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Abstract

AIM: To examine the effect of pseudolaric acid B on the
growth of human gastric cancer cell line, AGS, and its
possible mechanism of action.

METHODS: Growth inhibition by pseudolaric acid B
was analyzed using MTT assay. Apoptotic cells were
detected using Hoechst 33258 staining, and confirmed
by DNA fragmentation analysis. Western blot was used
to detect the expression of apoptosis-regulated gene
Bcl-2, caspase 3, and cleavage of poly (ADP-ribose)
polymerase-1 (PARP-1).

RESULTS: Pseudolaric acid B inhibited the growth
of AGS cells in a time- and dose-dependent manner
by arresting the cells at G2/M phase, which was
accompanied with a decrease in the levels of cdc2.
AGS cells treated with pseudolaric acid B showed
typical characteristics of apoptosis including chromatin
condensation and DNA fragmentation. Moreover,
treatment of AGS cells with pseudolaric acid B was also
associated with decreased levels of the anti-apoptotic
protein Bcl-2, activation of caspase-3, and proteolytic
cleavage of PARP-1.

CONCLUSION: Pseudolaric acid B can dramatically
suppress the AGS cell growth by inducing apoptosis
after G2/M phase arrest. These findings are consistent
with the possibility that G2/M phase arrest is mediated
by the down-regulation of cdc2 levels. The data also
suggest that pseudolaric acid B can trigger apoptosis by
decreasing Bcl-2 levels and activating caspase-3 protease.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
Key words: Pseudolaric acid B; Apoptosis; AGS cells

Li KS, Gu XF, Li P, Zhang Y, Qu NQ, Yao ZJ, Zhao YS, Wang
BY. Effect of pseudolaric acid B on gastric cancer cells:
Inhibition of proliferation and induction of apoptosis. Wori/d
J Gastroentero/ 2005; 11(48): 7555-7559
http://www.wjgnet.com/1007-9327/11/7555.asp

INTRODUCTION

Extracts from the root and trunk barks of the Chinese
tree Pseudolarix kaempferi containing pseudolaric acids are
used in traditional Chinese medicine for the treatment of
fungal infections!". Pseudolaric acid B is the major cell-
permeable constituent that displays potent antifungal,
antifertil, and anti-angiogenic properties[z'ﬂ. Pseudolaric
acid B has cancer chemopreventive activity and inhibits
in vitro growth of a number of human cancer cell lines,
including KB, A-549, HCT-8, P-388, and L-1210 tumor
cells”. However, no information is at present available on
the chemopreventive potentials of pseudolaric acid B on
gastric carcinoma.

Apoptosis, a mode of cell death, is a physiologic event
that regulates cell number and eliminates damaged cells.
Recent studies implicated that apoptosis is a common
mechanism through by which chemotherapeutic agents
exert their cytotoxicity and that the efficiency of anti-
tumor agents is related to the intrinsic propensity of target
tumor cells to respond to these agents by apoptosis’. In
vitro studies have shown that pseudolaric acid B treatment
can induce apoptosis in human Hela cells via the
activation of c-Jun N-terminal kinase and caspase—3[m]
In order to exploit the chemotherapeutic potentials of
pseudolaric acid B on gastric carcinoma, we treated human
gastric cancer cell line, AGS, with pseudolaric acid B to
examine its antiproliferative effect and apoptosis-inducing
activity. Our results suggest that pseudolaric acid B can
inhibit the growth of AGS human gastric cancer cells by
inducing cell cycle arrest, which correlates with a marked
decrease in the expression of key G2/M-regulating proteins
cdc2. The data also suggest that pseudolaric acid B can
trigger apoptosis by decreasing Bcl-2 levels and activating
caspase-3 protease. Pseudolaric acid B may be used as an
effective chemotherapeutic agent against gastric carcinoma.
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Figure 1 Chemical structure of pseudolaric acid B (CzsHz2s0s, MW = 432.5).

MATERIALS AND METHODS

Materials

Gastric adenocarcinoma cell line (AGS) was obtained from
the Shanghai Institute of Cancer Research. Pseudolaric
acid B was purchased from Calbiochem Company (La
Jolla, CA, USA). The chemical structure of pseudolaric
acid B is shown in Figure 1. Hoechst 33258, RNase A,
proteinase K and MTT [3’-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide] were purchased from
Sigma Chemical Company (St. Louis, USA). Monoclonal
antibodies to Cdc2, Bcl-2, caspase-3, and PARP were
purchased from Santa Cruz Biotechnology Incorporation
(Santa Cruz, CA, USA). PVDF membrane was obtained
from Bio-Rad (CA, USA).

Cell culture and treatment with pseudolaric acid B

AGS was maintained in RPMI 1640 supplemented
with 10% fetal calf serum, penicillin G (100 kU/L) and
kanamycin (0.1 g/L) in a humidified atmosphere of 95%
air and 50 mL/L CO: at 37 °C. The medium was changed
twice a week. A 10 mmol/L stock solution of pseudolaric
acid B was prepared in DMSO and stored at -20 °C. Final
concentrations of pseudolaric acid B used for different
experiments were prepared by diluting the stock with
DMEM.

Assay for cell proliferation inhibition (MTT assay)

AGS cells were subcultured in a 96-well plate with 1X
10" cells/well in 100 uL. medium. After 24-h incubation
at 37 °C, the medium in each well was discarded and
replaced with a fresh medium at various concentrations of
pseudolaric acid B in a final volume of 200 pL. Cells were
incubated at 37 °C for 6, 12, 24, and 48 h, respectively.
At the end of incubation, 50 ul. of PBS solution
containing 1 mg/mlL MTT was added to each well, and
further incubated for 4 h. The cell suspension was then
centrifuged at 720 r/min for 5 min, and the formazan
precipitate in each well was dissolved in 100 pL. DMSO for
optical density reading at 570 nm.

Flow cytometric analysis

Control and pseudolaric acid B-treated cells were harvested
by trypsinization (0.5% trypsin/2.6 mmol/L EDTA),
washed twice with ice-cold PBS and fixed in methanol/
PBS (9/1, v/v) at 22 °C for at least 30 min. The fixed cells
were then washed twice with ice-cold PBS and stained

with 50 mg/mL of propidium iodide in the presence of
25 mg/mL of RNase A. Cell cycle phase distribution
was determined by flow cytometry (FACSCalibur, Becton
Dickinson) and the data were analyzed by multicycle DNA
content and cell cycle analysis software (Modfit LT 2.0).

Nuclear damage observed with Hoechst 33258 staining
After being treated with pseudolaric acid B, AGS cells
were collected by centrifugation at 1 000 r/min for 5 min
and washed twice with PBS. The cells were fixed with
3.7% paraformaldehyde at room temperature for 2 h,
centrifuged and washed with PBS, stained with Hoechst
33258 (167 umol/L) for 30 min at 37 °C. At the end of
incubation, the cells were washed and resuspended in
PBS for the observation of nuclear morphology under
fluorescence microscope (Nikon, Japan).

DNA fragmentation analysis

After being treated with pseudolaric acid B for 12, 24, or
48 h, the cells were harvested and incubated in 0.2 mL lysis
buffer containing 10 mmol/L Tris—HCI (pH 8.0), 1 mmol/
L EDTA, 1% sodium dodecyl sulfate, and 100 pg/mL
proteinase K at 37 °C for 24 h. RNase A (0.5 mg/mL) was
added and further incubated at 55 °C for 18 h. Genomic
DNA was extracted by phenol/chloroform, precipitated
with ethanol and dissolved in TE. Integrity of the DNA
was analyzed by electrophoresis on 1.7% agarose gels with
ethidium bromide staining;

Western blot analysis

After being treated with pseudolaric acid B for the
indicated periods, the cells were washed with PBS and
lysed in a buffer containing 20 mmol/L Tris—HCI, 150
mmol/L NaCl, 1% Triton X-100, 1.5 mmol/L MgClz,
1 mmol/L NaVOs, 100 mmol/L NaF, 10% glycerol, 1
mmol/L EGTA, 10 mmol/L sodium pyrophosphate,
and 1 mmol/L phenylmethylsulfonyl fluoride, pH 7.5.
Cell lysates were centrifuged at 12 000 g for 125 min
at 4 °C. The protein concentrations were determined
using Bio-Rad protein assay (Bio-Rad Laboratories,
USA). After SDS-PAGE, proteins were transferred to
PVDF membranes for 2 h at 80 mA. Blots were probed
with mouse monoclonal antihuman anti-Bcl-2, anti-
caspase-3, and rabbit monoclonal anti-human anti-PARP
antibodies. Immunoreactivity was detected using either
an anti-mouse (Santa Cruz) or an anti-rabbit (Amersham)
peroxidase-conjugated secondary immunoglobulin G
antibody followed by enhanced chemiluminescence (ECL,
Amersham). Experiments were repeated at least thrice.

Statistical analysis

Data analysis was performed using Student’s # test.
P<0.05 was considered statistically significant.

RESULTS

Pseudolaric acid B inhibited AGS cell proliferation
The effects of pseudolaric acid B on cell growth in AGS
cell lines were tested. As shown in Figure 2, pseudolaric
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Figure 2 Dose- and time-dependent inhibitory effect of pseudolaric acid B on growth of AGS cells. A: AGS cells were treated with various doses of pseudolaric acid B for 24 h;
B: AGS cells were treated with 5 umol/L pseudolaric acid B for various time periods. Each point indicates mean+SD of three independent experiments.

Figure 3 Time-dependent effect of 5 pmol/L pseudolaric acid B on morphological
changes in AGS cells. A: 0; B: 12; C: 24; D: 48 h.

Figure 4 Time-dependent effect of 5 umol/L pseudolaric acid B on
internucleosomal DNA fragmentation in AGS cells. M: Marker; lane 1: 0 h; lane 2:
12 h; lane 3: 24 h; lane 4: 48 h.

acid B inhibited AGS cell proliferation in a time- and
dose-dependent manner. Only a minor inhibition of AGS
cell growth was observed in the presence of 2.5 umol/L
pseudolaric acid B. Growth was inhibited by more than
40% in cells exposed to 5 umol/L pseudolaric acid B after
24 h. A concentration of 5 umol/L pseudolaric acid B was
used in all further experiments.

Changes of cell cycle detected by flow cytometric analysis
We further investigated the effects of pseudolaric acid

Table 1 Time course analysis of the cell cycle in pseudolaric acid
B-treated cells

Time (h) Go/Gr (%) S (%) G2/M (%)
0 (control) 56.23 33.42 10.35
12 50.64 31.49 17.87°
24 4356 30.81 25.63"
48 33.54 28.45 38.01°

*P<0.05, °P<0.01 vs control. Results were representative of three independent
experiments.

B on the progression of AGS cells throughout the cell
cycle. AGS cells were cultured for various lengths of time
in the presence or absence of 5 umol/L pseudolaric acid
B and analyzed by flow cytometry. As shown in Table 1,
pseudolaric acid B induced a time-dependent accumulation
of AGS cells in the G2/M phase accompanied with a
decreased percentage of cells inS and Go/G1 phases of
the cell cycle.

Morphological changes and DNA fragmentation in AGS
cells

To determine the mode of cell death induced by
pseudolaric acid B, morphologic alterations in the AGS
cells after treatment with 5 umol/L pseudolatic acid B for
up to 48 h were examined under fluorescent microscope
after Hoechst 33342 staining. In the control group, AGS
cells were round in shape and stained homogeneously. After
24 h of treatment with pseudolaric acid B, blebbing nuclei
and granular apoptotic bodies appeared (Figure 3). We
analyzed chromosomal DNA from control and pseudolaric
acid B-treated cells. Compared to DNA from control
cells, treatment with pseudolaric acid B induced apoptosis,
as shown by the formation of distinct internucleosomal
DNA fragments (Figure 4). The intensity of the DNA
banding ladder progressively increased in a time-dependent
manner. An early DNA fragmentation was observed after
12 h of incubation with pseudolaric acid B.

Down-regulation of cdc2 levels in response to pseudolaric
acid B

Because pseudolaric acid B arrested AGS cells at the
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Figure 6 Time-dependent down-regulation of Bcl-2, activation of caspase-3, and
PARP cleavage in cultured AGS cells induced by pseudolaric acid B.

Gz2/M phase, it was of interest to test the effect of this
compound on cdc2 levels, which plays an important role
in the G2 to M progression of the cell cycle. A time-
dependent reduction in cdc2 protein level was evident in
cells treated with pseudolaric acid B for 48 h (Figure 5).

Down-regulation of Bcl-2, activation of caspase-3, and
cleavage of PARP induced by pseudolaric acid B treatment
To investigate the mechanism underlying apoptosis
induced by pseudolaric acid B, we tested the effect of
this compound on Bcl-2 level, an important regulator of
apoptotic signaling pathwaysm]. As shown in Figure 5,
Western blot analysis revealed that pseudolaric acid B
treatment decreased Bcl-2 protein levels. We also found
that pseudolaric acid B induced proteolytic processing
of caspase-3 in a time-dependent manner. Activation of
caspase-3 led to the cleavage of a number of proteins,
including PARP-1. Pscudolaric acid B treatment also
induced a time-dependent proteolytic cleavage of PARP-1,
with concomitant accumulation of the 85 ku and the
disappearance of the full-size 116 ku molecule (Figure 6).
These findings suggested that pseudolaric acid B could
induce apoptosis by down-regulating Bcl-2 and activating
caspase-3.

DISCUSSION

Gastric cancer is the second most common cause of cancer
death worldwide. Though extensive clinical research has
been carried out with numerous combinations of cytotoxic
agents, the overall prognosis of advanced gastric cancer
still remains poor''". Thus, there is considerable interest in
identifying more effective cancer chemotherapeutic agents.
Pseudolaric acid B, the diterpenoid isolated from the root
and trunk bark of Pseudolarix kaempferi Gordon tree, has

been recently reported to exert an antiproliferative effect
on several cancer cell lines""'*". Since there is no report
about its effect on human gastric cancer, we treated human
gastric cancer cell line, AGS, with pseudolaric acid B to
examine its antiproliferative effect and apoptosis-inducting
activity. MTT assay showed that pseudolaric acid B could
significantly inhibit growth of AGS cells in a dose- and
time-dependent manner. In addition, flow cytometric
analysis further revealed that pseudolaric acid B induced
a time-dependent accumulation of AGS cells in the Gz/
M phase which was coupled with a parallel depletion of
the S and Go/G1 phase. To further analyze the molecular
mechanism by which pseudolaric acid B causes cell cycle
arrest, we evaluated cdc2 protein levels. The cdc2/cyclin
B complex is one of the major regulatory elements
governing the G2 to M progressionm. Cdc2 is activated
by phosphorylation of and binding to cyclin B, which is
synthesized during the S and Gz phases of the cell cyclem.
In our study, pseudolaric acid B treatment reduced cdc2
protein levels, suggesting that cell cycle arrest is mediated
by the limitation of the supply of cdc2 to cdc2/cyclin B
complex formation, which is an essential step in regulating
passage into mitosis.

Cell cycle checkpoints are activated to ensure orderly
and timely completion of critical events such as DNA
replication and chromosome segregation. It is widely
accepted that activation of checkpoints in response
to DNA damage leads to cell cycle arrest, but in the
case of severe damage, the cell cycle arrest leads to cell
apoptosism’m. The effects of pseudolaric acid B are
compatible with this model. Our present investigation
clearly demonstrated that pseudolaric acid B could induce
apoptosis of AGS cells, which appears to account for
its growth inhibitory and antiproliferative activities.
The induction of cell apoptosis was accompanied with
characteristic morphological changes, such as chromatin
condensation and nuclear fragmentation. Internucleosomal
DNA fragmentation as determined by agarose gel
electrophoresis also supported the progress of apoptosis
of pseudolaric acid B-treated AGS cells.

Apoptosis is a closely regulated process, involving
changes in the expression of distinct genes. One of
the major genes involved in regulating apoptosis is the
protooncogene Bel-2 encoding a 26-ku mitochondria-
associated protein“s’lgl. Bcl-2 functions as an intracellular
apoptosis suppressor by controlling the mitochondrial
membrane permeability with its pro-apoptotic relative,
Bax. Diminished expression of Bcl-2 has been observed
in certain types of cells undergoing apoptosislzo]. In
line with these findings, pseudolaric acid B treatment
decreased Bcl-2 protein levels in AGS cells, suggesting that
down-regulation of Bcl-2 may be required for AGS cell
apoptosis induced by pseudolaric acid B, thus increasing
mitochondrial permeability and cytochrome ¢ release,
which initiates the progress of apoptosis. In addition,
involvement of caspase 3 was also examined in pseudolaric
acid B-induced AGS cell apoptosis. Caspase-3, a cysteine
protease that exists as an inactive proenzyme in cells, is
activated by proteolytic processing at internal aspartic
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acid residue when cells receive an apoptosis-inducing
signal[zﬂ. Activation of caspase-3 leads to degradation and
inactivation of key cellular proteins such as DNA repair,
signaling, and structural proteins™*!. Among these, the
cleavage of PARP represents a well described response of
cells undergoing caspase-mediated apoptosis”. AGS cells
treated with pseudolaric acid B exhibited time-dependent
activation of caspase-3 and proteolytic cleavage of PARP,
indicating that apoptosis of AGS cells is induced by
pseudolaric acid B and caspase cascade process.

In conclusion, naturally occurring diterpenoid,
pseudolaric acid B, is a potent inhibitor of the growth
of human gastric cancer cells. Growth inhibition of the
compound is highly related to the induction of cell cycle
arrest and apoptosis.
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Abstract

AIM: To evaluate the safety and efficacy of chronic
administration of losartan on hepatic fibrosis in chronic
hepatitis C patients.

METHODS: Fourteen patients with chronic hepatitis C
non-responders (77 = 10), with contraindications (n = 2)
or lack of compliance (n = 2) to interferon plus ribavirin
therapy and liver fibrosis were enrolled. Liver and renal
function test, clinical evaluation, and liver biopsies were
performed at baseline and after losartan administration
at a dose of 50 mg/d during the 6 mo. The control group
composed of nine patients with the same inclusion
criteria and paired liver biopsies (interval 6-14 mo).
Histological activity index (HAI) with fibrosis stage was
assessed under blind conditions by means of Ishak’s
score. Subendothelial fibrosis was evaluated by digital
image analyses.

RESULTS: The changes in the fibrosis stage were
significantly different between losartan group (decrease
of 0.5+1.3) and controls (increase of 0.89+1.27;
P<0.03). In the treated patients, a decrease in fibrosis
stage was observed in 7/14 patients vs 1/9 control
patients (P<0.04). A decrease in sub-endothelial fibrosis
was observed in the losartan group. No differences were
found in HAI after losartan administration. Acute and
chronic decreases in systolic arterial pressures (£<0.05)
were observed after the losartan administration, without
changes in mean arterial pressure or renal function.

CONCLUSION: Chronic AT-II type 1 receptor (AT1R)
blockade may reduce liver fibrosis in patients with

chronic hepatitis C.
© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

The hepatitis C virus (HCV) is one of the leading causes
of chronic hepatitis, liver cirrhosis, and hepatocellular
carcinoma. Although major progress has been made in
the treatment of chronic HCV infection, the current
treatment regimens, including Peginterferons in association
with ribavirin, appear capable of eradicating HCV in
only 30-50% of the treated patients'. In this scenario,
alternative medical strategies to reduce hepatic fibrosis are
under investigation, since drugs with antifibrotic effects
may be an option in the treatment of patients with chronic
hepatitis C who do not respond to the standard antiviral
therapy.

Much evidence suggests that hepatic stellate cells
(HSCs) play important roles in the pathogenesis of
liver fibrosis, since they were shown to undergo a
transformation during the injury that is termed as
activation”. Furthermore, in vitro studies have shown
that angiotensin II (ANGII) is a mitogenic protein for
a number of cell types and between them the HSCs
undergo a MAPK-dependent pathway. In these cells,
ANGII upregulates the transforming growth factor beta
1 expression via AT-11 type 1 receptor (AT1R) 7n vitro.
Additionally, proliferation of activated HSCs was found
in chronic liver diseases taking part in the development
of liver fibrosis”. The fact that the actions of ANGII
are mediated through AT1R is related to the therapeutic
interventions, since AT1R can be completely blocked
by losartan, a specific ANGII receptor antagonist. For
instance, ANGII stimulated mRNA expression of
TGF-beta and fibronectin can be reversed by saralasin
and losartan, a nonselective and specific antagonists
for AT1R receptors, respectively™. Lastly, in animal
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Table 1 Presenting features of the studied patients

Treated group (n = 14)

Untreated group (n =9)

Baseline Post losartan Baseline Second biopsy
Females/males 4/14 1/8
Age (yr) 49.6+13 51.449.6
Hematocrit 45.243.59 44.143.85 48.8+4.66 47.8+4.15
White blood cells (K/mm’) 6.66+1.41 6.71£1.67 5.98+0.95 5.78+1.19
Platelets (K/mm’) 227+80.8 246190.7° 22368 209+78.4
Glucose (g/L) 0.99+0.38 1+0.29 0.95+0.1 1.010.06
Blood urea nitrogen (g/L) 0.31+0.06 0.32+0.06 0.28+0.07 0.25+0.04
Creatinine (mg/dL) 0.88+0.07 0.95+0.11 0.99+0.07 0.96x0.12
Total bilirubin (mg/dL) 1+0.53 1.080.63 1.35+0.58 1.19+0.58
Alkaline phosphatase (IU/L) 253+118 269+68.9 264+93.4 349+134
Alanine aminotransferase (IU/L) 90.5+66 91.9+47.6 264+167° 169+124
Aspartate aminotransferase (IU/L) 65.3+41 67+40.9 161+97.8" 130+84.5
Cholesterol (mg/dL) 157+36.4 161+42.6 166%38.1 169+39.2
Albumin (g/dL) 4.12+0.32 4.4320.24" 4.32+0.56 4.32+0.5
Globulins (g/dL) 3.64+0.53 3.77+0.45 3.74+0.63 3.91+0.63
G glutamyl transpeptidase (IU/ L) 63.2+47.9 74.5%£53.7 194+178° 217+214
Prothrombin time (%) 103£19.3 106+17.4 107+8.19 9749.83
KPTT (s) 32.643.38 39.6+18.7 37.846.99 34.5+2.38

Results are expressed as meanSD. "P<0.05 in comparison with baseline measurements in the treated group."P<0.01 in comparison with baseline measurements

in the treated group.

models of fibrosis, chronic administration of losartan
prevented the development of hepatic fibrosis and portal
hypertensionp’i’ﬂ.

The purpose of this study was to investigate the safety
and efficacy of chronic administration of losartan on

hepatic fibrosis in chronic hepatitis C patients.

MATERIALS AND METHODS

Fourteen outpatients (10 men and 4 women) aged 49.6£13
years, with both chronic hepatitis C infection and biopsy
proven liver fibrosis, were enrolled in a pilot study.

Ten patients were previous non-responders to a 12-mo
combined therapy of interferon and ribavirin, two had
contraindications and two showed lack of compliance to
the mentioned treatment.

In the control group, nine sex- and age-matched
untreated chronic hepatitis C patients with the same
inclusion and exclusion criteria who underwent paired
liver biopsies (interval 6-14 mo) were included. No patient
had a previous history of autoimmune disease, alcohol
intake, current intravenous drug use or other chronic liver
diseases. All were negative for hepatitis B surface antigen
and anti-human immunodeficiency virus. Their clinical
characteristics are shown in Table 1.

Written informed consent was obtained from all
patients, and the local ethical committee approved the
study protocol, based on the 1975 Declaration of Helsinki.

Systolic, diastolic, and mean arterial blood pressures
were taken by an automatic sphygmomanometer (VR 12,
Electronics for Medicine). Liver and renal function tests
and liver biopsies were performed at baseline and after
the losartan administration at a dose of 50 mg/d during
6 mo (Losacor, kindly donated by Roemmers, Buenos
Aires, Argentina). During the losartan administration,
patients did not receive any other medication. Clinical and
biochemical follow-ups were assessed and blood pressure

was monitored during the first hours, at 1 wk and monthly
after the losartan administration.

Liver histology

Ultrasound-assisted liver biopsy was performed using
modified Menghini needle of 1.4 mm diameter (Hepafix,
Braun, Germany). Liver specimens, previously fixed in
formalin, were stained with hematoxylin and eosin, Masson
trichrome, silver impregnation for reticular fibers, Perls
blue and Prussian blue, and examined by a liver pathologist
who was blinded to the clinical data of the patients.
Histological activity index (HAI) and fibrosis stage were
assessed by means of Ishak’s score.

Digital image analysis

Selected areas for fibrosis quantification included the
hepatic lobule but without the portal, periportal, septal,
and pericentral vein areas. Histological slides stained for
reticular fibers were evaluated for sub-endothelial deposit
of types IIT collagen'” by a digital image analysis. A
previous study of our group using this method showed
a high correlation between image analysis and fibrosis
stage!”. Tmages were obtained using a video camera (Sony
CCD Iris camera) attached to a light microscope and
converted to digital format on a computer by CAP VIEW
Leadtek Winfast 2000 PAL device (Leadtek Research
Inc.). Standardization of the images was performed with
software Adobe Photoshop 7.0 (Adobe Systems Inc.). The
quantification of the selected color areas of the digitalized,
standardized, and processed images was performed in
a 256 gray tones scale with software Scion image for
Windows (2000 Scion Corporation), and expressed in
pixels/ inch’.

Statistical analysis
Results were expressed as mean®SD. Differences between
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Figure 1 Changes in fibrosis stage in control group and treated patients.

Table 2 Histological changes in liver biopsies

Treated group (1 =14) Untreated group (n =9)

Baseline Postlosartan Baseline Second biopsy

Histology activity index 8.08£2.56  8.54+1.51  7.0+2.12 7.6£2.3
Fibrosis stage 3.29+1.44 2.64+1.22 26742 3.56+2.13
Sub-endothelial fibrosis 2.48+1.04 1.00+0.53° 1.65+0.43  1.55+0.27

(pixels/inch’)

Results are expressed as mean+SD. *P<0.01 vs baseline.

proportions were analyzed by y” test and the Fisher’s exact
test. Differences between the groups were analyzed by
paired and unpaired Student’s # test, by Mann—Whitney
U or Wilcoxon matched paired tests, according to the
distribution and the scale of measurement. Spearman’s o
coefficient was utilized for correlations. Significance was
established at P<0.05.

RESULTS

Effects of losartan

The changes in fibrosis stage were significantly different
between losartan group and controls (a decrease of 0.64%
1.3 s an increase of 0.8911.27, respectively; P<0.02) (Table
2). In the treated patients, a decrease in fibrosis stage was
observed in 7/14 patients »s 1/9 control patients (P<0.04).
Three of the seven patients showed a reduction of two or
more points in fibrosis stage. No differences were observed
in HAT after losartan administration. Sub-endothelial
fibrosis evaluated by image analysis of lobular areas was
significantly reduced after losartan administration, without
changes in the control group (Table 2 and Figure 1). A
significant correlation was found between fibrosis stage
and sub-endothelial fibrosis (Spearman’s p 0.36, P<0.03).
A significant increase was observed in albumin level and
platelet counts in the treated patients.

Additionally, no significant differences were found in
any clinical or biochemical parameters between responders
and non-responders to losartan, except that patients who
responded to losartan had higher baseline serum alkaline
phosphatase than non-responders (309+132 IU/L »s 194+
2510/1, P = 0.009).

Safety

Acute (3 h) and chronic (1 mo) decreases in systolic arterial

Table 3 Changes in arterial pressure after losartan administration

Baseline 3h 1mo

134422.7  125+17.4" 124418.1°
Diastolic arterial pressure (mmHg) 80.8+14  81.2+14.2 82.5+13.7
98.4+¥16.3 95.7+14.8  100+15.8

Systolic arterial pressure (mmHg)

Mean arterial pressure (mmHg)

Results are expressed as mean+SD. "P<0.05 vs baseline.

Table 4 Orthostatic variations in arterial pressure after losartan
administration

Supine
position

Sitting
position

Baseline (10:00 am)
Systolic arterial pressure (mmHg) 13274221 132.2+16.8
Diastolic arterial pressure (mmHg) 80.7£13.4 87.848.93 (P<0.0001)
Mean arterial pressure (mmHg) 98+15.7 102.6+11.1 (P<0.01)
Three hours post losartan
Systolic arterial pressure (mmHg) 124.7+17.4 127.3+14.9
Diastolic arterial pressure (mmHg) 81.1£14.2 83.5+#11.1

Mean arterial pressure (mmHg) 95.7+14.8 98.1+12

pressures in supine position, and a loss of physiologic
increase in diastolic pressures from supine to sitting
position were observed after losartan administration
(Tables 3 and 4). Nevertheless, only one treated patient
had a single episode of mild orthostatic hypotension. No
differences were observed in renal function tests after
losartan administration.

DISCUSSION

It is well known that, at present, the most effective therapy
for treating hepatic fibrosis is the removal of the causative
agent. In chronic hepatitis C, this goal may be achieved
with standard antiviral therapy in a great proportion of
patients. Nevertheless, non-responder patients may obtain
a benefit from the emerging antifibrotic therapies.

Since renin-angiotensin system blockers are promising
drugs in reducing the accumulation of scar tissue in
experimental models of chronic liver injury, we performed
a pilot study with chronic losartan administration
in 14 chronic HCV non-responder patients or with
contraindications to interferon plus ribavirin regimen.

Liver biopsy is considered the gold-standard method
for the assessment of liver fibrosis”. In our study,
paired biopsy specimens taken at baseline and at the
study completion were compared by means of the
standard Ishak score and by an image analysis method
for quantification of liver fibrosis. Histopathological
scores showed that losartan had an inhibitory effect on
the progression of hepatic fibrosis stage. Subendothelial
fibrosis evaluated by image analysis of lobular areas was
significantly decreased after losartan administration in
comparison with the untreated control group.

Regarding biochemical evaluation of the patients, liver
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and renal function tests, and blood cells content did not
change in ecither group, except for the platelet content and
the albumin concentration in the losartan treated patients,
who evidenced a significant improvement in comparison
with the control group. Additionally, serum HCV-RNA
levels had no change after the study in both groups (data
not shown).

Several authors, including us, demonstrated in
randomized controlled trials that losartan had equal
or greater effects in lowering portal pressure than
propranolol, without serious adverse effects"”™. The
effects of losartan on portal pressure may be explained by
the effect of the blockade of AT1R on the contractility of
hepatic activated stellate cells, by means of a decrease in
intrahepatic vascular resistance. In addition to these events,
antifibrotic effects of AT1 blockade may have actions on
the structural component of portal hypertension.

With regard to the safety of this treatment, no serious
side effects were noted during the study. Nonetheless, an
overall decrease was observed in systolic arterial pressures
in supine position.

The pathogenesis of HCV-induced liver fibrosis is
poortly understood due to the lack of a rodent model of
persistent HCV infection. However, since liver fibrosis is
the excessive accumulation of extracellular matrix proteins
including collagen, it is rational to assume that any chronic
damage of the liver may lead to the same final outcome.

Experimental and human studies have consistently
shown that ANGII is involved in the development of
fibrosis in cardiac and renal tissues in conditions associated
with chronic inflammation. Besides, 7z vivo studies have
shown that ACE inhibitors and AT1 receptors antagonists
can limit the progtression of cardiac, renal and pulmonary
fibrosis.

In human beings, their efficacy has been tested in a
few preliminary pilot studies in patients with NASH™
and in chronic HCV infection”, suggesting that renin—
angiotensin blocking agents may have beneficial effects on
fibrosis progression.

In conclusion, this study shows that administration of
an AT1R antagonist may improve liver scores of fibrosis
stage in patients with chronic hepatitis C, suggesting that
losartan may provide an effective new approach to the
treatment of non-responders to antiviral therapy. However,
a randomized, controlled trial seems to be necessary
in order to confirm the benefit of AT1R blocking for
hepatic fibrosis in chronic HCV infection. Lastly, one may
speculate that the combination treatment of the clinically
used Peginterferons and AT1R blocker may provide a new
strategy for anti-liver fibrosis treatment in HCV.
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Abstract

AIM: To compare the gene expression profile in a pair of
HBV-infected twins.

METHODS: The gene expression profile was compared
in a pair of HBV-infected twins.

RESULTS: The twins displayed different disease
outcomes. One acquired natural immunity against HBY,
whereas the other became a chronic HBV carrier. Eighty-
eight and forty-six genes were found to be up- or down-
regulated in their PBMCs, respectively. Tumor necrosis
factor-alpha-induced protein 1 (TNF-oIP1) that expressed
at a higher level in the HBV-immune twins was identified
and four pairs of siblings with HBV immunity by RT-
PCR. However, upon HBV core antigen stimulation,
TNF-aIP1 was downregulated in PBMCs from subjects
with immunity, whereas it was slightly upregulated in
HBV carriers. Bioinformatics analysis revealed a K+
channel tetramerization domain in TNF-oIP1 that shares
a significant homology with some human, mouse, and C
elegan proteins.

CONCLUSION: TNF-«IP1 may play a role in the innate
immunity against HBV.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
Key words: TNF-o; HBV; Immunity
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INTRODUCTION

Though substantial advances have been made in
understanding of the pathogenesis of hepatitis B virus
(HBV), HBV infection remains a global health threat with
currently more than 350 million carriers and causes about
one million deaths worldwide. The situation is particulatly
severe in high-endemic areas like southeastern Asia. For
instance, a study of 16 334 subjects in 1978-1979 in Hong
Kong suggested that 43% of the local population have
evidence of past infection and 10% are HBs Ag cartiers''.
The major spread mode of HBV in most high
endemic areas, such as Hong Kong and China, is perinatal
transmission, which accounts for 40%-50% of chronic
HBYV infection™”. The reason for the preponderance of
perinatal transmission among Orientals is at least in part
related to the high prevalence of HBV infection among
the Asian carriers of reproductive agem. Though the
incidence of perinatal transmission is high in China, not
all siblings in the same family with HBV-infected mothers
remain persistently infected with HBV as some acquired
natural immunity against the virus. We are among the first
group to demonstrate that the use of HLLA-matched donor
marrow from siblings with natural immunity could enable
serological clearance of HBV in their HBsAg positive
recipient siblingsH’-/J. This indicates that the transfer of
certain molecules from the donot’s immune system is
sufficient to confer the recipient immunity against HBV.
However, the identities of these molecules are unknown.
In this study, Affymetrix cDNA mircroarray was
employed to investigate the differential gene expression
patterns in PBMCs in an identical twin pair who had
different outcomes to HBV infection. Use of the twin
pair could eliminate the potential confounding factors
like age, gender, and living environment, etc. A novel
cytokine signaling-related gene, TNF-aIP1, is significantly
downregulated in chronic HBV carriers. Moreover, we
have confirmed that this gene is indeed differentially
expressed in several groups of HBV-infected siblings who
display different disease outcomes by reverse transcription-
polymerase chain reaction (RT-PCR). We also found that
upon HBcAg stimulation, TNF-aIP1 exhibited different
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responses between PBMC isolated from subjects with
immunity and chronic infection. These results suggest
that TNF-alP1 may be involved in immunity against
HBYV infection. An understanding of the immunological
and genetic differences in PBMCs of these sibling paits
should provide insight into the molecular mechanisms
of the protection and enable a more rationale design of
therapeutic regimen for chronic HBV infection in Chinese.

MATERIALS AND METHODS

Patient sample information

Eight groups of HLA-A, B and DR identical Chinese
siblings (including pair of identical twins) who differed
in their outcomes to HBV infection were used in this
study. RNA was isolated from PBMC of the siblings with
spontanecous recovery (anti-HBs and anti-HBc positive)
and their corresponding HLA-matched HBV-infected
siblings (HBsAg positive).

PBMC preparation, RNA extraction, and labeling
Heparinized venous blood was collected and PBMC
was separated by density-gradient centrifugation over
Ficoll-Hypaque. Total RNA was extracted from PBMC
using RNeasy kit (Qiagen, Valencia, CA, USA) following
manufacturer’s instructions. For each sample, 60 mg of
total RNA was reverse transcribed using Superscript
II (Invitrogen, Carlsbad, CA, USA) according to
manufacturet’s instructions.

DNA microarray

Generation of antisense RNA (aRNA) probe for cDNA
microarray analysis was carried out as described previouslylsj.
Briefly, mRNA was amplified using two or three rounds
of cDNA synthesis followed by aRNA synthesis. T7-
promoter-oligo-dT [5-GCCAGTGAATTGTAATAC
GACTCACTATAGGGAGGCGG-(dT)24-3"] was used for
cDNA synthesis and T7 RNA polymerase was used for
aRNA synthesis. Ten micrograms of starting total RNA
was used to obtain 10 mg of final aRNA. During the
process of the final aRNA synthesis, biotinylated UTP and
CTP were used for labeling purpose (Enzo, Farmingdale,
NY, USA). Detection of the hybridized probe using
streptavidin-phycoerythrin fluorescent conjugate was done
according to manufacturer’s protocol (Molecular Probes,
Eugene, OR, USA).

The labeled aRNA probe from PBMC was hybridized
to a HU 95A gene chip representing 12 000 full-length
human genes (Affymetrix, Santa Clara, CA, USA). The
threshold for significant up- or down-regulation was 2.0-
and 0.5-fold, respectively. Hybridizations were typically
carried out for 16 h at 45 °C followed by washing, staining
and using Affymetrix fluidic stations. Stained arrays were
scanned in the G2500 A Hewlett-Packard Gene Array
Scanner (Hewlett-Packard, Palo Alto, CA, USA) at the
excitation wavelength of 488 nm. The amount of emitted
light was proportional to the bound target at each location
on the probe arrays.

RT-PCR

Total RNA was reverse transcribed using the Superscript 11
(Invitrogen) according to the manufacturer’s instructions.
PCR conditions for pre-B-cell colony-enhancing factor
(PBEF), IL-18 receptor accessory protein (IL-18 RAP),
TNF-«IP1 and GADPH were as follows: at 94 “C for 30 s,
at 57 °C for 30 s, at 72 ‘C for 1 min for 35, 35, 35, and 32
cycles, respectively. The primer sequences of the genes
tested were PBEF (sense: 5-AAAAGCTGTTCCTGAGG
GCTTTG-3; anti-sense: 5’-TGACCACAGATACAGGCA
CTGATG-3); IL-18RAP (sense 5-CCAGAGCCACAGA
AATCACATTTC-3’; anti-sense 5-CAAGAAATAGAGCC
AGTGCTCCCA-3); TNF-alP1 (sense: 5- TTACCTCCG
AGATGACACCATCAC-3’; anti-sense: 5-TCCTCATCTT
CACTGGGGGAA-3).

RESULTS AND DISCUSSION

Perinatal transmission is the most common spread mode
of hepatitis B infection in Chinese. Yet not all the siblings
infected with HBV from mothers become chronic HBV
carriers. It appears that different disease outcomes of these
siblings represent success and failure of their immune
systems in controlling HBV infection. In this study, we
attempted to explore this phenomenon by investigating
gene expression profiles in PBMCs of two identical twins
who displayed diverse disease outcomes.

The differences in PBMC gene expression between two
identical twins were analyzed using a DNA microarray
chip containing 12 000 human expressed genes. Eighty-
eight genes were expressed at a higher level and 46 genes
were expressed at a lower level in twins with immunity
(HBV resistant) compared to the HBV carrier twins [HBV
susceptible). These genes were grouped on the basis of
their predicted functions into 12 major groups (metabolism,
cell signaling, transcription, transport physiology, growth,
and differentiation, immune system, cell adhesion, house
keeping, cell cycle, translation, apoptosis, and unknown
genes (ESTs)] (Figure 1). We found that genes with
unknown functions represented the major portion of
genes with altered expression levels in the HBV immune
twin.

