomitant splenic
abscess. Subtotal colectomy and splenectomy were
performed. Pathological findings were consistent with
mucinous colonic carcinoma, synchronous isolated
splenic metastasis and concomitant splenic abscess.
This paper is also a review of the existing literature
on the association between colorectal cancer and
splenic metastasis. Only 41 cases of isolated splenic
metastasis from colon carcinoma have been reported
in the literature. This report is the third described case
of synchronous isolated splenic metastasis from colon
carcinoma. Only one case with concomitant splenic
abscess has been previously reported. When obstructing
left-sided colorectal cancer is suspected, careful CT
examination can allow early diagnosis of splenic
involvement by the tumor. The literature review suggests
that there might be a significant improvement in survival
following splenectomy for a metachronous isolated
splenic metastasis from colon carcinoma. Prognosis for
synchronous splenic metastasis seems to be related to
the advanced stage of the disease. Nevertheless, no
definitive conclusions can be drawn because of the small
number of cases.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Primary and metastatic tumors of the spleen are described
as unusuall’] excluding secondary involvement by
lymphomal. Since metastatic carcinoma involving the
spleen is usually a manifestation of widely disseminated
discase, isolated splenic metastasis from colorectal
carcinoma is not a common occurrence!™, Its rareness
has been hypothetically explained by several characteristics
of the spleen, such as anatomical, histological and
immunological features!!. Most cases are asymptomatic
and the diagnosis is usually made by imaging studies during
the diagnostic work up for colon cancer?. However, a
few patients become exceptionally symptomatic following
spontaneous rupture of the spleen, or the presence of an
associated splenic abscess!®".

We report the case of a synchronous isolated splenic
metastasis from colonic carcinoma, with a concomitant
splenic abscess, and we also review all cases of isolated
splenic metastasis from colorectal cancer reported in the
literature. To the best of our knowledge, only one case
of splenic metastasis from colonic carcinoma associated
with concomitant splenic abscess has been reported in the
literaturel”, which is an extremely rare clinical entity.

CASE REPORT

In June 2006, a 54-year-old Caucasian woman was referred
to our emergency department because of abdominal pain
associated with intermittent fever over 40°C, shaking and
chills. She also complained of general fatigue and loss
of appetite. Otherwise, her previous medical history was
unremarkable. On clinical examination, the patient was
pale and shocked. Blood pressure and pulse rate were
90/60 mmHg and 98/min, respectively. The abdomen was
distended, with tenderness in the left hypochondrium. There
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Figure 1 Two low density
areas in the spleen (Axial
CT-scan).

Figure 2 Wall thickening of
the left flexure of the colon
indistinguishable from the
spleen parenchyma (Axial
CT-scan).

was neither hepatosplenomegaly nor lymphadenopathy.
Sepsis was identified both by a clear clinical picture which
showed high fever and hemodynamic instability, and
by positive blood culture which grew Escherichia coli and
Bacteroides fragilis. 1.aboratory data on hospital admission
were as follows: white blood cell count, 148 X 109/ L; red
blood cell count, 280 x 10"/uL; hemoglobin, 67 g/L;
thrombocyte count 383X 10?/L; fibrinogen, 5.17 g/L;
albumin 23 ug/L; and carcinoembryonic antigen (CEA),
31.1 ug/L (normal range < 2.50 ug/L).

Chest X-ray revealed a left pleural effusion. Abdominal
plain radiography showed intestinal obstruction
with typical air fluid levels in the bowel. Abdominal
ultrasonography demonstrated a hypoechoic area with
unclear margins in the lower pole of the spleen, with the
features of a splenic abscess. Enhanced abdominal CT
revealed two low-density areas in the spleen (Figure 1)
and wall-thickening of the left colonic flexure, which was
indistinguishable from the spleen parenchyma (Figure 2).
Echocardiography was normal and detected no
vegetations. The patient was treated with fluid, intensive
antibiotics and blood transfusion as initial therapy,
and then she underwent an emergency operation for a
presumptive diagnosis of obstructing colonic carcinoma
and septic shock from a concomitant splenic abscess.
On explorative celiotomy, the splenic flexure of the
colon presented a mass occluding the lumen, infiltrating
the entire colonic wall, and invading the lower pole of
the spleen. There were neither hepatic metastases nor
peritoneal dissemination. Frozen section examination
of the spleen was performed after splenectomy. Frozen
section showed the presence of splenic metastasis from
adenocarcinoma, with a concomitant splenic abscess.

Figure 3 Splenic tumor
showing glandular pattern
consistent with metastasis
from colonic mucinous
carcinoma (HE, x 40).

Figure 4 CEA along the luminal border of tumor cells infiltrating splenic pulp (anti-
CEA monoclonal antibody staining, x 100).

A subtotal colectomy with side-to-side ileo-sigmoid
anastomosis was then performed. The spleen weighed
160 g and measured 12 cm X 7 cm X 4.5 cm. On gross
examination, the tumor originated from the left colonic
flexure and invaded the spleen, in which it formed a
fistula and an abscess in the metastatic tissue. The splenic
metastasis measured 4.5 cm at its largest diameter and had
a central abscess with a cavity of 2 cm. Histopathological
findings were consistent with mucinous adenocarcinoma
of the colon, synchronous isolated splenic metastasis
from the primary colonic tumor (Figure 3), and
concomitant splenic abscess, without metastatic lymph-
node involvement (T4NOM1). Immunohistochemistry
of both colonic carcinoma and splenic metastasis was
performed using anti-CEA monoclonal antibody (Clone
[I-7, Dako Corporation, Carpinteria, CA, USA). Staining
of CEA along the luminal border of tumor cells was
demonstrated both in the colonic carcinoma and in the
metastasis that infiltrated the splenic pulp (Figure 4). Left
pleural effusion persisted for 10 d after the operation, and
the patient was finally discharged on postoperative day 15.

After 1 mo, the CEA level dropped to 3.0 pg/L.
The patient was treated with adjuvant chemotherapy. Six
months after the operation, CEA level was 10.4 pg/L.
Abdominal CT and positron emission tomography
(PET) revealed a solitary liver metastasis of 2 cm, which
was surgically removed. Exploration of the abdominal
cavity revealed no further evidence of neoplastic disease.
Afterward, the patient was once more subjected to
adjuvant chemotherapy.
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Table 1 Literature review of isolated splenic metastasis from colorectal carcinoma

Year Author Journal Site of primary Synchronous Metachronous Concomitant
tumor metastasis metastasis splenic abscess
1969 Dunbar™” Mayo Clinic Proc Rectum 1
1982 Waller™ Clin Nucl Med Sigmoid colon 1
1986 Slavin®® Clin Nucl Med Right colon 1
1992 Capizzi®™ South Med | Rectum 1
1993 Thomas™ Eur ] Surg Oncol Left colon 1
1997 Mainprize® Br ] Surg Splenic flexure 1
1997 Indudhara™ South Med J Sigmoid colon 1
1999 Achuthan'®! Ann R Coll Surg Engl Rectum 1
1999 Weathers"™ Dis Colon Rectum' Sigmoid colon 1
1999 Vadala®! Minerva Chir Left colon 1
2000 Kim'! J Korean Med Sci Right colon 1
2000 Lee™ Am Surg Not specified 1
2001 Place”! Am Surg Sigmoid colon 1
2001 Avesani™ Am ] Clin Oncol Left colon 1
2001 Paramelle” J Radiol Left colon 1 1
2001 Okuyama™ Jpn J Clin Oncol Sigmoid colon 1
2001 Quoted in Okuyama®” JpnJ Clin Oncol® Left colon 11
Left + right colon 1
Right colon 7
Rectum 1
2003 Genna'’ Minerva Chir Left colon 1
2004 Cavallaro™ J Exp Clin Cancer Res Sigmoid colon 1
2004 Pizzirusso™! Acta Chir Belg Left colon 1
2006 Cabanas"! Tumori Sigmoid colon 1
2006 Gencosmanoglu® World J Surg Oncol Sigmoid colon + 1
splenic flexure
2007 Pisanu Present report Splenic flexure 1 1
Total 3 39 2

Number 41

'This metastasis occurred 3 mo after colonic operation; *From the review of the Japanese literature.

DISCUSSION

Approximately 20% of colorectal carcinomas are
metastatic at their clinical presentation!”. Metastases to
other sites in the absence of liver, lung or axial skeleton
involvement are very rare!™l. Similar to the results of an
autopsy study by Berge, microscopic splenic metastases
were found in 7%-34% of cancer patients™. The same
author reported the incidence of splenic micrometastases
arising from colorectal carcinoma to be as high as 2%
in 1019 colorectal tumors, but all of these involved
other otrgans as well?. In 1969 Dunbart ¢z a/'” published
the first case report of isolated splenic metastasis from
colorectal carcinoma and to date, only 41 such cases have
been reported in the literature (Table 1). All but two of
previously described cases of solitary splenic metastases
from colon carcinoma had a metachronous metastasis
(Table 1). We have described the third reported case in
which an isolated splenic lesion was synchronous with
colonic carcinomal™". The particularly interesting aspect
of our case was also related to the simultaneous presence
of a splenic abscess, because the only other reported case
with similar clinical and pathological features is that by
Paramelle ef a/”.