Metabolism
Cell signalling
Transcription
Transport
Growth and differentiaion
Immune
Cell adhesion
House keeping
Cell cycle
Translatiion
Apoptosis
Unknown/EST
T T T T T 1 r T T T T 1
25 20 15 10 5 0 0 5 10 15 20 25
No. of genes up-regulated No. of genes down-regulated
in the HBV immune twin in the HBV immune twin

Figure 1 Number of genes upregulated or downregulated in the immune
twin compared to the HBV carrier twin. PBMCs from two HBV infected twins
with different disease outcomes were analyzed for gene expression using
DNA microarray. Eighty-eight genes were identified as upregulated and 46
downregulated. They were further divided into 12 groups based on their presumed
functions.
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Table 1 Differential expression of immunity-related genes in PBMCs of HBV identical twin patients

UniGene ID Gene name Known function(s) Fold change
Hs.244613 Signal transducer Signal transducer of IL-2, IL-4, -4.2
and activator of CSF1, and different growth hormones.
transcription I mportant for TCR signaling, apoptosis,
5b (STAT 5b) adult mammary gland development, and
sexual dimorphism of liver gene expression
Hs.239138 Pre-B-cell colony-enhancing A cytokine that increases the expression of
factor (PBEF) IL-6 and IL-8 in fetal membrane and may be 22
important in both normal spontaneous labor
and infection-induced preterm labor
Hs.158315 Interleukin 18 receptor accessory An accessory subunit of the heterodimeric
protein (IL-18RAP) receptor for IL-18 enhances the IL-18 binding 3.0
a ligand binding subunit of IL-18 receptor.
The coexpression of IL-18R1 and this protein
is required for the activation of NF-«xB and
MAPKS (JNK) in response to IL-18
Hs.76090 Tumor necrosis factor-alpha-induced Unknown 23
protein 1 (endothelial) (TNF-alP1)
Hs.225948 Chemokine (C-C motif) Cytokine that plays a role in mediatinghoming
ligand 27 (CCL27) of lymphocytes to cutaneous sites. It specifically -2.5
binds to chemokine receptor 10 (CCR10). Studies of
murine protein indicate that these protein-receptor
interactions have a pivotal role in T-cell-mediated skin inflammation
Hs.301921 C-C chemokine receptor type 1 (C-C CKR-1) Cytokine receptor important for host
protection from inflammatory response -2.7
and susceptibility to virus and parasite
Hs.57735 Scavenger receptor class F, member 1 (SCARF1)  Scavenger receptor that has roles in the binding
and degradation of acetylated low density lipoprotein -2.2
and may be involved in atherosclerosis
Hs.4930 Low density lipoprotein receptor-related A membrane protein which may be involved -2.8

protein 4 (LRP4)

in calcium ion binding

'Fold changes between the HBV immune twin pair. Positive number indicates upregulation, whereas negative number denotes downregulation.
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We are interested in the immune system-related genes
that are putative candidates for conferring HBV immunity.
Among the up- or down-regulated genes, cight genes were
related to immune responses including several cytokine/
chemokine signaling-related genes (Table 1). Three genes,
namely cytokine PBEF, interleukin IL.-18 receptor (R)
accessory protein and TNF-aIP1 were upregulated in the
immunity twin. PBEF is a cytokine transcribed in human
bone marrow, liver tissue and muscle™” and synergized
with stem cell factor (SCF) and IL.-7 activating pre-B-cell
colony formation"". TL-18R accessory protein enhances
the 1L-18 binding activity of IL-18R1 and is required for
the activation of nuclear factor-kappa B (NF-kB) and
mitogen-activated protein kinase 8 (MAPK 8) in response
to IL-18. TNF-aIP1 is first identified as a primary response
gene in human umbilical vein endothelial cells towards
TNF-o stimulation'?, but yet with no known function.

Five genes were downregulated in the HBV-immuned
twins. They are the signal transducer and activator of
transcription 5b (Stat5b), which is crucial for normal
immune function and T-cell-mediated mitogenic signals

and is a key signal transducer of T-cell receptor'”. The
chemokine (C-C motif) ligand 27 (CCL27) and C-C
chemokine receptor type 1 (C-C CKR-1) are important
for host inflammatory response. We also observed
the downregulation of the scavenger receptor class
F member 1 (SCARF1) and low-density lipoprotein
receptor-related protein 4. Scavenger receptors encompass
a broad range of molecules involved in receptor-mediated
endocytosis of selected polyanionic ligands, including
modified low-density lipoproteins (LDL)"". Further
investigating the role of these genes and the molecular
differences between immune siblings and HBV chronic
carrier siblings may help us in designing therapeutic
measures that modulate the immune system of patients in
controlling HBV infection.

Of the cight immune system-related genes, TNF-
oIP1 demonstrated the highest frequency of differential
expression among the other groups of HBV-infected
HILA-matched siblings with different disease outcomes as
determined by semi-quantitative RT-PCR (Figure 2A). As
shown in Figure 2B, the expression level of TNF-aIP1 was
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Figure 2 Expression levels of TNF-aIP1 gene in HBV-infected siblings with
different disease outcomes. A: RT-PCR analysis of TNF-alP1 in four sibling pairs; B:
Fold changes of band intensity of TNF-aIP1 in different sibling groups. Open bar:
HBV immune patients; black or patterned bars: HBV carrier; S1: sibling group 1;
S2: sibling group 2; S3: sibling group 3; S4: sibling group 4.

lower in HBV carriers than in their HBV immune siblings
in two siblings groups. Noticeably, the expression of TNF-
alP1 was significantly downregulated in HBV carrier
siblings of group 3 and all four carrier siblings displayed
down-regulation of TNF-alP1. Suggesting that TNF-aIP1
may be a gene differentially expressed in PBMCs of HBV
immune and carrier patients.

Recent studies suggest that cytokine response plays an
important role in successful host defense against HBV
infection. In transgenic mouse and chimpanzee model,
cytotoxic T lymphocytes do not directly kill HBV-infected
hepatocytes, but inhibit the viral replication through the
actions of TNF « and interferon (IFN-y)!"'*. Romero
and Lavine''! demonstrated that TNF-o and IFNs can
downregulate the activity of HBV core/pregenomic
(C/P) promoter, hence contributing to viral clearance.
Moreover, activated intrahepatic antigen-presenting cells
can inhibit liver HBV replication by secreting 11.-12 and
TNF-o/". One of the downstream mechanisms of how
TNF-o modulates HBV infection is via the activation of
NF-xB, which can inhibit HBV replicationm. Interestingly,
we have shown that TNF-«IP1 (a TNF-a inducible gene)
expresses at a higher level in HBV immunized twin.
TNF-aIP1 was first identified as an endothelial primary
response gene towards TNF-a (then named B12), which
induces TNF-aIP1 expression rapidly and transiently.
Biochemical characterization suggests that TNF-olP1
is a 36 ku protein, which may play a regulatory role and
locate intracellularly“zl. The role of TNF-aIP1 in TNF-o-
mediated NF-»B activation and HBV replication inhibition
is of interest for further study.

Phylogenetic analysis showed that TNF-aIP1 could
evolve into human and mouse endothelial protein 1
(Edp1), reflecting the fact that Edpl is likely the mouse
ortholog of TNF-aIP1 (Figure 3A). Predicted from the

7567

A cK+channel3

cK+channel4

cK+channe12

cK+channell
hREN
— hPDIP1
hTNFAIP1
# mEdp1
— hMSTP028
e —

100.00 substitutions
per 100 residue

hTNFAIP1
nEdpl
hMSTPO2S
hPDIP1
cK+channell
cK+channel3
cK+channeld
cK+channel2
hREN

MASTGHSLVTLSTTAEPSKPTSCRVVIYLQRE MSGDTCI CPAS-GAKPKL SGN\GG””

1
1

hTNFAIP1
nEdpl
hNSTPO2ZS
hPDIP1 32
cK+channell
cK+channel3
cK+channeld
cK+channel2
hREN

ot

hTNFATP1 110 |8 DKKDSYQP--
mEdp1 78 |8 DKKDSYQP--
hMSTPO28 NK-DTYEP--
hPDIP1 QKRLILSP”

cK+channell
cK+channel3
cK+tchannel4d
cK+channel?2
hREN

hTNFAIP1 166
mEdp1 134
hMSTPO28 137
hPDIP1 147

cK+channell 110
cK+channel3d 111
cKtchannel4 106
cK+channel?2 104

hREN 110
hTNFAIP1 225
mEdp1 193
hMSTP028 196
hPDIP1 206

cK+tchannell 160
cK+channel3 166

cK+channeld 156 BQ]‘PI\HRI\!RG(RIIR

cK+channel?2 155 SQFLPPGR PSW (FﬂY\TF

hREN 168 NGNLS QDI’NHI lLUI\AV

hTNFAIP1 283 L TP--RVPEN ATSRSRSQASPS FELRDR|WR \1 STYDD®QL
mEdp1 251 /1 I’**R\PNS EATSRSRSQASPSEDEDTFELRDR|UR I RYSTYDDHQL
hMSTPO28 254 LY BAODGRGPENA '\TGGA'\GR' HII RERTER9R I IRP***DD AH
hPDIP1 264 LY PITP - -RG ENREHR |§R WRHITHDE [§P H

cK+channell 219 WH-------

cK+channeld 198 RAAY[JSS-- aq
cK+channeld 216 FSSK SSRNHCSIIﬂMCﬂlWDCIkCPFQKlSM PSLIRIPISSEFISANIKIISFGLQ
cK+channel2 211 TISFER-----=---=—--—---commmmm o LEEDIEFVLGNLN
hREN 228 EKEABSHG----------------------mmmm - FClpssEPEAALDEMNNEI T
hTNFAIPL 341 GHQSTHRD

mEdp1 309 GHQSTHRD

hMSTPO2S 311

hPDIP1 322

cK+channell
cK+channel3 208 E-------

Figure 3 TNF-alP1 shares significant homology with some human, mouse, and
C elegan proteins, having common K+ channel tetramerization/POZ domain. A:
Phylogenetic analysis of evolutionary distance of the protein sequences. The
protein sequences were analyzed by the Growtree program provided by the GCG
package. Kimura distance was adopted as the distance correction method. B:
Amino acid sequence alignment of TNF-alP1 (A41784) with mouse Edp1 protein
(AAC78826), human MSTP028 protein (NP_114160), PDIP1 (AAL14962), human
REN protein (XP_208568), and four C elegan K+ channel family members and
with highest homology to TNF-alP1 (NP_499312, NP_494320, NP_494476 and
NP_494315). Black line: K+ channel tetramerization/POZ domain.
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amino acid sequence of TNF-aIP1 (A41784), there is a
K+ channel tetramerization domain in the middle of the
sequence. This N-terminal, cytoplasmic tetramerization
domain (T1) of voltage-gated K+ channels encodes
molecular determinants for subfamily-specific assembly
of alpha-subunits into functional tetrameric channels™. Tt
is distantly related to the BTB/POZ domain which plays
an oligomerization role in the function of this protein.
Interestingly, the K+ channel tetramerization domain
is the common domain feature shared by many TNF-a
inducible proteins. For instance, mouse TNF-a inducible
proteins such as Edp1 share high homology with the entire
amino acid sequence of TNF-aIP1 (97% identity) (Figures
3A and B). It is also noticed that there was a group of C
elegan proteins containing the K+ channel tetramerization
domain. However, the function of this group of proteins
is unknown.

Among the proteins containing K+ channel
tetramerization domain, polymerase delta-interacting
protein 1 (PDIP1) is best characterized”. PDIP1 is
a TNF-u« inducible protein and plays a role in linking
cytokine activation and DNA replication in the liver as
well as in other tissues. It localizes inside the nuclei and
interacts with DNA polymerase J small subunit (p50) and
proliferating cell nuclear antigen (PCNA). In addition,
it modulates DNA polymerase ¢ activity in a PCNA
dependent manner. Importantly, it shares high homology
(62% identity) with TNF-aIP1 (B12). PDIP1 is involved in
TNF-a-mediated hepatocyte regeneration and stimulates
hepatocyte proliferation upon TNF-« signalm. It is of
interest to know whether this is also true for TNF-aIP1
using cell proliferation assay.
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Abstract

AIM: Passive immunotherapy using antibody against
hepatitis B surface antigen (HBsAg) has been advocated
in certain cases of Hepatitis B infection. We had earlier
reported on the cloning and expression of a high affinity
scFv derived from a mouse monoclonal (5S) against
HBsAg. However this mouse antibody cannot be used
for therapeutic purposes as it may elicit anti-mouse
immune responses. Chimerization by replacing mouse
constant domains with human ones can reduce the
immunogenicity of this antibody.

METHODS: We cloned the Vi and V. genes of this
mouse antibody, and fused them with CH1 domain
of human IgGl and C. domain of human kappa chain
respectively. These chimeric genes were cloned into a
phagemid vector. After initial screening using the phage
display system, the chimeric Fab was expressed in
soluble form in £. coli.

RESULTS: The chimeric Fab was purified from the
bacterial periplasmic extract. We characterized the
chimeric Fab using several /n vitro techniques and it was
observed that the chimeric molecule retained the high
affinity and specificity of the original mouse monoclonal.
This chimeric antibody fragment was further expressed
in different strains of £. coli to increase the yield.

CONCLUSION: We have generated a mouse-human
chimeric Fab against HBsAg without any significant loss
in binding and epitope specificity. This chimeric Fab
fragment can be further modified to generate a full-
length chimeric antibody for therapeutic uses.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.

Key words: Chimeric Fab; Hepatitis B surface antigen;
Phage display

Bose B, Khanna N, Acharya SK, Sinha S. High affinity
mouse-human chimeric Fab against Hepatitis B surface
antigen. World J Gastroentero/ 2005; 11(48): 7569-7578
http://www.wjgnet.com/1007-9327/11/7569.asp

INTRODUCTION

Hepatitis B virus (HBV) infection is the 10" leading
cause of death worldwide, with 2 billion people infected
by it and 350 million suffering from chronic HBV
infection". Protective antibodies that appear after natural
infection are mostly directed against the major antigenic
"a'determinant of Hepatitis B surface antigen (HBsAg)?.
The immunodominant ‘a’ epitope is a part of a large
antigenic area of HBsAg, called the major hydrophilic
region” and this epitope is present in all serotypes'”.
Antibodies against HBsAg are thus advocated for passive
immunotherapy against Hepatitis B infection in cases of
accidental needle stick injuries, for liver transplant patients and
to prevent vertical transfer of HBV infection from mother
to child”". Presently, human anti-HBs immune globulin
(HBIG) collected from the blood of hyperimmune donors
is used for postexposure prophylaxis. Being a blood
derived product anti-HBs HBIG is costly and can cause
cross-contamination. Therefore a recombinant antibody to
HBsAg can be a suitable alternative to such a practice.
Although several recombinant antibodies against
HBsAg have been reported in literature, none is available
for clinical use” . In our previous work we had expressed
and characterized a recombinant anti-HBs scFv cloned
from a mouse monoclonal 58", This antibody binds to
HBsAg with high affinity (Ko = 0.889 nmol/L). It tested
positive in an zz vitro surrogate test for seroconversion
and protective antibodies (Hepanostika anti-HBs Kkit,
Organon Teknika, The Netherlands). The scFv generated
from this hybridoma retained the high affinity and
epitope specificity'”. However this mouse monoclonal
cannot be used for therapeutic purposes as it may trigger
human anti-mouse antibody response, especially when
multiple infusions are required to obtain therapeutic
efficacy™". Tt is well known that immunogenic reactions
are predominantly directed towards constant domains of
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Table 1 Oligonucleotide primers used for generation of the chimeric Fd and light chain

Primer

Sequence

5" primer for Vu (5H23M)

3" primer for Vu (Fd3)

5" primer for Cul of human IgG1 (Fd5)

3" primer for Cul of human IgG1 (CG1Z)
5" primer for Vi (5L35)

3" primer for Vi (K3)

5" primer for Cr of human « chain (K5)

3" primer for Ct of human k chain (Ck1d)

5- AG GTC CAG CTT CTC GAG CCC GGG GC -3

5-CGA TGG GCC CTT GGT GGA GGC TGA AGA GAC AGT GAC TGA GGT TCC-3

5-GGA ACC TCA GTC ACT GTC TCT TCA GCC TCC ACC AAG GGC CCA TCG-3

5-GCA TGT ACT AGT TTT GTC ACA AGA TTT GGG -3’

5-CCA GAT GTG AGC TCG TGA TGA CCC AGA CTC CA-%

5-CAG ATG GTG CAG CCA CAG TCC GTT TGA GTT CCA GCT TGG-3’

5-CCA AGC TGG AAC TCA AAC GGA CTG TGG CTG CAC CAT CTG-3'

5-GCG CCG TCT AGA ATT AAC ACT CTC CCC TGT TGA AGC TCT TTG TGA CGG GCG AACTCA G -3

Primer names are given in parenthesis. Sites for restriction enzymes are shown as underlined. Complementary overhangs are shown in bold letters.

murine antibodies'"”. Problems associated with the HAMA
response can be reduced by creating mouse-human
chimeric antibodies, where mouse constant regions are
replaced by human ones!"",

The exact mechanisms of antibody-mediated virus
neutralization are not clear till date. A few of the
principal mechanisms, which have been postulated for
virus neutralization, are virus aggregation, inhibition of
attachment of virus to cell receptors and inhibition of
events after attachment to cell receptors[zo’zﬂ. Though
high affinity binding to viral epitopes is a pre-requisite for
antibody-mediated virus neutralization, the importance
of antibody constant domains is not clear. Apart from
full-length antibodies, antibody Fab fragments have been
shown to neutralize viruses™ . It has been shown that
F(ab): fragments derived from HBIG is effective for
the prevention of vertical transfer of HBV infection in
neonates” . In comparison to a full-length antibody, a Fab
fragment can be casily expressed in bacterial expression
systemslzsj. A recombinant Fab can be further modified for
increase in afﬁnity[zg], for chimerization/humanization””
and can be linked with antibody Fc region to generate a
tull-length antibodym’n].

In the present work, we have fused the variable
regions of the mouse monoclonal 58 (IgG1/x) with
the corresponding human constant regions (Cul of
IeG1/CL of ) to generate a mouse-human chimeric Fab.
This chimeric Fab was expressed using a phage display
expression system. After initial screening of functional
clones, the chimeric Fab was expressed in . co/7 in soluble
form. It was purified by affinity chromatography and
characterized for antigen binding. We observed that the
chimeric Fab fragment retained the high affinity binding
and epitope specificity of the original mouse monoclonal.
This chimeric molecule can be further modified for
generation of a therapeutically useful full-length chimeric
antibody.

MATERIALS AND METHODS

Materials

The phagemid vector pCOMB3H was provided by The
Scripps Research Institute, La Jolla, USA. Shanta Biotech
(India) provided purified recombinant HBsAg expressed in
a Pichia system. E. co/i X1L1-Blue and TG1 cells and helper
phage M13 KO7 were obtained from MRC, Cambridge,

UK. E. coli strains AD494 and BL 21 CodonPlus were
procured from Novagen. 58 hybridoma cells were
maintained in RPMI (Sigma, USA) with 10% FCS (Sigma,
USA). Anti-M13 mouse antibody was provided by Dr.
Vijay Chaudhary, University of Delhi, South Campus, New
Delhi, India.

Construction of the chimeric light chain and Fd fragment
The strategy for generation of the chimeric Fd and
light chain is shown in Figure 1. The variable region
genes of 58 hybridoma were amplified by reverse
transcription followed by PCR. Primers used for all reverse
transcriptions and PCRs are listed in Table 1. Total RNA
was isolated from 58S cells using TRI reagent (Sigma, USA)
and cDNAs for the Vu and Vi fragments were generated
by reverse transcription using Omniscript RTase (Qiagen).
Primers used for reverse transcriptions were Fd3 and K3
for Vi and Vi respectively. These primers have overhangs
complementary to the 5’ regions of the respective human
constant domains. The Vu fragment was further amplified
by PCR using primers 5H23M and Fd3. Similarly, the Vi
fragment was amplified by PCR using primers 51.35 and
K3. Conditions for both the PCRs were: 30 cycles at 94 °C
for 1 min, 50 °C for 1 min, 72 °C for 2 min, followed by a
final extension for 10 min at 72 °C.

For amplification of human constant domains, RNA
was isolated from human peripheral blood lymphocytes
(PBLs) using TRI reagent. cDNAs for the Cul region of
human IgG1 and the Cr region of human kappa chain
were generated by reverse transcription using Omniscript
RTase (Qiagen). Primers used for reverse transcriptions
were CG1Z and Ckld for Cul and Cu respectively. The
Cul fragment was further amplified by PCR using primers
Fd5 and CG1Z. Human Cr was amplified by PCR using
primers K5 and Ckld. Fd5 and K5 carry overhangs
complementary to the 3’ end of variable regions of 5S.
Conditions for both these PCRs were: 30 cycles at 94 °C
for 1 min, 60 °C for 1 min, 72 °C for 2 min, followed by a
final extension for 10 min at 72 °C.

PCR amplified fragments were resolved in 1.5%
agarose gel and respective bands were eluted out using
QIAquick gel extraction kit (Qiagen). PCR amplified Cnl
(human IgG1) and mouse Vi were used as templates for
generation of the chimeric Fd by overlap PCR. Initial
assembly of equimolar amounts of the mouse Vu and
human Cnl was done by PCR for 20 cycles at 94 °C for
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Figure 1 Schematic representation of the strategy for cloning and expression of the anti-HBs chimeric Fab. The Vx and Vi fragments of 5S hybridoma were fused with
human C1 and C. by overlap PCR. The resulting chimeric fragments were cloned in the bi-cistronic phagemid vector pPCOMB3H. Both the fragments are under the control
of a single LacZ promoter. ompA and pelB are two leader sequences, provided for directing the light chain and Fd fragment to the bacterial periplasm. Two ribosome-
binding sites are present in the vector for stable expression of both the fragments. The Fd fragment was cloned upstream to the phage glll sequence, for surface display of
the chimeric Fab. This g/ll fragment was removed by digestion with Spe I/Nhe | and after self-ligation of the vector, the Fab fragment was expressed in soluble form.

1 min, 60 °C for 1 min and 72 °C for 2 min, followed by
final extension of 10 min at 72 °C. The product of the
initial assembly reaction was diluted 10 times and used as
the template for pull through PCR using primers 5SH23M
and CG1Z. Similarly human kappa Ci. and mouse Vi
fragment were joined to generate the chimeric light chain.
Primers used for this reaction were 51.35 and Ck1d.

Construction of the phagemid construct

We used the bi-cistronic phagemid vector pCOMB3H, a
variant of the phagemid pComb3™, for the expression
of the chimeric Fab. The essential features of this vector
system and our cloning strategy are shown in Figure 1.
The chimeric Fd was digested with Xho7 and Spe/ and
cloned into the phagemid vector pCOMB3H. The
resulting construct (pCOMB3H-Fd) was transformed into
chemically competent E. co/i X1.1-Blue cells by standard
chemical method (CaClz/heat shock)[‘m. Transformed cells
were grown on Amp-Agar plates. Colonies were picked up

after overnight incubation and screened for the presence
of the insert by colony PCR and restriction digestion
(Xhot/Spel). The recombinant phagemid pCOMB3H-Fd
was isolated by alkali-lysis method and digested with Sac?
and Xbal. The chimeric light chain digested with these two
enzymes was cloned into pCOMB3H-Fd to generate the
phagemid construct pPCOMB3H-Fd-L. This construct was
transformed into chemically competent XL1-Blue cells
by standard chemical transformation method and after
overnight incubation, recombinant clones were checked
for the presence of the chimeric light chain by colony PCR
and by restriction digestion (Sac?/XbaT).

Expression of the phage antibody and selection of antigen
binding clones

Cells transformed with the construct pCOMB3H-Fd-L
were used for expression of the chimeric Fab on phage

surface. Phage displaying chimeric Fab was rescued by
infection with helper phage M13-KO7 as described by
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Barbas ez ol Phage was precipitated from the culture
supernatant by incubating with PEG/NaCl (20%
PEG/2.5 mol/L NaCl) for 8 h on ice. After centrifugation,
precipitated phage was resuspended in PBS and titrated to
determine phage concentration””.

Clones displaying functional Fab fragment were
selected by biopanning over antigen-coated plates. The
method for biopanning has been discussed in detail in
our earlier article!"”. Essentially this method involves
incubation of phage in uncoated ELISA plate followed
by incubation of unbound phage in antigen-coated plate.
After thorough washing, bound phage was eluted out
at low pH. Eluted phage was passed through two more
rounds of selection over coated and uncoated wells with
increasing number of washing;

Identification of antigen binding clones by phage-ELISA
Phage obtained after three rounds of selection, was
reinfected in XL1-Blue cells and amplified by standard
phage rescue protocol as mentioned earlier. Antigen
binding clones were identified by phage-ELISA. Maxisorp
ELISA plates were coated with HBsAg (250 ng/well) in
bicarbonate buffer (pH 9.5). After blocking with 2% non-
fat milk in PBS (MPBS), phage (~10"/well) was added
and incubated for 1 h at room temperature. Bound phage
was detected by incubation with 1:1 000 dilution of
anti-M13 mouse antibody for 1 h at room temperature,
followed by 1 h incubation with 1:2 000 dilution of
anti-mouse antibody-HRP conjugate (Promega, USA).
ELISA was developed by using 100 pL of 0.4 mg/mL
o-phenylenediamine and 0.8 pL/ mL of H20:2 in citrate-
phosphate buffer (pH 5). The same amount of helper
phage (M13-KO7) was used as negative control in phage-
ELISA.

The phagemid construct was isolated from the clone
showing maximum binding and the nucleotide sequences
of the chimeric I'd and light chain were determined by
sequencing using ABI-Prism automatic DNA sequencer.
Primers used for sequencing the light chain were
5-ATGAAAAAGACAGCTATCGC-3” and 5-TAATAAC
AATCCAGCGGCTG-3’. Primers used for sequencing the
Fd fragment were 5-TCTTTTCATAATCAAAATCACC
G-3" and 5-AAATGAAATACCTATTGCC-3.

Soluble expression of the chimeric Fab

The antigen binding clone selected by phage ELISA was
further processed for soluble expression of the anti-HBs
chimeric Fab. For soluble expression of the chimeric
Fab, the phage glIl sequence was removed from the
recombinant phagemid construct pCOMB3H-Fd-L by
double digestion with Spe I and Nhe 1. Digestion by these
two enzymes provides compatible ends for self-ligation
of the vector. Double digested phagemid was self-ligated
to generate the construct pCOMB3H-Fd-L-Sol and
transformed in chemically competent XI.1-Blue cells. For
soluble expression of recombinant chimeric Fab, 1 L Super
Broth with 20 mmol/I MgClz and ampicillin (100 pg/mL)
was inoculated with 10 mL of overnight culture of the
recombinant clone and grown at 37 °C till the 4eo0 reached

approximately 0.6, when overexpression of the chimeric
Fab was induced by 1 mmol/L IPTG. After overnight
growth at 30 °C, cells were harvested by centrifugation at
4 000 r/min. Cell pellet was re-suspended in 20 mL PBS/
1 mmol/L EDTA and kept on ice for 40 min. Clarified
periplasmic extract was obtained by centrifugation of the
re-suspended product at 10 000 g The same method was
used to express the soluble chimeric Fab in three other E.
coli strains (AD494, BL.21 CodonPlus and TG1).

Purification of the recombinant chimeric Fab

The periplasmic extract was concentrated (~10 times)
using Centriprep YM-30 centrifugal filter (Millipore,
USA). The recombinant chimeric Fab was purified from
the periplasmic extract by affinity chromatography using
HiTrap Protein G HP column (Amersham) as per the
manufacturer’s protocol. In brief, the protein G column
(1 mL) was washed thoroughly with double distilled water
(five column volumes) and equilibrated with five column
volumes of equilibration buffer (pH 7.0). The concentrated
periplasmic extract was allowed to pass through the column
using a syringe at a speed of 2 mL/min. The column was
washed thoroughly by 10 volume of equilibration buffer
and bound chimeric Fab was eluted out by 5 volume of
elution buffer (pH 2.7). Eluted fractions were immediately
neutralized using neutralization buffer (77 pL/mL, pH 9).
The eluted fractions were concentrated by Centriprep

YM-30 centrifugal filter and checked on SDS-PAGE.

Electrophoresis and Western blot analysis

The purified chimeric Fab was resolved by 12% SDS-
PAGE, separately in reducing (with BME) and non-
reducing conditions (without BME or DTT). The resolved
protein was stained by silver staining,

For Western blot analysis, the concentrated periplasmic
extract was resolved by 12% SDS-PAGE in non-reducing
conditions and electroblotted on nitrocellulose membrane.
After blocking with 4% MPBS for 2 h, the chimeric Fab
was detected by Rabbit anti-Human IgG-HRP conjugate
(1:1 000 dilution; Dako). The blot was developed using
DAB/H:20:2 system. An equal amount of concentrated
periplasmic extract of untransformed XL1-Blue cells
was used as the negative control for the Western blot
experiment. A separate Western blot experiment was
performed under reducing conditions for the detection
of the monomeric Fd and light chain. Whenever required,
intensity of bands in Western blots was measured
densitometrically using Chemilmager 4400 (Alpha
Innotech Corp., USA).

Antigen binding assays for the chimeric Fab

Binding of the chimeric Fab was checked by solid
phase ELISA. Maxisorp ELISA plate was coated with
250 ng/well of HBsAg in bicarbonate buffer (pH 9.5).
After blocking with 4% MPBS, different dilutions of
the chimeric Fab was added to antigen coated wells and
bound antibodies were detected by Rabbit anti-Human
IgG-HRP conjugate (1:2 000 dilution; Dako). Hybridoma
supernatant of the original mouse monoclonal 5§ was
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Figure 2 Phage ELISA to identify antigen binding clones. After three rounds
of biopanning, selected phage was rescued and antigen-binding clones were
detected by phage ELISA. In this experiment 5S hybridoma supernatant and
helper phage M13 KO7 were used as positive (+) and negative (=) control
respectively. Clone 1 was used for soluble expression of the chimeric Fab.

used as a positive control for this experiment. The extract
of untransformed XI.1-Blue cells was used as a negative
control and corresponding readings were deducted from
the readings of the chimeric Fab. This ELISA method was
also used to study the levels of expression the chimeric
Fab in different E. co/i strains.

For competitive ELISA, plates were coated with HBsAg
(100 ng/well) in bicarbonate buffer and blocked with
4% MPBS. Different amounts of the chimeric Fab were
mixed with 1:80 dilution of 5S hybridoma supernatant and
added to antigen-coated wells. After one hour incubation
at room temperature, bound mouse antibody was detected
by anti-mouse-HRP conjugate (Bangalore Genei, India).
Periplasmic extract of untransformed XL1-Blue cells was
used as the negative control and binding of the mouse
monoclonal in its presence was taken as the maximum
binding to calculate the percent inhibition.

Determination of the dissociation constant of the chimeric Fab
The dissociation constant (Kp) of HBsAg and chimeric
Fab interaction was determined in solution phase by an
ELISA method as described by Friguet ez al™. Essentially
the technique involves incubation of a fixed amount of the
antibody with different amounts of the antigen in solution
phase for a prolonged period so that the equilibrium
is reached. This is followed by detection of unbound
antibody by conventional ELISA. This ELISA data is
then used to calculate the Kb value, by using an equation
derived from the law of mass action. The advantage of
this technique is that it can be used to determine the
affinity of an antibody without prior purification.

For this experiment we used crude periplasmic extract
of the clone expressing the chimeric Fab in soluble form.
A fixed amount of the petiplasmic extract (1:300 dilution,
in 100 pl. of 4% MPBS) was incubated with varying
concentrations of HBsAg (3-10 nmol/L) for 16 h at 4 °C.
This equilibrated solution was incubated in antigen coated
ELISA plates (250 ng antigen/well) for 20 min at room
temperature to capture the free Fab. Bound chimeric Fab was
detected by Rabbit anti-human IgG-HRP conjugate (Dako).

Protein estimation
Protein concentrations were estimated by Bradford

assaym.

RESULTS

Generation of a phagemid construct for the expression
of phage antibody: Variable regions of the light chain
and heavy chain of the mouse monoclonal 5S were
amplified by RT-PCR. The Cul region of human IgG1
and Cr. of human kappa chain were amplified by RT-PCR
using RNA extracted from human PBLs. After the fusion
of the mouse Vu and human Cul, resulting chimeric
Fd was cloned into the phagemid vector pCOMB3H
to generate the recombinant construct pCOMB3H-Fd.
Similarly, the chimeric light chain, generated by joining the
mouse Vi and human Cr, was cloned into pPCOMB3H-Fd
to generate the recombinant construct pCOMB3H-Fd-L.
This construct was transformed in XI.1-Blue cells and
phage displaying the chimeric Fab was generated by phage
rescue using helper phage.
Selection of antigen binding clones and phage ELISA:
The anti-HBs chimeric Fab was first expressed as phage
antibody and antigen-binding clones were enriched by bio-
panning over antigen coated plate. Selection was done on
uncoated and antigen coated wells alternatively, thereby
removing plastic binding clones, which can interfere in
subsequent ELISAs. After three rounds of selection,
functional clones were amplified and rescued to generate
phage particles displaying the chimeric Fab and antigen-
binding clones were detected by phage ELISA (Figure 2).
As shown in Figure 2, clone 1 had the maximum binding
and was used for soluble expression of the chimeric Fab.
Nucleotide sequences of the chimeric Fd and light chain
of this clone wetre submitted to the EMBIL Nucleotide
Sequence Database (EMBL accession numbers: AJ878860
and AJ878861). Sequence analysis indicated that the variable
regions in these chimeric genes are identical to the variable
regions of the mouse monoclonal 5S (data not shown).
Soluble expression of the chimeric Fab: Phage gII]
sequence was removed from pCOMB3H-Fd-L for soluble
expression of the chimeric Fab. The anti-HBs chimeric
Fab was expressed in E. co/i XL.1-Blue cells by inducing
overnight with 1 mmol/L IPTG. The leader sequences,
present upstream to the chimeric genes, drag both the
chains to the bacterial periplasm, where they form inter-
and intra-chain disulphide bonds. The periplasmic extract
was concentrated and the chimeric Fab was purified
using Protein G column. Yield of the purified chimeric
Fab when expressed in XL1-Blue cells was ~40 pg/L
of culture. The purified product was resolved by SDS-
PAGE in non-reducing (without BME/DTT) as well as in
reducing conditions (with BME). As shown in Figure 3A,
the chimeric Fab is expressed as a heterodimer (~50 ku)
of the chimeric Fd and light chain. In reducing conditions,
both the chains were detected in monomeric form
(~25 ku).

Expression of the heterodimeric chimeric Fab was
further confirmed by Western blot in non-reducing
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Figure 3 SDS-PAGE (A) and Western Blot (B) analysis of the chimeric Fab. The purified chimeric Fab was resolved in 12% SDS-PAGE under reducing (R) and non-
reducing conditions (NR). In non-reducing conditions the Fab is a heterodimer of molecular weight ~50 ku. In reducing conditions the heterodimer dissociates into chimeric
light chain (~25 ku) and Fd (~25 ku). Both the gels were stained by silver staining. M is the lane for the protein marker. Similar observations were made in Western Blots (B)
of the chimeric Fab in reducing (R) and non-reducing (NR) conditions. Electroblotted antibody fragments were detected by Rabbit anti-Human IgG-HRP conjugate (1:1 000

dilution; Dako).
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Figure 4 Binding properties of the anti-HBs chimeric Fab. 1 Solid phase ELISA was performed with different dilutions of the soluble chimeric Fab. The result of the
competitive ELISA between the chimeric Fab and the mouse monoclonal 5S is shown in Figure (B). Different amounts of the chimeric Fab were allowed to compete with 1:80
dilution of the 5S-hybridoma culture supernatant for binding to HBsAg. Bound mouse monoclonal was detected with anti-mouse HRP and the % inhibition of binding was

calculated.
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Figure 5 Dissociation constant (Ko) of the chimeric Fab. The Ko was determined
using an ELISA based method. Different amounts of HBsAg were incubated with
concentrated periplasmic extract of the clone expressing the anti-HBs chimeric
Fab for 16 h and unbound antibody was detected by ELISA using rabbit anti-
human antibody-HRP (Dako). The data was fitted to the equation Ao/(Ac-A) =
Ko*1/[Ag]+1, where Ao = absorbance when the antibody was incubated without
any antigen, A = absorbance corresponding to free antibody after incubation with
the antigen. Dissociation constant of the chimeric Fab was determined from the
slope of the straight line (Ko = 8.166+0.14 nmol/L).

conditions (Figure 3B, lane NR). In reducing conditions a
band corresponding to monomeric Fd and/light chain was
detected (Figure 3B, lane R).

Binding properties of the chimeric Fab: Binding of the
chimeric Fab was detected by solid phase ELISA and the
result is shown in Figure 4A. As shown in Figure 4A, the
binding of the antibody increases with increasing amount
of the chimeric Fab, reaching a saturation level as expected
for antigen-antibody interactions.

Competitive ELISA was performed to confirm that
chimerization has not disturbed the epitope specificity of
the chimeric Fab fragment. For competitive ELISA, the
parent mouse monoclonal 5S was used to compete with
varying concentrations of the chimeric Fab and binding of
the mouse antibody was detected using anti-mouse-HRP
conjugate. Figure 4B shows that the chimeric Fab inhibits
the binding of the mouse antibody, indicating that both of
these bind to the same epitope.

Dissociation constant of the chimeric Fab: The
dissociation constant of the chimeric Fab in solution
phase was determined using an ELISA based technique
developed by Friguet ez a/™. As calculated from the slope
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Figure 6 Expression profile of the chimeric Fab in different strains of E. coli. The chimeric Fab was expressed in soluble form in different E. coli strains in identical
conditions. Levels of expression of the chimeric Fab were checked by Western blot in non-reducing conditions (A). Intensities of bands were measured densitometrically (B).
Levels of expression were also checked by ELISA (C). Equal amount of the periplasmic extracts were allowed to bind to HBsAg coated on ELISA plate and bound chimeric
Fab was detected. (XL1 = XL1-Blue, AD494 = AD494, COD+ = BL21 Codon Plus, TG1 = TG1, IDV = integrated density value).

Table 2 Yields of the anti-HBs chimeric Fab in different E. coli
strains

E. coli strain Yield (ug/L)"

XL1-Blue 40
AD494 62
BL21 Codon Plus 40
TG1 8

"Estimated by Bradford assay, after purification by protein G column

of the line in Figure 5, the Kb of the chimeric anti-HBs
Fab is 8.166+0.14 nmol/L, (72: 0.914).

Expression of the chimeric Fab in different E.coli
strains: Yield of this chimeric Fab in E. co/ XI.1-Blue
cells was found to be low (~40 },Lg/ L). The recombinant
construct pCOMB3H-Fd-L-Sol was transformed into
three other strains of E. co/i, (AD494, BL21 CodonPlus
and TG1) to check the yield of the chimeric Fab in
soluble form. The chimeric Fab was expressed in these
cells in the same fashion as stated above for XI.1-Blue
cells. The levels of expression of the chimeric Fab in
different E. co/i strains were checked by Western Blot and
compared densitometrically (Figures 6A and B). The levels
of expression of the chimeric Fab in different strains
of E. coli were further confirmed by ELISA using crude
periplasmic extracts. The result of the ELISA is shown in
Figure 6C. Yields of the purified chimeric Fab expressed
in different E. co/i strains are shown in Table 2. As shown
in Figure 6 and Table 2, maximum yield of the chimeric
Fab was observed in case of E. co/i AD494 cells.

DISCUSSION

58 is a mouse monoclonal that binds to HBsAg with high
afﬁnitylm. However, like any other mouse monoclonal,
this antibody can give rise to HAMA response and

cannot be used clinically,. HAMA may neutralize the
injected mouse antibody directly by immune complex
formation, which could lead to rapid clearance or to
hypersensitivity reactions™™”. As immunogenic reactions
are predominantly directed towards the Fc region of
murine antibodies'"”, creation of mouse-human chimetic
antibodies by swapping murine constant regions with the
human ones can address the problem of HAMA response,
at least in partmmj. But such domain swapping can alter
the immunological and pharmacokinetic properties of
an antibody, making the task of generation of chimeric
antibodies quite tricky™*".

One of the crucial aspects in generation of chimeric
antibodies is the selection of human isotypes for domain
swapping. Effector functions of antibody constant
domains are broadly dependent on the antibody classes
and subclasses"". Usually human IgG1 is the preferred
choice for chimeric antibodies in situations where
activation of effector functions is the desired outcome
Rath and Devey™ had observed that the subclasses of
antibodies associated with HBsAg in circulating immune
complexes of patients with either acute or chronic HBV
infections were predominantly IgG1 and IgG4. A study
involving children, who have recovered from acute
hepatitis B, has shown that after natural seroconversion,
specific antibodies were highly restricted to IgGl[m. It has
also been observed that anti-HBs IgG1 is predominant
after vaccination with recombinant vaccines***.

Apart from being important for effector functions, the
choice of isotype can also affect the antigen binding of
a chimeric molecule. It has been observed that changes
in constant domains can affect the functional affinity and
specificity of antibodies"”. Pritsch e a/"” have shown
that Fab fragments of antibodies sharing identical variable
regions but Cul of different isotypes have significant
differences in affinities. A molecular dynamic study
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involving anti-HEL Fab has shown that, the interactions
between Cr and Cul domains may have influence not only
around the local interface between Crand Cul but also
around the interacting regions between HEL and v,

In the present work, the variable region genes of 58
(IgG1/x) were fused with the Cul region of human IgG1
and human kappa chain constant region, to generate a
mouse-human chimeric Fab. The Cul region of IgG1
and kappa Crwere amplified using RNA extracted
from human PBLs and linked with respective variable
regions of 5S hybridoma by overlap PCR. The chimeric
fragments were subsequently cloned into the phagemid
vector pCOMB3H and phage antibodies were expressed.
Functional clones were selected by biopanning over
antigen coated plate and selected clones were checked for
binding by phage ELISA. It is well known that cloning
of antibody genes by PCR may introduce mutations
and may amplify truncated antibody genes, generating
clones that are non-functional™”. Use of a phagemid
expression system allows the initial expression of antibody
molecules as phage antibodies, which can be easily selected
for antigen binding and then be further processed for
soluble expression. As shown in Figure 2, two of the
four clones checked by phage ELISA after three rounds
of biopanning showed high binding. Clone 1 was further
processed for soluble expression of the chimeric Fab.
SDS-PAGE and Western blot in both reducing and non-
reducing conditions confirmed that the chimeric Fab was
expressed in the form of a heterodimer (Figures 3A and B).
The chimeric Fab was further characterized by ELISA and
competitive ELISA. Competitive ELISA confirmed that
the chimeric Fab and the original mouse monoclonal bind
to the same epitope (Figure 4B). The dissociation constant
of the chimeric Fab as determined by the ELISA based
method was found to be high (8.16610.14 nmol/L). The
dissociation constant for the original mouse monoclonal
is 0.8899 nmol/LmJ. Given the level of accuracy of the
method used for the determination of Kb values, one
can consider both of these values to be in the same
broad range. An anti-human antibody was used in the
ELISA to calculate the Kb of the chimeric Fab; whereas
an anti-mouse antibody was used in case of the mouse
monoclonal. Such a difference in experimental setup can
also be attributed for the difference in Kb values.

Though it seems simple, high yield expression of
heterologous proteins in bacterial systems sometimes proves
to be problematic. Multiple factors like codon usagem,
DNA/RNA/Protein interaction”, regulatory factors for
transcription and translation and nucleotide usage in the
leader peptidel53J affect the yield of heterologous proteins
in bacteria. The yield of Fab depends upon the relative
levels of expression of the light chain and Fd. The light
chain-heavy chain balance depends upon codon usage in
the signal peptides and 5” sequence of coding regions’™
In this present work, the yield of soluble recombinant Fab
in XL1-Blue cells was low (~40 pg/L). Such a low yield of
Fab fragment expressed in E. co/i using pPCOMB3H vector
system has been reported eatlier™. To optimize the yield
of the soluble chimeric Fab, the recombinant construct

was transformed in different E. co/i strains — TG1, AD
494 and BL21 CodonPlus. E. co/i BLL21 CodonPlus-RP
(Novagen) cells contain extra copies of the argU and prol.
genes. These genes encode tRNAs that recognize the
arginine codons AGA, AGG and the proline codon CCC,
respectively. E. co/i BL21 has been used for high-level
expression of several antibody fragmentsl%’w. E. coli AD494
cells are thioredoxin negative (#xB"), thereby providing an
oxidizing environment in the cytoplasm. Proper folding
and assembly of antibody domains require inter- and intra-
chain disulphide bond formation. Therefore bacterial
periplasm is suitable for the assembly of functional Fab
fragments. An oxidizing environment in the cytoplasm
may also help to increase the yield of properly folded
soluble antibody fragments. We expressed the anti-HBs
chimeric Fab in soluble form in different E. co/i strains
under identical conditions. As shown in Figure 6 and
Table 2, there was a slight increase in the expression of
the chimeric Fab in AD494 cells; whereas the expression
in BL21 was equivalent to that in XI.1-Blue cells. Though
Raffai ¢f o/ had observed increased yield of soluble Fab
fragment in TG1 in comparison to XL1-Blue cells, we
could not detect any such increase in yield.

Though chimerization and humanization are essential
to reduce immunogenicity of non-human antibodies
before they can be used clinically such genetic engineering
can alter functional capabilities of the molecule, often
leading to loss of binding or reduction in affinity. Our
results show that the chimerization of the 5S mouse
monoclonal did not disturb its binding to the antigen
and the chimeric Fab binds to the same epitope as that
of the original mouse monoclonal. Though chimeric and
monovalent in nature, the affinity of the recombinant
chimeric Fab remained in the same range as the mouse
monoclonal 58. The high affinity binding of this chimeric
Fab fragment indicates that it can be further modified to
generate a clinically applicable full-length chimeric anti-
HBs antibody, with out any significant loss of binding
affinity.
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Abstract

AIM: To develop a simplified and efficient method
for the preparation of hepatitis C virus (HCV) cDNA
microarray probes.

METHODS: With the technique of restriction display
PCR (RD-PCR), restriction enzyme Sau3A 1 was chosen
to digest the full-length HCV cDNAs. The products were
classified and re-amplified by RD-PCR. We separated the
differential genes by polyacrylamide gel electrophoresis
and silver staining. Single bands cut out from the
polyacrylamide gel were isolated. The third-round PCR
was performed using the single bands as PCR template.
The RD-PCR fragments were purified and cloned into
the pMD18-T vector. The recombinant plasmids were
extracted from positive clones, and the target gene
fragments were sequenced. The cDNA microarray was
prepared by spotting RD-PCR products to the surface of
amino-modified glass slides using a robot. We validated
the detection of microarray by hybridization and
sequence analysis.

RESULTS: A total of 24 different cDNA fragments
ranging from 200 to 800 bp were isolated and sequenced,
which were the specific gene fragments of HCV. These
fragments could be further used as probes in microarray
preparation. The diagnostic capability of the microarray
was evaluated after the washing and scanning steps. The
results of hybridization and sequence analysis showed
that the specificity, sensitivity, accuracy, reproducibility,
and linearity in detecting HCV RNA were satisfactory.

CONCLUSION: The RD-PCR technique is of great value

in obtaining a large number of size-comparable gene
probes, which provides a speedy protocol in generating
probes for the preparation of microarrays. Microarray
prepared as such could be further optimized and applied
in the clinical diagnosis of HCV.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.

Key words: Restriction display PCR; HCV; Microarray;
Probes

Sun ZH, Ma WL, Zhang B, Peng YF, Zheng WL. Application
of restriction display PCR technique in the preparation
of cDNA microarray probes. World J Gastroentero/ 2005;
11(48): 7579-7584
http://www.wjgnet.com/1007-9327/11/7579.asp

INTRODUCTION

Hepatitis C virus (HCV) is a RNA virus with a high
rate of genetic mutation'. HCV has a linear genome
approximately 10 kb in length, which consists of a
positive sense single-stranded RNA (ssRNA)®. Consistent
with related members of the family Flaviviridae, HCV
demonstrates a high degree of sequence variation
throughout its genome. Sequence analysis of multiple
strains of HCV has demonstrated that the nucleotide
sequence can differ by as high as 30%". Infection with
HCYV has been identified as the major cause of post-
transfusion non-A, non-B hepatitis, and is a major public
health problem in most areas of the world, raising the
issues of its diagnosis, treatment, and prevention™?,

In the present study, we utilized the technique of
restriction display PCR (RD-PCR) to prepare HCV cDNA
chip probes. Restriction enzyme Sau3A4 1 was chosen to
digest the full-length HCV ¢cDNAs. The products were
classified and re-amplified by RD-PCR. We separated the
differential genes by polyacrylamide gel electrophoresis
and silver staining. The cDNA microarray was prepared
by spotting RD-PCR products to the surface of amino-
modified glass slides using a robot. The specificity,
sensitivity, accuracy, reproducibility, and linearity in
detecting HCV RNA were evaluated.

MATERIALS AND METHODS

Probe template
The full-length plasmid of HCV pCV-J4L6S was presented
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Figure 1 Arrangement of all spots on gene chip. @ Positive controls, € negative
controls,@empty controls, @ HCV probes.

by Dr Jens Bukh of NIH (USA)".

Chemicals and reagents

Premix Taq, dNTP, EcwRI, NoA, Xbal, San3A 1, pMD18-T
vector, and T4 DNA ligase were obtained from Takara
Corp. (Japan). Dimethyl sulfoxide (DMSO) was bought
from Sangon (Shanghai, China). Plasmid Miniprep Kkits,
3S PCR purification kit V20 were purchased from Shen
Neng Bo Cai Corp. (China). PCR primers of HCV and
the primers in pMD18-T vector were synthesized by
BioAsia Corp. (China). Universal primer (U) cy3-GTTTG
GCTGGTGT GGATC, selective primers (similar with U
but with one “nesting” base overhanging at 3’-end, UA,
UT, UC, UG) and the adapter (SIP, SIR) were purchased
from GIBCO Cotp. (USA).

Instruments

GenePix 4000B scanner and ScanArray Lite were
provided by GSI Lumonics (Billerica, USA). GS Gene
Linker ultraviolet chamber was obtained from BioRad
(Hercules, USA). PixSys 5500 gene chip printing machine
was purchased from Cartesian Technologies (Irvine,
USA). CMT-GAPSTM coated slides and Corning CMT-
Hybridization™ chambers were ordered from Corning
Microarray Technology (Acton, USA).

Bacterial strains
The E. coli strain X1.-1 used in experiments was maintained
in our laboratory.

Probe preparation

To isolate HCV genomes, plasmid pCV-J4L6S was digested
with NoAl and Xbal. The plasmid (1-2 pg) was added to
a total volume of 20 pL mixture at 37 °C for 4 h. The
target HCV gene was isolated and recovered with UNIQ-5
column DNA extraction kit (Sangon, China). RD-PCR
was performed as previously described”™'”. The recovered
HCV c¢cDNAs were digested with 2 pL. Sa#3A1 (5']
GATC3") (10 U/uL) in a total volume of 20 pL mixture
at 37 °C for 3 h. The two ends of each Sax3Al-digested
fragment were linked to an adapter that was prepared by
annealing the 2 oligonucleotides containing the sequences
of 5>-GATCCACACCAGCCAAACC CA (SIP) and 5’
-GGTTTGGCTGGTGTG (SIR) in a ligation reaction
containing 1 pl. T4 DNA ligase (350 U/pL), 1 pul. 10X
DNA ligation buffer, 1 uL adapter (50 pmol/L), 20 pmol
of digested HCV ¢cDNA fragments of Sa#3Al, and then
UPW was added for a total of 10 pL. After 4 h of ligation

at 16 °C, PCR was performed in a 9700 thermocycler
with an initial denaturation at 94 °C for 5 min, followed
by 35 cycles at 94 °C for 30 s, at 60 °C for 30 s, at 72 °C
for 1 min, and a final extension at 72 °C for 7 min. PCR
primers were designed to match the universal adapters,
including the restriction site sequence, but with one
“nesting” base overhanging at the 3’-end, and the reactions
were divided into 10 subgroups. To check for positive PCR
results, 7 pl. of the PCR products was loaded onto 5%
polyacrylamide (Takara, Japan) gel electrophoresis at 90 V
for 5-6 h and the technique of DNA silver staining[11J was
used to separate different target gene fragments.

DNA microarray printing

The final concentration of each probe was adjusted
to 0.3 mg/mL with DMSO and water. The DMSO
concentration was 50% (v/v). The probes were spotted
onto a CMT-GAPS aminosilane-coated glass microscope
slide at 25 °C and 60% relative humidity, using the
Arraylt ChipMakerZTM microspotting pins (TeleChem
International, Sunnyvale, USA) and a Cartesian PixSys
5500 robot. A microarray of 12X15 spots was printed.
The arrangement of all spots on the gene chip is shown
in Figure 1. After printing, the slide was rehybridized and
snap-dried in a plate at 80 °C for 5 min. A BioRad UV
crosslinker was used to immobilize the DNAs onto the
slide with 125 m] of energy. The slide was treated with
blocking solution (335 mL 1-methyl-2-pyrrolidinone, 6 g
succinic anhydride and 15 mIL 1 mol/L sodium borate, pH 8)
and stored for later use.

Fluorescent labeling

The samples of HCV were digested at 37 °C with the
restriction enzyme Sa#3Al. T4 DNA ligase was used to
link gene fragments with universal adapters (SIP, SIR).
After 3 h of ligation at 16 °C, 25 pL. 2Xpremix, 2 L. of
linkage products, 2 pul. of Cy3 labeled universal primer
matched with the adapter, and 21 pL. of water were added
for a total volume of 50 pL. Reactions were performed in
a GeneAmp PCR 9700 system with an initial denaturation
at 94 °C for 10 min, and then subjected to 30 thermal
cycles at 94 °C for 30 s, at 60 °C for 30 s, at 72 °C for 1
min, followed by a final incubation at 72 °C for 5 min.
Finally, the reaction was stopped by cooling down the
solution to 4 °C. After this labeling reaction, the sample
DNA fragments of hundreds of base pairs were labeled
with fluorescent Cy3. The labeled PCR products were
further purified using a 3S PCR product purification kit
V20. Of the 30 pl. purified products, 5 ul. was used for
hybridization with the microarray probes.

Pre-hybridization and hybridization

The slide was incubated in 25% formamide, 5XSSC, 0.1%
sodium dodecyl sulfate (SDS) in a jar for 45 min at 42 °C,
rinsed 5 times in distilled water, immersed in isopropyl
alcohol for 1 s, and then dried in the air. Five microliters
of Cy3 labeled samples was mixed with 1 pL. Cot-1 DNA
(20 pg/pL, Life Technologies) and 6 pL 2Xhybridization



Sun ZH et al. Restriction display PCR technique in probe preparation 7581

bp M AA ATACAGTTTCTG CCOGGG B

A 2000 I B
1000 |
750 |
500 4 |
] i ol
A
- -
[

M 12 3 456 738910

bp
2000
1000
750
500

250
100

250 b=

-
™

100 &

Figure 2 RD-PCR patterns of HCV genes (A) and 1.5% agarose gel
electrophoresis of RD-PCR products from the white clones of HCV genomic
fragments (B). M: MDL2 000 standard DNA ladder; lanes 1-10: PCR products of
positive clones.

buffer (50% formamide, 10XSSC, 0.2% SDS) that was
preheated at 42 °C, then heated to 95 °C for 5 min and
centrifuged at 14 000 g for 2 min. This mixture was
completely pipetted onto the pre-hybridized lambda phage
DNA microarray slide and covered with a glass coverslip
pretreated with Sigmacote® (Sigma, St. Louis, USA) to
keep the sample from evaporating. The slide was put into
a sealed hybridization box, 10 uLL. UPW was added to each
well at the two ends of the chamber. The sealed chamber
containing the DNA microarray slide was placed in a 42 °C
water bath. After 4 h of incubation, the slide was taken out
and washed in low-stringency washing buffer containing 1
XSSC and 0.2% SDS at 42 °C for 5 min, in high-stringency
washing buffer containing 0.1XSSC and 0.2% SDS at room
temperature for 10 min, in 0.1XSSC and Milli Q water and
ethanol, respectively. Finally, the air-dried slide was scanned
using the ScanArray® Lite MicroArray Analysis System.

Scanning and analysis

The hybridized microarrays were scanned using GenePix
4000B scanner under the conditions of 90% laser power
and 70% photo-multiplier tube (PMT). The results were
analyzed using the QuantArray array analysis software. The
criteria for positivity included the average fluorescence
signal of Cy3 being three times as great as the value of the
negative point, with a retro value of 2.7-3.3.

Probe optimization and printing

Ten HCV gene fragments were selected from the high
value of the hybridized fluorescence signals to low
fluorescence signals as microarray probes. The probes
were spotted onto a CMT-GAPS aminosilane-coated
glass microscope slide at 25 °C and 60% relative humidity,
using the Arraylt ChipMaker2™ microspotting pins and a
Cartesian PixSys 5500 robot. A microarray of 12X8 spots
was printed. The arrangement of all spots on the gene
chip was similar to that shown in Figure 1. After printing,
the slide was rehybridized and snap-dried in a plate at
80 °C for 5 min. A BioRad UV crosslinker was used to
immobilize the DNAs onto the slide with 125 m] of
energy. The slide was treated with blocking solution and
stored for later use.

Evaluation of microarray in sample detection
The specificity, sensitivity, accuracy, teproducibility, and

linearity of this assay system wete evaluated.

Identification of microarray probes and positive serum
samples

After purification using the 3§ PCR purification kit
V20, the RD-PCR products (for probe preparation) and
real-time RT-PCR products (for clinical serum sample
detection) were inserted into the pMD18-T vector. The
ligation mixture containing 4 pl. of PCR products, 1 uL
of pMD18-T vector (50 ng/pL) and 5 pL of loading
buffer solution was incubated at 16 °C for 3 h, and then
transferred into 100 pL of XI.-1 E. co/i competent cells
treated with solutions containing Ca>" ions (0.1 mol/L). To
transform F. co/i, the mixture of DNA formed in a ligation
reaction was combined with a suspension of competent
cells for 30 min, then heat-shocked at 42 °C for 1-2
min. The cells were then incubated in a growth medium
and finally spread on an agar plate and incubated
until single bacterial colonies were grown. Then the
clones containing target fragments were selected and
identified with the pMD18-T vector primer (primer A
5'"-GTAAAACGACGGCC AGT-3', primer B
5"CAGGAAACAGCTATGAC-3"). To check for positive
PCR results, 5 uLL of the PCR products was analyzed
by 1.5% agarose (Takara, Japan) gel electrophoresis at
75 V for 45 min with a DNA marker DL2000 (Takara,
Japan) as reference. Then the sequence was analyzed with
ABI Prism™ 3730 DNA sequencer, and GenBank Blast
sequence alignments were done.

RESULTS

Probe preparation

Twenty-four gene fragments of HCV were found in each
subgroup by RD-PCR amplification with the expected size.
The products were separated by electrophoresis on 5%
polyacrylamide gel, and cDNA bands were stained with
a silver solution (Figure 2A). Each subgroup produced
1-5 single cDNA bands with their length ranging from
200 to 800 bp. These bands could be used as probes for
chip manufacture. Figure 2B shows the 1.5% agarose gel
electrophoresis results of the clones.

Microarray design

The clinical diagnostic microarray was prepared by
immobilizing the captured target genes of pathogens on a
slide specifically treated. The DNA or RNA extracted from
the patient’s serum was labeled with fluorochrome and
hybridized to the target DNA. In this study, the microarray
was prepared by spotting RD-PCR products of HCV
onto the surfaces of glass slides using a Cartesian 5500
MicroArrayer. Controls were immobilized at the same
time. The control system was composed of empty controls
which were DMSO without gene fragments, negative
controls which were gene fragments of plants (rice) (B1-6)
and an eukaryocyte (K562 cell) (B7-12) and a prokaryocyte
(E. coli) (C1-6) not homologous with HCV, positive
controls which were the reconstructed gene fragments.



7582 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

December 28, 2005 Volume 11 Number 48

A B:

L 3 - T
Fluorescent intensity —»

1.02x10°

1.04x 10"

Figure 3 Scanning plots of hybridizing signals on gene chip of HCV (A) and modified gene chip (B). The samples were serially diluted (1.02x10°%, 1.01x10°, 1.04x10"

copies/mL) and used in microarray analysis.

Eight of the 12X15 microarrays could be simultaneously
immobilized on a glass slide.

Detection and analysis of hybridization

Based on the hybridizing signals under 90% laser energy and
70% GMT on the gene chip, the specificity and sensitivity in
detecting HCV were satisfactory (Figure 3A). There was no
signal on the empty control spots (printing 50% DMSO)
and negative control spots (printing gene fragments of
eukaryotic cells). The signal of spots hybridized to HCV
positive controls and samples of HCV was strong and
clear, but the analysis of variance showed that the density
of signal was different in different probes (IF = 8.325,
P<0.001).

Optimization of microarray probes

Ten HCV gene fragments selected from the high- to low-
density signals of hybridization were prepared for HCV
gene chip probes. To obtain further information about the
ten probes, we sequenced and analyzed the probes and
found that nearly all of them had a similar length ranging
250-700 bp and a high GC content (=40%) and Tw values
(=82 °C). The microarray was prepared by spotting the
probes with Cartesian 5500 MicroArrayer. A microarray
of 12X8 spots was printed. The arrangement of all spots
on the gene chip is shown in Figure 1. The hybridization
results indicated that the positive signal was strong
compared to the hybridization signal (Figure 3B). There
was no signal on the empty control spots and negative
control spots.

Evaluation of microarray in sample detection

There was a strong linear relation between the
concentrations of target cDNA and the fluorescence
intensities obtained from microarray assay (» = 0.9819). The
detection range of the microarray was 10-10" copies/mL.
The lower detection limit of HCV ¢DNA by microarray
was 1.03x10" copies/mL, which was 2 log units lower
than that by real-time RT-PCR. The reproducibility and
accuracy of this assay system were evaluated by repeated
measurement, and the within-run coefficient of validation
was 6.6%, while the between-run coefficient of validation
was 7.6%. Seventeen serum samples from hepatitis C
patients (positive for anti-HCV, ALT>80) were analyzed,
and 15 patients (88.2%) were positive by microarray
assay. Ten serum samples from healthy people were also
evaluated and the results were all negative. The obtained
sequences were verified and each sequenced PCR product

was confirmed to be a HCV genome fragment using
the basic local alignment search tool (BLAST) and the
GenBank database.

DISCUSSION

HCV is the most important cause of transfusion-
associated and community-acquired non-A, non-B
hepatitis. Chronically infected individuals have a relatively
high risk of developing chronic hepatitis, liver cirrhosis,
and hepatocellular carcinoma. No effective vaccine therapy
is available at present for HCV. Detection of HCV is
essential for the correct diagnosis of HCV infection.
Antibody-based methods have been considered as a
practical way to detect infection of HCV. However, these
methods cannot diagnose patients with hypoimmunity.
Nucleic acid hybridization may have an excellent specificity,
but its sensitivity is not satisfactory. In the protocol of
PCR, cross contamination and false negative and positive
incidents often occur. DNA microatray offers a solution
to these problems and has the potential for the diagnosis
of HCV infection. Compared to traditional diagnostic
techniques, it has a number of advantages such as
integration, micromation, and automatization'*'”. The use
of multiple independent gene fragments with a suitable
size (ranging from 200 to 800 bp) for the probes to detect
the same molecular targets can greatly enhance the signal-
to-noise ratio and reduce the false-positive rate'"". The
gene chip also offers a dependable basis for the diagnosis
and treatment of hepatotropic viral infections'™"”.,

Probe preparation is a key step for microarray. One of
the major difficulties in the development of microarray is
to collect or prepare sufficient probes'™. A few methods
can be used to prepare microarray probes, including
PCR amplification of DNA fragments with a molecular
clone!”, artificial synthesis of oligonucleotide arrays by
a DNA synthesizing machine™ and light direction of
in situ synthesis”, We prefer the first method because
of its rapidity, simplicity, and effectiveness. However,
conventional PCR is conducted with specific primers.
RD-PCR provides an efficient and a simple way to
obtain probes, since cDNA gene fragments digested
by 4-cutter restriction endonuclease can be ligated with
adapters at the same restriction site. In the present study,
a PCR universal primer (U) was designed to match the
sequence of both the adapters and the restriction site, but
there were too many fragments amplified with universal
primers (U). Using the selective primers with one or more
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Figure 4 Fluorescence intensity from cDNA microarray analysis as a function of serial dilution from 10° to 10" copies of plasmid pCV-J4L6S (r = 0.9819, "P<0.01)/mL (A)
and comparison of the HCV RNA levels in 15 serum samples determined by cDNA microarray analysis and RT-PCR (Tagman) assays (B).

“nesting” bases at the 3'-end of universal primer, 10 or
more subgroups of PCR reaction were performed for
various single selective primers or primer combination, in
which gene fragments were widely distributed in different
groups and their isolation was achieved. We separated the
differential genes by polyacrylamide gel electrophoresis and
silver staining. Single bands cut out from polyacrylamide
gel were isolated. Using the single bands as PCR template,
we performed the third-round PCR and a total of 24
different cDNA fragments ranging from 200 to 800 bp
wete obtained and sequenced, which were the specific
gene fragments of HCV. These fragments could be further
used as probes in microarray preparation, suggesting that
RD-PCR technique is of great value in obtaining a large
number of size-comparable gene probes, thus providing a
swift protocol in generating probes for the preparation of
microarrays.

In general, the density of hybridization signal is
correlative to the length of probes, GC contents and Tm
value under the same experimental conditions. A further
sequence analysis of the 10 probes, GC contents, and
T value showed that these probes were 250-700 bp in
length, and had a high GC content (=40%) and Tn values
(282 °C).The probes were widely distributed in the full
HCV genome. The results of hybridization and sequence
analysis showed that the specificity, sensitivity, accuracy,
reproducibility, and linearity in detecting HCV RNA
were satisfactory. There was a linear correlation between
the concentrations of pCV-J4L6S target cDNA and the
signal intensities (correlation coefficient = 0.9819). The
detection range of the microarray was 10*-10"" copies/
mL. The lower detection limit of HCV RNA was 1.03%
10* copies/mL, which was 2 log higher than that by RT-
PCR (Tagman method). But the assay was as sensitive as
the conventional RT-PCR in HCV detection. The chip we
developed is cost-effective, and the procedure required to
prepate the chip is straightforward and convenient. When
results are verified by molecular hybridization, PCR cross
contamination can be overcome. By incorporating negative
and positive controls, the detection results can be ensured.
Subjective factors in terms of judging the results can be

reduced greatly using analytic software™. Seventeen serum
samples from hepatitis C patients (positive for anti-HCV,
ALT=80) were analyzed, and fifteen patients (88.2%) were
positive by microarray assay. Within the detection range of
10*-10" copies/mlL, there was a good correlation between
the two assay systems (# = 15, r = 0.9582) (Figure 4B). Ten
serum samples from healthy people were also detected
by this assay and no specific signal intensities were
obtained from the samples. Finally, the reproducibility and
accuracy of this assay system were evaluated by repeated
measurement, and the within-run coefficient of validation
was 6.6%, while the between-run coefficient of validation
was 7.6%. However, further work should be done. It took
about 10 h to complete our assay. Modifying the DNA
extraction procedure could reduce this time. The sensitivity
of the assay could be enhanced by increasing the amount
of captured cDNA on the slide, or by pretreatment of the
sample RNA. A large number of serum samples should
be tested to verify the reliability of microarray assay in the
detection of HCV.

In conclusion, cDNA microarray technology can
be applied to other pathogens and is a useful diagnostic
method for HCV infection.
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Abstract

AIM: To observe the effects of plasma from patients
with severe viral hepatitis (SVHP) on the growth and
metabolism of porcine hepatocytes and the clinical
efficiency of bioartificial liver device.

METHODS: Hepatocytes were isolated from male
porcines by collagenase perfusion. The synthesis of DNA
and total protein, leakages of AST and LDH, changes in
glutathione (GSH), catalase and morphology of porcine
hepatocytes exposed to SVHP were investigated to
indicate the effect of plasma from patients with severe
hepatitis on the growth, injury, detoxification, and
morphology of porcine hepatocytes.

RESULTS: The synthesis of DNA and protein was
inhibited in the medium containing 100% SVHP
compared to the controls. The leakages of LDH and AST
increased in porcine hepatocytes following exposure to
100% SVHP for 5 h. The difference between 100% SVHP
and 10% newborn calf serum (NCS) was significant in
t-test (LDH: ¢ = 24.552, P = 0.001; AST: ¢ = 4.169, P =
0.014). After exposure to SVHP for 24 h, alterations in
GSH status were significant (F = 2.746, P<0.05) between
porcine hepatocytes in 100% SVHP and 10% NCS, but
no alteration occurred in the culture medium after 48 h
(F = 4.378, P<0.05). A similar profile was observed in
catalase activity. Many round vacuoles were observed in
porcine hepatocytes cultured in SVHP. The membranes
of these cells became indistinct and almost all the cells
died on d 5.

CONCLUSION: Plasma from patients with severe
hepatitis inhibits the growth, injures membrane, disturbs
GSH homeostasis and induces morphological changes of
porcine hepatocytes. It is suggested that SVHP should
be pretreated to reduce the toxin load and improve the

performance of porcine hepatocytes in extracorporeal
liver-support devices.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

A bioartificial liver (BAL) support system, composed
of artificial materials and biological components such
as hepatocytes, acts as a bridge to provide patients with
prolonged time of survival until a donor organ becomes
available for the transplantation or their own liver can
regeneratem. The performance of a BAL depends on the
viability and functional activities of hepatocytes in the
system. Many laboratories are currently investigating the
factors influencing the viability and functional activities
of hepatocytes. It has been demonstrated that serum or
plasma from liver failure patients interferes extensively
with cellular metabolism™”. When the patient’s blood is
detoxified by the BAL device, there is contact between the
patient’s plasma and cells in the device. It is thus important
to assess the direct interactions between plasma and
hepatocytes.

Porcine and human hepatocytes have similar
physiological characteristics and metabolic functions
and are considered to be the best candidate for use in a
BAL"", They have been applied in clinical trials based on
their easy source and excellent functions for the synthesis
of protein, glucose, and urea as well as lower lactate
dehydrogenase release. I vitro, porcine hepatocytes in
the bioreactor can clear most conjugated bile acid species
from pooled patient plasmam. Furthermore, it can be
immobilized on a “hepatocyte/gold colloid” interface at
which hepatocytes proliferate quickly",

In China, HBV infection rate has been estimated to
be 10% or higher, and severe hepatitis caused by HBV is
common'™". BAL also provides temporary support for
these patients when acute or chronic severe viral hepatitis
(SVHP) develops. However, there are few reports on
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how SVHP interferes with the growth and function of
hepatocytes in primary culture. Therefore, we investigated
the direct interactions between SVHP and porcine
hepatocytes.

MATERIALS AND METHODS

Materials

Cell culture reagents, including RPMI-1640, sodium
pytruvate, and L-glutamine were purchased from GIBCO,
Life Technologies, Ltd. (Paisley, Scotland, UK). Type IV
collagenase was a product of Sigma Chemical Co, Ltd
(St. Louis, MO, USA). Reagents for the measurement
of reduced glutathione (GSH), catalase (CAT) and total
protein (TP) were from Nanjing Biological Technology
Co, Ltd. Methyl thiazolyl tetrazolium (MTT) was from
Fluka Chemic AG (Switzetland). TriPure isolation reagent
was from Roche (Switzerland). Plasticware was from Nunc
(Denmark). All solutions were prepared with twice-distilled
water.

Hepatocyte preparation

Healthy Chinese experimental miniature male pigs aged
1-4 d were provided by Experimental Animal Center of
Third Military Medical University. The research protocol
was in compliance with Chinese guidelines for the humane
care of experimental animals. Porcine hepatocytes were
isolated by modified two-step 7 situ collagenase perfusion
method"™'’. The viability of freshly isolated suspensions
determined by trypan blue exclusion was 85-95%. Porcine
hepatocytes were cultured at 37 °C for 24 h in RPMI-1640
medium supplemented with 10% (vol/vol) newborn calf
serum (NCS) at a density of 2x10° cells/mL in a 50 mL/L.
CO:z2 incubator. The cultures were washed twice in warm
phosphate-buffered saline (PBS) and cultured in a medium
containing 10% (vol/vol) NCS, normal plasma (NP) anti-
coagulated by heparin, and SVHP. Porcine hepatocytes
were prepared for assay as described below:.

Plasma from patients with severe virus hepatitis

Plasma was obtained from six patients with SVHP
(3 females, 3 males, aged 34-60 years) at the onset of
plasmapheresis and stored at -80 °C until use. Diagnosis
of these patients was in accordance with the criteria of
severe hepatitis described in the Viral Hepatitis Protection
and Cure Guideline established by the Chinese Infection
and Hepatology Association. In these six patients, total
bilirubin (TB) averaged 611.8 pmol/L, prothrombin
time (PT) averaged 32 s, total bile acids (TBA) averaged
309.8 pmol/L and PTa averaged 29%. Hepatitis B
surface antigen (HBsAg) was positive and HBV-DNA
was greater than 10” copies/mlL in all the 6 patients. All
patients suffered from hepatic encephalopathy, grade 11
in two patients, grade III in three patients, and grade IV
in one patient. Normal serum was obtained from normal
individuals.

Cell viability determination
Cells were seeded in 24-well plates in 500 ul. medium. The

viability was assessed by tetrazolium bromide assay (MTT)
on d 0-5 after exposure to the culture medium containing

10% (vol/vol) NCS, 100% NP, and 100% SVHP.

DNA synthesis

After being cultured in six-well plates for 24 h, the media
were discarded, and DNA was isolated as the procedutes
of TriPure isolation reagent description. DNA content was
determined using a spectrophotometer (SmartSpec 3000,

BioRad, USA).

Protein content

After being incubated for 24 and 48 h, monolayer
cells were washed and dissolved. Total cellular protein
was digested in 0.5 mol/L. NaOH and measured by
micromodification as previously described"”.

Leakage of LDH and AST

Porcine hepatocytes were exposed to 100% SVHP and
10% (vol/vol) NCS in RPMI-1640 for 5 h. The media were
washed thrice with PBS and replaced with RPMI-1640
without plasma and serum. After 24 h of culture, the
leakage of LDH and AST from hepatocytes into the
supernatant was measured using an automated chemical

analyzer (Model 7020 Hitachi Co., Tokyo, Japan) ",

Oxidative status

After being incubated for 24 and 48 h, the medium
containing 10% NCS, 100% NP, 100% SVHP was
removed, the wells were washed with PBS, and GSH was
added into 0.2 mL 10% (w/v) trichloroacetic acid for 10
min at room temperature. Samples were frozen at -20 °C
until measurement of GSH by fluorimetry. CAT activity
was measuted.

Morphology

Cultured hepatocytes were observed daily under phase
contrast microscope (IX70, Olympus, Tokyo, Japan), and
the morphological changes were compated.

Statistical analysis

Data were expressed as mean®SD. Statistical analysis was
carried out by analysis of variance and #test. P<0.05 was
considered statistically significant.

RESULTS

Viability of porcine hepatocytes cultured in SVHP

The viability of porcine hepatocytes cultured in 100%
SVHP was significantly lower than that cultured in the
medium containing 10% NCS (FF' = 6.328, P<0.01). The
viability of porcine hepatocytes in 100% NP group was
not higher than that in 10% NCS group. The viability of
porcine hepatocytes in all the groups tended to decrease
from the third day (Figure 1).

DNA content
After being cultured for 24 h, the DNA level in three
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Figure 3 TP content in porcine hepatocytes grown in three different media. TP
synthesis in 100% SVHP and NP was compared to that in the medium containing
10% NCS (*P<0.05, °P<0.01 vs 10% NCS group, by two-way variance analysis).
Results were expressed as mean+SD for six samples. Black bar: 10% NCS; gray
bar: 100% NP; white bar: 100% SVHP.

different media was significantly different (I = 20.107,
P<0.01). The level was the lowest in 100% SVHP and
lower in 100% NP than in 10% NCS. The inhibitory effect
of porcine hepatocytes on DNA synthesis is shown in
Figure 2.

Total protein synthesis

During the course of culture, the amount of TP in three
different media was significantly different (IF = 9.281,
P<0.01, Figure 3). Multiple comparison showed that the
TP level in 100% SVHP was lower than that in 10% NCS
(P<0.01). The TP level in 100% NP was also significantly
lower than that in 10% NCS (P<0.05).

Leakage of LDH and AST

LDH and AST elevations were observed in 100% SVHP
group after 5 h of culture. The LDH level in 100% SVHP
group was significantly higher than that in 10% NCS
group (# = 24.552, P = 0.001). The AST level in 100%

14+
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Figure 2 DNA content in porcine hepatocytes grown in three different media. DNA
synthesis in 100% SVHP and normal plasma was compared to that in the medium
containing 10% NCS (°P<0.01 vs 10% NCS group, by ANOVA followed by multiple
comparisons). Results were expressed as mean+SD for six samples Black oblique

line: 10% NCS, black small point: 100% NP; black small square: 100% SVHP.
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Figure 4 Leakage of LDH and AST after 5 h of culture (black bar: LDH; white bar:
AST). The levels of LDH and AST in 100% SVHP were significantly higher than
those in the medium containing 10% NCS. Results were expressed as mean+SD
(1: t=24.552, P=0.001 and 2: t = 4.169, P = 0.014, compared to the10% NCS
group, n = 6).

SVHP group was also significantly higher than that in 10%
NCS group (= 4.169, P = 0.014, Figure 4), indicating that
hepatocytes cultured in plasma from patients with SVHP
had damage in the cell membrane.

GSH content and CAT activity

GSH concentration in porcine hepatocytes decteased in
SVHP and NP as compared to that in the culture medium
containing 10% NCS (Figure 5A). A significant decrease in
GSH content was observed in SVHP compared to that in
the medium containing 10% NCS within 24 h (FF = 2.740,
P<0.05). After 48 h the GSH level declined slightly. There
was no difference between 100% SVHP and 10% NCS
(F = 4.378, P>0.05). A similar profile was observed in
CAT levels following incubation with SVHP and NP
(Figure 5B). The only difference between GSH and CAT
was that the CAT content was dramatically decreased after
being cultured for 48 h.

Morphological study
The dramatic change of porcine hepatocyte morphology
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Figure 5 GSH content in porcine hepatocytes grown in three different cultures (A) (*P<0.05 vs 10% NCS, by two-way variance analysis, compared to 10% NCS) and CAT
activity of porcine hepatocytes grown in the three different cultures (B) (*P<0.05 vs 10% NCS by two-way variance analysis, compared to 10% NCS). Black bar: 10% NCS,

gray bar: 100% NP; white bar: 100% SVHP.

Figure 6 Morphological changes of porcine hepatocytes cultured in 100% SVHP (A and B) and media containing 10% NCS (C and D). After 24 h of culture, hepatocytes
in the100% SVHP group were detached from the dishes, vacuolization in the cytoplasm and deformities were more commonly observed. The membranes of cells became
indistinct (A); after 48 h of culture, vacuoles were more and mainly concentrated around cell nuclei (B); after 24 h of culture, hepatocytes in the 10% NCS group constituted
confluent monolayers with an intact morphology throughout the culture (C); after 48 h of culture, hepatocytes in the 10% NCS group constituted confluent monolayers with

an intact morphology throughout the culture (D).

after 24 h exposure to 100% SVHP was observed under
phase contrast microscope. As shown in Figures 6A-D,
most of the cells became detached and deformed.
Vacuolization in cytoplasm and necrosis were more
commonly observed. Membranes of the cells became
indistinct. These morphological changes became marked
after 48 h of culture. Vacuoles were mainly concentrated
around cell nuclei and detached from their dishes. During
the 48-h culture, hepatocytes in groups of 100% NP
and 10% NCS spread and formed a clear confluent
monolayer. Detachment, deformity, and vacuolization were
not observed in the cytoplasm. There was no obvious

difference between the two groups. After 5 d of culture,
necrosis was observed in the two groups and almost all
hepatocytes were dead in 100% SVHP group.

DISCUSSION

Experimental studies” have demonstrated that plasma
from patients with fulminant hepatic failure (FHF) or
liver failure (LF) can inhibit the growth of hepatocytes
and synthesis of macromolecules in hepatocytes.
McCloskey ez al” found that plasma from patients with
liver failure could diminish DNA and protein synthesis.



Cheng YB et a/. Effect of plasma from severe viral hepatitis patients on porcine hepatocytes 7589

Shi et al! reported that serum from patients with FHF
inhibits the growth rate and synthesis of DNA, RNA,
and protein. In our study, the plasma was from patients
with SVHP. Inhibition of growth and macromolecule
synthesis, reduction of viability of porcine hepatocytes
were demonstrated. The inhibition mechanism might be
related to endogenic materials such as bile acids, growth
factors, and cytokines in SVHP. There are more bile acids,
hepatic growth factor (HGF) and tumor growth factor-§3
(TGF—{.’;)“QJ in SVHP. Accumulation of intracellular bile
acids causes damage to intracellular organelles, such as
mitochondria®”. Bile acids in nuclei cause DNA injury
by changing chromatin structure or by activating nuclear
nuclease, thus resulting in conversion into a metabolite that
could directly damage DNAP". HGF does not always
accelerate the growth of hepatocytes. Sometimes there are
converse results™. Tt was reported that HGF inhibits cell
growth at a cell cycle phase and growth of cells is impaired
with the increasing HGF concentration, while elevated
serum TGF may lead to an increase in p21, a cyclin-
dependent kinase inhibitor that can inhibit the activation
of Gl-associated cyclins such as Cdk2™*!. 1In this study,
the viability of porcine hepatocytes cultured in 100% NP
was decreased compared to that in 10% NCS, which may
result from cytokine- and antibody-mediated damage.

Membrane damage and enzyme leakage have been
detected in the culture medium***". McCloskey ez al?!
reported that after HHY41 hepatocytes are exposed to
plasma from patients with LF containing Na2’'CrOs for
16 h, the leakage of *'Cr is about 20 times higher than that
in controls. However, Uchino ¢ /" demonstrated that
the function of pig hepatocytes does not deteriorate when
they are exposed to the serum from the patients with
FHE". In this study, LDH and AST leakage from porcine
hepatocytes cultured in SVHP was significantly higher
than that from porcine hepatocytes cultured in 10% NCS.
Morphological changes of hepatocytes also suggested
severe cell membrane damage, indicating that SVHP can
lead to hepatocellular membrane impairment. Endogenic
toxins may originate either from cellular necrosis debris
and breakdown products released into the blood stream or
from accumulation of an agent that is normally eliminated
by metabolism in hepatocytes. Bile acids play an important
role in the toxicities and can form micelles with cholesterol
and phospholipids on the surface of hepatocyte
membranes, which produce apparent hepatocellular
membrane injurym]. Virus-mediated damage involves
immune-mediated and direct viral cytopathic effects.