The rareness of splenic metastasis arising from colonic
carcinoma suggests the existence of some mechanism that
prohibits tumor cell proliferation in the spleen. Anatomical
and immunological characteristics may be reasons for the
rarity of isolated splenic metastasis!l. From an anatomical
perspective, the sharp angle of the splenic artery with
the celiac axis and rhythmic contraction by the sinusoidal
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splenic architectute are limiting factors for metastasist™'.
According to Indudhara ez o/, neoplastic cells can
reach the splenic vein and parenchyma by retrograde
diffusion through the inferior mesenteric vein. The spleen
parenchyma contains no afferent lymphatic vessels, but
they are present in the capsular, subcapsular and trabecular
regions!'. Tumor cells might also teach the spleen viz the
lymphatic system, which explains the typical subcapsular
localization of isolated splenic metastases!'. As the spleen
is the second largest organ of the reticuloendothelial
system, immune surveillance appears to potently inhibit
tumor cell proliferation. Moteovet, experimental studies
have shown that the growth rate of adenocarcinoma cells
injected into the spleen is significantly lower than that of
the same cells injected into the liver!™.

Histopathological findings in our case were consistent
with mucinous adenocarcinoma of the colon, as in
three other cases of isolated splenic metastasis'®'".
Mucinous gastrointestinal malignancies are thought to
cause perforation and infiltration of the full thickness of
the bowel wall, which lead to extensive invasion of the
pericolic fat®'¥. A new mechanism has been proposed in
the case of contiguous splenic metastasis from mucinous
colonic tumorts. Cabanas ¢7 a/'’! have suggested that
mucus-producing epithelial cells become trapped within
the trabecula of the splenic capsule, in congenital clefts
of the spleen, or in microfissures caused by trauma.
The resistance of the splenic capsule or fibrous tissue
surrounding the spleen causes the mucinous tumor to
expand into the soft splenic parenchyma, rather than
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the peritoneal cavity!"’l. Following the more aggressive
behavior of mucinous colonic tumors, this mechanism
may have explained the presence of the synchronous
splenic metastasis in our case. Furthermore, since CEA
appears as an immunosuppressant, and acts as an adhesion
molecule between tumor cells and visceral macrophages,
colonic tumor cells with positive CEA staining should
display more aggressive behaviot™'®l. In regard to these
biological functions, CEA expression might be associated
with the occurrence of isolated splenic metastasis!’
(Figure 4).

The diagnosis of isolated splenic metastasis is generally
made by imaging studies during the diagnostic work up
for colonic cancet®. Only a few patients with splenic
metastasis become symptomatic because of the presence
of an associated splenic abscess®™ or spontancous rupture
of the spleen®", as in out case. Okuyama e/ a/*" have
pointed out that only six of 28 reported patients were
symptomatic at the time of diagnosis. Our patient became
symptomatic as a result of abdominal occlusion and
sepsis originating from the splenic abscess, in which E.
coli and B. fragilis grew, as in most cases of colonic abscess
associated with colonic cancerl. The association between
splenic abscess and colonic cancer is a very rare clinical
entity™, as is isolated splenic metastasis. Only a few cases
have been reported in the literature, and sometimes the
splenic abscess resulted from a direct fistula of descending
colon carcinoma, without spleen metastasis®!. The most
frequent complication of splenic abscess is its rupture into
the peritoneal cavity, and untreated splenic abscesses have
a high mortality rate®.

Most previously described patients with solitary
splenic metastasis from colon carcinoma had a disease-
free survival of 3-144 mo after the primary tumorl'™724,
Long-term survival after splenectomy in patients with
isolated metachronous splenic metastasis from colon
carcinoma varied from 0.5 to 7 years"**1 As a result,
prognosis of isolated splenic metastasis after splenectomy
appears to be rather optimistic, despite the fact that splenic
metastasis is one form of distant metastasis®. In our case
of synchronous metastasis, intensive follow-up revealed
a solitary liver metastasis 6 mo after operation, without
further evidence of neoplastic disease in the abdominal
cavity. However, the disease-free interval after splenectomy
in the case of synchronous splenic metastasis reported by
Avesani ¢/ a/'" was 10 mo, and the patients died of diffuse
carcinomatosis after 1 year.

The spleen is considered unfavorable to the
development of metastases but the reason for this is
not clearly understood. An isolated splenic metastasis
from colon carcinoma is a rare clinical finding. On the
basis of the present case, when an obstructing left-
sided colorectal cancer is suspected in emergency setting,
careful examination of the abdominal CT-scan can allow
early diagnosis of a splenic involvement by the tumor.
Clinicians must pay close attention to the spleen for
the early diagnosis of isolated splenic metastasis when
routinely evaluating abdominal CT-scan and abdominal
ultrasonography following curative resection of primary
colorectal cancer. Splenectomy is necessary in the presence
of isolated metastases from colon carcinoma both

synchronous and methacronous. The occurrence of a
splenic abscess makes emergency splenectomy mandatory
as the most frequent complication is its rupture into the
peritoneal cavity.

Splenectomy followed by chemotherapy seems to be
the preferred treatment of isolated splenic metastases
from colorectal carcinoma. There are few data available
about recurrence after splenectomy for metastases of
this type. Literature review suggests that there might be a
significant improvement of long-term survival following
splenectomy for methacronous splenic metastasis arising
from colon carcinoma. Prognosis for synchronous splenic
metastasis seems to be related to the advanced stage of the
disease. Nevertheless, following the small number of cases
reported in the literature, no definitive conclusions can be
drawn.
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Abstract

We report a case of a patient presenting with clinical,
radiological and endoscopic features of colitis due
to a compressive left para-aortic mass. Total open
surgical excision was performed, which resulted in
complete resolution of colitis. Histopathology and
immunohistochemistry revealed benign retroperitoneal
schwannoma. These neural sheath tumors rarely occur
in the retroperitoneum. They are usually asymptomatic
but as they enlarge they may compress adjacent
structures, which leads to a wide spectrum of non-
specific symptoms, including lumbar pain, headache,
secondary hypertension, abdominal pain and renal
colicky pain. CT and MR findings show characteristic
features, but none are specific. Schwannoma can
be isolated sporadic lesions, or associated with
schwannomatosis or neurofibromatosis type I (NF2).
Although they vary in biological and clinical behavior,
their presence is, in nearly every case, due to alterations
or absence of the MF2 gene, which is involved in the
growth regulation of Schwann cells. Both conditions
were excluded by thorough mutation analysis.
Diagnosis is based on histopathological examination and
immunohistochemistry. Total excision is therapeutic and
has a good prognosis. Schwannomatosis and NF2 should
be excluded through clinical diagnostic criteria. Genetic
testing of NF2 is probably not justified in the presence of
a solitary retroperitoneal schwannoma.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Schwannomas or neurilemmomas are encapsulated tumors
arising from the neural sheath of peripheral nerves. They
are usually present in the head and neck or in the upper ex-
tremities, but may appear in the posterior mediastinum and
more rarely in the retroperitoneum. The latter are often
found incidentally or may present with vague, non-specific
symptoms if the tumor is large enough to compress sur-
rounding structures.

We report a case of a benign retroperitoneal schwanno-
ma with an unusual clinical presentation, its radiological,
histopathological and genetic features, and its subsequent
management.

CASE REPORT

A 45-year-old woman was admitted to our emergency de-
partment for severe colicky abdominal pain with nausea
and vomiting that started about 15 min after her last meal.
She had no relevant medical history but mentioned hav-
ing had back pain for the last 2 mo, which she thought
was due to her increasing workload and stress at work. She
denied having any abdominal problems until that day. On
clinical examination, the patient was afebrile, pale and un-
comfortable. Blood pressure and heart rate were normal.
Abdominal examination showed a diffusely tender abdo-
men, more pronounced in the left lower quadrant. She had
no guarding or rebound. Deep palpation of the abdomen
revealed a non-tender, non-pulsatile mass left of the um-
bilicus. Rectal examination was unremarkable, except for
the presence of a little blood. Within the first hour after
admission, the patient suffered one episode of diarrhea
stained with a moderate amount of fresh blood. Labora-
tory tests showed an increased white blood cell count
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Figure 1 Contrast-enhanced CT scan of the abdomen showing a diffuse infiltration
around the rectum and the sigmoid colon, and thickening of their walls.