The highest cytotoxicity values have been found in
the plasma from patients with FHE, indicating the utmost
importance of detoxification by BAL. Intracellular GSH
content often reflects the fate of potentially harmful
substances, and examination of GSH status may provide
information on the mechanisms of toxicity. Previous
experimental studies revealed that exposure of hepatocytes
to the serum from patient with FHF results in increase
or decrease in GSH content. The changes are related to
plasma concentration, culture time, hepatocyte typeH’SJ.
Previous studies have shown that Hep G2 cells respond

to abnormal culture conditions and toxic concentrations
of bile. GSH of HHY41 in plasma from patients with LF
is decreased”™. In our study, the pronounced decrease in
GSH levels was observed following incubation with SVHP.
As a main member of anti-oxidizing system, GSH plays
an important role in relieving the tissue depression due
to electrophilic reactive toxins or oxidative stress because
it can react directly with reactive oxygen free-radicals and
conjugate bile acids™ . These factors lead to a depletion of
cellular GSH store. The activity of CAT changes as GSH,

which requires further investigation.

REFERENCES

1 Hui T, Rozga J, Demetriou AA. Bioartificial liver support. |
Hepatobiliary Pancreat Surg 2001; 8: 1-15

2 Hughes RD, Cochrane AM, Thomson AD, Murray-Lyon IM,
Williams R. The cytotoxicity of plasma from patients with
acute hepatic failure to isolated rabbit hepatocytes. Br | Exp
Pathol 1976; 57: 348 348-353

3 Gove CD, Hughes RD, Williams R. Rapid inhibition of DNA
synthesis in hepatocytes from regenerating rat liver by serum
from patients with fulminant hepatic failure. Br | Exp Pathol
1982; 63: 547-553

4 Shi Q, Gaylor JD, Cousins R, Plevris J, Hayes PC, Grant MH.
The effects of serum from patients with acute liver failure on
the growth and metabolism of Hep G2 cells. Artif Organs 1998;
22:1023-1030

5 McCloskey P, Tootle R, Selden C, Larsen F, Roberts E,
Hodgson HJ. Modulation of hepatocyte function in an
immortalized human hepatocyte cell line following exposure
to liver-failure plasma. Artif Organs 2002; 26: 340-348

6 Pazzi P, Morsiani E, Vilei MT, Granato A, Rozga J, Demetriou
AA, Muraca M. Serum bile acids in patients with liver failure
supported with a bioartificial liver. Aliment Pharmacol Ther
2002; 16: 1547-1554

7 Rozga J, Williams F, Ro MS, Neuzil DF, Giorgio TD, Backfisch
G, Moscioni AD, Hakim R, Demetriou AA. Development of a
bioarti.cial liver: properties and function of a hollow module
inoculated with livers cells. Hepatology 1993; 17: 258-265

8 Watanabe FD, Mullon CJ, Hewitt WR, Arkadopoulos N,
Kahaku E, Eguchi S, Khalili T, Arnaout W, Shackleton CR,
Rozga ], Solomon B, Demetriou AA. Clinical experience with
a bioartificial liver in the treatment of severe liver failure. A
phase I clinical trial. Ann Surg 1997; 225: 484-91; discussion
491-494

9 Khalili TM, Navarro A, Ting P, Kamohara Y, Arkadopoulos
N, Solomon BA, Demetriou AA, Rozga J. Bioarti.cial liver
treatment prolongs survival and lowers incranial pressure in
pigs with fulminant hepatic failure. Artif Organs 2001; 25: 566-
570

10 Nagaki M, Miki K, Kim YI, Ishiyama H, Hirahara I, Takahashi
H, Sugiyama A, Muto Y, Moriwaki H. Development and
characterization of a hybrid bioartificial liver using primary
hepatocytes entrapped in a basement membrane matrix. Dig
Dis Sci 2001; 46: 1046-1056

11 Mears DC, Stewart G, Sun J, Woodman K, Bourne R, Wang
L, Sheil AG. Experience with a porcine hepatocyte-based
bioartificial liver support system. Transplant Proc 2003; 35: 441
-442

12 Gu HY, Chen Z, Sa RX, Yuan SS, Chen HY, Ding YT, Yu AM.
The immobilization of hepatocytes on 24 nm-sized gold colloid
for enhanced hepatocytes proliferation. Biomaterials 2004; 25:
3445-3451

13 Merican I, Guan R, Amarapuka D. Chronic hepatitis B virus
infection in Asian countries. | Gastroenterol Hepatol 2000; 15:
1356-1361

14 Pokorski RJ, Ohlmer U. Long-term morbidity and mortality



7590 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

December 28, 2005 Volume 11 Number 48

15

16

17

18

19

20

21

22

in Chinese insurance applicants infected with the hepatitis B
virus. | Insur Med 2001; 33: 143-164

Chen Z, Ding Y, Zhang H. Cryopreservation of suckling pig
hepatocytes. Ann Clin Lab Sci 2001; 31: 391-398

Wang Y], Liu HL. Mass isolation and cryopreservation of
hepatocytes. In: Wang Y], eds. Bioartificial Liver. Beijing-China:
People’s Health Publishing House 2000: 207-2009.

Lowry OH, Rosebrough NJ, Farr AL, Randall R]. Protein
measurement with the Folin phenol reagent. | Biol Chem 1951;
193: 265-275

Flendrig LM, la Soe JW, Jorning GG, Steenbeek A, Karlsen
OT, Bovee WM, Ladiges NC, te Velde AA, Chamuleau RA.
In vitro evaluation of a novel bioreactor based on an integral
oxygenator and a spirally wound nonwoven polyester matrix
for hepatocyte culture as small aggregates. | Hepatol 1997; 26:
1379-1392

Nozato E, Shiraishi M, Nishimaki T. Up-regulation of
hepatocyte growth factor caused by an over-expression of
transforming growth factor beta, in the rat model of fulminant
hepatic failure. | Surg Res 2003; 115: 226-234

Hoshino M, Ohiwa T, Hayakawa T, Kamiya Y, Tanaka A,
Hirano A, Kumai T, Katagiri K, Miyaji M, Takeuchi T. Effects
of dibutyryl cyclic AMP and papaverine on intrahepatocytic
bile acid transport. Role of vesicle transport. Scand |
Gastroenterol 1993; 28: 833-838

Russo P, Taningher M, Pala M, Pisano V, Pedemonte P, De
Angeli MT, Carlone S, Santi L, Parodi S. Characterization of
the effects induced on DNA in mouse and hamster cells by
lithocholic acid. Cancer Res 1987; 47: 2866-2874

Kulkarni MS, Cox BA, Yielding KL. Requirements for

23

24

25

26

27

28

29

induction of DNA strand breaks by lithocholic acid. Cancer Res
1982; 42: 2792-2795

Drixler TA, Vogten M], Ritchie ED. Liver regeneration is an
angiogenesis associated phenomenon. Ann Surg 2002; 236:
703-711

Albrecht JH, Meyer AH, Hu MY. Regulation of cyclin-
dependent kinase inhibitor p21(WAF1/Cip1/Sdil) gene
expression in hepatic regeneration. Hepatology 1997; 25:
557-563

Sugiyama A, Nagaki M, Shidoji Y, Moriwaki H, Muto Y.
Regulation of cell cycle-related genes in rat hepatocytes by
transforming growth factor betal. Biochem Biophys Res Commun
1997; 238: 539-543

Ohiwa T, Katagiri K, Hoshino M, Hayakawa T, Nakai
T. Tauroursodeoxycholate and tauro-beta-muricholate
exert cytoprotection by reducing intrahepatocyte
taurochenodeoxycholate content. Hepatology 1993; 17: 470-476
Heuman DM, Pandak WM, Hylemon PB, Vlahcevic ZR.
Conjugates of ursodeoxycholate protect against cytotoxicity of
more hydrophobic bile salts: in vitro studies in rat hepatocytes
and human erythrocytes. Hepatology 1991; 14: 920-926

Uchino J, Matsue H, Takahashi M, Nakajima Y, Matsushita
M, Hamada T, Hashimura E. A hybrid artificial liver system.
Function of cultured monolayer pig hepatocytes in plasma
from hepatic failure patients. ASAIO Trans 1991; 37: M337-
M338

Smirthwaite AD, Gaylor JD, Cousins RB, Grant MH.
Cytotoxicity of bile in human Hep G2 cells and in primary
cultures of rat hepatocytes. Artif Organs 1998; 22: 831-836

Science Editors Wang XL and Guo SY Language Editor Elsevier HK



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

World ] Gastroenterol 2005;11(48):7591-7596
World Journal of Gastroenterology 1SSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

o VIRAL HEPATITIS

Hepatitis C virus infection down-regulates the expression of
peroxisome proliferator-activated receptor o and carnitine
palmitoyl acyl-CoA transferase 1A

Yang Cheng, Sébastien Dharancy, Mathilde Malapel, Pierre Desreumaux

Yang Cheng, Sébastien Dharancy, Mathilde Malapel, Pierre
Desreumaux, Equipe mixte INSERM 0114, Université de Lille,
CHU, Lille 59037, France

Supported by the National Natural Science Foundation of China,
No.30300458

Correspondence to: Yang Cheng, Institute of Liver Diseases,
Shanghai University of TCM, Shanghai 201203,

China. yangcheng@myrealbox.com

Telephone: +86-21-51322444  Fax: +86-21-51322445
Received: 2005-03-31 Accepted: 2005-04-18

Abstract

AIM: To elucidate the role of the peroxisome
proliferator-activated receptor o (PPARa) and its target
gene carnitine palmitoyl acyl-CoA transferase 1A (CPT1A)
in the pathogenesis of hepatitis C virus (HCV) infection.

METHODS: Liver samples were collected from the
patients with chronic HCV infection and controls. HepG2
cells were transfected with vector pEF352neo carrying.
Two independent clones (clone N3 and N4) stably
expressing HCV core protein were analyzed. Total RNA
was extracted from cells and liver tissues. PPARa and
CPT1A mRNAs were quantified by real-time polymerase
chain reaction (PCR) using SYBR Green Master. Total
extracted proteins were separated by polyacrylamide
gel electrophoresis, and electroblotted. Membranes
were incubated with the anti-PPARa antibody, then
with a swine anti-rabbit IgG conjugated to horseradish
peroxidase for PPARa. Protein bands were revealed by
an enhanced chemiluminescence reaction for PPARa. For
immunohistochemical staining of PPARa, sections were
incubated with the primary goat polyclonal antibody
directed against PPARa at room temperature.

RESULTS: Real-time PCR indicated that the PPARa
level and expression level of CPT1A gene in hepatitis
C patients lowered significantly as compared with the
controls (1.8+2.8 vs 13+£3.4, P = 0.0002; 1.1+1.5 vs
7.4£1, P = 0.004). Western blot results showed that the
level of PPARa. protein in the livers of hepatitis C patients
was lower than that in controls (2.3+£0.3 vs 3.6+0.2,
P = 0.009). The immunohistochemical staining results
in chronic hepatitis C patients indicated a decrease in
PPARq. staining in hepatocytes compared with those in
the control livers. The /n vitro studies found that in the
N3 and N4 colon stably expressing HCV core protein, the

PPARa. mRNA levels were significantly lower than that in
the controls.

CONCLUSION: The impaired intrahepatic PPARa
expression is associated with the pathogenic mechanism
in hepatic injury during chronic HCV infection. HCV
infection reduced the expression of PPARoa and CPT1A
at the level of not only mRNAs but also proteins. PPARa
plays an important role in the pathogenesis of chronic
HCV infection, but the impaired function of this nuclear
receptor in HCV infection needs further studies.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
Key words: Hepatitis C virus; Infection; PPARa; CPT1A
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INTRODUCTION

Hepatitis C virus (HCV) infection is a major health care
problem around the world". It is estimated that there are
about 170 million chronic carriers worldwide with four
million in the USA®™ and five million in the western
Europe”®. HCV infection accounts for 20% of cases of
acute hepatitis, 70% of chronic hepatitis, 40% of end-
stage cirrhosis, 60% of cases of hepatocellular carcinoma,
and 30% of liver transplantation' ", Liver lesions are
thought to be mainly related to immune-mediated
mechanisms but the exact mechanisms during HCV
infection are still unclear™ ", However, the HCV core
protein is a major component of viral nucleocapsid and it
1s a multifunctional protein that affects transcription and
cell growth“zj. HCV core protein plays an important role
in the HCV pathogenesis'”

The ability of peroxisome proliferators to activate
a receptor in the steroid receptor superfamily was first
discovered in 1990" and the cognate protein was
designated as peroxisome proliferator-activated receptors
(PPARs). The PPARs are soluble transcription factors that
are activated by a diverse class of lipophilic compounds“sj.
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With the activation of PPAR, a concomitant induction
of a number of genes that code for peroxisomal fatty
acid metabolizing enzymes was observed in mouse liver.
There are three PPAR subtypes: PPARa (NR1C1),
PPARB (NR1C2), and PPARy (NR1C3); and each subtype
is capable of binding to DNA after heterodimerizing
with RXR (NR2B1). PPARa is highly expressed in
the liver, kidney, and cardiac smooth muscles. Many
of the genes regulated by PPARa are involved in fatty
acid metabolism!”. PPARq could influence fatty acid
import into hepatocyte mitochondria by up-regulating
the expression of the liver-predominant mitochondrial
carnitine palmtoylacyl-CoA transferase 1 (CPT1) gene''”.

Three CPT1 isoforms with various tissue distributions
and encoded by distinct genes have been identified: CPTTA
or L-CPT1 (liver isoform), CPT1B or M-CPT1 (muscle
isoform), and CPT1C (brain isoform). CPT1A is expressed
in the liver, the neonatal heart, and a number of other
tissues, and has been the most investigated member of the
acyltransferase family. It is anchored in the mitochondrial
outer membrane by two transmembrane segments (TM1
and TM2), its N terminus (residues 1-47) and C-terminal
catalytic domain (residues 123-773) being located on
the cytosolic face of mitochondria. The N-terminal
domain (1-147 residues) was shown to be essential for
mitochondrial import and for the maintenance of a folded
active and malonyl-CoA-sensitive conformation'"”.

Until now, the role of PPARa and its target gene
CPT1A in liver diseases is still limited to animal studies.
In order to elucidate the mechanism of PPARq, during
the pathogenesis of HCV infection, PPARa and
CPT1A expression levels were studied ex vivo and in vitro,
respectively in this study.

MATERIALS AND METHODS

Subjects and liver samples processing

Chronic hepatitis C infection was defined by increased
serum alanine transaminase activity (>35 IU/L), positive
serum HCV replication determined by polymerase
chain reaction (PCR; Amplicor Monitor v2.0; Roche,
Indianapolis, IN, USA), and histological hepatic injury
quantified by the METAVIR score evaluating the intensity
of fibrosis (F1-F4) and necroinflammatory activity
(A1-A3)"™. The subjects were excluded if their body mass
index was greater than 30 or if they suffered from diabetes
ot dyslipidemia.

Patient liver samples were collected from 46 patients
with chronic HCV infection (41 transcutaneous needle
liver biopsy samples from chronic hepatitis C patients and
5 surgical liver samples from HCV-related cirrhotic patients
when they underwent transplantation). Non-HCV-infected
liver tissues as controls were collected from 40 patients
(29 normal tissue samples from patients who underwent
surgery because of hepatic carcinoma, 5 biopsy samples
from patients with alcoholic cirrhosis, and 6 samples
from patients with alcoholic hepatitis). Both patients and
controls did not receive any therapy (antiviral therapy,
hepatotoxic drugs, corticosteroids, or immunosuppressive

drugs) before or during liver sample collection.

The liver samples collected from hepatitis C patients
or controls were divided into two parts: one part was
fixed in 4% paraformaldehyde/phosphate-buffered saline
and embedded in paraffin wax, and routinely processed
for pathological analysis and for immunostaining[m].
Specimen slides were incubated for 48 h at 37 °C and
then deparaffinized by dimethylbenzene and rehydrated
by graded alcohol series, then stained with H&E, safran,
and Masson’s trichrome. The other part was frozen
immediately in the liquid nitrogen and stored at -80 °C for
mRNA and protein analysis.

HepG2 cell culture and transfection

Human hepatocellular carcinoma cell line HepG2 was used
for this study. Cells were maintained in Dulbecco’s modified
Eagle’s medium (Sigma-Aldrich, St. Louis, MO, USA)
supplemented with 10% heat-inactivated fetal bovine
serum (Eurobio, Les Ulis, France) in a humidified
atmosphere of 50 mL/L CO: in air at 37 °C.

In order to analyze the effect of the HCV core protein
on PPARq, expression, HepG2 cells were transfected with
vector pEF352neo carrying, under the control of the
elongation factor-lar promoter, an HCV complementary
DNA including 1b HCV sequences from core to NS3
region as previously described”"!. Two independent clones
(clone N3 and N4) stably expressing HCV core protein
were analyzed. The clone transfected with the empty vector
acted as negative control. Cells were resuspended in lysis
buffer with 10% [-mercaptoethanol for RNA isolation™.
All studies were performed in triplicate samples for three
separate experiments.

RNA extraction and the real-time PCR analysis

Total RNA was extracted from cells and liver tissues by
RNeasy kit (Macherey Nagel, Hoerdt, France) and TRIzol
reagent (Life Technologies, Cergy Pontoise, France)
following the protocols provided by the manufacturers
with some modification”. RNA quantification was
performed using spectrophotometry. After treatment at
37 °C for 30 min with 20-50 U of RNase-free DNase 1
(Roche Diagnostics Corporation), oligo-dT primers (Roche
Diagnostics Corporation) wete used to synthesize single-
stranded complementary DNA. PPARa and CPT1A
mRNAs were quantified using SYBR Green Master Mix
(Applera, Courtaboeuf, France) with specific primers in a
GeneAmp ABI prism 7000 (Applera). The primers used
were as follows: PPARq anti-sense 5-CCA CCA TCG
CGA CCA GAT-3’, PPARq sense 5-GAC GTG CTT
CCT GCT TCA TAG A-3’; CPT1A anti-sense 5-TGT
GCT GGA TGG TGT CTG TCT C-3’, CPT1A sense 5’
-CGT CTT TTG GGA TCC ACG ATT-3’; TBP anti-
sense 5-TTT TCT TGC TGC CAG TCT GGA C-3°,
TBP sense 5-CAC GAA CCA CGG CAC TGA TT-3".
Calibrated and nontemplate controls were included in
each assay. Each sample was run in triplicate. SYBR Green
dye intensity was analyzed using the ABI prism 7000 SDS
software (Applera). All results were normalized to the
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TATA box-binding protein, an unaffected housekeeping
genem. All quantifications were performed in triplicate
samples for three separate experiments.

Western blotting analysis

Protein preparation and immunoblotting were performed
in liver specimens as described before. Total protein
extracts were obtained by homogenization of tissues in
an extraction buffer containing phosphate-buffered saline
with 1% tergitol NP-40, 0.5% sodium desoxycholate, 0.1%
sodium dodecyl sulfate, and a classic protease inhibitor
cocktail. One hundred micrograms of total proteins were
then separated by 10% polyacrylamide gel electrophoresis
and electroblotted. Blots were blocked for 1 h at 4 °C with
5% milk Tris-Tween buffered saline 1X, and were incubated
overnight at 1:1 000 with the anti-PPARa (Geneka
Biotechnology Inc., Montreal, Canada). Membranes were
incubated for 1 h with a swine anti-rabbit IgG conjugated
to horseradish peroxidase for PPARq (dilution 1:1 000,
Dako Laboratories, Trappes, France). Protein bands were
revealed by an enhanced chemiluminescence reaction for
PPARa. The results were expressed as units of optical

density per quantity of total proteinlzo’%’zs].

Immunohistochemical staining in liver tissues

Serial sections of paraffin embedded liver tissues were
cut at 4 um by Leica RM2145 rotary microtome (Leica
Instruments GmbH, Germany). Glass slides were treated
with poly-L-lysine in advance. Specimen slides were
incubated for 48 h at 37 °C and then deparaffinized
by xylene and rehydrated by graded alcohol series. An
immunohistochemical staining was performed[zo’%’zsl
for the detection of PPARy expression. Liver sections
were incubated in 3% H202 in methanol to deactivate
endogenous peroxidase activity for 20 min. Then slides
were incubated with 0.05% Saponin (ICN Biomedicals,
OH, USA) for 30 min at room temperature to permeablize
the tissues. After being washed, sections were pre-treated
with Avidin D, followed by Biotin (Vector Laboratories)
to block non-specific binding of Biotin/Avidin system
reagents. Non-specific antibody binding was blocked
with 1.5% goat serum in PBS for 15 min. Slides were
incubated with 5% milk and 0.1% bovine serum albumin
(BSA) in PBS for 15 min. Sections were incubated with
the primary goat polyclonal antibody directed against
PPARy at room temperature (dilution 1:50, TEBU
International) for 30 min, and were processed for
peroxidase immunostaining using the Dako Laboratories
system following the manufacturer’s instructions. Sections
were incubated for 30 min at room temperature in rabbit
anti-goat IgG (dilution 1:100, Dako Laboratories), and
then under the same conditions in an avidin-biotinylated
peroxidase complex (Dako, Denmark) that was prepared
at least 30 min before use. Staining was developed with
3,3’-diaminobenzidine in chromogen solution for 1 min,
and the reaction was stopped in distilled water. Sections
were counterstained with hematoxylin. As a negative
control experiment, the primary antibody was omitted and
replaced with a non-specific antibody"™”.

Statistical analysis

All results were expressed as meantSD. Comparisons
were analyzed by the nonparametric Mann-Whitney U test.
Differences were considered statistically significant, if the
P value was less than 0.05.

RESULTS

Patients’ ALT, HCV load, histological scores, and genotype
In this study, the body weights of the chronic hepatitis C
patients were within the normal range and homogencous.
Before and during the study, they did not receive any
treatment which could have influenced the results. Their mean
serum alanine transaminase value was 119£27 TU/I,, mean
petipheral blood HCV RNA level was 747+267%10° TU/mL,
and their histological lesions were consistent at the time of
liver biopsy examination. Half of the patients had fibrosis
scored F1, 24% F2, and 26% F3-F4. Seventy-two percent of
the cases had an inflammatory activity scored Al and 28%
A2. Fifty-two percent of patients were genotype 1, 31% were
genotype 3, 12% were genotype 2, and 5% were genotype 4.

HCV infection reduced the expression of PPARc. and
CPT1A

The real-time PCR analysis indicated that the housckeeping
gene TATA box-binding protein concentrations were
similar in patients and controls. But the level of PPARa
in hepatitis C patient livers lowered by 86% compared
with controls (1.8£2.8 »s 13+£3.4, P = 0.0002) (Figure
1A). And the reduction in CPT1A mRNA was similar to
the reduction in PPARq in the livers of patients in the
study (Figure 1B). Compared with the 40 controls, the
expression level of the CPT1A gene in the 46 hepatitis C
patients lowered by more than 80% (1.1£1.5 »s 7.4£1, P =
0.004).

In a similar pattern, the Western blot also proved the
results of real-time PCR analysis. Because of the limited
amount of the liver biopsy samples, the Western blot
analysis of PPARq@ was performed only in the surgically
obtained liver specimens of patients with HCV infection
(7 = 5) and controls (# = 7). The analysis revealed a
band with a molecular weight of approximately 55 ku
corresponding to PPARq, in all surgical liver specimens,
and significantly lower levels of PPARq protein in HCV
patients than in controls (2.3+0.3 »s 3.6£0.2 OD of
PPARa protein/5 ng total protein, P = 0.009) (Figure 1C).

PPARo. protein expression decreased in hepatocytes

The immunohistochemical staining was performed in all
hepatitis C patients’ and controls. Cell staining was positive
for PPARq mainly in hepatocytes and by perinuclear
staining (Figure 2, left). However, the results of stained
cells in chronic hepatitis C patients indicated a decrease
in PPARa staining in hepatocytes compared to those in
control livers (Figure 2, right). Negative control staining
was performed by omitting the primary antibody or the
use of an irrelevant antibody. These results suggested that
hepatocytes were the major sources of PPARq and they
expressed low levels of PPARy during HCV infection.
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Figure 1 A: The PPARc. mRNA level in the HCV patients reduced compared with controls by real-time RT-PCR, °P<0.01 vs control; B: The PPARq. target gene CPT1A
mRNA level in the HCV patients also reduced compared with controls by real-time RT-PCR, "P<0.01 vs control; C: The PPAR. protein level in the HCV cirrhotic patients
reduced compared with controls by Western blot. Results were expressed as mean+SD, °P<0.01 vs control.

Figure 2 Representative PPARo immunostainings in liver specimens. The left:
a control liver, PPARa, staining was detected in the majority of hepatocytes
(magnification x160); The right: a severe hepatitis patient liver, the number of
PPARa-stained hepatocytes was decreased markedly (magnification x160).

HCYV core protein reduced the expression of PPARo.
Because hepatocytes were the parenchymal component
in the liver that were prone to be infected by HCV, and
HCV core protein regulated the transcriptional activity of
several genes, the PPARq, expression in HepG2 cells stably
expressing HCV core protein were also quantified with the
real-time PCR. In the N3 and N4 colons which were stably
expressing the HCV core protein, PPARoc mRNA levels
were found to be similar, but decreased more than 80%
compared with controls (Figure 3).

DISCUSSION
Because the morbidity and mortality of hepatitis C is high
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Figure 3 In the N3 colon and N4 colon which were stably expressing the HCV core
protein PPARoc mRNA levels decreased more than 80% compared with controls
by real-time RT-PCR. Results were expressed as mean+SD, °P<0.01 vs control.

and the natural history is generally long and slow, many
patients develop complications[éfs]. It is difficult to find
an effective treatment if the exact mechanism of HCV
is not clear, so it is a very important task to elucidate the
pathogenesis of hepatitis C%". The results in this study
demonstrated for the first time that the expression of
PPARq was impaired in the livers of chronic hepatitis C
patients. Both 7z vitro studies and the transgenic mouse
model suggested that the HCV core protein is possibly
responsible for lipid accumulation!*, Tt was reported
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that HCV core protein expression in transgenic mice could
inhibit microsomal triglyceride transfer protein activity and
very low density lipoprotein secretion causing steatosism;
and the mechanism postulated seemed to be related to
mitochondrial toxicity with the production of reactive
oxygen species. In this study, it was also found that in the
N3 colon and N4 colon stably expressing the HCV core
protein, the PPARo. mRNA levels lowered significantly
compared with controls. These results indicated the
involvement of the HCV protein in the regulation of
PPARaq expression and activation.

PPARq plays a fundamental role in regulating energy
homeostasis through controlling lipid metabolism!".
PPARs belong to the type II steroid receptor family,
including members such as RXR and thyroid hormone
receptorm. These receptors are generally considered
to localize to the nucleus and appear not to be
bound to other proteins in inactive complexes, as has
been extensively described for type I receptors (e.g.
glucocorticoid receptor, progesterone receptor, androgen
receptor). PPARq is a fatty acid-activated transcription
factor that up-regulates the expression of a variety of
genes encoding proteins involved in B-oxidation and
lipoprotein metabolism"”. PPARq, plays a central role in
fatty acid homeostasis by regulating the degradation of
fatty acids by mitochondrial as well as by peroxisomal and
microsomal fatty acid oxidation™. In addition, PPARq,
contributes to the maintenance of energy balance by
regulating the expression of enzymes that participate in
mitochondrial fatty acid oxidation and the formation of
ketone bodies from fatty acids. Lack of this transcriptional
factor in PPARa—/— mice results in the inability to up-
regulate hepatic fatty acid oxidation and ketogenesis in
the face of increased concentrations of free fatty acids
in the circulation”. In this study, both the real-time
PCR and Western blot analysis indicated that PPARa
expression level was down-regulated in HCV infection;
and the immunohistochemical staining also showed that
the decreased expression was mainly in hepatocytes. So it
suggests that HCV injures the liver partly through down-
regulation of PPARaq.

The PPARq-responsive human genes include CPT1A,
the long chain fatty acyl-CoA synthase (ACS), and the
mitochondrial HMG-CoA synthase (HMGCS2). Several
aspects of fatty acid oxidation are disrupted in PPARa
null mice that include a diminished, constitutive expression
of several components of the mitochondrial fatty acid
oxidation pathway. These results suggest that in mice,
PPARGq, is a significant regulator of the mitochondrial
capacity for fatty acid B-oxidation. The flux of long chain
fatty acids through the mitochondrial y-oxidation pathway
is regulated by CPT1, a component of the long chain
fatty acylcarnitine translocases. The activity of CPT1 is
modulated by the concentration of malonyl-CoA, a potent
inhibitor of the enzyme formed in the first committed
step of fatty acid synthesis. Because CPT1 is induced
by peroxisome proliferators in the liver, the target gene
CPT1A of PPARgq was also studied in order to understand
the possible mechanisms of reduced expression of PPARo

in the HCV infection. The human CPT1A gene is PPARa-
responsivem’lg’”’m. The fatty acyl-CoA substrates for
CPT1 are formed by the esterification of free fatty acids to
CoA by ACS. ACS is induced by peroxisome proliferators
in rat liver, and PPRE has been identified in the promoter
of the rat gene. In this study, the expression levels of the
CPT1A gene in the livers of hepatitis C patients decreased
significantly. It indicated that HCV core protein was
possibly responsible for lipid accumulation by CPTTA,
which was regulated by the transcriptional factor PPARq,
that was also the major isoform required for mediating
the responses resulting from the actions of peroxisome
proliferators in liver.

It was reported that human genes encoding key
enzymes for mitochondrial fatty acid oxidation and
ketogenesis could be regulated by human PPARgq. In these
tissues malonyl-CoA may act as a sensor or hormone
and fuel through its ability to inhibit mitochondrial
outer membrane CPT I, This enzyme catalyzes the
transesterification of long-chain fatty acyl-CoAs to
long-chain acylcarnitines, which are carried into the
mitochondrial matrix where acyl-CoA is regenerated
for B—oxidation[lg’w’m. The role of PPARq in cell
proliferation[32’33J, tumor promotionm’35J and in the
prevention/reversal of liver injury has been studied by
different researchers before” .

To sum up, this report showed that the reduced
intrahepatic PPARo expression level was associated with
the HCV core protein. HCV infection down-regulated the
expression of PPARa and CPT1A not only at mRNA level
but also at the protein level. Correspondingly, the reduced
PPARq level induced the low expression of CPT1A. The
immunohistochemical analysis also proved that expression
level of PPARq decreased in the hepatocytes. The
function impairment of PPARq and CPT1A during the
HCYV infection still needs further investigation. The results
in this study indicated that PPARo played an important
role in the pathogenesis of chronic HCV infection, and
this nuclear receptor could be a potential therapeutic

targetmw in the treatment of HCV infection in the future.
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Abstract

AIM: To evaluate the interplay between gliadin and
LoVo cells and the direct effect of gliadin on cytoskeletal
patterns.

METHODS: We treated LoVo multicellular spheroids
with digested bread wheat gliadin in order to investigate
their morphology and ultrastructure (by means of light
microscopy and scanning electron microscopy), and
the effect of gliadin on actin (phalloidin fluorescence)
and the tight-junction protein occludin and zonula
occluden-1.

RESULTS: The treated spheroids had deep holes and
surface blebs, whereas the controls were smoothly
surfaced ovoids. The incubation of LoVo spheroids
with gliadin decreased the number of intracellular actin
filaments, impaired and disassembled the integrity of the
tight-junction system.

CONCLUSION: Our data obtained from an "/n vivo-
like" polarized culture system confirm the direct
noxious effect of gliadin on the cytoskeleton and tight
junctions of epithelial cells. Unlike two-dimensional
cell culture systems, the use of multicellular spheroids
seems to provide a suitable model for studying cell-cell
interactions.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Celiac disease (CD) is an immunomediated intestinal
disorder that is triggered by dietary gluten and related
cereal proteins in genetically susceptible individuals'™”,
Gluten consists of a complex mixture of gliadin
monomers and large polymeric glutenin polypetides. A
number of 7 vitro studies of two-dimensional cell cultures
have shown that gliadin has direct cytotoxic effects on
epithelial cells”, but the early steps allowing the start of
the immunoreaction are largely unknown.

CD 1is characterized by enhanced paracellular
permeability across the intestinal epithelium, a “leaky
gut” condition that allows the passage of macromolecules
through the paracellular spaces™”. Moreover, it has also
been demonstrated that cytoskeleton involved in the
pathogenesis of CD as a gluten challenge rapidly causes
the disappearance and disorganization of actin filaments in
the intestinal mucosa of CD patientsm. The actin filaments
in epithelial cells are associated with tight junctions
(T]s), appearing as a series of discrete sites of apparent
membrane fusion (so called “kissing points”) involving the
outer leaflets of the plasma membranes of adjacent cells.
The integrity of the barrier function is important for the
separation of two different compartments, and TJs play a
major role in controlling paracellular transport between the
luminal and basolateral fluid compartments'”.

Almost all the proteins associated with TJs are
peripheral membrane proteins that form part of the
submembrane plaque (Figure 1). The first TJ-associated
protein to be identified is zonula occluden-1 (ZO-1)
whose C-terminal half contains an actin-binding site and
mediates interactions between transmembrane proteins
and cytoskeleton elements”. Occludin, a 60 ku integral
membrane protein in T} strands!"”, is involved in T] barrier
and fence functions through its four transmembrane
domains, three cytoplasmic domains and two extracellular
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Figure 1 Tight junction (TJ) structure with emphasis on proteins of the TJ
membrane domain: ZO family members and their interaction with actin filaments.

loops[g]. Claudin-1 and claudin-2 are 23 ku integral
membrane proteins that function as major structural
components of TJ strands'''!. Junctional adhesion
molecules (JAMs) have only one putative transmembrane
sequence. The intracellular domain consists of 45 residues,
and the extracellular portion (215 residues) contains two
domains with intra chain disulfide bonds'”.

The cytoskeletal network generates tension and
transmits stress within and among the cells!"”!. The
formation of multicellular tumor spheroids (MCTSs)
involves cell translocations and morphological changes
that are indicative of the organization of the cytoskeleton.
The cells grown in MCTSs are interconnected by the
means of TJs that form a seal between adjacent cells, thus
defining their apical and basolateral sutrfaces, and creating
a model similar to 7z vivo tissue. This is very different from
the organization of two-dimensional cell cultures*",

The aim of this study was to evaluate the interplay
between gliadin and LoVo MCTSs, with specific emphasis
on the direct effect of gliadin on cytoskeleton patterns and
reorganization.

MATERIALS AND METHODS
Cell line

Cells from the human colon adenocarcinoma cell line
(LoVo, ATCC, Rockville, USA) were grown in T75 flasks
(PBI, Italy) at 37 °C in an atmosphere containing 95% air
and 50 mI/I. COz. The medium consisted of Ham’s F-12
medium (GIBCO, Italy), supplemented with 10% fetal
bovine serum (GIBCO, Italy), 1% MEM vitamin solution
100x (GIBCO, Italy), and 3% L-glutamine 200 mmol/L
(GIBCO, Italy).

After one week, the cells were removed using solution
containing 0.25% (w/v) trypsin and 0.02% (w/v) EDTA
(Sigma-Aldrich, Italy), and the cell suspensions were
cultured again. Mycoplasma contamination was regularly
searched for and excluded using the Hoechst method!.

Gliadin digestion

Gliadin was purified from Triticum aestivum flour
(Hereward Cultivar, UK) according to Capelli'”. Pepsin
(3.2-4.5 U/mg) was supplied by Sigma (Italy), and the
pancreatin (0.1 mAnson/mg) by Merck (USA). All
the chemicals were of analytical grade. Digestion was

performed as previously described by our group!”. Briefly,
the gliadin was first incubated with pepsin at 37 °C for 24 h,
and then with pancreatin at 37 °C for 3 h, adjusting to a pH
of 8. The digested protein was analytically controlled by
means of RP-HPLC, SE-HPLC, and SDS-PAGE, freeze-
dried and stored.

Three-dimensional cell cultures and gliadin treatment
Three-dimensional cell cultures were initiated by
seeding 4x10° cells/mL in 25 mL of complete
medium supplemented with penicillin (100 U/mlL) and
streptomycin (100 Ug/mL) (GIBCO, Italy) in Etlenmeyer
flasks (Corning, Italy), and incubated in a gyratory rotation
incubator (60 rev/min) at 37 °C in air (Colaver, Italy).
Homotypical aggregations were visible after 4 d of culture,
and the MCTSs were usually complete within 7 d (average
diameter+SD, 370£48.5 pm).

On the seventh day, the MCTSs were exposed to PT-
digested gliadin (500 pg/mL) in a completely renewed
medium for further 4 d and subsequently taken for
microscopic examination. The PT-digested gliadin greatly
inhibited cell growth (50% inhibitory concentration:
390 pg/ml) and the dose used was selected from four
different concentrations (125, 500, 750, 1 000 pg/mL) on
the basis of previous data obtained in our laboratory"™"”,

Scanning electron microscopy (SEM)

Three-dimensional cell cultures were washed twice in PBS,
and then fixed in 2.5% glutaraldehyde in phosphate buffer at
room temperatute for 24 h at 4 °C. At the time of analysis,
a representative sample of spheroids was recovered,
immediately placed on a paper filter and observed in
low vacuum modality at a high voltage of 10 kV. SEM
analysis was performed using a Philips Scanning Electron

Microscope (Mod. x1.20).

Confocal laser scanning microscopy of intracellular
F-actin

LoVo MCTSs were washed twice in PBS, fixed in 4%
paraformaldeyde for 1 h, permeabilized with 0.4% Triton
X-100 (Sigma-Aldrich, Italy) for 20 min, washed thrice for
5 min in PBS and stained for immunocytochemistry by
means of incubation with fluorescein TRITC-phalloidin
(Sigma-Aldrich, Italy) (1:200 PBS) in a humid chamber at
room temperature for 6 h. After washing thrice in PBS
each for 5 min, 10 spheroids were transferred onto slides,
and ecach slide was mounted with 90% glycerol in PBS.
The results were analyzed using a confocal laser scanning

microscope (Leica TCSNT, Germany).

Confocal laser scanning microscopy of occludin

LoVo MCTSs were washed twice in PBS and fixed in
ethanol for 30 min at 4 °C. After the first incubation, the
samples were incubated with acetone (previously stored at
-20 °C) for an additional 3 min at room temperature. They
were then blocked and incubated for immunocytochemistry
overnight with anti-occludin-FITC (Zymed, CA, USA)
before being analyzed by means of confocal laser scanning

microscopy (Leica TCSNT, Germany).
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Figure 2 Phase-contrast micrographs (10 <) showing control (A) and gliadin-treated multicellular tumor spheroids of the human colon adenocarcinoma LoVo cell line (B)
after 11 d of culture; Scanning electron micrographs: showing the ovoid control spheroids (C) and their very compact, densely organized and tightly packed structure that
they can be clearly distinguished from each other; The surface of gliadin-treated spheroids (D) focally interrupted by irregularly distributed holes, and loss of their structural

thickness and organization (E).

Figure 3 Confocal laser scanning micrograph in which TRICT-phalloidin highlights
the organization of F-actin in multicellular tumor spheroids. The control spheroids
(A) have a "chicken-wire" distribution under the plasma membrane, whereas the
treated spheroids (B) show a reorganized actin cytoskeleton.

Confocal laser scanning microscopy of zonula occluden-1
LoVo MCTSs were washed twice in PBS and fixed in
ethanol for 30 min at 4 °C. After the first incubation, the
samples were incubated with acetone (previously stored at
-20 °C) for an additional 3 min at room temperature. They
were then blocked and incubated overnight with anti-
ZO-1-FITC (Zymed, CA, USA) before being analyzed
by means of confocal laser scanning microscopy (Leica

TCSNT, Germany).

RESULTS

Light microscopy and SEM

The untreated MCTSs appeared bright and round at phase-
contrast microscopy (Figure 2A). SEM showed that they
were well-defined and compact, with smooth boundaries
and a regular surface. Their structure was compact, densely
organized and tightly packed (Figure 2C).

The MCTSs treated with PT-digested gliadin were
loosely connected and irregularly shaped (Figure 2B). They
were less bright than the controls and had frayed borders.
SEM revealed an altered surface, with deep and irregulatly
distributed holes (Figures 2D and E).