Figure 2 Well-demarcated, homogeneous mass measuring 60x50 mm in close
proximity to the left iliac artery, lumbar vertebrae and psoas muscle, on contrast-
enhanced CT scanning.

(WBC) of 18000 cells/mm? and C-reactive protein (CRP)
of 1.1 mg/dL. Other values were within the normal range.
At this point our differential diagnosis included diverticu-
litis and a contrast-enhanced computed tomodensitometry
(CT) of the abdomen was performed. It revealed a diffuse
infiltration around the rectum and the sigmoid colon, and
a thickening of their walls (Figure 1). No diverticula were
found. It also showed a well-demarcated, homogeneous,
left para-aortic mass lying between the lumbar vertebrae
and the left psoas muscle, which measured 60 X 50 mm
(Figure 2). With few specific findings, the scan was consid-
ered inconclusive.

She was hospitalized and received isotonic fluid resus-
citation, and intravenous broad-spectrum antibiotics were
commenced. Symptoms improved rapidly and disappeared
almost completely 3 d after the initial complaints. During
her hospital stay, several examinations were performed.
First, the patient underwent colonoscopy to exclude in-
flammatory bowel disease (IBD). It revealed a diffusely
edematous, slightly erythematous rectum and sigmoid
colon, but no erosive or ulcerative lesions. Histopathologi-
cal examination of biopsies taken during colonoscopy
showed diffuse edema and signs of chronic inflammation,
characterized by the presence of mostly lymphocytes and
polynuclear granulocytes. Granulomas were absent. A few
cryptic abscesses and zones of erosion were also found.

www.wjgnet.com

Figure 3 Coronal Ti-weighted MR
image using gadolinium, showing a
solid mass with the same features as
seen with CT scanning.

Figure 4 Perioperative examination of the mass revealed a solid, greyish, ovoid
tumor with a smooth capsule and a homogeneous yellow core.

The pathologist’s diagnosis was chronic colitis, more pro-
nounced in the sigmoid colon than the left colon, and
excluded IBD. In laboratory tests, WBC had fallen to a
normal value at 9780 cells/mm? after a rise to 12000. CRP
level followed the same course to settle at 1.7 mg/dL, af-
ter it had risen to 10.8. Tumor markers CEA and CA 19.9
were within the normal range. Magnetic resonance imag-
ing showed the same features as seen with CT scanning
(Figure 3).

Since we believed that the mass caused the patient’s
signs and symptoms, we opted for open surgical excision.
We approached the retroperitoneal space through a median
laparotomy. During exploration and meticulous dissection
of the mass, we noticed that it was in close proximity to
the aorta and left iliac artery and vein, and seemed to atise
from the left para-aortic sympathetic chain. It also adhered
partially to the left psoas muscle and to the anterior as-
pect of the lumbar vertebrac. Complete excision was per-
formed. Perioperative examination of the mass revealed a
solid, greyish, spherical tumor with a smooth capsule and a
heterogeneous core (Figure 4).

The postoperative course was uneventful. We noticed
that the left leg was slightly warmer and dryer than the
right, which suggested that we had performed a left lumbar
sympathectomy, thus in favor of the excision of a tumor
of neural origin. Microscopic histopathological examina-
tion revealed strings of spindle cells surrounded by a col-
lagenous stroma that was partially hyalinized and showed
cystic degeneration in some regions (Figure 5). There was
some nuclear atypia with very limited mitotic activity, but



Fass G et al. Clinical, radiological, histopathological and genetic considerations 5523

Figure 5 Antoni A area on the right (well-organised spindle cells in a palisade
pattern) and Antoni B area (less cellular, loose pleomorphic cells) on the left (HE,
x 200).

no signs of malignancy. The tumor tested intensely posi-
tive for S-100 protein, which confirmed the diagnosis of
benign schwannoma. The integrity of the capsule was also
noted, which confirmed total excision of the mass. The
patient was discharged from the hospital on the fifth post-
operative day.

Six weeks after surgery, she was still symptom free
and signs of sympathectomy persisted. A CT scan and
colonoscopy were performed to evaluate the evolution of
colitis, which had completely resolved. Further investiga-
tions were performed to exclude neurofibromatosis type
I (NF2) or schwannomatosis. Thorough physical exami-
nation was performed on the patient but no superficial
tumors were found. Family history for schwannoma or
meningioma was negative. MRI did not show any tumor
of the central nervous system. Furthermore, the presence
of a germline NI"2 mutation was excluded by thorough
mutation analysis on DNA extracted from the patient’
s lymphocytes. We performed direct sequencing of all
coding exons of the NI2 gene. Deletion was excluded by
multiplex ligation-dependent probe amplification (MLPA).
We concluded that the schwannoma was most likely due to
a somatic mutation in the NF2 gene.

DISCUSSION

Schwannomas, or neurilemmomas, are tumors arising from
the Schwann cells of peripheral nerves™?. They are usually
found in the head and neck or in the upper extremities.
Only 1% is found in the retroperitoneum, which accounts
for 0.5%-1.2% of all retropetioneal tumors™, They can be
isolated as sporadic lesions or associated with schwanno-
matosis or NF2. Although they vary in biological and clini-
cal behavior, their presence is in nearly every case due to
alterations or absence of the INI2 gene (located on chro-
mosome 22q12), which codes for werlin, a tamor suppres-
sor protein involved in the growth regulation of Schwann
cells, but its exact mechanism has not yet been elucidated.
Most schwannomas are benign but (although very rarely)
malignant degeneration can occur, and is usually associated
with NF2", Patients with benign retroperitoneal schwanno-
mas are predominantly in their second to fifth decade, and

. 46
women are twice as often affected as men'*".

On gross appearance, schwannomas are well-demarcat-
ed, solid tumors with a smooth surface and have an ovoid
or spherical shape'”. Sometimes, secondary changes such
as hemorrhage, cysts and calcification can be present!",
They are usually solitary and slow-growing tumors'’. The
retroperitoneum is non-restrictive, so that benign tumors
are often able to grow to a large size before causing symp-
toms. These are generally vague and non-specific”, and
range from lumbar pain and neurological symptoms in the
lower extremities”, to renal colicky pain, with or without
hematuria, if it involves the urogenital tract”. Abdominal
complaints can also occur but are mainly vague and pootly
localized, with some digestive disturbances™ """, Our
patient’s presentation was peculiar, not only because of
the abrupt onset of her symptoms, but also because she
had colitis. We believe that the tumor was large enough to
compromise venous return in the mesocolon, which led to
stasis characterized by the infiltration and parietal thicken-
ing seen on CT, the edematous and erythematous aspect
seen during colonoscopy, and the chronic inflammation
with edema seen on histopathological examination. This
idea has been strengthened by the fact that those signs dis-
appeared completely after removal of the tumor.

Diagnosis is rarely made preoperatively. The mass seen
on the CT scan showed characteristic features of benign
schwannoma. It was a well-demarcated, spherical, solitary
mass and in a paravertebral position'”. Contrast enhance-
ment homogeneity was seen because no gross cystic de-
generation or calcification had yet occurred. Most authors
agree that these features are not diagnostic. Other diagno-
ses such as paraganglioma, neurofibroma, ganglioneuroma,
tumors of mesodermal origin and retroperitoneal malig-
nancies, including malignant fibrous histiocytoma, lym-
phoma and liposarcoma, should be considered"*". MRI
was helpful because it has a better definition, multiplanar
capabilities, and the possibility to differentiate the nature
of the tumor, such as solid tissue, fibrous tissue, simple or
atypical fluid, and blood"". Tt confirmed the presence of
a solid, homogeneous mass, and showed its relation to ad-
jacent structures in greater detail®”, No invasive process
was revealed and the margins were still regular, convincing
us that the mass was benign in nature!'”. Definite diagnosis
was made during histopathological examination and immu-
nohistochemistry. Microscopically, the mass showed An-
toni A (well-organised spindle cells in a palisade pattern)
and B (less cellular, loose pleomorphic cells) areas™”, and
tested intensely positive for S-100 protein, which is almost
exclusively identified within benign nerve sheath tumors' ™',
CT-guided fine needle aspiration biopsy can be helpful in
determining the origin of a mass preoperatively, but is sel-
dom accurate!”. Since we believed the mass was causing coli-
tis, open surgical excision was performed. Successful lapa-
roscopic removal of retroperitoneal schwannomas has been
reported[m], as well as with endoscopic minilaparotomy[zo].

Recurrence is rare and probably due to incomplete exci-
sion”!!. Further investigations were performed to exclude
schwannomatosis or NF2. Absence of other schwannomas
and lack of family history of schwannoma theoretically ex-
cluded both conditions (see diagnostic criteria in Tables 1
and 2). The presence of a germline NF2 mutation was ex-
cluded by a thorough genetic analysis. We performed direct
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Abstract

There are occasional incidences of gallstone spillage
during laparoscopic cholecystectomy, and there have
been frequent reports on such a topic in the literature.
To the best of our knowledge, however, there have been
no reports about spilled stones caused by spontaneously
perforated hemorrhagic cholecystitis. Here, we report
the radiologic findings of spilled stones caused by
spontaneously perforated hemorrhagic cholecystitis in a
55-year-old man.

© 2007 WJG. All rights reserved.
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INTRODUCTION

With the increased use of laparoscopic surgery, the spillage
of gallstones during laparoscopic cholecystectomy has been
reported in 6%-40% of cases'™. To the best of our knowl-
edge, however, there have been no reports about spilled

stones caused by spontaneously perforated hemorrhagic
cholecystitis. Here, we present ultrasonography (US) and
computed tomography (CT) images of this rare condition.

CASE REPORT

A 55-year-old man complained of abrupt upper abdominal

pain during hospitalization for a brain abscess. A complete
blood count taken 12 h after the attack showed that the
level of hemoglobin dropped to 8.8 ¢/L (from 13.3 g/L,
36 h before the attack). Other blood analysis revealed mild
thrombocytopenia (platelet count 106 X 10°/puL), and
mild hyperbilirubinemia (total bilirubin concentration 1.7
mg/dL); however, the white blood cell count was normal
(9.27 x 10°/puL).

Immediately after the attack, the patient underwent US,
which demonstrated echogenic material in the gallbladder
lumen (Figure 1A), with a positive sonographic Murphy’s
sign. US was discontinued because the patient complained
of severe abdominal pain. Contrast-enhanced CT was
performed and its images revealed high-density fluid, both
inside and outside the gallbladder. One impacted cystic
duct stone was seen, as were several calcified objects (which
looked like stones), within the high-density (46-61 HU) flu-
id surrounding the gallbladder (Figure 1B and C). A defect
in the wall or mucosal disruption of the gallbladder was
also noted (Figure 1D and E). In addition, underlying liver
cirrhosis with splenomegaly was observed. Percutaneous
transhepatic gallbladder drainage (PTGBD) and cholangi-
ography were performed. Cholecystography demonstrated
contrast leakage from the gallbladder (Figure 1F).

He had a medical history of several years of alcoholic
liver cirrhosis with mild esophageal varices and multiple
gallbladder stones. Two months before the current attack,
he underwent an abdominal CT scan to evaluate liver cit-
rhosis. At that time, CT revealed multiple stones in the
gallbladder, without complications (Figure 1G).

DISCUSSION

Laparoscopic cholecystectomy has become a popular al-
ternative to open surgery for the treatment of gallstones.
With the increase in laparoscopic cholecystectomy, the
incidence of gallstone spillage has increased, with an inci-
dence ranging from 6% to 40%!"”. The complications of
peritoneal spilled gallstones ate abscess, fistula formation
within various intraperitoneal organs, or sinus tract forma-
tion”". To the best of our knowledge, however, gallstone
spillage caused by spontaneously perforated hemorrhagic
cholecystitis in a patient who did not undergo cholecystec-
tomy has not been reported.

The proposed mechanism of gallbladder perforation
is stone impaction in the cystic duct, which leads to reten-
tion of secretion from mucus glands and distention, with
progressive distention leading to vascular compromise, fol-
lowed by necrosis and perforationm. During this process,
bleeding can occur, which results in hemorrhagic chole-
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Figure 1 A 55-year-old man with right upper quadrant pain. US images (A) demonstrate heterogeneous, highly echogenic material, both within and outside the gallbladder
lumen (arrows), with a positive sonographic Murphy’s sign. Non-contrast (B) and contrast-enhanced (C) transverse CT images show high-attenuation (46-61HU) material,
both in the gallbladder lumen and pericholecystic space. One stone is seen in the cystic duct (long arrow) and calcified material (with the same appearance as the cystic
duct stone) is seen in the fluid collected (short arrow) around the gallbladder. Contrast-enhanced coronal CT images (D, E) show well the impacted cystic-duct stone (arrow),
and the mucosal defect with continuation of hemorrhage (dotted arrow). PTGBD (F) with cholecystography demonstrates contrast leakage from the gallbladder. Contrast-
enhanced transverse CT images (G) taken 2 mo before the current attack show multiple stones in the gallbladder neck without complications.

cystitis with hemoperitoneum. In our case, the patient had
liver cirrhosis and therefore the risk of bleeding could
have been increased.

In our study, US showed heterogeneous, highly echo-
genic material, both within and outside the gallbladder lu-
men, which may have been suggestive of gallbladder pet-
foration with hemorrhage. However, we could not detect
the exact perforation site nor spilled gallstones on US, and
so we were not able to diagnose gallbladder perforation
at that time. CT clearly demonstrated the perforation site
at the gallbladder wall and spilled radiopaque stones that
were missed on US. It has been reported that distended
gallbladder, thickened and bulging gallbladder wall, peri-
cholecystic fluid, cholelethiasis, and gallbladder wall defects
are the US and CT findings of gallbladder perforation. The
most specific of these findings is gallbladder wall defects,
with a detection rate of 38.4% on US and 69.2% on CT".
The most common site of perforation is reported to be
the fundus (70% of cases), due to poor vascular supply"”’.

In conclusion, gallstone spillage due to spontancous
perforation is a very rare condition. However, US or CT
visualization of mucosal disruption of the gallbladder wall,
with gallstones within hemoperitoneum is suggestive of
the condition.
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Abstract

Mirizzi syndrome is a rare complication of gallstone
disease, and results in partial obstruction of the common
bile duct or a cholecystobiliary fistula. Moreover,
congenital anatomical variants of the cystic duct are
common, occurring in 18%-23% of cases, but Mirizzi
syndrome underlying an anomalous cystic duct is an
important clinical consideration. Here, we present
an unusual case of type I Mirizzi syndrome with an
uncommon anomalous cystic duct, namely, a low lateral
insertion of the cystic duct with a common sheath of
cystic duct and common bile duct.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Mirizzi described a functional hepatic syndrome in 1948,
which consists of obstruction of the common hepatic
duct secondary to compression by an impacted gallstone
in the cystic duct or in the infundibula of the gallbladder
(GB) associated with an inflammatory response involving
the cystic duct and the common bile duct (CBD),
surrounding inflammation, recurrent cholangitis, and
spasm of the circular muscular sphincter in the hepatic
duct!". Mirizzi syndrome (MS) indicates a narrowing of

the common bile duct by a gallstone impacted in the
cystic duct or a cholecystobiliary fistula. Many cases have
so far been reported, and various operations have been
suggested depending on the types of MS. Laparoscopic
cholecystectomy has become the standard operation for
gallstones, and many authors have adopted this operation
for type I MS. However, high rates of conversion and
bile duct injury indicate that this is not a safe treatment
modality for MS, especially when combined with a cystic
duct anomaly??.. In this report, we present a case of type
I Mirizzi syndrome, complicated by a rare anomalous
cystic duct, which was operated with an open procedure.

CASE REPORT

A 34-year-old Korean female presented at our hospital
complaining of abdominal pain of 2-d duration. The
finding of her physical examination was not remarkable
except for tenderness at the right upper abdominal
quadrant with a positive Murphy sign. Furthermore, her
laboratory findings were not remarkable except for an
abnormal liver function: 2.1/1.6 mg/dL bilirubin (total/
direct), 126 TU/L alkaline phosphatase, 310 IU/L aspartate
aminotransferase, 625 IU/L alanine aminotransferase,
and 114 1U/L gamma glutamyl transpeptidase.
Ultrasonography (US) revealed multiple gallstones with
GB wall thickening and a suspicious 1 cm-sized distal
CBD stone. The same findings were also noted on
endoscopic ultrasonography (EUS). Endoscopic retrograde
cholangiopancreatography (ERCP) was conducted for
a closer examination and removal of the CBD stone.
However, ERCP showed that the 1 cm-sized gallstone was
impacted in an anomalous cystic duct joined with the distal
CBD. In addition, a gallstone compressed the CBD at the
level of union between the pancreatic and biliary ducts
(Figure 1). Mirizzi syndrome with low medial insertion
of the cystic duct was preoperatively diagnosed, and
endoscopic nasobiliary drainage (ENBD) tube was placed
to decompress the biliary obstruction after endoscopic
sphincterotomy.