Confocal laser scanning microscopy

The untreated MCTSs stained with TRITC-phalloidin had
regular perijunctional actin rings and showed organized
distribution at the cell boundaries (Figure 3A), whereas
those treated with PT-digested gliadin had reorganized
intracellular actin filaments and disassembled F-actin
(Figure 3B).

Figure 4 Confocal microscopy immunolocalization of occludin and zonula
occluden-1 (ZO-1) in LoVo multicellular tumor spheroids. In the control spheroids,
occludin and ZO-1 localized sharply in the apical region of the lateral membrane
are visualized en face as a ring pattern (A and C), whereas the distribution of
occludin and ZO-1 in the spheroids exposed to gliadin for 4 d is far from the lateral
TJ membrane (B and D).

In comparison with the normal subapical honeycomb
pattern typical of TJs (Figures 4A and C), treatment with
PT-digested gliadin led to their structural dissociation
(Figures 4B and D). The morphologically characteristic
ring structure of occludin and ZO-1 immunolocalization
in the en face confocal images had sharp boundaries in the
untreated spheroids, but was partially or completely lost in
the treated spheroids.

DISCUSSION

CD is a chronic intestinal inflammatory disorder
characterized by mucosal changes including lymphocyte
infiltration, crypt hyperplasia and villous atrophy.
Furthermore, intestinal permeability is increased and TJs
appear open. As TJs form a bartier against the diffusion
of molecules from the lumen to the tissue parenchyma
(barrier function), and restrict the diffusion of lipids
and proteins between the apical and basolateral plasma
membranes (fence function)” the loss of permeability
allows the translocation of antigenic molecules from the
intestinal lumen to the lamina propria, thus creating a
condition for an immune response.

Traditional tissue culture methods have been based
on growing cell lines as monolayers, but a new three-
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dimensional culture system (Figure 2A) has been
investigated as a mean of modeling a solid tumor under
in vitro conditions that simulates its 7z vivo biological
properties. Given the fundamental differences between
monolayer and three-dimensional cultures, spheroids
should become mandatory test systems in oncological
therapeutic screening programsm]. Furthermore, cells
grown in three-dimensional cultures are oriented and
polarized[23’24], and often express a gene repertoire that is
different from that of the monolayer cultures™. Previous
studies from our laboratory have confirmed the polarized
structure, and the presence of microvilli and tightly
connected epithelial junctional complexes“g].

The interaction between T] proteins and actomyosin
cytoskeleton in MCTSs is a primary target for physiological
and pathological signals. Circumferential actomyosin
contraction and cytoskeleton interaction modulate T]
permeability, thus contributing to the formation of the
TJ fence™. Pizzuti e al* have recently demonstrated
that the intestinal mucosa of celiac patients has an
altered TJ system during gluten exposure, and decreased
Z0-1 expression is associated with a disrupted F-actin
organization and the loss of normal distribution at cell-cell
contact sites.

Our SEM morphological examinations confirmed that
gliadin treatment could affect spheroid structure, causing a
loss of cell thickness and organization, and the formation
of hole-like surface structures (Figures 2C-E). Confocal
laser scanning microscopy showed that gliadin could
induce cytoskeleton reorganization (Figures 3A and B),
and specifically act on TJ structural proteins.

Though our results have confirmed that the expression
of occludin correlates with barrier properties, the
decreased intensity or disappearance of occludin staining
at cell-cell borders in gliadin-treated spheroids (Figures
4A and B) do not presuppose the absence of TJ structural
integrity. Knockout experiments in mouse embryonic stem
cells have demonstrated that occludin is not necessary
to form functionally competent TJs"), and ZO-1 has
a wild-type localization in apical junctional regions of
the outermost layer of epithelial cells in the absence
of occludin™. We found that the immunolocalization
of ZO-1 in TJ ring structures was severely disrupted
by gliadin exposure, leading to almost complete lack
of continuity, and ez face confocal images showed a
breakdown of junctional complexes (Figures 4C and D).
Taken together, these findings suggest that ZO-1 lies at
the centre of a network of protein—protein interactions
and may be critical in recruiting the proteins necessary to
establish TTs.

Our preliminary data showed that T] permeability
might be regulated directly as a result of T] protein
modifications, or indirectly as a result of the effects of
xenobiotics on the cytoskeleton. New insights into the
molecular architecture of TJs and their regulation have
given rise to a new concept of T] modulation based on
peptides from the first extracellular domain of occludin®.
We can speculate that gliadin peptides also act as modulators
on the extracellular loops of TJ transmembrane proteins,

mediating T] opening and the consequent cytoskeletal
redistribution. According to the “tensegrity model”?!
the cells are in prestressed structures in which cytoskeletal
elements are major determinants of deformability, and so
a local stress can cause global structural rearrangements.
The cell response to xenobiotic exposure leads to the
retraction of submembranous actin filaments from
junctional complexes, thus determining the disappearance
of organized TJs. Furthermore, this alteration of internal
balance of tensile stress compromises the stability of
cell shape: the cells become rounded and stimulate an
apoptotic process. The correlation of apoptosis with a
disrupted cytoskeleton and junctional system may explain
the SEM images: the blebs and holes visible on the surface
of treated spheroids are the results of an apoptotic process
initiated by the deregulation of internal cell balance.
Ojakian ez al? reported that gliadin has an apoptotic
effect on Caco-2 colon carcinoma cells directly stimulated
by digested gliadin.

Understanding the events of this process will throw
light onto the changes in paracellular permeability caused
by gliadin and identify novel therapeutic targets in celiac
disease. Though the intricacies of this process 7z vivo have
not yet been fully elucidated, our results indicate that a
pivotal role is played by the disarrangement of the “belt-
like” structure of perijunctional F-actin affiliated with
TJs. This highlights the importance of the cytoskeleton
network in the ultrastructural architecture of enterocytes,
given that a gluten challenge in CD patients rapidly distorts
the microvillous structure, thus disorganizing the actin
network on the intestinal mucosa.

If the eatly steps of gliadin-induced mucosal damage
in patients with CD concern intestinal permeability, which
is directly altered by gliadin before the immunological
response, MCTSs could become essential for testing the
cytotoxic effects of new chemically, enzymatically or
genetically modified gliadins studied as alternative therapies
to a gluten-free diet.
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Abstract

AIM: To investigate the effect of cyclosporine A (CsA),
FK-506, and mycophenolate mofetil (MMF) and 40-0-[2-
hydroxyethyl]rapamycin (RAD) on proliferation of human
intrahepatic biliary epithelial cells (BECs) /in vitro.

METHODS: BECs were isolated from six human liver
tissuespecimens with the immunomagnetic separation
method and treated with different concentrations of
CsA, FK-506, RAD, and MMF /n vitro. Proliferation of the
cells was measured by MTT assay at 24 and 48 h after
treatment, respectively. One-way analysis of variance
was used to analyze the results. Expression of CK 19
in BECs was monitored by flow cytometry and Western
blot.

RESULTS: Six lines of BECs were established. They
survived for 4-18 wk /n vitro. Flow cytometry analysis
showed that these cells always expressed CK19. CsA,
FK-506, RAD, and MMF inhibited proliferation of BECs
in a dose-dependent manner. The lowest concentration
of CsA, FK-506, RAD, and MMF to inhibit proliferation
of BECs (P<0.05) was 500, 100, 0.25, and 100 pg/L,
respectively. However, the expression of CK19 by BECs
was not changed.

CONCLUSION: CsA, FK-506, RAD, and MMF have an
antiproliferative effect on human intrahepatic BECs /n
vitro, while RAD has the strongest growth-inhibitory
effect. Their possible effects on liver regeneration and
bile duct injury in transplant patients should be further

investigated.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Within the last decade, living donor liver transplantation
(LDLT) has become an accepted treatment for adult
patients with end-staged liver disease and it provides a
viable alternative to many recipients who would otherwise
die while on the waiting lists. Part of the donor liver
used for adult LDLT is small in size when transplanted
into the recipient. The liver has the unique ability to
regenerate and adjust its size according to the requirement
of the recipient. Therefore, liver regeneration is crucial
for a successful LDLT. The volume and quality of the
graft, ischemic time, portal flow, venous outflow, and
immunosuppressive agents are among the factors affecting
liver regeneration after adult LDLT.

Cyclosporine A (CsA), FK-506, and MMF can augment
liver regeneration after hepatectomy or orthotopic liver
transplantation in rats". However, in vitro experiments
indicate that CsA and FK-506 have an antiproliferative or
cytotoxic effect on adult human hepatocytesw’sj. During
liver regeneration after partial hepatectomy, both mature
hepatocytes and BECs are induced to proliferate. Human
hepatocytes and intrahepatic BECs can be isolated from the
liver tissue and maintained 7z vitro for a certain time. I vitro,
mature hepatocytes have a very limited ability to replicate,
while BECs have a great potential to proliferatelq’m]. In this
study, the effect of CsA, FK-506, MME, and 40-0-]2-hydr
oxyethyl]rapamycin (RAD) on the proliferation of human
intrahepatic BECs 7 vitro was investigated.

MATERIALS AND METHODS
Liver tissue
All liver specimens were taken from the patients who
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underwent hepatectomy or liver transplantation at
University Hospital Essen, Germany. The procedure
confirmed to the local ethical guidelines and followed the
ethical guidelines of the 1975 Declaration of Helsinki.
All patients or their relatives gave informed consents.
Three diseased liver tissues were obtained from explanted
livers, including one case of primary biliary cirrhosis
(64 years old), one case of oxalosis (one year old) and
one case of carbamoyl-phosphate-synthetase deficiency
(one year old). Two normal liver tissues were obtained
during hepatectomy, including one case of hepatoblastoma
(1.5 years old) and one case of hepatocellular carcinoma
(67 years old). Another normal liver tissue was obtained
from a donor (10 years old) when the graft exceeded
surgical requirement. All tissues were stored in Dulbecco’
s minimum essential medium (PAA Laboratories, Coelbe,
Germany) at 4 °C and used within 36 h after hepatectomy.

Isolation and culture of human intrahepatic BECs

Human intrahepatic BECs were isolated with an
immunomagnetic separation method employing an
antibody against human epithelial antigen (HEA) as
reported""”. BECs were cultured with the plating medium
in a 25-cm” flask (Greiner, Frickenhausen, Germany)
pre-coated with collagen G (Biochrom KG, Berlin). The
cell culture was maintained in a humidified atmosphere
composed of 95% air and 50 mL/L CO2. About 24-72 h
after plating, the growth medium containing hepatocyte
growth factor (HGE, R&D systems, UK) was used to
culture the cells. The composition of the plating medium
and growth medium was similar to the reportedm].
At confluence, BECs were detached with a solution
containing 0.1 g/L trypsin and 1.0 g/L. EDTA (Sigma,
Taufkirchen, Germany) and maintained in a culture or
used for the experiment.

Flow cytometry analysis of cytokeratin (CK) 19 expression
The expression of CK19 by BECs was investigated using
flow cytometry with a FACS-Scan machine (Becton
Dickinson, Heidelberg, Germany). Cells were pre-treated
with the Fix & Perm cell permeabilization kit (Dianova,
Hamburg, Germany). The monoclonal antibody against
CK19 (IgG2b, Progen, Heidelberg, Germany) was used
in a three times dilution according to the manufacturer’s
instructions. The FITC-labeled second antibody (Dianova,
Hamburg, Germany) was diluted fifty times.

In vitro exposure to drugs

During passage, BECs were seeded at the density of
1X104 viable cells/well in 24-well plates with the plating
medium. One day later, the medium was changed to the
growth medium containing the drugs. CsA (MW 1203,
Sandoz, Switzerland), FK 506 (MW 822, Fujisawa, Japan),
RAD (MW 958.25, Sandoz, Switzerland) and MMF (MW
433.5, Sandoz, Switzerland) were diluted with a phosphate-
buffered solution (PBS, PAA Laboratories, Coelbe,
Germany). The concentrations of CsA, FK 500, RAD,
and MMF in the medium ranged from 10 to 1 000 pg/L, 10

to 1000 pg/L, 0.05 to 10 ug/L, 0.05 to 500 ug/L, respectively.
Each concentration of the drug was determined in eight
wells per experiment. The vigorously proliferating BECs
derived from each liver tissue were used in the study and
each drug was investigated eight times. Negative control
cultures only received the growth medium.

MTT assay of cell growth

Dimethylthiazol-diphenyl-tetrazolium (MTT) assay
was performed at 24 and 48 h after addition of the
drugs, respectively. Fifty microliters of 4 mg/mL MTT
(Sigma, Taufkirchen, Germany) was given to each well
(containing 0.5 mL medium) in the 24-well plate. Four
hours later, the medium was removed and 250 uL
dimethyl sulfoxide (DMSO) was added into each well to
solubilize the formazan dye converted from MTT by the
cells. Five minutes latet, the plates were shaken to make a
homogenous dye solution and measured immediately with
an ELISA reader (Lambda E, MWG-Biotech, Ebersberg,
Germany) at a wavelength of 550 nm minus 690 nm. The
cell number in each well was recorded in the form of

optical density (OD).

Western blot analysis of CK19 expression

BECs were passaged into six-well plates pre-coated with
collagen G. After 24 h, CsA or FK-500 was added into the
growth medium and the cells were cultured for 48 h. The
concentrations of both CsA and FK-506 in the medium
were 500, 1 000 and 2 000 pg/L, respectively. BECs were
detached by the use of 0.05% collagenase XI (Sigma,
Taufkirchen, Germany), washed with PBS and stored at —
20 °C. Protein amount was determined with the Bradford
method (Biorad, Munich, Germany) after the cell pellet was
boiled 10 times with 40 pL. of 0.1% Triton/PBS. Extracted
protein (1 ng/lane) was electrophoretically separated on
a 10% SDS-PAGE and transferred to nitrocellulose. For
the staining, blots were blocked with 1.2% gelatin in PBS
and washed with 0.05% Tween 20 in PBS. First antibody
against CK19 (IgG2b, Progen, Heidelberg, Germany)
was diluted 1:80 in PBS and incubated for 1 h at room
temperature. Anti-mouse Ig AP-conjugate as second
antibody was diluted 1:1 000 in PBS and also incubated for
1 h at room temperature. Finally, the color was developed

using BCIP and NBT (Gerbu, Gaiberg, Germany).

Statistical analysis

The average OD measured at different concentrations
of each drug was compared using one-way analysis of
variance (ANOVA) with the software SPSS 11.0 (SPSS,
Inc., Chicago, 1L, USA). Proliferation of the cells exposed
to the drugs was compared to the negative control. P<0.05
was considered statistically significant.

RESULTS

Isolation and culture of intrahepatic BECs
The freshly isolated cells were small and round in shape
and most of them formed clusters. Magnetic beads could
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Figure 1 Freshly isolated (A) and proliferating human intrahepatic BECs (B) as
well as BECs exposed to immunosuppressive agents (C).

be seen on the cell surface (Figure 1A). Intrahepatic BECs
isolated from six liver tissues proliferated for 4-18 wk in
vitro and were passaged 3-12 times. The proliferating BECs
were small and oval in shape (Figure 1B). Flow cytometry
analysis showed that the proliferating BECs consistently
expressed CK19 (Figure 2).

Growth of intrahepatic BECs exposed to drugs

The vigorously proliferating BECs which represented
passage (P) 1-6 BECs derived from different liver tissues,
were exposed to the drugs. In this set of experiments,
all the four immunosuppressive agents had no growth-
promoting effect on BECs at any concentration 7z vitro.
On the contrary, they inhibited the proliferation of BECs
and this could be clearly shown at 48 h after the addition
of the drugs (Figure 3A). All the four drugs inhibited
the proliferation of BECs in a dose-dependent manner
(Figure 3B) and this was repeatedly demonstrated with
BECs derived from different liver tissues and in different
passages. The lowest concentration for CsA, FK-506,
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Figure 2 Flow cytometry analysis of CK19 expression. A: negative control. B: with
antibody against CK19.
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Figure 3 MTT analysis of proliferation of BECs exposed to drugs. A: BECs
exposed to the drugs for 24 and 48 h. At 48 h, CsA (500 pg/L), FK-506 (100 pg/L),
RAD (0.25 pg/L), and MMF (100 pg/L) inhibited proliferation of BECs (P<0.05).
B: BECs exposed to the drugs for 48 h. CsA, FK-506, RAD, and MMF inhibited
the proliferation of BECs in a dose-dependent manner.

RAD, and MMF to inhibit the proliferation of BECs
(P<0.05) was 500, 100, 0.25, and 100 pg/L, respectively
(Figures 3A and B). RAD had the strongest growth-
inhibiting effect. Microscopically, the BECs treated with
the drugs became larger than the cells in negative control
(Figure 1C). However, Western blot analysis showed that
CsA and FK-506 did not change CK19 protein expression
by BECs (Figure 4).
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Figure 4 Western blot analysis of CK19 expression. BECs were treated with 500,
1000, 2 000 pg/L CSA, and FK-506, respectively for 48 h. CsA and FK-506 did
not change the protein expression of CK19 in BECs.

DISCUSSION

Intrahepatic BECs represent about 5% of total cell
population in the liver. In the human liver, human epithelial
antigen (HEA) is the cell surface antigen that only exists
in intrahepatic BECs. With the immunomagnetic isolation
technique employing anti-HEA monoclonal antibody,
intrahepatic BECs can be purified after density-gradient
centrifugationm]. The purity of isolated human intrahepatic
BECs is more than 99%!"”. The specific markers for biliary
cells include CK7 and CK19. All the cells used in this
experiment expressed CK19 (Figure 2), indicating that they
are intrahepatic BECs.

In liver transplantation, the damaged liver cells caused
by ischemia-reperfusion injury are repaired by liver
regeneration. In adult LDLT, liver regeneration is of
particular importance to meet the necessary metabolism
requirement of the recipient. An immunosuppressive
agent is one of the factors affecting liver regeneration after
liver transplantation.

Generally speaking, CsA and FK-506 exert their
immunosuppressive effect by blocking the production
of interleukin-2 (IL-2) by T helper cells, while MMF and
RAD exert their immunosuppressive effect by inhibiting
proliferation of lymphocytes. CsA, FK-506, and MMF
can enhance liver regeneration after hepatectomy or small-
for-size liver transplantation in animals. The augmented
liver regeneration might be an indirect effect, as CsA
and FK-506 have anti-proliferative or cytotoxic effect
on hepatocytes'™”. The possible mechanism for CsA
and FK-506 on enhanced liver regeneration is through
inhibition of production of IL-2 production and activation
of natural killer (NK) cells'”. The mechanism of MMF
underlying accelerated liver regeneration is not fully
understood.

In this study, all the four immunosuppressive agents
inhibited human intrahepatic BECs in a dose-dependent
manner iz vitro, indicating that they have a direct inhibiting
effect on liver regeneration and this direct effect should not
be neglected, especially in adult LDLT. Our results showed
that RAD had the strongest inhibiting effect on human
intrahepatic BECs ## vitro. The minimal concentration
of RAD to inhibit proliferation of BECs (0.25 ng/L) in

vitro was much lower than that of target serum through
RAD level in patients undergoing immunosuppression
(8-12 pg/L) after liver transplantation. Though the results
obtained from an in vitro experiment were not identical
to the results iz vivo, it may indicate the importance of
the direct effect of RAD on liver regeneration. Also, as
an immunosuppressive agent, RAD has been reported
to attenuate liver regeneration in a rat hepatectomy
model™. Moreover, immunosuppressant-induced bile
duct damage has been reported in azathioprine“&lsl. RAD
and azathioprine share the similar immunosuppressive
mechanism and it should be alerted that RAD might also
cause bile duct damage in transplant patients.

In conclusion, CsA, FK-506, RAD, and MMF have
an anti-proliferative effect on human intrahepatic BECs
in vitro, while RAD has the strongest growth-inhibitory
effect. Their possible effects on liver regeneration and
bile duct injury in transplant patients should be further
investigated.
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Abstract

AIM: To evaluate the antioxidant and phase II
detoxification enzyme inducing ability of green leaf
vegetables consumed in Asia.

METHODS: The antioxidant properties of six commonly
consumed Asian vegetables were determined using
the ABTS, DPPH, deoxyribose, PR bleaching and iron-
ascorbate induced lipid peroxidation assay. Induce of
phase II detoxification enzymes was also determined
for each respective vegetable extract. Protection against
authentic ONOO- and HOCI mediated cytotoxicity in
human colon HCT116 cells was determined using
the MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrasodium bromide) viability assay.

RESULTS: All of the extracts derived from green leaf
vegetables exhibited antioxidant properties, while
also having cytoprotective effects against ONOO- and
HOCI mediated cytotoxicity. In addition, evaluation of
the phase II enzyme inducing ability of each extract,
as assessed by quinone reductase and glutathione-
S-transferase activities, showed significant variation
between the vegetables analyzed.

CONCLUSION: Green leaf vegetables are potential
sources of antioxidants and phase II detoxification
enzyme inducers in the Asian diet. It is likely that
consumption of such vegetables is a major source of
beneficial phytochemical constituents that may protect
against colonic damage.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Reactive oxygen, nitrogen and chlorine species are
generated /7 vivo by a diverse array of mechanisms
including inflammatory responses, acrobic metabolism,
and exposure to ionizing radiation. For example, the
interaction of nitrogen monoxide (NO) and superoxide
(Oz2-) forms the cytotoxic product peroxynitrite, (ONOO))
(Eq. D", NO + 02" — ONOO- (1)

Under physiological conditions ONOO- is converted
to its protonated form peroxynitrous acid, ONOOH,
which in turn decays to generate multiple toxic products
with reactivities resembling those of the nitryl cation
(NO:"), nitrogen dioxide radical (NO2), and hydroxyl
radical (OH). Similarly, at sites of chronic inflammation,
neutrophils secrete hydrogen peroxide (H202) and the
enzyme myeloperoxidase (MPO) which catalyzes the
formation of hypochlorous acid (HOCI) (equation 2).
H202+ CI HOCI + OH (2)

Up to 80% of the H202generated by activated
neutrophils is used to form 20-400 pmol/L HOCI
an hour”™. Throughout this paper we use the term
“hypochlorous acid” (pKa = 7.46) to refer to the
approximately 50% ionized mixture of HOCI and
OCI- species that exists at physiological pH 6. Both
peroxynitrite and HOCI and species derived from it can
oxidize lipids, proteins, DNA, and carbohydrates"".
Indeed, the addition of ONOO- or HOCI to biological
fluids leads to the depletion of antioxidants including
ascorbate, urate, and thiols. Depletion of 7 vive antioxidant
level by RS can initiate and promote cellular damage
leading to genotoxicity and disease progression!'”
For example, RS may participate in the carcinogenesis
by inducing genetic mutations. Therefore, due to the
cytotoxicity of RS considerable interest in identifying
chemical agents or dietary constituents that can interfere
with RS mediated damage has been sought' ', Plant
derived antioxidants have been proposed to fulfill this
role"™” and much research has focused on the potential
antioxidant and cytoprotective or anti-carcinogenic
properties of numerous phytochemical compounds' ™'
These studies have been further supported by
epidemiological investigations indicating that dietary habits
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Table 1 Total phenolic content and inhibition of PR bleaching
mediated by ONOO- and HOCI by green leaf vegetables used in
this study.

Common name Latin name Total % Inhibition of
phenoliccontent PR bleaching
(GAE mg/g Dwt)
Watercress Rorripa nasturtium 133.6+15.1 75.6+3.2°
“Rorripa” aquaticum 68.6+3.4
Broccoli Brassica oleracea var. 61.03+13.1 85.7+10.36
italica 0.6+0.5
Choi Sum B.chinensis var. 163.7+2.11 104+6.6"
parachinensis 53.3+1.2
Pa Po B. chinensis var. 65.7+3.6 91.1+7.2°
parachinensis 50.1+1.6
Pheuy leng Amaranthus tricolor 56.2+3.0 102+3.5"
50.7+0.2
SioPek B. chinensis 111.0£11.9 76.9+7.8"
58.3+0.6
°P<0.05 vs others.

play a significant role in the risk of developing cancer!”,

High consumption of fruits and vegetables, reduced red
meat intake and low alcohol consumption appears to be
inversely correlated with colon cancer development. In
Asia the lower prevalence of degenerative disease like
cancer and heart disease are thought to be due to the high
consumption of fruits and Vegetables[zo]. However, little
information is available on the antioxidant properties of
green vegetables that are widely consumed in Asia. These
food stuffs are perhaps a major source of antioxidants and
antioxidant like compounds in the Asian diet. Therefore,
in this report, we determined the antioxidant properties
and phase II enzyme inducing the ability of several green
vegetables commonly consumed in Asia. In addition, each
vegetable was evaluated for its protective effects against
both authentic ONOO- and HOCI mediated cellular
toxicity in human colon cells.

MATERIALS AND METHODS

Chemicals

Glutathione (GSH, reduced form), 4-nitrobenzaldehyde
(4-NBA), h-nicotinamide adenine dinucleotide (NAD),
NADP, NADPH, NADH, 1-chloro-2,4-dinitrobenzene
(CDNB), flavin adenine dinucleotide (FAD),
2,6-dichloroindophenol (2,6-DCIP), were purchased from
Sigma Chemical Co. (St. Louis, MO, USA). Protein assay
kit was purchased from Bio-Rad labs (Hercules, CA, USA).

Plant material and extract preparation

Individual vegetables, broccoli (B), Rorripa (R), Sio Pek
(SP), Pa Po (PP), Pheuy leng (PL) and Choi Sum (CS) were
collected over a 3 mo period from the local supermarkets
(Table 1). Rorripa and watercress are used interchangeably
through the current text. All individual varieties were
placed on dry ice and freeze dried immediately to preserve
freshness. All individual representative vegetable samples
were then pooled, this being conducted to eliminate
variation. Extracts were then prepared using the procedure
detailed™. In brief, 100 mg of freeze-dried tissue was
weighed into a 50 mL polypropylene tube, hydrated with

2.0 mL of deionised water and homogenized for 15 s
(Ultraturrax homogeniser) and left at room temperature
for 1 h with occasional vortexing. Boiling 700 mL/L
methanol (3.0 mL) was added to the mix and incubated
for a further 15 min at +70 °C. The mixture was cooled
to room temperature, and centrifuged at 3 000 r/min for
5 min. After centrifugation 1 ml aliquots were removed
and vacuum condensed to 200 pL volumes. The resultant
concentrates were filtered through sterile non-pyrogenic
filters (0.2 pm; Millipore) and stoted at -70 °C priot to
testing. Extracts gave an equivalent concentration of
100 mg/mL for each sample. All extracts were analyzed for
their respective I'TC composition using a Finnigan- LCQ
LC-MS system using the method previously described.

Cell culture and treatments

Human HCT116 cells were obtained from the
American Type Culture Collection (ATCC, Manassas,
VA, USA). Cells were grown in complete DMEM
(containing 100 mL/L FBS, 100 000 U/L penicillin,
100 mg/1 streptomycin, pH 7.4) in 75/cm” culture flasks
at 37 °C in 50 mL/L CO2. HOCI concentration was
quantified immediately before use spectrophotometrically
at 290 nm (pH 12, ¢ = 350 mol/L/cm). HOCI was diluted
in ice cold EBSS to a concentration of 10 mmol./L and
stored on ice for no longer than 1 min. To expose the
cells to HOCI, cells were washed twice with PBS and once
with EBSS warmed to 37 °C. Fresh EBSS was then added
followed by oxidant addition as described. The addition
of HOCI did not significantly alter the pH of the reaction
mixture. Hydrogen peroxide-free peroxynitrite (ONOO-)
was synthesized as described™, respectively. ONOO-
solution was quantified immediately before use using a
molar absorption coefficient of 1670/cm/mol/ 1.7,

ABTS assay

This was carried out as described in Ref.* 2,2'-Azinobis[3-
ethylbenzothiazoline-6-sulfonate] (ABTS) in watet
(7 mmol/L final concentration) was oxidized using
potassium persulfate (2.45 mmol/L final concentration) for
at least 12 h in the dark. The ABTS+ solution was diluted
to an absorbance of 0.810.05 at 734 nm (Beckman UV-
VIS spectrophotometer, Model DU640B) with phosphate-
buffered saline (PBS). Absorbance was measured every
1 min for 5 min after initial mixing of extracts of different
concentrations or Trolox standard with 1 mL of ABTS+
solution. Trolox was used as a reference standard.
Antioxidant properties of extracts were expressed as
Trolox equivalent antioxidant capacity (TEAC).

Ascorbate-iron induced lipid peroxidation

Peroxidation of bovine brain extract was performed as
described™. Briefly, bovine brain extract (BBE, 100 mg)
was dissolved with PBS, and sonicated in an ice bath
until dissolved. The BBE (0.2 mL) was preincubated
with vegetable extracts in the presence of PBS and FeCls
(1 mmol/L). Lipid peroxidation was initiated by adding
ascorbate (1 mmol/L), and the mixture was then incubated
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for 1 h at 37 °C. The reaction was stopped by adding
butylated hydroxytoluene ( 2 g/L in 950 mL/L ethanol),
followed by the addition of trichloroacetic acid (28 g/L.)
and 2-thiobarbituric acid (IBA, 1 g/L). The mixture was
heated at 80 °C for 20 min in a water bath. The (TBA)
2-MDA (malondialdehyde) chromogen formed was
measured at 532 nm after extraction into 1-butanol using
a SpectraMax190 microplate reader (Molecular Devices).
Results were expressed as percentages of control.

Scavenging of 2,2-diphenyl-1-picrylhydrazyl

Scavenging activity was determined as described in Ref.””,
DPPH solution (200 pmol/L in 800 mI./L ethanol)
was mixed with an equal volume of extracts, and the
absorbance at 520 nm was measured after 20 min at room
temperature using the microplate reader. Results were
expressed as percentages of control (100%).

Assessment of pyrogallol red bleaching by peroxynitrite
Bleaching of PR was performed as described in Ref.™
respectively. PR (100 pmol/L final concentration) was
dissolved in KeHPO4-KH2PO4buffer. Compounds to
be tested were added into the PR solution and incubated
at room temperature for 10 min; addition of ONOO-
(200 pmol/L) or HOCI (125 pmol/L) followed and the mixture
was vortexed immediately for 10 s. The decrease in absotrbance
at 542 nm was determined using a microplate reader.

Total phenolic content

Total phenolic content of extracts was assessed
approximately by using the Folin-Ciocalteu phenol reagent
as described in Ref”. The extracts (100 ul) were mixed
with the Folin-Ciocalteu phenol reagent (0.2 mL), water
(2 mL), and Na2COs (15 g/, 1 mL), and absorbance
at 765 nm was measured 2 h after incubation at room
temperature using the microplate reader specified above.
Gallic acid was used as a reference standard, and the total
phenolics were expressed as milligrams per milliliter of
gallic acid equivalents (GAESs).

Determination of phase Il enzymatic induction and cellular
glutathione

Glutathione-S-transferase and quinone reductase activities
were determined as previously described”™. Reduced
glutathione levels in HCT116 cells were determined using
the procedure described”. The formation of the GSH-
phthalaldehyde conjugate was measured fluorometrically
(excited at a wavelength of 350 nm, and the fluorescence
measured at 420 nm).

Statistical analysis

All statistical analysis of data was conducted using
MINITAB version 10.1 software package. ANOVA
analysis was performed to determine the variation within
and between selected populations.

RESULTS

Total phenolic content
The amounts of total phenolics varied widely in the

vegetable extracts evaluated, these ranging between
56.2 to 163.7 mg GAE/g dry weight material (Table 1).
Among the vegetable extracts, Choi Sum (B. chinensis
var. parachinensis) contained the highest total amount of
phenolics (163.2 mg GAE/g), whereas lower levels were
found in Pa Po (B. chinensis), broccoli (Brassica oleracea. var.
italica), and Pheuy leng (Amaranthus tricolor), (65.7, 61.0, and
56.2, respectively).

An additional assay, pyrogallol red (PR) bleaching, was
used as an initial screening for the protective effects of
each vegetable extract (10 mg/ml. concentration) against
ONOO- and HOCI induced PR bleaching. As shown in
Table 1, all extracts showed some degree in preventing
both ONOO- and HOCI mediated bleaching;

Radical scavenging by Asian green leaf vegetable extracts
The antioxidant activities of each vegetable extract were
determined using four different chemical assays, ABTS,
DPPH, deoxyribose and iron ascorbate lipid peroxidation
assay. All the methods have been extensively used for the
screening of antiradical activities of fruit and vegetable
juices and extracts.

The antioxidant properties of each individual vegetable
extract are represented in Figure 1A and F. Extracts of
each vegetable were examined and compared for their free
radical scavenging activities against radical cation ABTS+.
The ABTS assay has been widely used to determine the
radical scavenging ability of both synthetic chemicals and
plant extracts. All extracts showed ABTS+ scavenging
capacity as determined by the reduction in absorbance
at 734 nm, as previously reported (Figures 1A and B). In
addition, comparison with the water soluble analog Trolox
allowed us to determine the total antioxidant capacity
TEAC value for each extract, none of the extracts were
more effective than Trolox alone (Figure 1C). Likewise, as
demonstrated in Figure 1D, all vegetable extracts showed
antioxidant scavenging potential in the DPPH assay. In
additional assays, we also examined the effects of extracts
on hydroxyl radicals and lipid peroxidation (Figures 1E
and F). Again all extracts showed some positive inhibition
in each assay however, we were unable to show any
correlation between phenolic acid content and scavenging
ability. Kahkonen e a/. and Shahidi ef a/. reported that
differences in antioxidant activities of plant extracts are a
likely result of differences in the types of phenolic acids
and flavonoid compounds and their derivatives present
with in the plant extracts™*”. For example, the antioxidant
activities of phenolic acids and their esters are dependant
on the number of hydroxy groups in the molecules.
Perhaps such limitations are also apparent in our study.

Protection Against ONOO- and HOCI mediated cytotoxicity
in HCT116 cells by asian green leaf vegetables

Incubating HCT116 colon cells in the presence of each
vegetable extract (0.2-10 mg/ml. extract) for 1 h did not
result in any significant cytotoxicity measured using the
MTT assay (data not shown) whereas the addition of
200 pmol/L ONOO- or 125 pmol/L HOCI led to
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Figure 1 Kinetics of reactions of ABTS radicals in the presence of 10 mg/mL of each vegetable extract (A), (B) the effects of increased concentration of the vegetable
extracts on the inhibition of the ABTS radical represented as % ABTS inhibition, (C) total antioxidant activity of extracts from green leaf vegetables as compared to trolox, (D)
DPPH radical scavenging, (E) hydroxyl radical scavenging, and (F) iron-ascorbate induced lipid peroxidation. Values are presented as means+SD (n = 6).
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Figure 2 Concentration dependant inhibition of ONOO—- and HOCI mediated cytotoxicity by green leaf vegetable extracts. HCT116 cells were treated with each extract for
5 min and ONOO- or HOCI added. Cell viability was assayed using MTT and measurement of the solubilized formazan dye at Abs 595 nm. Experiments were conducted as
described in Materials and methods and data are expressed as meanSD (n = 6). °P<0.01 comparing extracts to ONOO- or HOCI treatment alone.

substantial decrease in viability (Figures 3A and B). All
extracts significantly inhibited ONOO-- and HOCI
mediated cytotoxicity in a concentration-dependent
manner.

Induction of phase Il detoxification enzymes by Asian
green leaf vegetable extracts inhibits ONOO- and HOCI
mediated cytotoxicity

The induction of phase II detoxification enzymes QR and
GST varied widely among the vegetable extracts evaluated.
As shown in Figures 3A and B, both the broccoli and
watercress extracts, two species previously been shown as
potent inducers of phase 1l enzymes, showed the most
significant induction of QR and GST at 0.02-0.1 mg/mL
extract in human HCT116 cells. In contrast, only extracts

of Chot Sum (B. chinensis var. parachinensis) and Pheuy leng
(Amaranthus tricolor), showed any potential in inducing QR
and GSTs in the current study, all be it at a 10 fold higher
concentration (0.1-10 mg/mL extract) than that of broccoli
or watercress. Neither Pa Po (B. chinensis var. parachinensis)
nor Sio Pek (B. chinensis var. parachinensis) showed any ability
to induce QR or GST (Figure 3C and D). In addition,
analysis of each vegetable extract using LC-MS, we were
unable to find any putative I'TCs present except in any
extracts except for broccoli (4-methylsulfinylbutyl ITC) and
Rorripa (7-methylsulfinylheptyl ITC), respectively. All LC-
MS data corresponded to that previously published[zsw.
This may suggest that the other vegetable extracts did
not contain any ITCs or that the levels were below the
level of detection in our method (Figures 3E and F). To
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Figure 3 Effect of green vegetable extracts on QR and GST induction in the human colon HCT116 cell line. Cells were treated with each respective extract at 0.01-1 mg/mL
(broccoli and Rorripa) and 1-10 mg/mL Choi Sum, Pa Po, Pheuy leng and Sio Pek for 24 h. (A) induction of QR and (B) GST induction by broccoli and Rorripa, (C) and
(D) induction of QR and GST by Choi Sum, Pa Po, Pheuy leng and Sio Pek, (E) Rorripa ITC, 7-methylsulfinylheptyl ITC and (F) broccoli ITC, 4-methylsulfinylbutyl ITC as
determined using LC-MS. Each data point represents the mean+SD for four separate experiments. "P<0.001 vs the control cells.
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Figure 4 Protective effects of vegetable extracts on ONOO-- and HOCI mediated
cytotoxicity in HCT116 cells. Cells were pre-treated with each extract for 24 h to
induce phase Il detoxification enzymes prior to the addition of ONOO- or HOCI for
30 min. Cell viability was assayed using MTT and measurement of the solubilized
formazan dye at Abs 595 nm. Experiments were conducted as described in
Materials and methods and data are expressed as mean%SD (n = 6). °P<0.001 vs
extracts to ONOO- or HOCI treatment alone.

examine whether the induction of phase II enzymes could
protect against oxidative stress, human HCT116 cell were
pre-incubated for 24 h with each respective extract at a
concentration that induced a 2 fold induction of QR and
GST [(0.01mg/mL) broccoli ot Rorrjpa and 1 mg/mlL for
Pheuy leng, and Choi Sum)]|, respectively. Consequently,
intracellular glutathione was determined prior to the
addition of the oxidants ONOO- and HOCI. In all the
treatment groups particularly broccoli, Rorripa and Choi
Sum, intracellular GSH was elevated (Table 2). Moreover,
pre-treated cells were more resistant against ONOO- and
HOCI mediated toxicity (Figure 4A).

Table 2 Pre-treatment with green leaf vegetables increases
intracellular glutathione levels in HCT116 cells. °P<0.01 comparing
treated to control cells (mean+SD).

Vegetable Total GSH (nmol™/ mg'lprotein)
Ctrl 15.240.4

Watercress “Rorripa” 33.242.7°

Broccoli 28.7+0.5"

Choi Sum 25.1+1.9"

Pheuy leng 252422
DISCUSSION

In the present investigation we evaluated green leaf veg-
etables that are commonly consumed in Singapore, this
being a representative group of vegetables commonly con-
sumed in the region. Recent epidemiological studies have
highlighted a protective effect of vegetable consumption,
particularly cruciferous vegetables, on colon cancer devel-
opmentmm. Thus, knowledge of the antioxidant proper-
ties of local vegetables may partly explain their beneficial
health effects.

The generation of ONOO- and HOCI 7% vivo is im-
plicated in a wide range of human diseases ranging from
cancer and cardiovascular diseases to chronic inflamma-
tion"”. The i vivo formation of ONOO- in patients with
colorectal cancer and a corresponding reduction in plasma
antioxidant status has been reportedpsj. While increased
expression levels of inducible nitric oxide sythase and the
formation of ONOO- is observed in patients with ulcera-
tive colitis™”. Similarly, HOCI produced by inflammatory
phagocytic leukocytes reportedly contribute to gastrointes-
tinal mucosal damage“oj. These data being suggestive that
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oxidative stress contributes to the pathogenesis of colonic
inflammation and cancers. Indeed, supplementation with
antioxidants in numerous gastrointestinal model systems
has been shown to reduce oxidant induced damagewm.
Therefore, agents that are able to protect against ONOO-
and HOCI dependent damage may be particulatly useful in
the diet.