During laparotomy via a right subcostal incision, the
GB was found to be shrunken, thickened, and inflamed.
The long and dilated cystic duct seen on ERCP was not
identified in the operative field, and the GB was strongly
attached to the CBD because of chronic inflammation
and also possible anomalous union to the CBD (i.e.,
possibly due to a common sheath cystic duct and CBD).
After subtotal cholecystectomy, the remnant of cystic duct
was thickened and dilated to about 1.5 cm in diameter.
Intraoperative choledochoscopy was performed via the

www.wjgnet.com



5528 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

November 7, 2007 Volume 13  Number 41

Figure 1 ENBD cholangiogam after endoscopic retrograde cholangiography
showing a 1 cm-sized gall stone impacted in a cystic duct joining the extreme
lower CBD portion and other stones in gall bladder. Mild CBD dilation was noted
due to the presence of a cystic duct stone.

Figure 2 Torn pancreas and
intrapancreatic portion of
the cystic duct (A) and their
primary repair (B) during
lithotripsy of the impacted
stone.

Ligation of
Sy remnant cystic
" duet

M

Posteropr
side of -
pancreas

remnant of cystic duct and the impacted cystic duct stone
was visualized. However, lithotripsy with choledochoscopy
failed at this time. Another attempt was made to remove
the cystic duct stone after duodenum mobilization
through the remnant of cystic duct using a stone forceps
made. Moreover, during this procedure, the pancreas and
intrapancreatic portion of the cystic duct were torn, and
the impacted cholesterol stone escaped retroperitoneally
from the lacerated intrapancreatic cystic duct and pancreas
(Figure 2A). After ligation of the stump of remaining
cystic duct and primary repair of the torn cystic duct
and pancreas (Figure 2B), intraoperative cholangiography
via an ENBD tube showed neither leakage nor residual
stone. A closed suction type drain was placed in the liver
bed and retroduodenal space, and the abdominal wall was
then closed. Because the ENBD catheter and endoscopic
sphincterotomy were preoperatively performed, they
could have played a role in biliary drainage in place of

www.wjgnet.com

Figure 3 Follow-up ENBD
cholangiogram showing
minor leakage from the
repaired cystic duct on the
7th postoperative day (A),
but no visible leakage on
_ the 21st postoperative day
Remnant <’ J (B).

cystic duct s B

B
Leakage dye,—

choledochotomy and T-tube insertion. The postoperative
course was uneventful, except for minimal drainage
from the closed suction drain and minor leakage from
the repaired cystic duct, which was visible on the 7th
postoperative day on ENBD cholangiography (Figure 3A).
After conservative management, no visible leakage was
observed from the repaired cystic duct on follow-up
ENBD cholangiography on the 21st postoperative day
(Figure 3B). After removal of the ENBD catheter, the
patient was discharged on the postoperative 23rd d, and
has now been doing well for over 3-years.

DISCUSSION

Congenital anatomical variants of the cystic duct are

common, occurring in 18%-23% of cases. Among those
cases, the cystic duct inserts into the middle third of the
extrahepatic bile duct in 75% of cases and into the distal
third in 10% of cases. Five types of cystic duct anomaly
have been described: a long cystic duct with low fusion
with the CHD, abnormally high fusion between a cystic
duct and the CHD, accessory hepatic duct, cystic duct
entering the right hepatic duct, and cholecystohepatic
duct®®. In particular, low medial insertion of the cystic
duct deserves special attention, because this anatomical
variant may lead to misdiagnosis by imaging studies,
thus adversely affecting therapeutic intervention. In
addition, anomalous cystic duct may also be a problem at
cholecystectomy!. In the presently described case, ERCP
demonstrated that the biliary obstruction was caused by a
cystic duct gallstone in a low medially inserting cystic duct
which joined the distal CBD near the ampulla of Vater,
but not by a distal CBD stone as indicated by US and EUS.

Zhou"" reported that 65 (5.9%) among 1100 cases
had an abnormal cystic duct and common bile duct
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confluence, as determined by ERCP, and he divided cystic
duct anomalies into three types, and the very low-sited
confluence was found in 9 (13.8%) cases among anomalous
cystic ducts. Another study of 50 patients reported a single
case (2%) of intrapancreatic confluence!'.

MS is a rare disease entity that accounts for about
0.1%-2.5% of all operations performed for gall bladder
stones!'*. In 1982, McSherry e al'¥ classified MS into
two types, based on ERCP findings. Type I involves
external compression of the common hepatic duct by a
large stone impacted in the cystic duct, or the Hartmann’s
pouch, without any lesion in the gall bladder or common
hepatic duct wall. In type II, a cholecystocholedochal
fistula is present, which is caused by a calculus that has
eroded partly or completely into the common duct. In
1989, Csendes e al' classified MS into four types, and
their classification categorized cholecystocholedochal
fistula further depending on its extent of destruction. The
McSherry classification or the Csendes classification has
usually been used by clinicians, because these classifications
more usefully guide surgical management.

MS has been highlighted because of its high incidence
of iatrogenic biliary injuries and its demand for complex
surgical procedures. Preoperative diagnosis of MS is
difficult. However, it is important to prevent unexpected
intraoperative morbidities, such as bile duct injury.

In the present case, a cystic duct stone was misdiagnosed
as a CBD stone by US and EUS. However, in order to
evaluate and remove the stone, ERCP was carried out and
finally, a cystic duct stone with MS type I combined with
a low lying anomalous cystic duct was diagnosed before
surgery. Most MS cases have CBD obstruction symptoms
such as jaundice (76.5%), which induce surgeons to attend
to CBD problems”. Howevet, cases not associated with
CBD obstruction symptoms may be diagnosed as GB
stone requiring only laparoscopic cholecystectomy. In
a series reported by Tan ef a/’l, bile duct injuries were
observed in 4 (16.7%) of 24 operatively treated patients,
and all the 4 injuries occurred in patients without a
preoperative diagnosis.

Surgical treatment of MS depends on its type. Although
laparoscopic cholecystectomy has almost completely
replaced open cholecystectomy for the treatment of
symptomatic gallstone disease, laparoscopic cholecystectomy
is relatively hazardous in patients with MS, because safe
dissection of Calot’s triangle is difficult due to severe local
inflammations and adhesionst¥. Al-Akeely ez a/? reported
that 2 of 6 type I MS patients successfully underwent
laparoscopic partial cholecystectomy with an endo-GIA
stapler. However, the procedure was converted to an
open procedute in the remaining 4 patients. Schafer ez /'

reported that conversion to an open approach was needed
in 24 of 34 patients (74%) with type I MS and in all 5
patients with type II MS.

In the present case, open cholecystectomy was
performed for MS combined with a cystic duct anomaly.
However, bile duct injury occurred during removal of
the impacted cystic duct stone. Thus, we would like to
advise that, if MS combined with a cystic duct anomaly is
diagnosed before surgery, the operator should not hesitate
to perform open surgery and dissect carefully, while
considering anatomical deformities associated with chronic
inflammation. Moreover, intraoperative cholangiography
should be performed to minimize the risk of biliary injury.
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Abstract

The ingestion of a foreign body that penetrates the
gastric wall and migrates to the liver, where it causes an
abscess is uncommon. A case of an ingested rosemary
twig perforating the gastric antrum, then migrating to the
liver, complicated by hepatic abscess and Staphylococcus
aureus sepsis is reported. A 59-year-old man without a
history of foreign body ingestion was admitted to our
hospital because of sepsis and epigastralgia, which had
progressively worsened. No foreign body was identified
at preoperative imaging, but a rosemary twig was
discovered during laparotomy. The liver abscess and
sepsis were controlled successfully with surgery and
antibiotics. This unusual condition should be kept in mind
when dealing with cases of hepatic abscess, or even
sepsis of unknown origin. Despite the improvement of
non-surgical techniques such as percutaneous drainage
and interventional endoscopy, surgery still remains
important in the treatment of hepatic abscess caused by
an ingested foreign body.

© 2007 WJG. All rights reserved.
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INTRODUCTION

The first case of hepatic abscess as a result of gastro-
intestinal tract (GIT) perforation caused by a foreign
body was published by Lambert in 1898". Most foreign
bodies pass through the GIT without causing any damage
once they pass the lower esophageal sphincterm. It is not

unusual to come across patients in clinical practice with
GIT perforation due to ingested foreign bodies, but the
development of a secondary hepatic abscess due to foreign
body perforation of the gastric wall is a rare condition™
In the majority of cases, an carly diagnosis is difficult to

make because of the non-specific clinical presentation”,

CASE REPORT

A 59-year-old man presented with epigastric, right upper
abdominal pain and intermittent high-grade fever, with
chills and rigors for the past 2 mo. There was no history of
foreign body ingestion. He had received treatment for his
fever of unknown origin at a district hospital in the form
of antibiotics (ceftriaxone, 2.0 g daily) and antipyretics.
On admission, examination revealed a septic, high-grade
febrile patient (38.9°C) with tachycardia (pulse 128 bpm)
and tachypnoea (21 breaths/min). The white blood cell
count was 28.8 X 10°/L, alkaline phosphatase was 180
U/L, bilirubin was normal, and C-reactive protein (CRP)
was 320 mg/L. The abdomen was tense with tenderness
in the epigastrium and right hypochondrium, without
any signs of peritoneal reaction. Chest X-ray revealed a
right-sided pleural effusion, but X-ray of the abdomen
was normal. Ultrasound (US) examination, contrast-
enhanced computerized tomography (CT) (Figure 1)
and magnetic resonance imaging (MRI) of the abdomen
(Figure 2) revealed a hepatic abscess of 11.7 cm X 10.3
cm X 8.8 cm in the segments S4b-S5. The patient was
started on meropenem and subjected to exploratory
laparotomy, which revealed a huge abscess occupying
the central segments of the liver, and concomitant acute
calculous cholecystitis. There was no association between
the inflammatory process in the gallbladder and abscess
formation. After cholecystectomy, hepatotomy along the

gallbladder bed was performed, and about 500 mL of pus
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Figure 1 CT scan of the abdomen demonstrating a liver abscess containing a
small amount of gas.

Figure 2 MRI of the abdomen showing the abscess in liver segments S4b-S5. (A)
T2W coronal view; (B) T2W axial view.

was drained and a rosemary twig of 4.5 cm was retrieved
from the abscess cavity (Figure 3). Since there was no
obvious fistulous communication between the liver and
stomach or duodenum, a careful examination of the upper
GIT revealed a small covered perforation of the gastric
antrum wall. The perforation was repaired by using single-
layer interrupted sutures (Figure 4). The abscess was also
drained with a triple-tube lavage system. Vancomycin was
added postoperatively due to subsequent blood culture
that showed Staphylococcus aureus. The patient recovered
uneventfully and was discharged on postoperative d 10.

DISCUSSION

The reported incidence of foreign bodies penetrating the
GIT is < 1%, with the objects being pointed or sharp
in most cases, such as sewing needles, tooth picks, and

Figure 4 Repair of the perforation site in the gastric antrum.

chicken and fish bones™, pens, toothbrushes and dental
plates”",

The most common sites of perforation of the GIT are
the stomach and duodenum”. Abscess formation occurs
more often on the left hemiliver™. The ingestion of a
foreign body that penetrates the GIT wall and migrates to
the liver, where it causes an abscess is indeed rare, with 46
cases being reported in the recent literature’”. No report
of hepatic abscess caused by ingestion of a rosemary twig
(used for food flavoring), has been found so far in the
medical literature.

The classical presenting features of hepatic
abscess, such as fever with chills, abdominal pain and
discomfort, and jaundice are present in only a small
number of patients' . Most patients have non-specific
symptoms such as anorexia, vomiting or weight loss with
leucocytosis[ﬁ'gl, or increased transaminases, bilirubin or
alkaline phosphatase'"'". The migrating foreign body may
remain silent for a long time and may only be discovered
if there are features of infection or abscess formation',
The presentation of a penetrating foreign body (tooth
pick) as a granulomatous liver abscess has been reported 1
mo after ingestion, requiring partial lateral resection of the
liver'”, The prolonged time course of the illness, the lack
of history of foreign body ingestion, the relatively non-
specific symptoms and signs, and the non-specific results
obtained by using conventional radiography have resulted
in delayed recognition of this possibly fatal diseas .
Deaths caused by missed or delayed diagnosis have been
reported, one of which was discovered on autopsy!* .
Thus, both a high clinical suspicion index and prompt
treatment are necessary for this rare condition! """,
An ingested foreign body may be identified with plain
X-rays of the abdomen, if the body is radio-opaque.
Other methods of foreign body identification include
US, CT, MRI, upper GIT endoscopy, colonoscopy,
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and laparotomy®"”"", Endoscopy may be helpful when
performed early, before the foreign body migration and
mucosal healingl3’7j.

The recommended treatment is exploratory laparotomy
to evacuate the hepatic abscess, remove the foreign body,
and repair the perforation site in the GIT'"'. Since the
gastric perforation is small and is probably covered by the
omentum or hepatic lobe, minimally invasive treatment
such as percutaneous drainage of the pus collection,
combined with endoscopic removal of the foreign body,
can be employed to reduce open surgery™”. Also, the
successful treatment of hepatic abscess and foreign body
removal by the percutaneous transhepatic approach has
been reported™’.,

In conclusion, we report a very rare case of the
migration of an ingested rosemary twig into the
liver through the stomach, which resulted in hepatic
abscess and sepsis. Due to the lack of obvious fistulous
communication between the liver and upper GIT, careful
exploration of the abscess cavity is of great importance.
This condition should be kept in mind when dealing with
cases of hepatic abscess, or even sepsis of unknown origin.
Therefore, an early diagnosis and prompt intervention
are optimal for treatment and necessary to avoid death.
Despite the improvement of non-surgical techniques such
as percutaneous drainage and interventional endoscopy,
surgery still remains important in the treatment of hepatic
abscess caused by an ingested foreign body.
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Abstract

Carcinosarcomas are rare, malignant, biphasic tumors.
We report the case of a 62-year-old man with gastric
carcinosarcoma, along with its clinical, macroscopic and
histopathological features. Macroscopically, a specimen
of deformed stomach was obtained that measured
200 mm x 150 mm % 100 mm. A 150 mm % 100 mm X
50 mm exophytic tumoral mass (Borrmann typeI)
was found, which involved the posterior wall from
the cardia to the antrum. Histopathologically, a mixed
type of malignancy was revealed: an adenocarcinoma
with intestinal metaplasia, with interposed fascicles of
fusiform atypical cells and numerous large, rounded and
oval cells. The tumor showed positive histochemistry
for cytokeratin 18, epithelial membrane antigen,
carcinoembryonic antigen, chromogranin A and vimentin.
Liver metastases were diagnosed 8 mo postoperatively,
and the patient died 4 mo later. A review of the available
literature is also presented.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Carcinosarcomas are rare, malignant, biphasic tumors. In
the upper gastrointestinal tract, they are most frequently
observed in the esophagus, while localization in the
stomach has been less frequently reported” ™. We present
the case of a 62-year-old man with gastric carcinosarcoma,
along with its clinical, macroscopic and histopathological
features.

CASE REPORT

The patient was a 62-year-old man admitted for surgery
with a 2-mo history of blunt epigastric pain, nausea, loss
of body weight and intermittent bleeding from the upper
gastrointestinal tract. His and his family medical history
was unrematkable.

Upon admission, the patient was in a forced position,
bent anteriorly with a facial expression of pain. General
examination revealed marked pallor, and tenderness in
the epigastric region, radiating to the right side of the
anterior abdominal wall. In the space of Labbé, an elastic,
resistant, fixed mass was palpated. Routine laboratory
parameters were found to be normal, except for markers
of hypochromic anemia and inflammation: hemoglobin
100 g/1., hematocrit 26%, mean corpuscular volume (MCV)
78 {L, iron blood level 6.8 pmol/L, iton-binding capacity
84 umol/L, saturation 8%, plasma fibrinogen 6.9 g/L, and
erythrocyte sedimentation rate 85 mm at the end of the
first hour (Wintrobe). The concentration of CA 72.4 was
110 U/mL.

Endoscopic examination revealed an exophytic,
lobulated mass that infiltrated the entire posterior wall of
the stomach, from the cardia to the antrum, obturating
the gastric lumen throughout. An endoscopically taken
biopsy revealed signs of carcinosarcoma, with strongly
expressed adenomatous and fibromatous components.
Barium-based contrast radiography revealed a satisfactorily
passable pyloric canal, despite the initial antral obturation.
Computerized abdominal tomography (Figure 1) detected
an irregular inhomogeneous, prominent tumorous
formation (120 mm X 80 mm X 50 mm) in the stomach,
with enlarged solitary lymph nodes of up to 2 cm
disseminated along the minor and major gastric curvatures.
The patient subsequently underwent total gastrectomy

with Roux-en-Y esophagojejunostomy and extirpation of
the affected lymph nodes. Macroscopically, a specimen
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Figure 1 CT scan of the abdomen showing tumor (arrows). AB, CD: tumor
diameters.