Till date, much is known about the dietary sources and
antioxidant properties of vegetables commonly consumed
in the Western diet however, much less is known about the
antioxidant properties of green leaf vegetables consumed
in Asia. In our study, we examined six local vegetables, five
being members of the family Cruciferae, and an additional
specimen being a spinach substitute used in the region, a
member of the genus Awmaranthus (Table 1). Analysis of
total phenolic content using the Folin—Ciocalteu phenol
reagent method showed considerable variation among the
vegetables studied. Chye Sim had the highest total phenolic
content (163.7+2.1 mg/g sample) whereas Pheuy leng
had the lowest (56.21£3.0 mg/g sample). Dietary derived
phenolic compounds like flavonoids, phenolic acids and
condensed tannins are all reported to function as antioxi-
dants. Indeed, in all the antioxidant assays used in the cur-
rent study, PR bleaching, lipid peroxidation, ABTS, DPPH
and hydroxyl radical scavenging; all vegetable extracts,
to a varying degree, possessed antioxidant properties.
Moreovet, co-treatment of human colon cancer HCT116
cell line with individual vegetable extract inhibited both
ONOO- and HOCI mediated toxicities in a concentration
dependant manner. Several investigators have correlated
the antioxidant potential of plant extracts with the content
of individual compounds. As well as phenolic constituents
many vegetables also contain fat-soluble vitamins and pre-
cursors, such as tocopherols and carotenoids, along with
the water-soluble vitamin ascorbic acid that also poses
antioxidant properties. Indeed, the antioxidant potential of
Broccoli has been partially attributed to both flavonoid as
well as hydroxycinnamic acid constituents"”. Flavonoids
along with other phenolic constituents are widely distrib-
uted in higher plants and exhibit diverse biological activi-
ties. For example, the antioxidant action of flavonoids in
the GI tract could be mediated by the suppression of ROS
formation either by inhibition of enzymes or chelating
trace elements involved in free radical production, direct
scavenging ROS or the upregulation of antioxidant de-
fense system. Structure function analysis has revealed that
the antioxidant properties are dependant upon the extent,
type and position of functional group substitutions on the
ring structures. In our study we were unable to find any
correlation between the antioxidant potential of individual
vegetable extracts and their total phenolic content. Our
findings are in-agreement with that of Kurilich ez a/. 2002,
who demonstrated that the antioxidant properties of dif-
ferent broccoli cultivars did not correlate with their respec-
tive ascorbic acid or flavonoid compositionm. We propose
that such discrepancies are a likely result of differences
in the chemical composition of each vegetable and that
such effects may influence the antioxidant properties as
observed in the current study. Also, given that recent evi-

dence suggests that many phenolic compounds such as fla-
vonoids are not absorbed to any appreciable levels 7 vivo,
perhaps the major site of action is in the lumen of the GI
tract as has previously been suggestengJ. We assume that
the observed variation in antioxidant properties and cyto-
protective effects are perhaps due to the composition of
phenolic compounds present in each vegetable, although
this requires further study.

In contrast to direct antioxidant scavenging propet-
ties, a secondary mechanism that may protect against
oxidative stress is the stimulation of cellular protective
pathways. The co-ordinate induction of phase 2 detoxifi-
cation enzymes provides protection against electrophilic
and oxidant induced cellular damage. Interestingly, cru-
ciferous vegetables contain phytochemicals known as
glucosinolates that under the action of plant or bacterial
myrosinases (thioglucoside glucohydrolase; EC 3.2.3.1)
following tissue disruption, are converted to bioactive iso-
thiocyanates (ITC) ¥l TTCs are potent inducers of phase 11
detoxification enzymes in mammals™ . Indeed, induction
of phase II enzymes by the ITC sulforaphane has recently
been shown to protect human adult retinal pigment cells,
epithelial keratinocytes and murine leukemia cells against
oxidant induced damagelSOJ. Mechanistic studies have also
indicated that, depending upon the specific structure of
the I'TC, these compounds can act at three stages of car-
cinogenesis. Firstly, they can prevent carcinogen activation
through inhibition of phase I enzymes such as cytochrome
P450s"". Secondly they can induce phase II enzymes such
as quinone reductase (QR) [NAD(P)H: (quinone-acceptor)
oxidoreductase, EC 1.6.99.2], glutathione S-transferases
(GSTs) [EC 2.5.1.18] and UDP-glucuronosyltransferases
[EC 2.4.1.17] , resulting ultimately in the excretion of the
potential carcinogenslszj. Thirdly, they can induce apop-
tosis™ . The putative anticarcinogenic activity of 1TCs
is consistent with the results of epidemiological studies,
which have suggested a reduction in risk of cancer, particu-
larly of the gastrointestinal tract, through the consumption
of cruciferous Vegetablesl34’3(’]. In our, study, we found a 10
fold difference in the ability of the vegetables examined
to induce both QR and GSTs in human colon HCT116
cells. Both broccoli and Rorripa were the strongest enzyme
inducers, this previously being attributed to there ITC
compositionlz}m. Of the local vegetables only Choi Sum
and Pheuy leng induced any significant increase in QR and
GST activity. We assume that such variation in phase II en-
zyme induction is likely to be a result of the composition
and content of ITCs present within each vegetable. Jiao
et al. 1998, previously demonstrated that considerable vari-
ation exists between local cruciferous asian vegetables (low
ITC content) when compared to broccoli or Rorripa (High
ITC content) P71 Moreover, Hecht e al. 2004, also reported
that cruciferous vegetables collected in Singapore con-
tained high levels of glucobrassicins (70-90%) and relative-
ly low levels of alkyl GSLs, the progenitor compounds of
chemicals like sulforaphanelsgj. Glucobrassicins, upon tis-
sue disruption form indole-3-carbinols, these compounds
have previously been shown to be poor inducers of phase
II detoxification enzymesmj.
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In summary, our data supports the finds that
cruciferous vegetables can decrease /n vitro and in vivo
oxidant induced genotoxicity!® by being potent source
of antioxidants that may offer protection against oxidant
induced damage in human beings. Moreover, we also
found that the phase II enzyme inducing ability varied
considerably among the vegetables analyzed, these data
suggesting that biomarkers of exposure to cruciferous
vegetables may be a more important inclusion into
epidemiological studies than previously thought.
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Abstract

AIM: To detect the common intestinal pathogenic
bacteria quickly and accurately.

METHODS: A rapid (<3 h) experimental procedure was
set up based upon the gene chip technology. Target
genes were amplified and hybridized by oligonucleotide
microarrays.

RESULTS: One hundred and seventy strains of bacteria
in pure culture belonging to 11 genera were successfully
discriminated under comparatively same conditions, and
a series of specific hybridization maps corresponding to
each kind of bacteria were obtained. When this method
was applied to 26 divided cultures, 25 (96.2%) were
identified.

CONCLUSION: Salmonella sp., Escherichia coli, Shigella
sp., Listeria monocytogenes, Vibrio parahaemolyticus,
Staphylococcus aureus, Proteus sp., Bacillus cereus,
Vibrio cholerae, Enterococcus faecalis, Yersinia
enterocolitica, and Campylobacter jejuni can be detected
and identified by our microarrays. The accuracy, range,
and discrimination power of this assay can be continually
improved by adding further oligonucleotides to the arrays
without any significant increase of complexity or cost.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Intestinal pathogenic bacteria exert a great threat upon
human health. It is still a challenge to detect and identify
bacterial pathogens quickly and accurately from the
samples. Since intestinal bacterial pathogens involve a
wide range of genera and species, few existing methods
can meet the requirement of quick and parallel detection
of these bacterial pathogens. Classical diagnostic
methods, including culture and biochemical identification,
immunological assay, nucleotide probe hybridization,
and PCR amplification, share a common shortcoming:
only one or few kinds of bacteria can be identified in a
complete cycle of experiment. These serial procedures
are hard to use for quick and simultaneous detection of
multiple pathogenic bacteria. To meet the demands of
rapid and parallel detection and identification of many
common pathogenic bacteria in one experiment, we
present here a new approach based on the epoch-making
gene-chip (microarray) technology.

Gene chip technology is based upon the reversed
solid hybridization of oligonucleotides"”. The major
advantages of gene chip technology, including miniature,
high performance, parallelism, automation, have expanded
its application in this decade®. Since the efficacy of gene
chip technology depends heavily upon the oligonucleotide
probes, careful selection of target genes and wise design
of oligonucleotide probes with variable kind, sequence
and amount, are cardinal factors for a good gene chip.
The target genes may be species-specific. For example,
the pathogenic genesm can be ecasily identified by simple
PCR. However, it is impractical to use different primers
for different species in gene chip technology, especially
in the case where a specimen of one or more possible
bacteria is given. Either a complex PCR with a mixture of
many primers or a series of PCRs performed in parallel
or sequential are necessary to amplify the target genes.
However, the time, complexity and expense of experiment
will also increase. On the contrary, if a consensus gene
among many pathogenic bacteria is chosen, a single pair of
carefully designed universal primers may be used to amplify
the conserved stretches of DNA, which are then detected
and identified by the wisely designed oligonucleotide
probes. The conserved consensus genes usually chosen
by many researchers are 16S ribosomal DNA (tDNA),
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Table 1 Standard strains used in the present study

Genus or species

Standard strain(s)'

Salmonella

50 001, 50 004, 50 009, 50 013, 50 014, 50 018, 50 019, 50 020, 50 021, 50 023, 50 029, 50 041, 50 042, 50 043, 50 047, 50 051, 50 073, 50 082,

50 083, 50 086, 50 093, 50 096, 50 098, 50 099, 50 100, 50 104, 50 105, 50 106, 50 109, 50 112, 50 115, 50 120, 50 124, 50 128, 50 145, 50 191,
50 200, 50 201, 50 220, 50 304, 50 306, 50 307, 50 309, 50 310, 50 313, 50 315, 50 320, 50 321, 50 322, 50 326, 50 327, 50 333, 50 335, 50 337,
50 338, 50 354, 50 355, 50 358, 50 360, 50 362, 50 402, 50 707, 50 708, 50 709, 50 710, 50 711, 50 712, 50 718, 50 719, 50 730, 50 731, 50 732,
50733, 50 735, 50 736, 50 739, 50 746, 50 761, 50 774, 50 783, 50 825, 50 835, 50 846, 50 853, 50 854, 50 864, 50 913

Shigella

51 081, 51 100, 51 207, 51 227, 51 233, 51 252, 51 253, 51 255, 51 258, 51 259, 51 262, 51 307, 51 315, 51 334, 51 335, 51 336, 51 424, 51 464,

51570, 51 571, 51 572, 51 573, 51 575, 51 582, 51 583, 51 584, 51 585, 51 610

Escherichia coli
44 752,44 813, 44 824, 44 825
Proteus 49 027,49 101, 49 102, 49 103
Staphylococcus
Yersinia enterocolitica

Listeria monocytogenes 54 003, 54 005, 54 006, 54 007

Vibrio 20 502, 20 506, 20 507, 20 511, 02-12
Enterococcus faecalis 32221,32223

Campylobacter jejuni 26277

Bacillus cereus 63 301

26 001, 26 003, 26 005, 26 101, 26 111, 26 113, 26 517
52202, 52 203, 52 206, 52 207, 52 211, 52 215, 52 217, 52 219, 52 302

44102, 44 105, 44 109, 44 110, 44 113, 44 126, 44 127, 44 149, 44 155, 44 156, 44 186, 44 216, 44 336, 44 338, 44 344, 44 505, 44 710, 44 719,

'Except that one strain of Vibrio sp. was obtained from the Beijing Institute of Microbiology and Epidemiology, all other strains used in the present study were

purchased from the National Center for Medical Culture Collection.

23S tDNAPY 168-23S tDNA spacer region'”, ERIC,
while 16S rtDNA" is the most popular one. Among
the eubacterial 16S tDNA genes, the highly conserved
sequences compose the constant regions, and the relatively
less conserved sequences compose the variable regions,
both interlace along the linear genes. Therefore, the pair
of universal primers was carefully designed based upon the
constant regions of 16S tDNA, so that they were capable
of amplifying the 16S rDNA genes of all bacteria under
certain circumstances. Meanwhile, the oligonucleotide
probes were wisely designed based upon the variable
regions of 16S rDNA at the species or genera level.

MATERIALS AND METHODS

Materials

The standard strains used in this study including a wide
range of species and many of the common organisms
causing intestinal disease are listed in Table 1. These
organisms were identified by conventional methods.

Extraction of bacterial DNA from standard cultures

One colony from a fresh culture was resuspended in 100 pLL
distilled water in Eppendorf tubes. Then the tubes were
transferred to a thermal cycler (Techgene, Techne Ltd.)
and heated to 95 °C for 10 min. Finally, they were spun at
10 000 g for 1 min in a microcentrifuge, and 2 pL of the
supernatant was used in PCR described below.

Sample preparation

Strains divided from Hai River, Luan River, municipal
sewage, and food samples from markets were used in
this study. All the divided strains were identified by
conventional methods and the VITEK test system
(BioMerieux SA, France). Extraction of DNA from
divided bacterial cultures was performed as above.

Design of primers to amply bacterial 16S rDNA
We downloaded 113 bacterial 16S tDNA sequences

from the GenBank database. Then, we used the program
ClustalW alignment of the software MacVector
6.5.1 to analyze these sequences and showed the
conserved regions of 16S rDNA. The primers were
based on the conserved regions 8 and 10 of the 16S
rDNA. The sequences of forward primer 1169U20
(5’-AACTGGAGGAAGGTGGGGAT) and reverse
primer 1521119 (5>-~AGGAGGTGATCCAACCGCA)
were used to amply bacterial 16S tDNA. The forward
primer 1169U20 was labeled with 5’-Cy3 fluorescence.

Design of primers to amply specific pathogenic genes of
Salmonella and Shigella

Sequences of forward primer invA-139 (5>-GTGAAA
TTATCGCCACGTTCGGGCAA) and reverse primer
invA-141 (5-TCATCGCACCGTCAAAGGAACC) were
used to amplify the invA gene of Salmonella. Sequences of
forward primer virA-1 (5-CTGCATTCTGGCAATCTC
TTCACATC) and reverse primer virA-2 (5-TGATGAG
CTAACTTCGTAAGCCCTCC) were used to amplify the
virA gene of Shigella. The forward primers invA-139 and
virA-1 were labeled with 5’-Cy3 fluotrescence.

PCR amplification to get hybridization targets

Each 50 pL reaction contained 33 pL sterile water, 5 pul. 10
xbuffer (Takara Biotechnology Co., Ltd.), 2 pL. supernatant
from the extraction of bacterial DNA, 200 pmol/L dNTP
mixtute (Takara), 0.02 U/pL Takara Taq (Takara, 5 U/mL)
and 0.1 umol/L each primer (1169U20, 1521119, invA-139,
invA-141, virA-1, and virA-2). The PCR mixtures were
subjected to 95 °C for 5 min, followed by 35 cycles at 94 °C
for 25 s, at 55 °C for 30 s, and at 72 °C for 25 s. The PCR
products were checked using 2% agarose electrophoresis
and visualized with ethidium bromide staining,

Making oligonucleotide microarrays

All the oligonucleotide probes were chosen based on the
variable regions between PCR primers using the alignment
information. They were synthesized and modified with
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Table 2 Oligonucleotide probes used in the present study

No. Sequence (5' to 3") Target

1 gtacaaggccegggaacgtattcace All known eubacteria (universal bacterial probe)
2 gacataaggggcatgatgatttgacgt All Gram-positive bacteria

3 gtegtaagggecatgatgacttgacgt All Gram-negative bacteria

4 gtcatgaatcacaaagtggtaagegce All enteric bacterial

5 acgacgcactttatgaggtccgcettg Escherichia coli, Shigella sp. and Salmonella sp.
6 gctectaaaaggttactccacegget Staphylococcus aureus

7 cgacggctagctccaaatggttactg Coagulase-negative Staphylococcus
9 tcacggtcttgegtettattgtacctac Clostridium botulinum

11 gaactgagactggtttttaagtttggct Clostridium perfringens

15 cgaactgggacatattttatagatttge Campylobacter jejuni

16 aggtegececttcgeegecctetgtate Legionella pneumophila

17 cgatccgaactgagaceggcttttaagg Mycobacterium tuberculosis

18 tactcgtaagggccatgatacgacttaa Proteus sp.

19 cgeggcttggeaaccctttgtaccgace Pseudomonas aeruginosa

20 actgagaatagttttatgggattagg Listeria monocytogenes

21 gctecaccttegeggtattegetgeect Vibrio cholerae

22 tcactttcgcaagttggeegecctetgt Vibrio fluvialis

23 tggtaagegtcccceegtagttgaaac Vibrio parahaemolyticus

24 tacgacagactttatgtggtccgcettge Yersinia enterocolitica

25 cctegeggtetageagetegttgtgett Enterococcus faecalis

26 ggattcgetcactategetagettgeag Aeromonas hydrophila

27 ccgacttcgggtgttacaaactcteg Bacillus cereus, P.

28 gcttcatgeactcgagttgeagagtg cocovenenans subsp. farinofermentans
30 atccccaccttectecagtt Positive control

31 cccccagaggeagagattgea virA gene of Shigella sp.

32 cgccaataacgaattgecega invA gene of Salmonella sp.

3’-NHo2 in order to increase their binding to the glass slide
surface and their hybridization intensity.

Before use, the glass slides for microscopy must be
cleaned as desctibed by Brown (http://cmgm.stanford.edu/
pbrown/protocols.html). Then the oligonucleotide probes
were bound to the slides as follows: 5 uL of 50 pumol/L
oligonucleotide drop was spotted on the glass slide by an
arrayer (PixSys 5500 Workstation, Cartesian Technologies),
5 mm between each oligonucleotide spot. When all the
oligonucleotide probes were applied, the glass slides were
left at room temperature for 24 h to permit thorough drying
of the DNA on the slide surface. After drying, the slides
were washed twice in 0.2% SDS for 5 min each and twice in
distilled water for 5 min each. Subsequently, the slides were
washed in sodium borohydride solution (1.3 g Na2BH4 was
dissolved in 375 mL phosphate buffered saline, and then
125 ml. pure ethanol was added) for 5 min, in 0.2% SDS
for 2 min, and twice in distilled water for 2 min each.

Hybridization

The fluorescent-labeled amplicons were hybridized to the
oligonucleotide microarrays using the following protocol:
1 pL of amplicons was added into a tube containing 4 pL
hybridization solution (UniHyb"™, TeleChem International,
Inc.), and the tube was heated to 95 °C for 10 min and
was put on ice immediately. Mixture in the tube was then
transferred onto the microarray, kept at 50 °C for 1 h in
a hybridization cassette (TeleChem International, Inc.).
After hybridization, unbound fluorescent amplicons were
washed with washing buffer A (1XSSC+0.2% SDS) for 1
min, B (0.1XSSC+0.2% SDS) for 1 min, C (0.1XS8SC) for
1 min, respectively.

Scanning the microarray for fluorescent signals

We used the ScanArray 3000 (GSI Lumonics) to scan
the area of the slide containing the microarray. The laser
power and PMT were set at 80%.

Scoring hybridization results

The resolution of the ScanArray 3000 scanner is 10 pm,
and the fluorescent density of each pixel is saved into the
TIFE image file, facilitating further process and analysis of
software. We uploaded the scanned image TIFF file into
the ImaGene 4.0 software (BioDiscovery) to examine each
feature for fluorescence intensity.

RESULTS

Under the same conditions for PCR amplification and
hybridization, all the 170 strains produced PCR products,
showing bands at approximately 370 bp, being equivalent
to the fragment of 16s rDNA. Besides, strains belonging to
Salmonella sp. produced another band of 285 bp, and strains
belonging to Shigella sp. produced a 215-bp band. After the
hybridization between PCR products and oligonucleotide
probes, respective hybridization maps were built through
the signal acquisition step using the ScanArray 3000
scanner. The original images generated by ScanArray 3000
scanner are shown in Figure 1. Monochrome fluorescent
signals were mapped into pseudocolor spectrum according
to their density in ascending order, e.g. black, dark blue,
blue, green, yellow, red, white. Twelve typical hybridization
maps corresponded to nine genera or species of bacteria,
specifically.

The wisely designed oligonucleotide probes could be
classified by their efficacy into six categories (Table 2).
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Figure 1 Typical hybridization results from Vibrio parahaemolyticus (A),
Yersinia enterocolitica (B), Listeria monocytogenes (C), Bacillus cereus (D),
Staphylococcus aureus (E), Proteus sp. (F), Campylobacter jejuni (G), Vibrio
cholerae (H), Enterococcus faecalis (1), Salmonella sp. (J), Shigella sp. (K) and
Escherichia coli (L).

1 2 3 4 5 6
A 30 1 2 3 - 30
B 4 5 6 7 28 9
C 31 32 27 11 26 15
D |16 17 18 19 20 21
E 30 25 22 23 24 30
'Negative control (3XSSC).

Figure 2 Layout of oligonucleotide probes.

Category one, including oligonucleotide probe 1, a
universal probe targeting the portion of 16S rDNA shared
by all known eubacteria, was used to detect all kinds of
known eubacteria. Category two, including oligonucleotide
probes 2 and 3, the specific probes targeting the portion
of 16S rDNA shared by both Gram-positive (G") and
negative (G) bacteria, was used to distinguish between G*
and G~ bacteria. Category three, including oligonucleotide
probes 4 and 5, targeting the portion of 16S rDNA shared
by all enteric bacteria, was used to identify intestinal
bacteria at the family level. Category four, including
oligonucleotide probes 6, 7, 9, 11, and 15-28, a cluster of
genus or species-specific probes targeting the portion of
16S rDNA shared by their respective bacteria, was used to
identify bacteria at genus or species level. Category five,
including oligonucleotide probes 31 and 32, targeting the
portion of the specific pathogenic genes of Shigella and
Salmonella, was used to discriminate between bacteria of
these two genera. Category six, including oligonucleotide
probe 30, a positive control probe, was used both as a
gauge to reflect the effectiveness of this hybridization
system and as a reference coordinate for scanning.
From hybridization signals of the five categories of
oligonucleotide probes, it was easy to identify the target
pathogenic bacteria in a given specimen. For instance,
strong hybridization signals at the sites corresponding
to the oligonucleotide probes 1, 3, and 23 were found,
so the pathogenic bacteria in the given specimen could
be sequentially identified as eubacteria, G~ bacteria, and
strains of VZbrio parabaemolyticus (Figure 1G). Some slightly

weaker signals due to unspecific hybridization were also
found. By means of multiple experiments, a hybridization
signal was regarded as a specific signal if it meets the
following criterion: the foreground fluorescent signal
at an oligonucleotide probe spot was stronger than its
background fluorescent signal with a signal-noise ratio
larger than 100 calculated by ImaGene 4.0. Since the
fluorescent signals of specific hybridization were three-fold
stronger compated to those of unspecific hybridization, it
was easy to identify the specific hybridization signals from
the hybridization maps directly (Figure 2).

Twenty-six unselected divided cultures were also
processed and hybridized as described above, and then
identified according to the specific hybridization maps
(Table 3). Among them, 25 strains were distinguished
according to their hybridization maps, but only one
strain was indistinguishable due to its weak signal. The
comprehensive identification results by classical methods
were regarded as the final standards. Except for sample
7, all other results were consistent with those detected
by hybridization assay and conventional method, the
consistency was 96.2% (25/26).

DISCUSSION

Our study showed that the gene chip-based method
could identify a wide range of intestinal pathogenic
bacterial species. The genus or species specific probes on
the microarray are targeted at the 16S rDNA, while two
discriminative probes are targeted at special pathogenic
genes. Sample DNA was labeled with fluorescence by
PCR, then hybridized to the probes on the chip, thus a
couple of genus or species-specific hybridization patterns
could be generated and used to discriminate the bacteria!”.

When the oligonucleotide probes for 16S rtDNA
were designed, we preferred a longer oligonucleotide
segment with multiple mutation sites over a shorter one,
which is also suitable for detecting single-nucleotide
mutation""?. The advantages are obvious: the amount of
essential oligonucleotides is less, the cost of experiment is
lower, and the identification of hybridization map is easier.
However, the shortcoming is somewhat less discriminative
to those sequences where only minor differences are
present.

The 16S tDNA sequences of Shigella, Salmonella,
and Escherichia coli are similar, and share almost identical
sequences of the target 16S tDNA genes. Thus, these three
genera can hardly be identified by only 16S fDNAM,

Besides, intestinal pathogenic bacteria belonging to
Listeria monocytogenes, Vibrio parahaemolyticus, Protens sp.,
Vibrio cholerae, Enterococcus faecalis, Yersinia enterocolitica, and
Campylobacter jejuni, could be detected and identified using
the gene chip.

Compared to the classic microbial assay, immunological
assay, PCR-based assay, the method based upon the gene
chip technology could detect and identify a given strain
of bacterium within 3 h. It is a fundamental start point to
develop other methods for a large-scale assay. The target
spectrum of this gene chip may be gradually expanded
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Table 3 Comparison of identifications based on hybridization assay REFERENCES
and conventional methods for 26 cultures
1 Cheung VG, Morley M, Aguilar F, Massimi A, Kucherlapati R,
No. Hybridization assay Conventional methods Consistency Childs G. Making and reading microarrays. Nat Genet 1999; 21:
1 Staphylococcus aureus Staphylococcus aureus Y! 15-19
2 Coagulase-negative Staphylococcus  Staphylococcus epidermidis Y 2 Bowtell DD. Options available--from start to finish--for ob-
3 Staphylococcus aureus Staphylococcus aureus Y taining expression data by microarray. Nat Genet 1999; 21:
4 Staphylococcus aureus Staphylococcus aureus Y 25-32
5 Staphylococcus aureus Staphylococcus aureus Y 3 Holloway A]J, van Laar RK, Tothill RW, Bowtell DD. Options
6 Pseudomonas aeruginosa Pseudomonas aeruginosa Y available--from start to finish--for obtaining data from DNA
77 Salmonella typhimurium o microarrays II. Nat Genet 2002; 32 Suppl: 481-489
8  Escherichia coli Escherichia coli Y 4 Chizhikov V, Rasooly A, Chumakov K, Levy DD. Microarray
9 Staphylococcus aureus Staphylococcus aureus Y analysis of microbial virulence factors. Appl Environ Microbiol
10 Pseudomonas aeruginosa Pseudomonas aeruginosa Y 2001; 67: 3258-3263
11 Shigella sp. Shigella flexneri Y 5  Ludwig W, Schleifer KH. Bacterial phylogeny based on 16S
12 Shigella sp. Shigella flexneri Y and 23S rRNA sequence analysis. FEMS Microbiol Rev 1994; 15:
13 Shigella sp. Shigella flexneri Y 155-173
14 Shigella sp. Shigella flexneri Y 6  Anthony RM, Brown TJ, French GL. Rapid diagnosis of bac-
15 Vibrio parahaemolyticus Vibrio parahaemolyticus Y teremia by universal amplification of 23S ribosomal DNA
16 Yersinia enterocolitica Yersinia enterocolitica Y followed by hybridization to an oligonucleotide array. ] Clin
17 Pseudomonas aeruginosa Pseudomonas aeruginosa Y Microbiol 2000; 38: 781-788
18 Shigella sp. Shigella flexneri Y 7  Sharples GJ, Lloyd RG. A novel repeated DNA sequence
19 Shigella sp. Shigella flexneri Y located in the intergenic regions of bacterial chromosomes.
20 Vibrio parahaemolyticus Vibrio parahaemolyticus Y Nucleic Acids Res 1990; 18: 6503-6508
21 Escherichia coli Escherichia coli Y 8 Dams E, Hendriks L, Van de Peer Y, Neefs JM, Smits G, Van-
22 Escherichia coli Escherichia coli Y denbempt I, De Wachter R. Compilation of small ribosomal
23 Salmonella sp. Salmonella typhimurium Y subunit RNA sequences. Nucleic Acids Res 1988; 16 Suppl:
24 Campylobacter jejuni Campylobacter jejuni Y r87-173
25 Salmonella sp. Salmonella typhimurium Y 9  Call DR, Borucki MK, Loge FJ. Detection of bacterial patho-
26 Salmonella sp. Salmonella typhimurium Y gens in environmental samples using DNA microarrays. | Mi-
crobiol Methods 2003; 53: 235-243
i . . 10 Noller HF, Green R, Heilek G, Hoffarth V, Huttenhofer A,
The results from hybridization assay and conventional methods are . .
consistent. “The results are inconsistent. No signal was detected. Joseph S, Lee L Llebe.rman K, Mankin A’ Merryma.n C. Struc-
ture and function of ribosomal RNA. Biochem Cell Biol 1995; 73:
997-1009
11 Boyer SL, Flechtner VR, Johansen JR. Is the 16S-23S rRNA

internal transcribed spacer region a good tool for use in mo-

by adding newly designed oligonucleotide probes into the lecular systematics and population genetics? A case study in
oligonucleotide microarray, and the accuracy may also be cyanobacteria. Mol Biol Evol 2001; 18: 1057-1069

improved by increasing and readjusting the Oligonucleoride 12 Hacia JG. Resequencing and mutational analysis using oligo-
robes in the oligonucleotide microarray. The arrangement nucleotide microarrays. Nat Genet 1999; 21: 42-47
P & ¥ g 13 Villalobo E, Torres A. PCR for detection of Shigella spp. in

of the oligonucleotide microarray may be rearranged mayonnaise. Appl Environ Microbiol 1998; 64: 1242-1245
according to its end usage. This method for intestinal 14 Rahn K, De Grandis SA, Clarke RC, McEwen SA, Galan JE, Gi-
pathogen assay using gene chip technology can be used nocchio C, Curtiss R 3rd, Gyles CL. Amplification of an invA

for the diagnosis of infectious diseases, environmental gene sequence of Salmonella typhimurium by polymerase
chain reaction as a specific method of detection of Salmonella.

supervision, food quality surveillance, etc. Mol Cell Probes 1992; 6: 271-279

Science Editor Wang XL and Guo SY Language Editor Elsevier HK
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Abstract

AIM: To study the morphological and serum hyaluronic
acid (HA), laminin (LN), and type IV collagen changes in
hepatic fibrosis of rats induced by dimethylnitrosamine
(DMN).

METHODS: The rat model of liver fibrosis was induced by
DMN. Serum HA, type IV collagen, and LN were measured
by ELISA. The liver/weight index and morphological
changes were examined under electron microscope on d
7, 14, 21, and 28 by immunohistochemical alpha smooth
muscle actin a-SMA staining as well as Sirius-red and HE
staining.

RESULTS: The levels of serum HA, type IV collagen and
LN significantly increased from d 7 to d 28 (P = 0.043).
The liver/weight index increased on d 7 and decreased on
d 28. In the model group, the rat liver stained with HE and
Sirius-red showed evident hemorrhage and necrosis in
the central vein of hepatic 10 lobules on d 7. Thin fibrotic
septa were formed joining central areas of the liver on
d 14. The number of o-SMA positive cells was markedly
increased in the model group. Transitional hepatic
stellate cells were observed under electron microscope.
All rats in the model group showed micronodular fibrosis
in the hepatic parenchyma and a network of a-SMA
positive cells. Typical myofibroblasts were embedded in
the core of a fibrous septum. Compared to the control
group, the area-density percentage of collagen fibrosis
and pathologic grading were significantly different in the
model group (P<0.05) on different d (7, 14, and 28). The
area-density percentage of collagen fibrosis in hepatic

tissue had a positive correlation with the levels of serum
HA, LN, and type IV collagen.

CONCLUSION: The morphological and serum HA, type
IV collagen, and LN are changed in DMN-induced liver
fibrosis in rats.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

In China, the incidence of liver cirrhosis is still high'",
Hepatic cirrhosis results from fibrosis”™*. Many
factors can lead to chronic liver disease and hepatic
fibrosis””. Hepatic fibrosis is associated with a number
of morphological and biochemical changes leading to
structural and metabolic abnormalities in the liver. Hepatic
stellate cells (HSCs) play a major role in various types of
liver fibrosis through initial myofibroblast transformation.
Transformed HSCs can actively synthesize extracellular
matrix and then change morphology and function of
the liver. Dimethylnitrosamine (DMN)-induced hepatic
fibrosis in rats appears to be a good and reproducible
model with decompensating features of human
disease!"""". This study was to observe the morphological
and serum hyaluronic acid (HA), laminin (LN), and type
IV collagen changes in DMN-induced hepatic fibrosis of
rats.

MATERIALS AND METHODS

Animals and experiment protocol

Male Wistar rats weighing 175-200 g were obtained from
the Experimental Animal Center of Yanbian University
College of Medicine. The rats were divided into two groups.
The model group (7 = 40) received 1% DMN (10 pl./kg
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Figure 1 Changes after DMN treatment. A: Livers in the control group showed
normal lobular architecture with central veins; B: after 7 d of DMN treatment,
extensive necrosis was observed in portal areas; C: after 14 d of DMN treatment,
thin fibrotic septa were formed joining central areas; D: after 21 or 28 d of DMN
treatment, thick intralobular septa were evident.

body weight, i.p.) thrice a week for 4 wk, while the control
group (7 = 12) received an equivalent amount of saline.
The animals were killed on d 7, 14, 21, and 28 (10 treated
with DMN at each time interval). Blood was taken from
the left ventricle. Serum samples obtained from all study
subjects were frozen at -70 °C and aliquots were thawed
when needed for specific tests. The liver was examined by
light and electron microscopy.

Serum HA, type IV collagen, and LN levels testing

A quantitative ELISA was used to determine serum
HA, type IV collagen, and LN levels according to the
manufacturet’s instructions.

Sirius-red and HE staining

Formalin-fixed tissues were paraffin-embedded and cut
into 4-pm thick sections from the right lobe of rat’s liver
for HE and Sirius-red staining. HE staining was used to
observe liver pathologic structures, Sirius-red staining was
used to grade liver fibrosis from 0 to 4" grade 0 = no
fibrosis, grade 1 = portal area fibrosis, grade 2 = fibrotic
septa between portal tracts, grade 3 = fibrosis septa and
structure disturbance of hepatic lobule, grade 4 = cirrhosis.
At the same time, Sirius-red staining and CMIAS image
analysis system (Beijing, China) were used to determine
the area-density percentage of collagen fibrosis in hepatic
tissue. At least five high-power (X400 field) fields were
chosen and positive collagen fibrosis (red staining) was
determined. Area-density percentage of collagen fibrosis
was calculated by dividing the number of positive collagen
fibroses (positive optical density) over the total number of
collagen fibroses (integrated optical density).

Immunohistochemical staining

a-SMA for the detection of activated HSCs was studied
by immunohistochemical staining. Sections (5-pm) were
deparaffinized, rehydrated and incubated with 0.3%

hydrogen peroxidase in methanol for 15 min at room
temperature to block endogenous peroxidase activity. After
being washed twice with phosphate-buffered saline (PBS)
for 5 min, tissue sections were incubated at 37 °C for 20 min
with blocking solution, then incubated at 37 °C for 2 h with
rabbit anti-rat «-SMA antibody (Dako, Denmark) at dilution
1:100. After being washed twice with PBS (0.01 mol/L, PH
7.4) for 10 min, tissue sections were incubated at 37 °C for
30 min with biotin-anti-rabbit IgG. After being washed
twice with PBS for 5 min, the sections were incubated
with streptavidin-HRP for 30 min. Then the sections were
washed twice with PBS for 5 min and incubated with
metal-enhanced 3, 3-diaminobenzidine solution for 15 min,
washed twice in distilled waster and counterstained with
hematoxylin. Negative control sections were incubated
with normal rabbit serum instead of primary antibody. The
positive staining for «-SMA positive cells was expressed
as red brown granules and photomicrographed (Olympus
PM-10AD).

Electron microscopy

Fresh fragments of 1 mm’ liver tissue were fixed in 10%
paraffin, dehydrated and embedded in Epon-812 resin.
Sections were stained with uranyl acetate for 15 min and
then lead citrate for 15 min. Transitional HSCs were
observed under JEM-1200EX, 80 kV clectron microscope
(JEOL, Japan).

Statistical analysis

Data were expressed as mean®SD. The two-tailed ;(2 test
was used to examine the correlation between the area-
density percentage of collagen fibrosis in hepatic tissue
and serum HA, LN, and type IV collagen levels. Statistical
significance was estimated by #test. P<0.05 was considered
statistically significant. All calculations were made by SPSS
11.0 for Windows.

RESULTS
Serum HA, type IV collagen, and LN levels change

When compared to control values, a significant increase
(P<0.05) was observed in serum levels of HA, LN, and
type IV collagen on d 7, 14, 21, and 28 after administration
of DMN. The maximum increase in serum levels of HA,
LN, and type IV collagen was observed on d 28 after
DMN treatment (Figure 3).

Change in the weight of body and liver as well as liver and
body ratio

An increase in liver weight was observed on d 7 after
DMN treatment, with a decreased liver weight ond 28.
The maximum liver and body weight ratio increased on d
14 and decreased on d 28 (Table 1).

Changes after DMN treatment

The rat liver stained with Sirius-red and HE showed an
extensive accumulation of collagens. Fibrotic septum
increased from port to port and from port to central
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Table 1 Changes in the weight of body and liver as well as liver/
body ratio of rats during DMN treatment (mean+SD)

Group n Body weight Liver weight Liver/body ratio
Control 10 (0) 192.50+9.0446 6.2260+0.3848 3.2191+0.2829
Day7  6(4) 207.85+5.3293 7.8114+0.3869 3.7492+0.1195
Day14 9(1) 167.27411.9157"  6.9164+0.6229" 4.1059+0.1636™
Day21 9(1) 181.11£#13.3536"  6.5122+0.6200" 3.5671+0.1437°
Day 28 10 (0) 186.42+#10.7301"  6.3657+0.5306 3.3903+0.1096™

“P<0.05 vs control; “P<0.05 vs day 7; (): number of deaths.

Table 2 Pathologic grading of DMN-induced hepatic fibrosis in rats
(meanxSD)

Groups n Grading of hepatic fibrosis

- + ++ e T
Control 10 (0) 10 0 0 0 0
Day 7 6(4) 0 3 3 0 0
Day 14 9(1) 0 2 4 3 0
Day 21 9(1) 0 0 2 4 3
Day 28 10 (0) 0 0 2 4 4

P<0.001 vs control; P<0.001 vs d 7; (): number of deaths.

vein in some parts of lobules. The livers of the rats in the
control group showed normal lobular architecture with
central veins and radiating hepatic cords (Figure 1A). After
7 d of DMN treatment, extensive necrosis occurred in
portal area and hemorrhage was prominent (Figure 1B).
After 14 d, hemorrhagic necrosis and formation of thin
fibrotic septa joining central areas were found
(Figure 1C). After 21 d, thick intralobular septa were evident
(Figure 1D). After 28 d, the pattern was similar with that
after 21 d. At the same time, fibrotic septum increased
the area-density percentage of collagen fibrosis in hepatic
fibrosis. Compared to control values, a significant increase
(P<0.05) was observed in area-density percentage of
collagen fibrosis on d 7, 14, 21, and 28 after administration
of DMN. The maximum increase in the levels of the area-
density petcentage of collagen fibrosis was observed on
d 28 after DMN treatment (Figure 2). Liver fibrosis was
graded from O to 4 (Table 2)

Distribution of a-SMA positive cells

Activated HSCs characterized by the expression of a-SMA
increased in the liver of rats that received DMN. The
distribution of «-SMA positive cells was similar to that
of collagen in the liver. After 14 d, linear immunoreaction
for a-SMA was scattered along the sinusoidal wall
(Figure 4A). After 21 d, a network of a-SMA cells was
evident (Figure 4B). After 28 d, a dense network of a-SMA
cells was evident (Figure 4C). Transitional HSCs were
observed under electron microscope, showing features of
lipid-containing myofibroblasts and bundles of connective
tissue after 14 d of DMN treatment (Figure 4D). Typical
myofibroblasts were embedded in the core of fibrous septa
after 21-28 d of DMN treatment. The elongated cell body
contained a nucleus and numerous microfilaments outlined
by a lamina-like structure. Collagen fibers of variable size
were seen around the myofibroblasts (Figure 4E).
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Figure 2 Area—density percentage of collagen fibrosis in hepatic tissue. P<0.05 vs
control; P<0.05 vs d 7.
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Figure 3 Serum levels of HA, LN, and Type IV collagen in DMN-induced fibrosis of
rats and control, P<0.05 vs control.

Relationship between area-density percentage of collagen
fibrosis and serum HA, type IV collagen, and LN levels

A positive correlation (r = 0.707, P<0.01) was noticed
between the area-density percentage of collagen fibrosis
and serum levels of HA, LN, and type IV collagen during
the course of DMN administration.