Figure 2 Macroscopic specimen obtained during surgery. Tumor underwent
central necrosis, and a hemorrhagic zone is visible on the periphery.

of deformed stomach that measured 200 mm X 150
mm X 100 mm was obtained. A 150 mm X 100 mm X
50 mm exophytic tumoral mass (Borrmann type I ) was
found, which involved the posterior wall from the cardia
to the antrum. Areas of necrosis and haemorrhagia were
observed in the tumor (Figure 2). The tumor did not
invade the esophagus or duodenum, and metastases to
other organs were not observed (TNM stage I A).
Histopathologically, the tumor involved all the layers
of the gastric wall. The malignancy had two components,
epithelial and mesenchymal. The epithelial component
consisted of irregular, dilated adenomatous structures,
along with a low cylindrical epithelium, with atypical,
pleomorphic hyperchromatotic or vesiculous nuclei and
detectable nucleoli. Between the glandular formations
spread the mesenchymal component, consisting of fascicles
of fusiform atypical cells and numerous large, rounded and
oval cells, with extremely pleomorphic, hyperchromatic
nuclei. Among the aforementioned, multiple atypical,
multinuclear giant cells with bizarre hyperchromatotic nuclei
and spotted vacuolated cytoplasm were scattered (Figure
3A and B). The epithelial component showed positive
histochemistry for cytokeratin 18 (Figure 4), epithelial
membrane antigen (EMA) and carcinoembryonic antigen
(CEA). Chromogranin-A-positive epithelial cells were also
observed. The mesenchymal component showed intensive
staining for vimentin (Figure 5), although neither muscular
nor neural differentiation was found. No H pylori was seen.

www.wjgnet.com

Figure 3 Massive lymph node infiltration with tumor cells. Only a few tubules can
be seen on the lymph-node periphery. In between and all around, large polygonal
cells are haphazardly arranged (sarcomatous component). This appearance
resembles that of the main tumor mass. A: hematoxylin-eosin (HE), x 50; B: HE,
x100.

Figure 4 Cytokeratin-18-positive epithelial cells arranged in tubules (x 400).

The patient was discharged on the fifteenth
postoperative day in a very well condition. Eight months
after operation, liver metastases were observed on CT
scanning, but his Karnofsky performance status (50) and
Eastern Cooperative Oncology Group performance status
(3) did not allow the administration of chemotherapy, and
therefore he only received symptomatic medications. He
died about 4 mo later.

DISCUSSION

In this paper, we presented the case of a patient with
stomach carcinosarcoma, with simultaneous occurrence
of moderately to well-differentiated adenocarcinoma
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Figure 5 Vimentin-positive polygonal tumor cells (x 400).

and traces of neuroendocrinous, chromogranin-A-
positive elements, combined with a vimentin-positive
mesenchymal component. To the best of our knowledge,
this is the first case of gastric carcinosarcoma seen in this
part of the world. According to the available sources,
about 50 cases of gastric carcinosarcoma have been
reported so far, mostly in Japan and predominantly in the
male population, mostly over the age of 60 yearsH'()J. An
Italian group has experienced five cases of synchronous
occurrence of adenocarcinoma and stromal tumor duting
a 10-year periodm. Carcinosarcomas in the stomach may
be polypoid, exophytic or endophytic, with generally
ulcerated surfaces, and they frequently infiltrate the gastric
wall in the antral or pyloric region, and form large tumor
masses”"". Intestinal adenocarcinoma is predominant, but
carcinoid and endocrinous or neuroendoctinous elements
have been observed during the synchronous appearance
of carcinoma and sarcoma in the stomach, while the
sarcomatous component can vary between myoblastic,
rhabdomyoblastic, chondroblastic and osteoblastic differ
entiation™ """, Metastasis of carcinosarcoma, however,
may be entirely carcinomatous, sarcomatous ot biphasic in
appearancem.

Immunocytochemistry seems to be the gold standard
for diagnosis of carcinosarcoma, because contrast-based
radiography, computerized tomography (CT) and even
endoscopy appear to be less efficient, and occasionally,
even standard light microscopy is not adequate. Therefore,
CEA, EMA, pancreatin, chromogranin A, CD56 and
synaptophysin staining are highly specific markers for the
carcinomatous components, while desmin, vimentin and
a-smooth muscle/sarcomeric actin show affinity for the
sarcomatous elements™'?,

Therapy of carcinosarcoma is always radical and
comprises partial or total gastrectomy with Roux-
en-Y deviation of one of the jejunal loops, although
some complications might appear in the postoperative
period"*". Some experimental studies reported possible
tumor reduction following treatment with methionine/
valine-depleted enteral nutrition, although its efficacy in
humans is ambiguous and remains to be established"”.

Prognosis of carcinosarcoma in the stomach is poorm,
and patients with gastric endocrine cell carcinoma have a
poorer prognosis than those with other types of gastric

carcinoma. The mean survival period is estimated to
be 10-15 mo, and overall tumor recurtrence in the first
postoperative year is greater than 50%5,

With respect to the histogenesis of carcinosarcoma,
two hypotheses have been proposed. Some authors have
suggested that carcinosarcoma is derived from a single
totipotential stem cell that has the ability to pursue both
epithelial and mesenchymal differentiation"!. There is
no strong evidence that H pylori infection influences the
appearance of carcinosarcoma'".

In conclusion, carcinosarcoma of the stomach is a
rare tumor with high malignant potential, often of unclear
etiology. At present, no clinical tests are available for early
diagnosis (MRI, barium-based gastrography). The gold
standard for definitive diagnosis is immunohistochemical
staining of endoscopic biopsy. The possibilities for therapy
are confined to radical Roux-en-Y esophagojejunostomy,
and recurrence of the tumor can be expected within the
first postoperative year.
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Abstract

Perivascular epithelioid cell tumor (PEComa) is a rare
tumor which arises from mesenchymal tissues. It is
predominant in the uterus, but very rare in the liver. To
the best of our knowledge, less than 5 cases of PEComa
of the liver have been reported. Herein we present two
pathologically proven cases of PEComa of the liver,
retrospectively analyze their clinical and imaging features,
and review the literature.
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INTRODUCTION

Perivascular epithelioid cell tumor (PEComa) is a rare
tumor which atises from mesenchymal tissues. The uterus
is the predominant site, but it is very rare in the liver' . To
the best of our knowledge, less than 5 cases of PEComa
of the liver have been reported™”. Herein we present
two pathologically proven cases of PEComa of the liver,
retrospectively analyze their clinical and imaging features,
and review the literature.

CASE REPORT

Case 1
A 56-year-old woman complained of abdominal distention

for a week. The laboratory examinations were normal.
Ultrasonography found a mass in the superior segment of
left lateral lobe of the liver. Non-enhancement CT showed
a round isodense mass in the IV segment of the left liver
with ill-demarcated margin. There was no evidence of fatty
density, calcification and necrosis in the mass. On contrast
enhancement CT, a well demarcated mass, sized 5.1 cm X
4.2 cm, was found with significant and heterogeneous
enhancement (Figure 1A). It was more strikingly enhanced
on portal venous phase than on arterial phase. Focal
nodular hyperplasia (FNH) or adenoma of the left
liver was considered before operation. After operation,
pathological diagnosis was established as PEComa of
the left liver (Figure 1B). Neither primary recurrence nor
metastasis was found during the 2-year follow-up.

Case 2

A 63-year-old woman was found to have a mass of liver
incidentally in physical examination. Blood, stool and urine
routines were normal. Pre-contrast CT scan revealed a lower
density mass in the lobus caudatus with a well demarcated
margin and homogeneous density. Contrast-enhanced
CT showed significantly and heterogeneously patchy
enhancement of the lesion on arterial phase (Figure 2A),
being slightly hypodense on delayed CT scan. On T1-
weighted images, a round homogeneous hypointense mass
in the lobus caudatus was found. On T2-weighted images
(Figure 2B), the mass had mildly heterogeneous high-signal
intensity with a well-demarcated margin. After contrast
enhancement, the mass had striking and homogenous
enhancement on arterial phase and venous phase. The
diagnosis was FNH or HCC of the liver before operation.
The gross appearance of the tumor was a smooth, grey
and brown lesion with a capsule. The tumor cells were
polygonal with eosinophilic cytoplasm. The final diagnosis
was PEComa of the liver. Neither primary recurrence nor
metastasis could be found during the 1-year follow-up.

DISCUSSION

The term “PEComa” was introduced by Zamboni e# a/
in 1996, Tn 2002 and 2003, two monographs published
under the auspices of the World Health Organization
(WHO) recognized a family of neoplasm with perivascular
epithelioid cell differentiation and accepted the designation
"PEComa"". In the WHO soft tissue volume, PEComas
are defined as “mesenchymal tumors composed of
histologically and immunohistochemically distinctive
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Figure 1 The PEComa of the liver in a 56-year-old woman. A: Contrast-enhanced
CT scan shows significant and heterogeneous enhancement of the lesion; B:
Photomicrograph shows polygonal or short spindle cells with oval nuclei and clear
abundant cytoplasm (HE, x 200).

perivascular epithelioid cells (PECs)"”

PECs are characterized by perivascular location, often
with a radial arrangement of cells around the vascular
lumen. Typically, PECs in an immediate perivascular
location are most epithelioid and spindle cells resembling
smooth muscle are seen away from vessels”™. The PEC is
characterized by positivity with melanocytic markers, such
as HMB-45, Melan-A and microphthalmia transcription
factor. Desmin is less often positive and cytokeratin and
S100 protein are usually absent"”,

PEComas have been reported in the uterus, falciform
ligament, gastrointestinal tract, kidney, pancreas, pelvic
sidewall, skull, vulva, prostate, thigh, common bile duct
and heart. It now appears that PEComas may potentially
arise from any anatomic location, but the uterus is the
predominant site. Of the 51 cases of PEComa that have
been documented in the literature, 46% (21/51) were
described in the uterine corpus and 90% developed in
females™. The PEComas of the liver are extremely rare,
and only 5 cases have been reported to date”,

Clinical presentation of hepatic PEComa has no
specificity. It is often found accidentally in physical
examinations. But in other organs, the clinical presentation
of PEComa might be significant, for example, uterine
PEComa may induce uterine bleeding strikingly. Sometimes,
a mass can be touched in the PEComa of the lower
digestive system and soft tissues.

It is very difficult to make correct diagnosis of PEComa
of the liver preoperatively. It is often misdiagnosed as
hepatocellular carcinoma, hemangioma, FNH, adenoma and

www.wjgnet.com

Figure 2 The PEComa in the lobus caudatus of the liver in a 63-year-old woman.
A: Contrast-enhanced CT scan demonstrates a tumor in the lobus caudatus; B:
Axial T2-weighted (7058/84) MR image shows a hyperintense mass with well-
demarcated tumor margins.

angiomyolipoma. Imaging modalities may be useful because
they can help to differentiate PEComa from hepatocellular
carcinoma. But the final diagnosis can only be made by
pathology.

Clear criteria for malignancy in PEComas have not
been elaborated, due to their rarity[s], but there have been
a few reports about the tumor metastases””. On the basis
of prior reports, it appears that PEComas displaying any
combination of infiltrative growth, marked hypercellularity,
nuclear enlargement and hyperchromasia, high mitotic
activity, atypical mitotic figures, and coagulative necrosis
should be regarded as malignantl5’8J. Malignant PEComas
are aggressive sarcomas that frequently result in the death
of affected patients, therefore, a close and long-term
clinical follow-up is suggested.
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Abstract

Infection with tapeworms is a major problem in many
parts of the world. Patients may be asymptomatic or
have a significant morbidity depending on the species.
Infection with 7aenia species is sometimes found by
expulsion of eggs or proglottids in stool. Species specific
diagnosis of 7aenia is difficult, but possible. We present
a case of 7aenia saginata incidentally discovered, and
risk factors for transmission, diagnosis, symptoms, and
treatment.

© 2007 WJG. All rights reserved.
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TO THE EDITOR

A 63-year-old Lebanese male presented for routine
surveillance colonoscopy of polyps. He denied abdominal
pain, hematochezia, weight loss, or change in bowel habits.
Physical examination and laboratory studies including a
complete blood count were normal. While withdrawing
the scope, the following item was seen (Figure 1).

The linear white object represented a parasite. On
endoscopic examination, it was found to move within the
colon. When retrieved and further analyzed, it was found
to be a proglottid of Taenia saginata, the beef tapeworm.
The scolex and majority of the worm are present in the
small bowel, with the head usually residing in the jejunum
or ileum. Each segment, known as a proglottid, has a
complete set of reproductive organs. The adult worm

www.wjgnet.com

may have hundreds to thousands of proglottids. The
more distal the proglottids are, the more mature they are,
containing an increasing number of eggs. Taenia species
bud off distal segments from the rest of the body that are
passed through the feces. The mature T. saginata tapeworm
can reach 4-6 meters or more in length, and has 1000-2000
proglottids. The scolex has 4 suckers, but no hooks. In
contrast, the mature T. solium, or pork tapeworm can
reach 2-4 meters or more in length, and has 800-1000
proglottids. The scolex has 4 suckers and a small rostellum
with a double crown of 25-30 small hooks!'".

Finding eggs or proglottids in the stool makes the
diagnosis of Taenia infection. The eggs of T. saginata are
indistinguishable from T. so/inm, and a species specific
diagnosis requires examination of a proglottid segment.
The microscopic differentiation of gravid T. saginata
proglottids (usually more than 15 lateral uterine branches,
vaginal sphincter muscle, and two ovarian lobes) and
T solium proglottids (usually 5-10 uterine branches on each
side, vaginal sphincter muscle absent, one ovarian lobe)
is possible. This is the only practical method that can be
used in a basic laboratory if only gravid proglottids passed
out in stool are present for diagnosis. The presence of
a vaginal sphincter muscle in the proglottid can identify
the organism as 1. saginata. The presence of 2 ovarian
lobes is also a specific trait of T. saginata. Following
antihelminth therapy, the scolex is shed and in some cases
may be retrieved. The absence of hooks on the scolex is
a characteristic of T. mgz'ﬂata[zl. If findings are doubtful,
the differentiation should be done in a specialized
helminthological laboratory by enzyme electrophoresis,
polymerase chain reaction (PCR), or various immunological
assaysm.

The beef tapeworm is a common infection of both
humans and cattle throughout the world, particularly in
areas wherever beef is eaten. Areas of high prevalence
are sub-Saharan African, southeast Asia, and the Middle
East. Infection is associated with eating raw beef, poor
sanitation, and allowing cattle on pastures fertilized by
sewage sludge contaminated with human feces'. Lifecycles
for Taenia involve two mammalian hosts, a carnivorous or
omnivorous host, and a herbivorous intermediate host.
In the tapeworm life cycle, humans are the final host and
infections are acquired by ingesting raw or undercooked
meat containing the cysticercus stage in a host capsule.
When the cysticercus stage reaches the stomach,
proteolytic enzymes start dissolving the capsule. In the
small intestine, the cysticercus is stimulated to evaginate.
The scolex attaches to the intestinal mucosa by means
of 4 suckers and starts growing into a mature tapeworm.
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Figure 1 Endoscopic examination showing a parasite (a proglottid of Taenia
saginata) moving in the colon.

Mature tapeworms have been known to live in the human
gastrointestinal tract for up to 25 yearsm. Upon further
questioning, our patient noted that he frequently ate raw
beef in his native country.

Most patients who carry an adult T. saginata tapeworm
are asymptomatic. The only symptom found in such a
patient may be the spontaneous passage of proglottids.
Nonspecific symptoms such as abdominal discomfort,
epigastric pain, nausea, vomiting, diarrhea, and weight
loss are known to occur!”, but these symptoms are rare.
Obstruction of the appendix, pancreatic duct, or common
bile duct by proglottid segments has been reportedm. The
occurrence of weight loss and malnutrition is extremely
rare. B12 deficiency and megaloblastic anemia are not seen
in Taeniasis, and associated with Diphyllobothrium species
found in fish species. B12 deficiency is thought to occur as
a result of the ability to compete with the human host for
vitamin B12.

While the adult form of T saginata generally does not lead
to serious complications, juvenile forms of other tapeworm
species may lead to such complications. Ingested ova from
T. solium, the pork tapeworm, can form cysticercosi in
the brain, subcutaneous tissue, skeletal muscle, eye, or
other organs causing a significant morbidity. The life
cycle of T. solium includes pigs that are the intermediate
host because they develop the larval stage and transmit
the parasite when human beings ingest insufficiently
cooked porkm. It is endemic in Mexico, Latin America,

tropical Africa, southeast Asia, the Philippines, and the
Indian subcontinent™. Ova from Echinococens, a tapeworm
associated with canines, can also cause cysticercosi with
a predominance for occurrence in the liver. There is no
evidence that cysticerci can develop in humans as a result
of T. saginata infection”.

The treatment of choice in intestinal Taeniasis
(T. saginata and T. solinm) is praziquantel, a synthetic
heterocyclic isoquinolone-pyrazine derivative. A single
dose of 5 to 10 mg/kg has an efficacy of greater than
95%. Praziquantel induces ultrastructural changes
in the teguments of parasites, resulting in increased
permeability to calcium ions!”. Calcium ions accumulate
in parasite cytosol causing muscular contractions and
ultimate paralysis of the worm. Additionally, this exposes
parasite antigens to the host immune response. The
ultimate response is dislodgement of worms from their
intestinal sites and subsequent expulsion by peristalsis. For
successful treatment, the scolex must be destroyed, and
eliminated because residual scolex can result in regrowth.
Albendazole or praziquantel can be used in the treatment
of cysticercosis.

For people in high risk communities, primary
prevention of Taeniasis is the removal of intermediate
hosts such as cattle and pigs from the parasite’s life cycle
by eliminating exposure to raw sewage[1J and adequately
cooking meats before consumption.
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