DISCUSSION

Liver fibrosis is common in most chronic liver diseases
regardless of their etiology”“sl. The incidence rate of
chronic liver disease in China is high“(’]. Hepatic fibrosis is
the intermediate and crucial stage of cirrhosis. If treated
properly in this stage, cirrhosis could be successfully
preventedm, but it remains a problem to prevent cirrhosis
or to control its progression in patients with chronic liver
disease!™. HSCs play a central role in the pathogenesis of
liver fibrosis. After liver injury, HSCs become activated
and express a wide variety of extracellular matrixes. It was
reported that hepatic fibrosis is induced in rats by low
doses of DMN and morphological changes of hepatic
fibrosis are associated with cells bearing ‘transitional’
features of HSCs, myofibroblasts and fibroblasts"”.
Activated but not quiescent HSCs have a high level of
collagen and express a-SMA. HSCs play a key role in
the pathogenesis of hepatic fibrosis™. To evaluate the
distribution of a-SMA positive cells in various liver
diseases, Yu e a/”" undertook an immunohistochemical
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Figure 4 Distribution of o-SMA positive cells after DMN treatment. A: After 14 d, linear immunoreaction for o-SMA was scattered along the sinusoidal wall; B: after 21 d,
a network of a-SMA cells was evident; C: after 28 d, a dense network of a-SMA cells was evident; D: after 14 d, transitional hepatic stellate cells were observed under
electron microscope; E: after 21 or 28 d, typical myofibroblasts were embedded in the core of fibrous septa.

study of liver diseases including chronic persistent
hepatitis, chronic active hepatitis, liver cirrhosis,
intrahepatic cholelithiasis and hepatocellular carcinoma,
and found that expression of a-SMA may be related to
the fibrotic process™. DMN-induced experimental model
may contribute to the understanding of the relationship
between liver injury and hepatic fibrosis™ and is used to
detect different degrees of hepatic fibrosis™*!. In our
study, serum levels of HA, LN, and type IV collagen
increased significantly in hepatic fibrosis, suggesting that
detection of HA, LN, and type IV collagen level is an
optimal choice™. In this study, a positive correlation was
noticed between the area-density percentage of collagen
fibrosis and serum levels of LN, HA, and type IV collagen
during the course of DMN administration, indicating that
DMN is a potent hepatotoxin that can cause fibrosis of
the liver. DMN can be administered to adult male albino
rats in order to document sequential pathological and
biochemical alterations'””.

In conclusion, HSCs play a central role in the
pathogenesis of liver fibrosis and can regulate degradation
of matrix in the liver.
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Abstract

AIM: To assess the management and outcome of hilar
cholangiocarcinoma (Klatskin tumor) in a single tertiary
referral center.

METHODS: The notes of all patients with a diagnosis
of hilar cholangiocarcinoma referred to our unit for over
an 8-year period were identified and retrospectively
reviewed. Presentation, management and outcome were
assessed.

RESULTS: Seventy-five patients were identified. The
median age was 64 years (range 34-84 years). Male to
female ratio was 1:1. Eighty-nine percent of patients
presented with jaundice. Most patients referred were
under Bismuth classification 3a, 3b or 4. Seventy patients
required biliary drainage, 65 patients required 152
percutaneous drainage procedures, and 25 had other
complications. Forty-one patients had 51 endoscopic
drainage procedures performed (15 failed). Of these,
36 subsequently required percutaneous drainage. The
median number of drainage procedures for all patients
was three, 18 patients underwent resection (24%), nine
had major complications and three died post-operatively.
The 5-year survival rate was 4.2% for all patients, 21%
for resected patients and 0% for those who did not
undergo resection (P = 0.0021). The median number
of admissions after diagnosis in resected patients was
two and three in non-resected patients (P<0.05).
Twelve patients had external-beam radiotherapy, seven
brachytherapy, and eight chemotherapy. There was no
significant benefit in terms of survival (P = 0.46) or
hospital admissions.

CONCLUSION: Resection increases survival but
carries the risk of significant morbidity and mortality.
Percutaneous biliary drainage is almost always necessary
and endoscopic drainage should be avoided if possible.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Cholangiocarcinoma is a relatively rare tumot, accounting for
approximately 2% of all diagnosed cancers. Its prevalence
in England and Wales is approximately 2.0/100 000;
however, the mortality rate has risen sharply in the past 30
years'. Upper third or perihilar (Klatskin) tumors make
up 40-60% of cases™ and are the main subjects of this
paper. Klatskin tumors may be categorized as suggested by
Bismuth classification into:

= Type I: tumors below the bifurcation of the common
hepatic duct;

= Type 1I: tumors involving the bifurcation, but not
extending into the main right or left duct;

=Type I1I: tumors infiltrating the right (I11a) or the left (I11b)
hepatic duct;

=Type IV: tumors involving both the right and left hepatic
ducts.

Cholangiocarcinoma is a slowly growing tumor and tends
to spread longitudinally along the bile ducts with neural,
perineural, and subepithelial extensions!’. Lymph node
invasion, particularly to the portal and peripancreatic
regions, can be found in 46% of patients at the time of
diagnosism. Blood-born metastasis is rare and occurs at
later stages of the disease. The prognosis for patients with
unresectable tumors is poor and the majority of them die
within 6 mo to a year of diagnosis'”.

Most patients present with obstructive jaundice.
Preoperative investigations help establish the cause of
obstruction, determine the extent of local disease and any
evidence of distant metastasis, and evaluate the hepatic
vasculature.

Treatment options for Klatskin tumors may be primarily
surgical - either curative resection or palliative bypass,
or non-surgical using modalities such as chemotherapy,
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procedure Resection

Figure 1 Flow chart demonstrating management options for hilar
cholangiocarcinoma. USS, ultrasound scan; CT, computed tomography; MRI,
magnetic resonance imaging; MRA, magnetic resonance angiography; PTC,
percutaneous transhepatic cholangiography.

radiotherapy (external or endoluminal), a combination of
the two or more recently photodynamic therapy and gene
therapy. The use of biliary endoprosthesis is common
cither as the primary modality in palliation or for relieving
jaundice or sepsis prior to more definitive treatment.

The aim of our study was to assess the management and
outcome of hilar cholangiocarcinoma in a single tertiary
referral center in the United Kingdom.

MATERIALS AND METHODS

Patients

Our unit is a cancer center recognized for the treatment
of hepatobiliary malignancy and covers a population
of approximately 3.5 million people across the North
of England. The notes of all patients with hilar
cholangiocarcinoma presenting to our unit during an
8-year period from June 1995 to June 2003 were identified
and assessed retrospectively. Seventy-five patients were
identified. Male to female ratio was 1:1 with a median age
of 64 years (range 34-84 years). Thirty-seven patients had
confirmed histological diagnoses with the remainder being
diagnosed on strong radiological evidence. In each case,
tumors were categorized using the Bismuth classification.
A schematic representation for the treatment of these
patients is shown in Figure 1.

Investigations

All patients were assessed using triple phase helical CT or
magnetic resonance imaging. Scans performed at referring
hospitals were repeated, if deemed to be of insufficient
quality. Vascular involvement of hilar vessels by tumors
was assessed using magnetic resonance angiography
(MRA) or transfemoral angiography if MRA could not
be performed or was inadequate for accurate assessment.
No percutaneous or endoscopic cholangiography was
performed for purely diagnostic reasons. Further imaging
and laparoscopic assessment were performed if clinically
indicated. Staging procedures were completed, wherever

possible, before biliary drainage.

Biliary drainage

It is our policy, to drain all obstructed segments of the
bile ducts in all jaundiced patients with hilar cholan-
giocarcinoma wherever possible. Many patients referred
from other units attempted endoscopic stenting of hilar
strictures. In our experience, this is often inadequate and
therefore staged percutanecous drainage was performed in
the majority of cases with the initial placement of internal/
external or external biliary catheters being followed by the
placement of single or multiple stents. When the possibility
of resection was excluded, self-expanding metallic stents
were used, otherwise plastic stents were inserted.

Surgical procedures

Tumors were deemed to be unresectable on pre-operative
staging in the presence of extra-hepatic metastases,
occlusion of main hepatic vessels, or bilateral invasion
of secondary biliary radicals into the liver parenchyma.
On laparotomy or laparoscopic assessment, evidence of
extensive lymph node involvement and peritoneal deposits
were also taken to indicate unresectability. Curative
resections involved complete removal of all gross and
microscopic diseases to achieve negative histological
margins with eradication of all metastatic lymph nodes
restricted to the scope of dissection (Ro) and restoration
of bilio-enteric continuity. Caudate lobectomy was also
performed in the majority of cases. For all surgical
procedures, duration, blood loss, utilization of critical care
beds, and complications were recorded.

Other treatment modalities

Palliative chemotherapy, external beam radiotherapy,
and brachytherapy were utilized in selected cases after
consultation with clinical oncologists.

Follow-up

For all patients, the last consultation date as well as dates
and causes of death were recovered from patient records.
For those who lost their follow-up, data were completed by
consulting the patients’ general practitioners or collected
from the local health authority records.

Statistical analysis

Data were analyzed using Minitab statistical software.
Numbers of admissions and drainage procedures
were compared using the Student’s /test and Bismuth
classification. Breakdown was made using the y test.
Survival analysis was made using the log-rank test. In all
cases, ’<0.05 was considered statistically significant.

RESULTS

Management for the 75 patients is shown in Figure 2.
Of these, 67 (89%) patients presented with obstructive
jaundice. Although there was an incidence of type IV
tumors in the non-resected group, there was no significant
difference in Bismuth classification between resected and
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Table 1 Bismuth classification Table 3 Complications of resection
Bismuth classification All patients Resected Not resected Complication n
1 5 0 5 Death 3 (17%)
2 14 4 10 Sepsis 9 (50%)
3a 12 6 6 Bile leak 6 (33%)
3b 13 4 9 Collection 6 (33%)
4 24 4 20 Chest infection 5 (28%)
Not recorded 6 0 6 Liver failure 5 (28%)
Wound infection 4(22%)
Bleeding 3 (17%)
Table 2 Surgical procedures ARDS 1(6%)
Procedure n Hepatic artery thrombosis 1(6%)
Extend right hemihepatectomy and excision of extrahepatic biliary tree 7 GI obstruction 1(6%)
Right hemihepatectomy and excision of extrahepatic biliary tree 4
Left hemihepatectomy and excision of extrahepatic biliary tree 6 Pleural effusion 1(6%)
Segment 4 resection and excision of extrahepatic biliary tree 1 Renal failure 1(6%)
Roux-en-Y segment 2,3,5 bypass 1 ) .
Roux-en-Y hepaticojejunostomy and U-tube insertion 1 Respiratory arrest 1(6%)
U-tube insertion 1 Wound dehiscence 1(6%)
Choledochojejunostomy 3
Laparoscopy and lateral segmentectomy (due to hemorrhage) 1
Open/close 2
1.07 1 —— Not resected
0.9 \‘ — —Resected
2
non-resected groups (i test, Table 1). 0.8
= 077
Investigations £ 06
. . =
All patients received transcutaneous ultrasonography, of > 0.5
them 72 patients (96%) underwent assessment with CT = 04
scanning, 42 (56%) had MRI scans, and 18 (24%) received g
. 3 -
transfemoral angiography. G 03
0.2
Biliary drainage 0.1
Biliary drainage was necessary in 70 patients, of them 0.0
- T T T T T T T T 1

65 (93%) required percutaneous drainage. A total of
51 endoscopic biliary drainages were performed in 41
patients, of which 15 (29%) failed. Percutaneous drainage
was subsequently required in 36 of the 41 patients who
underwent ERCP, due to failure or inadequate drainage
or stent occlusion. Of the 199 drainage procedures
performed, 49 (24.6%) had complications including 20
failures, 20 episodes of biliary sepsis, and 3 cases of
pancreatitis. The median number of drainage procedures
for all patients was three.

Surgical procedures and complications

A total of 27 surgical procedures were performed in 26
patients (Table 2). Eighteen patients underwent resection
(24%) and three underwent portal vein resection. Major
complications occurred in nine (50%) including three
post-operative deaths (16.7%). The breakdown of
complications is shown in Table 3. The median blood
loss (range) in resected cases was 2.4 L (range 1-12 L),
the median duration of procedure was 8 h (6-18) and the
median critical care stay was 6 d (range 2-40d).

Follow-up

The median follow-up time was 9 mo. The 5-year

Time from diagnosis (mo)

Figure 3 Kaplan-Meier survival plots for all patients with breakdown in resected
and non-resected groups.

survival rate was 4.2% for all patients, 21% for resected
patients and 0% for those who did not undergo resection
(P = 0.0021, log-rank test, Figure 2). The number of
admissions after diagnosis was significantly lower (P<0.05,
Student’s ~test) in resected patients (median = 2) than in
non-resected patients (median = 3).

Other treatment modalities

In 23 patients who did not undergo resection, radiotherapy
or chemotherapy was employed (Figure 3). These
conferred no significant benefit in terms of survival
(P = 0.406, log-rank test) (Figure 4), number of drainage
procedures, ot total hospital admissions.

Resected specimen pathology and staging
RO resections were reported in 13 of 18 resected cases
(72%). The pathological breakdown of resected cases by
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Figure 2 Flow chart showing management outcomes.
1.07 T —— No additional therapy
0.9 1 — — Additional therapy
E 0.8
507
S
E‘ 0.6
2051
c
3 0.4
g
B 0.3+
3
£0.2
3
0.1
0.0

Time from diagnosis (mo)

Figure 4 Kaplan-Meier survival plots for non-surgical therapeutic modalities in
non-resected patients.

TNM classification is shown in Table 4. Vascular invasion
was present in 9 cases (50%), perineural invasion in 13
cases (72%) and lymphatic invasion in 7 cases (39%).
Patients who had node-negative resections tended to
have a better survival than those who had node-positive
resections (Figure 5) but this did not reach statistical
significance (P = 0.1, log-rank test).

DISCUSSION

Our study is one of the few UK studies, documenting
experienc-es in the management of hilar cholangi-
ocarcinoma. The disease generally has a dismal prognosis;
however, our findings demonstrate that an aggressive
approach to the resection of these tumors results in
prolonged survival. Resection is the only potentially
curative treatment, and many patients do develop
recurrence; however, these still benefit in terms of survival,
fewer hospital admissions and decreased necessity for

—— Node negative
—— Node positive
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~
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Figure 5 Kaplan-Meier survival plots for node positive and node negative
resections.

Table 4 Pathological breakdown for resected cases

TNM classification n

T1INO
TI N1
T2 NO
T2 N1
T3 NO

N W W NN = O

T3 N1
T3 N2 1
T4 N1 1

biliary drainage. Our results are comparable with several
reported series of surgical resections for Klatskin tumors,
with 5-year survival of 8-56%, in-hospital mortality of 6-17%
and morbidity of 30-50% >, Negative resection margins
have been shown to be important in prolonging survival
although this could not be independently assessed in out
study due to small numbers™*'"*",

Major resection of a cholestatic liver is associated
with an increased risk of serious complications due to
impairment of liver function, including reticuloendothelial
cells, mitochondrial and microsomal functions, impaired
protein synthesis, wound healing and cell medicated
immunity. All obstructed segments of the bile ducts
in all patients undergoing preoperative assessment for
surgical resection are therefore drained in our center. This
facilitates not only the relief of jaundice, but also provides
valuable information regarding the proximal extent of
the tumort. In addition, it identifies the most common
organisms isolated from the bile cultures to formulate the
most appropriate perioperative antibiotic regimen.

In our study, endoscopic biliary drainage of hilar lesions
had a high failure rate and almost all patients had to have
subsequent percutaneous procedures in order to achieve
adequate drainage. This is comparable with previously
published data. Success rates for adequate endoscopic
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biliary drainage for hilar tumors has been reported to be
between 55% and 81%"""*. Even in studies supporting
this modality, stent occlusion requiring further drainage
procedures has been reported between 33% and 94%
with morbidity of 22% and 44%'"*". Rerknimitr!"”
describes an 81% rate for successful endoscopic drainage
for Bismuth type II, IIT or IV tumors; however, 54%
developed cholangitis and 30 of the 32 who did not
undergo resection required further procedures within
a mean of 47 d from initial drainage. Liu""describes a
cohort of 55 patients undergoing endoscopic biliary
drainage. Of these, only 73% had successful prosthesis
insertion (16% required multiple procedures) with only
20 having satisfactory drainage. Of the 16 patients treated
with palliative intent only, only 3 were successfully palliated
by endoscopic means with the remainder requiring
percutaneous drainage. Finally, Nomura”"describes a
significantly higher risk of cholangitis in patients treated
endoscopically when compared to percutancous drainage.
Biliary obstruction due to hilar cholangiocarcinoma
should therefore be ideally managed with percutaneous
biliary drainage. Plastic internal-external catheters are
placed initially and are then internalized. The majority of
patients present with unresectable disease and in these
cases, effective and reliable relief of the primary symptom
- usually obstructive jaundice is paramount. For these
patients also, percutaneous drainage is the method of
choice. Self-expanding metallic Wallstents are preferred
over plastic stents that have been shown to have longer
duration of patency (6-8 mo), are mote cost-effective, and
are associated with a shorter hospital stay” 7,

The use of palliative non-surgical treatment modalities
conferred no benefit in our study. To date, there is no
chemotherapeutic regimen that markedly improves survival
in patients with advanced Klatskin tumors. Almost all
phase 1I trials using single agents failed to demonstrate any
beneficial effects with partial response rate of less than
10%7, Using combination therapy, however, the overall
response rate has generally been shown to be slightly
better at around 27%"*. Radiotherapy may be delivered
as an external beam irradiation using linear accelerator or
by intraluminal brachytherapy. Trials assessing the palliative
radiotherapy have generally been disappointing although
a few have shown promising results. Shinchi ¢z a/. have
shown in a retrospective review of 51 patients that external
radiotherapy combined with metallic stents can offer a
mean survival rate of 10.6% mo, which was significantly
longer than stenting alone (4-6 mo), with a much improved
quality of life™. Kuvshinoff ez al. also reported similar
encouraging results in 12 patients managed with intra-
ductal brachytherapy and external beam radiation; the
mean survival being 14.5 mo"!

In conclusion, resection of hilar cholangiocatcinoma,
when possible, increases survival although it carries the
risk of significant morbidity and mortality. Percutancous
biliary drainage is almost always necessary and ERCP
should be avoided. There is no evidence of benefit from
chemotherapy or radiotherapy in non-resected patients,
although there is data from other studies suggesting some
beneficial effects.
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Abstract

AIM: Chemokines and their receptors are crucial for
immune responses in HCV and HIV infection. RANTES
gene polymorphisms lead to altered gene expression and
influence the natural course of HIV infection. Therefore,
these mutations may also affect the course of HIV/HCV
coinfection.

METHODS: We determined allele frequencies of
RANTES-403 (G—A), RANTES-28 (C—»G) and RANTES-
IN1.1 (T—C) polymorphisms using real-time PCR and
hybridization probes in patients with HIV (7 = 85), HCV (n
= 112), HIV/HCV coinfection (7 = 121), and 109 healthy
controls. Furthermore, HIV and HCV loads as well as
CD4+ and CD8+ cell counts were compared between
different RANTES genotypes.

RESULTS: Frequencies of RANTES-403 A, RANTES-28 G
and RANTES-IN1.1 C alleles were higher in HIV infected
patients than in healthy controls (-403: 28.2% vs 15.1%,
P = 0.002; -28: 5.4% vs 2.8%, not significant; IN1.1:
19.0% vs 11.0%, P = 0.038). In HIV/HCV coinfected
patients, these RANTES alleles were less frequent than
in patients with HIV infection alone (15.4% £ = 0.002;
1.7%; P = 0.048; 12.0%; not significant). Frequencies
of these alleles were not significantly different between
HIV/HCV positive patients, HCV positive patients and
healthy controls.

CONCLUSION: All three RANTES polymorphisms
showed increased frequencies of the variant allele

exclusively in patients with HIV monoinfection. The
finding that the frequencies of these alleles remained
unaltered in HIV/HCV coinfected patients suggests that
HCV coinfection interferes with selection processes
associated with these alleles in HIV infection.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Coinfection with human immunodeficiency virus (HIV)
and hepatitis C virus (HCV) is common among certain
risk groups such as hemophiliacs and intravenous drug
abusers (IVDA)". Unfortunately, HIV/HCV coinfection
is associated with an accelerated course of HCV infection
leading to progressive liver disease, cirrhosis, and hepatic
failure'™”.

Chemokines and their receptors play a central
role in HIV infection. During the initial steps of viral
infection chemokine receptors, such as the chemokine
receptor 5 (CCR5), are used as co-receptors by HIV
to enter monocytes and CD4 positive T-helper cells. A
mutation in the encoding region of CCR5, CCR5-232,
abrogates HIV cell entry of m-tropic HIV strains, and
thus prevents HIV infection in CCR5-232 homozygous
patients'”. Heterozygosity for the CCR5-432 mutation
is associated with delayed progression of HIV infection
to AIDS". Recently, we have reported that the CCR5-2
32 mutation was more prevalent in hemophiliac patients
with chronic hepatitis C virus infection and was associated
with increased hepatitis C viral loads". A study on liver
biopsies of patients with chronic hepatitis C revealed
that this mutation may be associated with reduced portal
inflammation and fibrosis”. Furthermore, we have found
epidemiological evidence that the CCR5-2 32 mutation is a
predictor of treatment failure in interferon-or monotherapy
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of chronic HCV infection, possibly indicating that the
CCRS5 receptor may also play an important role in the
immune response to HCV infection'”,

The natural ligands of CCR5 are the chemokines
RANTES (regulated on activation normal T' cell expressed
and secreted; CCL5), MIP-1a (macrophage inhibitory
protein-1a;; CCL3) and MIP-18 (macrophage inhibitory
protein-1f; CCL4), all of which are potent inhibitors
of HIV-1 cell entry"™. Importantly, RANTES blocks the
CCR5 receptor via receptor binding and down-regulation
of CCR5 on T cells and macrophages. Furthermore,
RANTES was reported to be critically involved in
the recruitment of T cells to the liver”. Several single
nucleotide polymorphisms in the RANTES gene have
been reported to influence the natural course of HIV
infection by up- or down-regulating RANTES gene activity.
The most frequent of those polymorphic sites comprise
RANTES-403 (G—A) and RANTES-28 (C—G) in the
promoter region and RANTES-IN1.1 (T—C) in the first
intron region™"". Both promoter polymorphisms increase
RANTES transcription and may delay HIV disease
progressionm’]zl. Conversely, the RANTES-IN1.1 C allele
seems to decrease RANTES transcriptional activity and
is probably associated with an increased risk for HIV
infection and progression to AIDS".

Since RANTES seems to be involved in the
pathogenesis of both HIV and HCV infection, we
studied the effects of the RANTES gene polymorphisms
in patients with HIV/HCV coinfection as compared
to patients with HIV infection. To exclude that HCV
infection or allele frequency in the background population
contributed to our results we also included patients with
HCV monoinfection as well as a group of healthy blood
donors into the study.

MATERIALS AND METHODS

Design and study populations

All anti-HCV or anti-HIV positive patients of Caucasian
descent attending our outpatient department between
May 1999 and August 2000 were enrolled into one of the
three study groups (HCV monoinfection = group I, HIV
monoinfection = group II, HIV/HCV double infection
= group III). None of the anti-HCV positive and anti-
HIV/HCV positive patients had received interferon
therapy at the time of the study. Type and duration of
antiretroviral therapy and risk factors for infection were
recorded in groups II and III. One hundred and nine
healthy Caucasian blood donors of the Bonn University
transfusion center (females 37, males 72, median age 27
years, range: 12-58 years) served as a reference group. In
this reference group, HIV and HCV infection had been
excluded by serology and PCR.

EDTA blood samples were obtained from each
patient for genotyping of RANTES-403, -28 and -IN1.1
alleles. HCV genotype, HCV, and HIV viral loads,
aminotransferase serum levels, CD4+ and CD8+ cell
counts were determined in HIV, HCV, and HIV/HCV
coinfected patients, respectively.

Serum aminotransferase levels were determined by
routine biochemical procedures. Serologic markers of
hepatitis B virus infection (HBs antigen, anti-HBs, and
anti-HBc) were assessed by commercially available assays
according to the manufacturer’s instructions (Abbott,
Wiesbaden, Germany). CD4 and CD8 cell counts were
analyzed on a FACSort™ (Becton Dickinson, Heidelberg,
Germany) flow cytometer using the Simulset™ test kit
(Becton Dickinson, Heidelberg, Germany). The study
conformed to the ethical guidelines of the Helsinki
declaration as approved by the local ethics committee.

Diagnosis of HIV infection

Serum samples were analyzed for anti-HIV antibodies and
p24 antigen with commercially available test kits (Abbott,
Wiesbaden and Coulter, Hamburg, Germany) according
to the manufacturer’s instructions. A positive ELISA
result was confirmed by immunoblot (Biorad, Munich,
Germany).

HIV DNA was amplified from peripheral blood
leukocytes by nested PCR according to Saiki ez /""",
Amplification of the HIV-1 proviral DNA was carried out
as nested PCR with the following primers for the first PCR
(sense: 5-ATTTGTCATCCATCCTATTTGTTCCTGAA
GGGT-3, antisense: 5~ AGTGGGGGGGACATCAAGC
AGCCATGCAAAT-3) and with the following primers for
the second PCR (sense: 5-TGCTATGTCACTTCCCCTT
GGTTCTCT-3, antisense: 5-GAGACTATCAATGAGGA
AGCTGCAGAATGGGAT-3). The amplified product was
detected by agarose gel electrophoresis.

HIV load was determined quantitatively using the
NucliSens HIV-QT assay (Organon Teknika, Boxtel, the
Netherlands). Amplified patient and calibrator RNA were
quantified with different electrochemiluminescent probes
in the NASBA QR system (Organon Teknika, Boxtel, the
Netherlands) based on competitive internal linear standard
curves'. This assay had a detection limit of 80 copies/mlL.

Diagnosis of HCV infection

HCYV antibodies were detected with a microparticle
enzyme immunoassay (MEIA, Axsym, Abbott, Wiesbaden,
Germany). Positive results were confirmed by dot
immunoassay (Matrix, Abbott, Wiesbaden, Germany).
HCV RNA was detected after nucleic acid purification kit
(Viral Kit, Qiagen, Hilden, Germany) followed by reverse
transcription and nested polymerase chain reaction as
described elsewhere!™. The detection limit was 100 copies/
mL. Quantitative determination of HCV load was done
via branched DNA technology (Quantiplex HCV RNA
2.0 assay, Chiron, Emeryville, CA, USA), which has good
linearity for all genotypes above its detection limit of 200
000 copies/mL serum. HCV genotypes were determined
by the Innolipa II line probe assay (Innogenetics,
Zwijndrecht, Belgium) according to the manufacturer’s
instructions.

Genotyping of the RANTES-403, -IN1.1, and -28 single
nucleotide polymorphisms
Genomic DNA was extracted from 200 ul. EDTA-
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treated blood samples using the QIAamp Blood Mini
Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s protocol.

Light Cycler PCR and hybridization probes: RANTES
genotyping was performed using lightcycler and
“fluorescence resonance energy transfer” (FRET)
technology"®'", For amplification 2 pl light cycler-
DNA master hybridization probes (Roche Diagnostics,
Mannheim, Germany), 2 uL. MgClz (25 mmol/L),
8 ul. PCR-grade water were used. For genotyping of
the amplified DNA, 4 pmol of each hybridization
probe (TIB MolBiol, Germany) was added to the
reaction mixture. Sequences of oligonucleotide primers
and hybridization probes for RANTES-403 were:
sense CACCTCCTTTGGGGACTGTA and antisense
CCICCGGAAATTCGAGTCIC, anchor GAGTCACTG
AGTCTTCAAAGTTCCTGCTTA-F and sensor L.C640-
CATTACAgATCTTACCTCCTTTCCp. The sensor
hybridization probe was specific for the RANTES-403G
allele at a melting temperature of 62.5 C.

Sequences of oligonucleotide primers and
hybridization probes for RANTES-28 were: sense
CACCTCCTTTGGGGACTgT A and antisense
TGGGATGGGGTAGGCATTCTA, anchor probe
GTTGCTATTTTGGAAACTCCCCTTAGG-F and
sensor probe LC705-ATGCCCCTGAACTGGCCp.
The sensor hybridization probe was specific for
the RANTES-28G allele at a melting temperature
of 60.0 C. Sequences of oligonucleotide primers
and hybridization probes for RANTES-IN1.1 were:
sense CCTGGTCTTGACCACCACA and antisense
GCTGACAGGCATGAGTCAGA, anchor probe L.C640-
CCCTCAAGGCCTACAGGTGTTCACY and sensor
probe TCAGTTTTTCTGTCTTCAAGTCTAC-F. The
sensor probe was specific for the C allele at a melting
temperature of 65 C.

An initial denaturation step at 95 ‘C (60 s, ramp rate
20 "C/s) was followed by amplification for 40 cycles of
denaturation (95 C, 0 s, ramp rate 20 C/s), annealing
(63 °C, 10 s, ramp rate 20 ‘C/s) and extension (72 C,
15 s, ramp rate 20 ‘C/s). For RANTES-IN1.1, the
annealing temperature was lowered to 55 ‘C. After DNA
amplification a melting curve was generated at 95 ‘C (5 s,
ramp rate 20 ‘C/s) followed by 45 ‘C (15 s, ramp rate
20 'C/s) and 75 C (0 s, ramp rate 0.1 ‘C/s, acquisition
mode: continuous) for RANTES-403 and RANTES-IN1.1
and 95 °C, 35 'C, and 70 C for RANTES-28. After a final
cooling step for 30 s at 40 ‘C melting curve analysis could
be performed. Representative genotyping results are given

in Figures 1A-C.

Statistical analysis

RANTES genotypes and allele frequencies were compared
to the healthy reference population via contingency
tables using;(2 statistics and Fisher’s exact test where
appropriate. Based on gene frequencies, the expected
phenotype frequencies were calculated according to the
Hardy—Weinberg equation and compared to the observed

frequencies using Xzstatistics[m]. Haplotype analysis
for combined RANTES-403 and -28 genotypes as in
Table 3 was performed according to Gonzalez er al"”.
In each group, different genotypes of each RANTES
polymorphism were compared with respect to HIV and
HCV loads, CD4+ and CD8+ cell counts using parametric
(unifactorial ANOVA with Bonferroni’s correction) or
non-parametric statistical analysis as appropriate (Kruskal-
Wallis test followed by the Mann-Whitney test for pairwise
comparison of the groups), if the number of patients with
the particular genotype exceeded five. Results are given as
median and range unless indicated otherwise.

In all statistical tests, P<0.05 were regarded as signifi-
cant. All calculations were performed on a personal com-

puter with SPSS 11.0 software (SPSS, Chicago, 11, USA).

RESULTS

Patient groups

One hundred and twelve anti-HCV positive, 85 anti-
HIV positive, and 121 anti-HIV/HCV double-positive
Caucasian patients were recruited into this study. The
characteristics of these patient groups are summarized in
Table 1. Hemophilia was the major risk factor for infection
in HCV and HIV/HCV coinfected patients, whereas
sexual transmission was the main risk factor in HIV
infected patients. Rates of persistent HBs antigenemia
was low in each study group (<5%), although the high
prevalence of anti-HBc antibodies in the anti-HCV and
the double infected groups indicated significant exposure
to HBV (Table 1).

Distribution of RANTES-403, -28, and -IN1.1 genotypes
The distribution of RANTES-403, -28, and -IN1.1 alleles
is shown in Table 2. The RANTES-403 A, RANTES-28 G,
and RANTES-IN1.1 C alleles were more frequent in HIV
monoinfected patients than in healthy controls as has been
previously described". The distribution of RANTES-403
genotypes in HIV infected patients differed significantly
from controls (P = 0.004), whereas the RANTES-28 and
RANTES-IN1.1 genotypes did not differ between the
groups.

Unexpectedly, these higher frequencies of distinct
RANTES alleles and genotypes were not observed in
patients with HIV/HCYV coinfection. RANTES-403
A, RANTES-28 G, and RANTES-IN1.1 C alleles were
significantly less frequent than in HIV monoinfected
patients (P = 0.002; P = 0.048; not significant). In contrast,
the frequencies of the different RANTES alleles did not
differ between HIV/HCV coinfected and HCV infected
patients or healthy controls. This also held true for
RANTES-403, -28, and IN1.1 genotype distribution (P =
0.005; P = 0.045; not significant). There was no deviation
from the Hardy-Weinberg equilibrium in any of the
groups.

Interestingly, the frequency of the combined RANTES
wildtype (-403 G/G; -28 C/C; IN1.1 T/T) was lowest
in HIV infected patients (49.4%) compared to healthy
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Table 1 Patient Characteristics [data given as number (%) or median (range)]

HCV-infection HIV-infection

HCV /HIV-coinfection

Statistical significance

(Group I) (Group II) (Group III)
Number 112 85 121
Sex (Male / female) 108 / 4 73 /12 117/ 4 Group I vs II P = 0.009* group Il vs III P = 0.007*
Age (median, range) 39 (13-77) 38 (23 - 70) 37 (21 - 62)
Risk factors (%)
Sexual 62 (72.9) 1(0.8) Group I vs Il and 11 vs III P < 0.001*
Endemic 5(5.9) .- Group I vs II P = 0.009* group Il vs III P = 0.011*
LV.drugs 44.7) 3(24) Group I vs I P = 0.023*
Blood transfusion --- 1(1.2) ---
Hemophilia 110 (98.2) .- 115 (95.0) Group I s II P < 0.001* group Il vs III P < 0.001*
Unknown 2(1.8) 13 (15.3) 2(1.7) Group I vs II P < 0.001%; group II vs III P < 0.001*

Aminotransferase activities
ALT U/L (median, range)
AST U/L (median, range)

34.0 (5.2 - 226.0)
19.0 (5.8 - 157.0)

17.0 (7.0 - 84.0)
12.0 (4.3 - 106.0)
GGT U/L (median, range) 25.2(5.2-350.9) 17.0 (6.2 - 149.0)
HIV-status

CD4 count (median, range) 668 (171 -2 039)/uL

499 (62 -1 653)/pL

350 (5 - 1142)/pL
931 (88 - 2152)/ L
300 (<80 - 830 000)

CD8 count (median, range)
HIV load (median, range)

HIV-viremia < 80 copies/mL --- 47 (55.3%)
Type of antiretroviral Therapy (%)
Protease inhibitor-based HAART 62 (72.9)
NNRTI-based HAART --- 11 (12.9)
Total --- 73 (85.9)
HCV-status
HCV load (copies/mL) 8 888 000 (n.d.-126,500,000) ---
HCV load (IU/mL) 1410 794 (n.d.-20,079,365)
HCV-genotypes (%)
Genotype 1 70 (62.5)
Genotype 2 14 (12.5)
Genotype 3 8(7.1)
Genotype 4 6(5.4)
Multiple genotypes 1(0.9) .-
Undeterminded genotype 13 (11.6) ---
HBV-status (%)
Anti-HBs+ and anti-HBc+ 52 (46.4) 15 (17.6)
Anti-HBc+ alone 10 (8.9) 5(5.9)
HBs-Ag+ 1(0.9) 3(3.5)

13 535 000 (n.d.-178 900 000)
2148 413 (n.d.-28 396 825)

38.5 (1.0 - 214.0)
26.1 (7.8 - 168.0)

Group Ivs Il and I vs IIT P < 0.001
Group I vs II P = 0.002; group I vs III P = 0.030;
Group Il vs III P < 0.001

42.0 (2.9 - 254.6) Group ITvs ITI P < 0.001

2925 (6 -1219)/uL

804 (39 - 3 056)/ L

725 (<80 - 210,000)
80 (66.1%)

Group I vs Il and I vs IIT P < 0.001
Group I vs Il and I vs IIT P < 0.001

58 (47.9) Group IT'vs IIT P = 0.001
25 (20.7)
83 (68.6) Group II vs III P = 0.007

Group I vs III P = 0.012

76 (62.8)

11 (9.1)

21 (17.4)
5 (4.1)
1(0.8)
7 (5.8)

Goups I vs III P = 0.028*

43 (35.5)
34 (28.1)
6 (5.0)

Group [ vs II P < 0.001; group Il vs III P = 0.008
Group I s Il P < 0.001; group Il s ITI P < 0.001*

* Fisher’s exact test; n.d. = not detected.

controls (69.9%; P = 0.007), but also compared to HCV
(63.4%; not significant) and HIV/HCV coinfected patients
(70.4%; P = 0.004). The [-403 G/A; -28 C/G; IN1.1'T/C]
combination genotype had the highest prevalence in HIV
infected patients (9.6%) differing significantly from HCV
(0.9%; P = 0.005) and HIV/HCV coinfected patients (1.7%;
P = 0.015) as well as controls (4.9%; not significant).

When haplotype analysis for RANTES promoter
polymorphisms was petformed as desctibed previously by
Gonzalez e al™”, the RANTES high producer haplotype
(-403A, -28G) was most frequent in HIV monoinfected
patients, whereas in HIV/HCV coinfected patients the
frequency of this haplotype was similar in HCV infected
patients and healthy controls (Table 3). The same finding
also applies when the frequency of the (-403A, -28G)
haplotype was compared between HIV and HIV/HCV
infected patients (P = 0.000), between HIV and HCV
infected patients (P = 0.002) and between HIV infected
patients and controls (P = 0.019).

Effects of the RANTES-403, -28 and -IN1.1 mutations on
parameters of HIV and HCV infection

HCV and HIV viral loads as well as the numbers of
CD4+ and CD8+ cell counts are given in Table 4 stratified
according to RANTES genotypes. There was a trend
towards higher HIV loads in HIV infected patients with
the RANTES-403 G/G genotype (wildtype) compated to
subjects with the G/A and A/A genotype. Furthermore,
HIV infected patients with the RANTES-28 C/G genotype
tended to have lower HIV loads than patients with the
C/C genotype (wildtype), whereas the RANTES-IN1.1
polymorphism did not affect HIV or HCV viral loads.
However, statistical analysis could not be performed for
RANTES-403 A/A and RANTES-IN1.1 C/C genotypes in
HCV and HCV/HIV coinfection, because these genotypes
were rare in each of the groups. CD4+ and CD8+ cell
counts were not affected by any of the different RANTES
genotypes. Finally, HIV and HCV viral loads did not differ
significantly between the different haplotypes (Figure 1).
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Table 2 Distribution of RANTES-403, RANTES-28 and RANTES IN1.1 genotypes and allele frequencies
RANTES-403 (%) G/G G/A A/A Statistics [A]-allele frequency (%) Statistics
HCV 71 (63.4) 39 (34.8) 2(1.8) vs HIV P =0.077 19.2 vs HIV P = 0.047
(n=112)
HIV 42 (49.4) 38 (44.7) 5 (5.9) 282
(n =85)
HCV/HIV 86 (71.7) 31 (25.8) 3(2.5) vs HIV P = 0.005 154 vs HIV P = 0.002
(n = 120)
Controls 77 (70.6) 31 (28.4) 1(0.9) vs HIV P = 0.004 15.1 vs HIV P = 0.002
(n =109)
RANTES-28 (%) c/C C/G G/G Statistics [G]-allele frequency Statistics
HCV 108 (96.4) 4(3.6) 0(0.0) vs HIV P = 0.078 1.8 vs HIV P = 0.083
(n=112)
HIV 74 (89.2) 9 (10.8) 0 (0.0) 54
(n=83)
HCV/HIV 112 (96.6) 4(3.4) 0(0.0) vs HIV P = 0.045 1.7 vs HIV P = 0.048
(n =116)
Controls 103 (94.5) 6 (5.5) 0(0.0) os HIV P = 0.186 28 os HIV P = 0.195
(n =109)
RANTES-In1.1 (%) T/T T/C c/C Statistics [C]-allele frequency Statistics
HCV 87 (77.7) 25 (22.3) 0(0.0) s HIV P = 0.054 126 s HIV P = 0.041
(n=112)
HIV 53 (63.1) 30 (35.7) 1(1.2) 19
(n =84)
HCV/HIV 93 (76.9) 27 (22.3) 1(0.8) vs HIV P =0.101 12 vs HIV P = 0.066
(n=121)
Controls 86 (78.9) 22 (20.2) 1(0.9) vs HIV P = 0.052 11 vs HIV P = 0.038
(n=109)
Table 3 Distribution of RANTES-403/-28 haplotypes by concomitant HCV infection.
Haplotype HIV HIV/HCV ~ HCV Controls The increased frequency of distinct polymorphic
403 28 . . . . RANTES alleles in HIV infection is in line with McDet-
i g 75147/5 Si 302 8(1):2;‘1 82:;;; mott et al., who observed increased susceptibility to HIV
A C 22.9% 14.2% 17.4% 12.9% infection in patients with RANTES—403 G/A -28 C/C
G G --- 0.5% - - haplotypes™. The prevalence of the RANTES-28 G al-

. lele in all groups was as low as previously described by An

Haplotype pair (-403/-28) HIVO” HIV/ I_OICV va Conmzls et al"”, and none of our patients was homozygous for the
g;g g;g 41 (4_19.44,) Sf ((g%;f) 71(634%) 73 (_619;5 %) RANTES-28 G allele™
G/C A/C 28 (33.7%) 28 (241%) 37(33.0%)  25(23.8%) The RANTES-IN1.1 C allele has been reported to be
G/C A/G 9(108%)  2(17%)  2(1.8%) 6 (5.7%) associated with an increased susceptibility for infection
A/C A/C 5(6.0%) 2(1.7%) - 1(1.0%) with HIV, which would explain the significantly increased
A/C A/G 1(0.9%) 2 (1.8%)

'vs HIV P = 0.002; > vs HIV/HCV P = 0.006; * vs controls P = 0.019.

DISCUSSION

RANTES polymorphisms have been proposed to
modify susceptibility to HIV infection and progression
to AIDS"™'"" Tn this study, the prevalence of all
three polymorphic RANTES alleles (RANTES-403 A,
RANTES-28 G, and RANTES-IN1.1 C) was higher
in HIV monoinfected patients compared to healthy
blood donors. In contrast, in HIV/HCV coinfection the
frequency of the studied RANTES alleles did not differ
from HCV monoinfection or healthy controls. Since we
included patients with HCV monoinfection as well as a
cohort of healthy blood donors into the study to exclude
biased results as a consequence of HCV infection or allele
frequency of the background population, the influence of
RANTES alleles on HIV infection seems to be neutralized

frequency of the C allele in our HIV monoinfected pa-
tients'"”. However, none of the different RANTES alleles
was significantly associated with altered HIV viral loads or
CD4+ cells counts. In this context, we cannot rule out that
we have missed an association between viral loads or CD4
counts and the polymorphic RANTES alleles, because
our study group was rather small and not well balanced
for antiviral therapy. To exclude that the presence of the
CCR5-232 allele which probably also affects susceptibility
to HCV infection has influenced our findings, we tested
whether any of the RANTES polymorphisms was associ-
ated or in linkage disequilibirum with CCR5-2 32", How-
ever, we could not find any associations between CCR5-2
32 and the RANTES alleles.

The low frequency of the RANTES alleles -403A and
-28G in our HCV infected patients is in accordance with
Promrat e/ al., who also could not find any association of
RANTES-403 and —28 polymorphisms with susceptibil-
ity to HCV infection or laboratory parameters of chronic
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Table 4 Viral loads and immunological data in different RANTES-403, RANTES-28 and RANTES-IN1.1 genoytpes. Data are given as [median
(range)]. Statistically significant differences are indicated by index numbers

HCV-Infection

HIV-Infection

HIV/HCV-Infection

RANTES-403 G/G G/A A/A G/G G/A A/A G/G G/A A/A
(N=71) (N=139) (N=2) (N=42) (N =38) (N=5) (N =86) (N=31) (N=3)
HCV-Load 10.8 42 39.0 --- --- --- 13.8 14.0 1.6
x10° copies/mL  (n.d.-126.5) (n.d.-56.6) (n.d.-39.8) (0.2-178.9) (0.6-150.5) (0.4-6.8)
HIV-Load --- --- --- 455 380 <80 550 770 9900
x 10° copies/mL (<80-830 000) (<80-50 000) (<80-990) (<80-210 000) (<80-50 000) (2 400-27 000)
CD4 count 683 621 916 353.5 348.5 300 302 279 293
cells/uL (171-2039)  (282-1 544) (787-1 045) (51-1111) (5-1142) (28-629) (6-1 219) (106-651) (149-331)
CDS8 count 496.5 499 581.5 918.5 927 1099 792 968.5 675
cells/uL (62-1 653) (185-1183) (425-738) (202-1717) (88-2152) (382-1421) (39-2 466) (319-3 056) (465-895)
RANTES-28 c/C C/G G/G c/C C/G G/G c/C C/G G/G
(N =108) (N=4) (N=0) (N=74) (N=9) (N=0) (N=112) (N=4) (N=0)
HCV-Load 8.4 38.3 --- --- --- --- 13.5 22.3 ---
x10° copies/mL  (n.d.-126.5) (29.9-39.8) (0.2-178.9) (0.4-45.8)
HIV-Load --- --- --- 310 <80 --- 560 2150 ---
x 10° copies/mL (<80-830 000) (<80-3 700) (<80-210 000) (400-91 000)
CD4 count 662 916 --- 355 330 --- 293 220 ---
cells/uL (171-2039)  (443-1 305) (10-1 142) (141-637) (13-1 219) (149-651)
CDS8 count 499 581.5 --- 942.5 636 --- 828 602.5 ---
cells/puL (62-1 653) (338-739) (202-2152) (362-1 997) (39-3 056) (397-2 401)
RANTES-IN1.1 T/T T/C c/C T/T T/C c/C T/T T/C c/C
(N=87) (N =25) (N=0) (N =53) (N =30) (N=1) (N =93) (N=27) (N=1)
HCV-Load 9.6 6.2 --- --- --- --- 13.5 14.2 1.6
x10° copies/mL  (n.d.-126.5) (0.4-56.6) (0.2-178.9) (0.4-150.5)
HIV-Load --- --- --- 600 <80 990 735 560 9900
x10° copies/mL (<80-830 000) (<80-38 000) (<80-210 000) (<80-91 000)
CD4 count 662 702 --- 353 342 629 294 242 331
cells/pL (171-2 039) (392-1 305) (51-1142) (10-1 028) (6-1219) (110-651)
CDS8 count 501 497 --- 936.5 927 1421 792 1034 675
cells/uL (62-1 653) (191-1119) (202-1 717) (362-2152) (39-2 466) (319-3 056)
n.d. = not detectable
A RANTES403A/A  RANTES-403 G/G RANTES-28 G/C
RANTES-28 C/C
0.38, v i B i
0.357 RANTES-403 A/G §§%§ 1
~ 0307 | 5 0016
5 0254 T 00147
5 T 86
o 5 X —
::: 0.20 § 8882 .
§ 0.15+ § 8883 ]
Q _ o .| 7
g 010 S 0.000
S 005 2 0002+
2 -0.004+
0.00 -8.806 B
00877 71 T 1 T T T T T T T T T T 1
-0.05 T T T T T T T T T T T T ™ 36,0 38.0 40.0 420 440 460 480 500 520 540 560 580 600 620 64.0 660 680
460 480 500 520 540 560 580 600 620 640 660 680 700 720730 Temperature ('C)
Temperature (C)
C RANTES-INL.1 T/T
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0.16 4
—~ 0.14
5 o1
L 010
¥ 0.08
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g 0047
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S 000
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Figure 1 Shows the melting curve analysis (first order derivate) for different genotypes of the RANTES-403 (A), RANTES-28 (B), and RANTES-IN1.1 (C) polymorphisms.
When the PCR product is melted, the probe-DNA binding will break up at a hybridization probe-specific temperature, which causes a loss in emitted fluorescence energy.
This can be seen as a peak in the first order derivate of the melting curve. As the sensor probe is specific for only one of the two possible alleles in each PCR, binding of the
probe to the other allele will cause a mismatch and therefore a weaker coupling and disengagement of probe and DNA at lower temperatures.
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hepatitis C"Y. In contrast, Hellier ¢# al. reported the
RANTES-403 A/A genotype to be associated with mild
portal inflammation, However, the frequency of the A/A
genotype in the study of Hellier (1.9%) was not different
from the frequency in our patients[(’]. Therefore, it was un-
expected that the prevalence of RANTES alleles known to
be increased in patients with HIV monoinfection was sig-
nificantly lower in our HIV/HCV coinfected patients. Ad-
ditionally, prevalence of these alleles was similar to HCV
monoinfected patients and controls.

Several explanations may account for these divergent
results: First, none of the studies so far was controlled for
differences in transmission routes. Therefore, it is unclear
whether disease modifying effects of the RANTES
polymorphisms are equally operative in patients with
sexual transmission »s parenteral transmission.

Alternatively, our patients with HIV/HCV coinfection
could represent long time survivors: The RANTES-IN1.1
C allele has been described to be associated with rapid
progression to AIDS, whereas both the RANTES-403
A and the RANTES-28 G allele have been reported to
delay HIV disease progressionm’“’w]. However, frequency
of these polymorphic RANTES alleles did not differ
from our background population. Finally, differences
in genotype and allele frequencies between HIV and
HIV/HCV coinfected patients might reflect differences
in the physiological roles of the single polymorphisms.
RANTES-403 A and RANTES-28 G alleles have been
shown to up-regulate RANTES transcription, whereas
RANTES-IN1.1 C has been reported to be associated with
the down-regulation of RANTES promoter activity' 7,
Thus, RANTES expression should be characterized in
terms of haplotypes, defined by the combination of the
various alleles, giving the possibility to explain selection
1 However, only
haplotypes AC and AG were more prevalent in patients
with HIV infection, whereas their frequencies in patients
with HCV and HIV/HCV coinfection were identical to
the healthy background population.

The selection effect of the RANTES alleles in HIV
infection may be lost in patients with HCV coinfection,
because interactions of HCV-specific proteins such
as core and NS5A may interact with host genes to
augment RANTES promotor activity™, Binding of the
HCV-specific protein E2 to CD81 is associated with
increased RANTES serum levels resulting in CCR5
internalization'™. Therefore, HCV infection is likely
to trigger increased RANTES serum levels, which in
turn decrease CCR5 expression on the cell surface due
to receptor internalization. This hypothesis is further
supported by a recent study that shows reduced CCR1
and CCRS5 surface expression on peripheral blood cells
in chronic HCV infection™. Thus, it is intriguing to
speculate that the effects of RANTES polymorphisms
on RANTES expression in HIV infection are abrogated
in HIV/HCV coinfection due to induction of RANTES
by HCV-specific proteins. In line with this assumption,
we observed reduced frequencies of patients carrying the

effects on the course of HIV infection

putatively up-regulating (RANTES-403 and RANTES-28)
as well as down-regulating RANTES polymorphisms
(RANTES-IN1.1) in our patients with HCV and HIV/
HCV coinfection.

In summary, deviations in polymorphic RANTES allele
frequencies seen in HIV infection could not be confirmed
in HIV/HCV coinfection. Functional studies will be
required to further analyze the differences in RANTES
regulation between HIV and HIV/HCV coinfection at a
molecular level.
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Abstract

AIM: To evaluate the plasma von Willebrand factor
(VWF) levels in patients with ulcerative colitis (UC) and
to investigate their relationship with disease activity,
systemic inflammation and coagulation activation.

METHODS: In 46 patients with ulcerative colitis (active
in 34 patients), clinical data were gathered and plasma
VWF levels, markers of inflammation (ESR, CRP, and
fibrinogen) and thrombin generation (TAT, F1+2, and
D-dimers) were measured at baseline and after 12 wk of
treatment. Plasma vWF levels were also determined in
52 healthy controls (HC). The relationship of plasma vVWF
levels with disease activity, disease extent, response to
therapy, acute-phase reactants (APRs) and coagulation
markers (COAGs) was assessed.

RESULTS: The mean plasma vVWF concentrations
were significantly higher in active UC patients (143.38
+63.73%) than in HC (100.75+29.65%, 2 = 0.001)
and inactive UC patients (98.92+43.6%, P = 0.031).
ESR, CRP and fibrinogen mean levels were significantly
higher in active UC patients than in inactive UC patients,
whereas there were no significant differences in plasma
levels of D-dimers, F1+2, and TAT. UC patients with
raised APRs had significantly higher mean plasma vWF
levels than those with normal APRs (144.3% vs 96.2%,
P = 0.019), regardless of disease activity. Although the
mean plasma vVWF levels were higher in UC patients
with raised COAGs than in those with normal COAGs,
irrespective of disease activity, the difference was

not significant (141.3% vs 118.2%, P = 0.216). No
correlation was noted between plasma vWF levels and
disease extent. After 12 wk of treatment, significant
decreases of fibrinogen, ESR, F1+2, D-dimers and VWF
levels were noted only in UC patients with clinical and
endoscopic improvement.

CONCLUSION: Our data indicate that increased plasma
VWF levels correlate with active ulcerative colitis and
increased acute-phase proteins. Elevated plasma vVWF
levels in ulcerative colitis possibly reflect an acute-
phase response of the perturbed endothelium due to
inflammation. In UC patients, plasma vWF levels may be
another useful marker of disease activity or response to
therapy.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

The etiology and pathogenesis of inflammatory bowel
diseases (IBD), ulcerative colitis (UC) and Crohn’s disease
(CD), are still unclear. “Vascular” theory supports
that intestinal vascular injury is involved in CD and UC
pathogenesisp"ﬂ.

There is evidence that a hypercoagulable state exists in
IBD, which might play a role in IBD pathogenesisB’S]. This
theory is further supported by the observation of Gaffney
et al"” that patients with hemophilia and von Willebrand’s
disease have a lower risk in developing IBD and by the
beneficial effects of heparin in the treatment of refractory
ulcerative colitis”. The hypercoagulable state has been
found to exist both in active and in inactive disease” .
Furthermore, endothelial dysfunction, due to effects of
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increased proinflammatory cytokines (IL-1, TNF-a), seems
to play a central role in the hypercoagulant state produc-
tion in IBD and also provides an evidence of interrelation
between coagulation and inflammation pathways“()’lgl

von Willebrand factor (vWTF) is a large glycoprotein
which circulates in human plasma or is deposited into the
vascular subendothelium. Approximately 85% of circulat-
ing vWF is synthesized by the vascular endothelial cells,
which are the main soutce of synthesis and secretion of
this coagulation factor. vWF is also synthesized by meg-
akaryocytes and is contained in platelets, which derive the
remaining 15% of the circulating protein in blood. vWF
serves as a stabilizing carrier protein of the coagulation
factor VIII in circulation. vWF also mediates platelet to
platelet interactions and platelet adhesion to the suben-
dothelium in response to endothelial injury during the first
step of thrombus formation'”. Increased circulating levels
of vWF in serum are considered as a marker of endothe-
lial dysfunction or injury"”*. Increased levels of vWF are
also observed as an acute-phase response in various in-
flammatory conditions"’

vWE serum levels have been reported to be increased
in patients with IBD, but it is not clear whether they reflect
primary endothelial damage™* ™ or they are a manifesta-
tion of acute-phase response due to inflammation”**".

In this study, in order to clarify the meaning of elevated
vWE levels in ulcerative colitis, we measured the circulating
plasma vWT levels in a group of patients with ulcerative
colitis and investigated their relationship with clinical activ-
ity and endoscopic severity of disease, markers of systemic
inflammation and thrombin generation. We also monitored
the changes of these variables during 12 wk of therapy
and estimated their relationship with the clinical outcome.

MATERIALS AND METHODS

Patients and controls

Forty-six patients with ulcerative colitis (30 males and 16
females, mean age 41.8 years, range 17-73 years) and 52
healthy individuals (healthy controls, HC) (30 males and 22
females, mean age 40.9 years, range 19-65 years) were con-
secutively included in the study. All patients and controls
were from the same geographical area (Northern Greece)
and had a Greek ancestry.

Methods

The diagnosis of UC was based on the standard clinical,
endoscopic and histological criteria. A complete medi-
cal history was obtained and physical examination was
petrformed in all UC patients. During baseline evaluation,
disease activity in patients with UC (active or inactive)
was assessed with the simple clinical colitis activity index
(SCCAI), taking into account five clinical criteria: day
and night stool frequency, urgency of defecation, blood
in the stool, general well being and presence of extraco-
lonic manifestations””. A SCCAI score of <2 points was
defined as clinical remission. Baseline colonoscopy with
biopsy sampling was performed in all patients with UC, in
otder to assess the endoscopic severity and extent of dis-

ease. Endoscopic severity was measured by a modified en-
doscopic score with an 18-point scale™ involving nine pa-
rameters: erythema, vascular pattern, friability, granularity,
spontancous bleeding, occurrence and severity of ulcers,
extent of ulcerated surface, and presence of mucopurulent
exudates. All parameters were scored from 0 to 2 points.
Four grades of activity wete considered according to the
sum of all parameters: inactive disease (0-3), mild disease
(4-7), moderate disease (8-12), and severe disease (13-18).
Grading of endoscopic severity was done from the most
inflamed part of the bowel. The extent of disease was re-
corded as rectosigmoiditis, left-sided colitis, and pancolitis.
Patients with severe hepatic, renal and cardiac disease were
excluded from the study.

Healthy control subjects were visitors in the outpatient
clinic of Haematology Department and had no known
diseases, or clinical or laboratory evidence of metabolic,
neoplastic or inflammatory disease. They also had no his-
tory of thromboembolic disease.

All patients and control subjects gave their informed
consent to patticipate in the study, which was approved by
the Hospital’s Scientific Committee.

Laboratory studies

Blood samples were collected at baseline from UC patients
and control subjects for the quantitative determination of
von Willebrand factor antigen (vWFAg) in plasma with an
immuno-turbidimetric assay (STA-Liatest vWE, Diagnos-
tica Stago, France; normal values 50-160%). Additional
blood samples were obtained from UC patients in order
to determine variables of inflammation (ESR, CRP and
fibrinogen) and parameters reflecting thrombin generation
(thrombin—antithrombin complex [TAT], prothrombin
fragments 1+2 [F1+2], and D-dimers [D-Di]).

ESR was measured by standard laboratory technique
(normal values <20 mm/h) and CRP was measured with
ELISA (normal values <5 mg/L). Plasma fibrinogen
concentration was measured by the Claus method using
bovine thrombin (bioMerieux sa, France) on OPTION
coagulation analyzer (normal values 2-4 ¢/L).

TAT levels in plasma were measured by sandwich en-
zyme immunoassay (Enzygnost TAT micro, Dade Behring,
Marburg, Germany; normal values 1-4.1 pg/L). F1+2
levels in plasma were measured by sandwich enzyme im-
munoassay (Enzygnost F14+2 micro, Dade Behring, Mar-
butrg, Germany; normal values 0.4-1.1 nmol/L). D-dimers
levels in plasma were measured by immuno-turbidimetric
assay (STA-Liatest D-Di, Diagnostica Stago, France; nos-
mal values <500 pg/L).

All venipunctures were performed using a butterfly
18-gauge needle between 08:00 and 10:00 a.m. The
first 10 mL of blood was not used for determination
of hemostatic variables. Venous blood samples for
hemostatic variables were collected in trisodium citrate
tubes and platelet-poor plasma was prepared by one-stage
centrifugation at 2 000 r/min for 20 min at 4 °C. Plasma
was removed and assayed immediately for fibrinogen and
stored at -20 C until assayed, within one month, for vWE,
TAT, F1+2, and D-dimers.
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All UC patients were considered to have increased
acute-phase reactants (APRs) if an increase in at least one
of the two inflammation variables (ESR, CRP) was noted,
as previously described™. Likewise, all UC patients were
considered to have increased coagulation markers (COAGs)
if an increase in at least one of the three hemostatic vari-
ables (TAT, F1+2, and D-dimers) was noted.

Treatment and course

Patients with active UC were treated for attenuation of
disease activity with high-dose corticosteroids and me-
salazine orally and rectally. Azathioprine was continued if
already used. Patients were set into a follow-up program
with regular visits every 2™ wk for 12 wk. Corticosteroids
were tapered off with a weekly based schedule throughout
the study period. At the end of the study (12" wk), com-
plete clinical, endoscopic and laboratory evaluation, similar
to baseline week, was performed in all patients with active
colitis. Complete response to therapy (remission) was con-
sidered, if a SCCAI score of <2 and endoscopic remission
was achieved after 12 wk of therapy. Partial response was
considered if a 50% reduction of SCCAI score was noted
together with a reduction of endoscopic activity by at least
one grade.

Statistical analysis

Statistical analysis was performed using the SPSS for Win-
dows package (version 11.0, SPSS, Chicago, IL, USA).
Data were presented as mean®SD. Baseline comparisons
were performed between the three main groups (healthy
controls, patients with inactive UC and patients with active
UC). A detailed analysis and multiple comparisons were
performed between different subgroups of patients with
UC according to disease activity, raised APRs or raised
COAGs. Comparisons between groups were performed
with Student’s 7 test or ANOVA when appropriate. Stu-
dent’s 7 test for paired samples was used to compare base-
line and follow-up measurements in patients with active
disease. Associations between continuous variables were
tested with Pearson’s correlation. Differences in frequen-
cies were studied with Fishet’s exact test. P<0.05 was con-
sidered statistically significant.

RESULTS

During baseline evaluation, 12 patients with ulcerative coli-
tis were found to be in remission and 34 patients had ac-

Table 1 Demographic and clinical data of ulcerative colitis patients
(meanxSD)

Active UC (n = 34) Inactive UC (n =12)
Male/female 22/12 8/4

Age (yr) 41.5+14.6 (17-73) 42.8+15.2 (18-65)
Extent of disease
Rectosigmoiditis 6 3
Left-sided colitis 20 6
Pancolitis 8 3
SCCAI score 8+3 (3-12) 0+1 (0-2)
Endoscopic score 162 (12-18) 2+1 (0-3)
Treatment
Oral steroids 15 0
5-ASA compounds 30 12
Azathioprine 11 2
None 2 0
Smoking 7 5

SCCAL simple clinical colitis activity index; 5-ASA: 5-aminosalicylates.

tive disease. Demographic and clinical data of patients are
shown in Table 1. There were no significant differences in
sex, age and extent of disease between patients with active
and inactive disease.

Elevated plasma vWF concentrations were found in
1 patient with ulcerative colitis in remission and in 11 pa-
tients with active disease. None of the healthy subjects
had an elevated value of plasma vWE Mean plasma vWE
concentrations were significantly higher in active ulcerative
colitis patients (143.38+63.73%) than in healthy controls
(100.75£29.65%, P = 0.001) and inactive UC patients (98.92
+43.6%, P = 0.031). There was no difference in mean
plasma vWF concentrations between HC and inactive UC
patients (Table 2).

Mean levels of ESR, CRP and fibrinogen were signifi-
cantly higher in active UC patients than in inactive UC
patients. There were no significant differences in plasma
levels of coagulation markers (D-dimers, F1+2 and TAT)
between patients with active and inactive UC (Table 2).

UC patients with raised APRs (# = 34), irrespective
of disease activity, had significantly higher mean plasma
vWF levels than those with normal APRs (# = 12) (144.3
162.4% v5s 96.2145.8%, P = 0.019). Mean plasma vWF
levels were also higher in UC patients with raised COAGs
(n = 27), irrespective of disease activity, than in those
with normal COAGs (7 = 19), but did not reach statistical
significance (141.3+64.8% »s 118.2+56.3%, P = 0.2106).
However, when all UC patients were divided into four sub-
groups according to raised or normal APRs and COAGs,

Table 2 Acute phase reactants and coagulation factors in patients with ulcerative colitis and healthy controls (mean+SD)

Active UC (n =34)

Inactive UC (n=12)

Healthy controls (n =52)

VWEF (%) 143.38+63.73 (49-278)
ESR (mm/h) 40421 (10-97)

CRP (mg/L) 24.7+40.2 (3.1-175.5)
Fibrinogen (g/L) 4.86+1.21 (2.93-73)
D-dimers (ug/L) 873+1 308 (32-3 993)
F1+2 (nmol/L) 3.716.09 (0.21-22.53)
TAT (ug/L) 6.91%15.18 (0.09-85.9)

98.92+43.6" (25-188)
16+12° (4-40)
4141.7°(3.1-7.3)
3.48+1.14" (1.25-5.61)
6081 149 (19-4 038)
3.72+6.41 (0.28-21.52)
3.99+4.2 (0.85-13.2)

100.7529.65" (51-160)

vWE: von Willebrand factor; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; F1+2: prothrombin fragments 1+2; TAT: thrombin-antithrombin

complexes. "P<0.05 active UC vs inactive UC. "P<0.001 active UC vs HC.
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irrespective of disease activity, it was noted that patients
with raised APRs had significantly higher mean plasma
vWF levels than those with normal APRs, regardless of
COAGs status (Figure 1A).

Furthermore, when UC patients were divided into
subgroups according to disease activity and raised or not
APRs and COAGs, there was a trend towards higher mean
plasma vWF levels in almost all subgroups of patients
with raised APRs (especially to those with active disease)
compared to the patients with normal APRs. However,
there were no significant differences between subgroups
(Figure 1B1,B2).

In patients with ulcerative colitis (active and inactive),
Pearson’s correlation analysis revealed that there was a
significant positive correlation of plasma vWF levels
with clinical activity index (SCCAIL) (» = 0.41, P = 0.004),
endoscopic score (r = 0.3, P = 0.041), ESR (» = 0.39, P
= 0.000), fibrinogen (r = 0.42, P = 0.003) and D-dimers
(r=0.36, P = 0.015). No correlation was noted between
plasma vWTF levels and extent of the disease or smoking
status.

In all patients with UC, analysis of the percentages of
high plasma vWF levels between subgroups revealed that
raised APRs were the main factors influencing the plasma
vWF levels (data not shown).

Thirty-two patients with active UC completed the study
after 12 wk of treatment. Two patients did not show up at

the final date of the follow-up schedule (12" week). There
were no complications of the disease or adverse events
from the treatment during the study period. Twenty-
two patients showed response to therapy (complete or
partial) and 10 patients were non-responders. A significant
decrease of the inflammatory parameters (fibrinogen
and ESR), the coagulation markers (F14+2 and D-dimers)
and von Willebrand factor levels was noted only in the
“responders” group (Table 3).

We pooled all patients in respect of endoscopic
severity, before and after the therapy for active disease
plus patients in remission at baseline week, and found that
mean plasma vWF levels in patients with active discase
at endoscopy (2 = 54, 131.2+56.2%) were significantly
higher than those in patients with endoscopic remission (#
= 24, 103.1£36.7%, P = 0.028). There were no significant
differences in plasma vWF levels between the groups of
endoscopic severity grades (mild to severe) in patients with
active disease. However, when we divided the patients in
respect of APR status, we found that patients with raised
APRs and moderate or severe endoscopic activity had
significantly higher mean plasma vWF levels than the other
subgroups (Figure 1C).

DISCUSSION

This study showed that mean plasma vWT levels were
significantly raised in patients with active UC compared
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Table 3 Laboratory parameters at baseline and after 12 wk of therapy in active UC patients who completed the study (n = 32) (mean+SD)

Weeks of follow-up Responders Non-responders
Paired samples ¢ test n=22 n=10
ESR (mm/h) Baseline 43424 34+13
12" week 32418 27412
P 0.055 0.206
CRP (mg/L) Baseline 27.21+42.13 22.24+41.2
12" week 11.11425.57 11.42+13.29
P 0.106 0.460
Fibrinogen (g/L) Baseline 4.9+1.13 4.98+1.48
12" week 4.05+0.68 4.55+0.82
P 0.001 0.372
vWEF (%) Baseline 153.91+69.53 129.3450.35
12" week 111.14430.65 105.4+32.87
P 0.005 0.153
F1+2 (nmol/L) Baseline 3.73+5.73 4.2147.26
12" week 1.23+1.12 0.71£0.26
P 0.043 0.186
D-dimers (pg/L) Baseline 120241 522 302+329
12" week 2514288 683+1 286
P 0.005 0.381
TAT (pg/L) Baseline 4.39+4.6 13.43+26.94
12" week 541£13.1 1.97+1.57
P 0.733 0.211

vWEF: von Willebrand factor; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; F1+2: prothrombin fragments 1+2; TAT: thrombin-antithrombin

complexes.

to healthy controls and patients with UC in remission.
Since elevated circulating von Willebrand factor levels are
regarded as markers of both endothelial dysfunction and
acute phase response to inflammation, we tried to investi-
gate the relationship between vWFE and markers of inflam-
mation and coagulation, in order to clarify the meaning of
elevated vWF levels in our patients with active ulcerative
colitis. APRs were significantly higher in patients with ac-
tive UC than in those with inactive disease. On the other
hand, there were no significant differences in markers of
thrombin generation between patients with active and in-
active UC (Table 2). These observations are in accordance
with previous studies, suggesting that a hypercoagulable
state exists in both active and inactive UC*”. In con-
trast, intense inflammatory response to elevated APRs is a
prominent feature of active uch,

In our study, UC patients were divided into subgroups
according to disease activity (active and inactive) and APRs
or COAGs status (raised or not). The analysis of data re-
vealed two main findings. The mean plasma vWF levels were
significantly higher in patients with active disease (Table 2)
and higher in patients with raised APRs irrespective of dis-
ease activity or COAGs status (Figure 1).

In a recent study, Meucci et 4. el reported that elevated
vWF levels in a group of patients with IBD are related to
increased APRs, regardless of disease activity and con-
cluded that elevated plasma vWF levels are a secondary
manifestation due to systemic inflammation. In our study,
we had similar findings with Meucci ¢7 al. ol suggesting
that elevated plasma vWT levels in patients with UC corre-
late mainly with the inflammatory response and to a lesser
degree with hypercoagulability. However, in the most re-
cent study, Xu 7 a/. P had the opposite findings in a group
of patients with UC, reporting that plasma vWF levels are

significantly higher in patients with ulcerative colitis than
in controls, with no differences between active and inactive
disease. They also reported that D-dimers levels are higher
in patients with active disease than in those in remission
and D-dimers levels are positively correlated with vWF lev-
els. The authors concluded that elevated vWF levels both
in active and inactive UC reflect the fact that endothelial
cell damage is a feature of UC and that D-dimers levels
can be used as a marker of inflammation to distinguish ac-
tive from inactive UC.

Inflammation, coagulation and endothelial dystunction
correlations have been studied in many other clinical con-
ditions™”. Inflammation as measured by CRP has been
found to be associated with prothrombotic status and en-
dothelial dysfunction as reflected by elevated vWF in acute
coronary syndromesmj. Plasma vWF has been reported as
an APR in patients with acute infectious diseases which
parallels CRP levels during illness and recovery phasemJ
The inflammatory and coagulation abnormalities observed
in patients with ulcerative colitis possibly represent com-
bined and cross-linked manifestations of the inflamma-
tion and coagulation systems, which are interrelated in a
bidirectional way with the endothelium being the interface
between inflammation and coagulation“sj.

Inflammation is undoubtedly a key component in the
pathogenesis of ulcerative colitis”” and proinflaimmatory
cytokines (IL-1, IL-6, IL-8, TNF-a, and IFN-y) operate
as a cascade and network in stimulating the production of
acute-phase proteins and induction of acute-phase mani-
festations"”. Inflammation can also lead to activation of
coagulation system with the endothelium playing a central
role in all major pathways involved in the pathogenesis of
hemostatic derangement“sj. Proinflammatory cytokines
induce a procoagulant profile with thrombin production,
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through their effects on the vascular endothelial cells"
and can also stimulate vVWF secretion from Weibel-Palade
storage granules of the endothelial cells"*"* A small
fraction of the elevated plasma vWF levels can also be de-
rived from platelets, since reactive thrombocytosis and 7
vivo activation of platelets are observed in active ulcerative
I consisting acute-phase phenomena due to sys-
temic inflammation™, but it seems that the contribution
of platelet-detived vWF to elevated plasma levels is mi-
not'™”. We can assume that, like other coagulation factors
which are synthesized in liver cells and behave as acute-
phase proteins (fibrinogen, factor VIII) during inflamma-

tion, elevated plasma vWI concentrations represent an
[23]

.. 5
colitis!”

endothelial component of the acute-phase response

Glucocorticoids are known to increase plasma concen-
trations of factor VIII (FVIII) and von Willebrand fac-
tor (vWF), and their administration is associated with an
increased thrombotic tendency™*. In our study, patients
with active ulcerative colitis were treated with high doses
of corticosteroids for attenuation of disease activity and
had no thromboembolic complications during the study
period. Follow-up measurements after 12 wk of treat-
ment showed that patients who responded to therapy had
a significant improvement of all the variables of inflam-
mation and hemostasis, including von Willebrand factor.
Inflammation is undoubtedly the main feature of UC and
the attenuation of inflammatory process due to the po-
tent anti-inflammatory properties of corticosteroids is the
principal mechanism that contributes to the improvement
of disease severity and its clinical or laboratory manifesta-
tions. It is likely that hepatic and endothelial acute-phase
responses have a parallel course during inflammatory
process since they may be regulated in a similar manner
by the same cytokines.

In our study, we investigated the relationship of plas-
ma vWF levels with disease activity, parameters of inflam-
mation and hemostasis in a group of patients with ulcera-
tive colitis (active and inactive), before and after therapy.
It is the first study to our knowledge which combines the
assessment of all these variables in a time course man-
ner and represents an extension of the two most recent
#5201 " The small number of patients in our study
did not allow us to generalize our findings and give a pos-
sible explanation for any discrepancies of data among all

studies

relative studies. However, the general trend from the data
is that plasma vWF levels are correlated with systemic in-
flammation.

In conclusion, increased plasma vWT levels in ulcerative
colitis patients correlate with disease activity and increased
acute-phase proteins. It seems that elevated plasma vWF
levels in active ulcerative colitis patients reflect an acute-
phase response of the perturbed endothelium due to
inflammation and von Willebrand factor can be regarded
as an endothelial APR. Further and larger studies are
needed to show if plasma von Willebrand factor levels
can be a useful and sensitive marker of disease activity or
response to therapy.
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AIM: To analyze the serum levels of retinoids and Leiden
mutation in patients with esophageal, gastric, liver,
pancreatic, and colorectal cancers.

METHODS: The changes in serum levels of retinoids
(vitamin A, a- and B-carotene, o- and B-cryptoxanthin,
zeaxanthin, lutein) and Leiden mutation were measured
by high liquid performance chromatography (HPLC)
and polymerase chain reaction (PCR) in 107 patients
(70 males/37 females) with esophageal (0/8), gastric
(16/5), liver (8/7), pancreatic (6/4), and colorectal (30/21
including 9 patients suffering from /n situv colon cancer)
cancer. Fifty-seven healthy subjects (in matched groups)
for controls of serum retinoids and 600 healthy blood
donors for Leiden mutation were used.

RESULTS: The serum levels of vitamin A and zeaxanthin
were decreased significantly in all groups of patients
with gastrointestinal (GI) tumors except for vitamin A
in patients with pancreatic cancer. No changes were
obtained in the serum levels of a- and B-carotene,
o~ and B-cryptoxanthin, zeaxanthin, lutein in patients
with GI cancer. The prevalence of Leiden mutation

significantly increased in all groups of patients with GI
cancer.

CONCLUSION: Retinoids (as environmental factors)
are decreased significantly with increased prevalence
of Leiden mutation (as a genetic factor) in patients
before the clinical manifestation of histologically different
(planocellular and hepatocellular carcinoma, and
adenocarcinoma) GI cancer.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.

Key words: Human gastrointestinal cancer; Leiden
mutation; Retinoids; Vitamin A; Zeaxanthin

Mdzsik G, Rumi G, D6motor A, Figler M, Gasztonyi B, Papp
E, Par A, Par G, Belagyi J, Matus Z, Melegh B. Involvement
of serum retinoids and Leiden mutation in patients with
esophageal, gastric, liver, pancreatic, and colorectal cancers
in Hungary. World J Gastroentero/ 2005; 11(48): 7646-7650
http://www.wjgnet.com/1007-9327/11/7646.asp

INTRODUCTION

The number of patients with different gastrointestinal
(esophageal, gastric, liver, pancreatic, and colorectal)
cancer has increased about two- to threefolds in the last
decades (except for gastric cancer which has decreased
50%) in Hungary. The number of patients who died of
these malignant diseases represents the second highest
population of the total mortality of patients in Hungary.
The second highest mortality rate of gastrointestinal (GI)
tumor takes place at the second place in our country.

The causes of GI tumors are not known. However,
different genetic and environmental factors play a role in
the development of GI cancer. It is generally accepted that
different diseases such as acute and chronic inflammatory
diseases, polyposis, can be taken as precancerous states of
GI cancer.

Since the year of 1980, we have studied the role of
retinoids in protecting gastrointestinal mucosa in animal
experiments and human observations" ¥, Retinoids are
chemical compounds of color materials from plants and
are built up from C-20 and four isoprene units, while
carotenoids are built up from C-40 and eight isoprene
units located in about 600 plants, and about 50 from 600
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Table 1 Patients with different gastrointestinal tumors
Number of patients

Types of tumors Male Female Total Histology
Esophageal 8 (60210 yr)' - 8 Planocellular carcinoma
Gastric 16 (64212 yr)' 5 (6810 yr)' 21 Adenocarcinoma
Liver 8 (60+8 yr)' 7 (57+13 yr)' 15 Hepatocellular carcinoma
Pancreas 6 (56£11 yr)' 4 (639 yr)' 10 Adenocarcinoma
Colorectal 30 (66210 yr)' 23 (6511 yr)' 53 Adenocarcinoma
In situ carcinoma in colon polyps 4 (605 yr)' 5 (615 yr)' 9 Adenocarcinoma
Total 70 37 107
Healthy subjects 29 (50£12 yr)' 28 (4910 yr)! 57

600 blood donors (healthy controls) for Leiden mutation study. ' Age of patients (mean£SD).

isolated compounds are precursors of vitamin A.

Vitamin A and B-carotene (and other retinoids) have
gastric mucosal protective effects in rats provoked by
intragastric administration of 1 mL from 0.6 mol/L. HCI,
25% NaCl, 0.2 NaOH, and 960 mL/L ethanol, without
the presence of any inhibition of gastric acid secretion'’,
Vitamin A has a higher ulcer healing effect than atropine,
cimetidine DE-NOL (tripotassio—dicitrato) in patients with
gastric ulcer™ The serum level of retinoids is decreased
in patients with inflammatory bowel disease”™™. Tt was
also demonstrated that the serum levels of vitamin A and
zeaxanthin are also decreased in patients with GI cancer”
but the possible correlation between the changes in other
serum retinoids and the prevalence of Leiden mutation
has not been studied.

The presence of Leiden mutation (replacement of Arg
by Glu of residue 506 in the factor V molecule, FVR, 506
Q) has been proven in thrombophyliam’m as well as in
Crohn’s disease and ulcerative colitis'*'"¥, meanwhile no
higher prevalence of Leiden mutation has been obtained in
patients with acute gastritis and hepatitism. The significant
presence of Leiden mutation (APC) is responsible for
blood coagulation abnormality in thrombophylia.

The aims of our present study were to evaluate
the changes in serum levels of retinoids (as nutritional
components of vitamin A, B-carotene, a-carotene, o-
and B-cryptoxanthin, zeaxanthin, lutein) in patients
with different gastrointestinal (esophageal, gastric, liver,
pancreatic, and colorectal) cancer, to study the prevalence
of Leiden mutation in the above mentioned patients, to
find some correlation between the changes in Leiden
mutation and serum level of vitamin A and zeaxanthin
in GI cancer patients as well as between GI cancer
development and chemical structure of retinoids, to obtain
some correlation between serum levels of vitamin A and
zeaxanthin in patients with different GI tumors.

MATERIALS AND METHODS

Observations were carried in 107 patients with esophageal
(n = 8), gastric (n = 21), liver (n = 15), pancreatic (# =
10), colorectal (# = 53), and in situ colon (n = 9) cancer,
including 70 males (50£12 years) and 37 females (49%
10 years). Fifty-seven healthy persons (in matched group)
were used as control, and 600 healthy blood donors were
used for the control of Leiden mutation (Table 1). A total

of 764 patients with gastrointestinal cancer and healthy
subjects were included in this study. The studies were
approved by the Ethical Committee of University of Pécs,
Hungary. Written informed consent was obtained from all
participants and the natutre of the study was fully explained
(Table 1).

Physical, laboratory, iconographic, and histological
examinations were carried out in the patients with
gastrointestinal tumor. The diagnostic histology indicated
planocellular carcinoma in esophagus, hepatocellular
carcinoma in liver and adenocarcinoma in stomach,
pancreas and colorectum. The control (healthy subjects)
persons received physical and laboratory screening, and
the medical histories were found to be negative (including
the genetic backgrounds).

Measurement of serum retinoid levels

The serum levels of retinoids were measured by high
performance liquid chromatography (HPLC). The
serum levels of vitamin A, «- and B-carotene, «- and
B-cryptoxanthin, zeaxanthin and lutein both in the
control (healthy subjects) and in patients with Gl tumors
were measured. Blood samples were prepared for HPLC
measurements: 2 mlL of serum sample was shaken with
2 mL/L ethanol for 2 min, and extracted with 3 mL
hexane for 2 min. The mixture was centrifuged for 5
min. As an internal standard, canthaxanthin was added
to the removed homogenous organic phase, evaporated
in vacuum. The residue was dissolved in 0.2 mL 1:4
dichloromethane/methanol and 0.125 mL of this solution
was injected. The chromatographic system consists of a
gradient former Model 250 B Glenco injector (Glycotec,
Germany) and a time programmable UV-vis detector
Model 166-2, equipped with Gold chromatography
software (Beckmann, USA). The column is 150 mmx
4.6 mm in size packed with Chromsil-C 0.186 mm. The
eluent was 30 mL/L water in methanol (A), methanol
(B) and 20 v/v dichloromethane in methanol. The flow
rate was 1.5 mL/min. The gradient program was 100%
A for 30 s, 100% B for 3 min, to 100% for 4 min (linear
steps). The time program of wavelength was 323 mm for
3.5 min (detecting vitamin A), then 450 mm (detecting
other retinoids). The chromatograms were evaluated
quantitatively by relating the peak areas of the individual
components to canthaxanthin used as internal standard.
The ratio of the molar extinctions of the authentic
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Table 2 Serum retinoid level in patients with different gastrointestinal cancer (mean+SE, pmol/L)

Retinoids Healthy Esophageal Gastric Liver Pancreatic Colon In situ colon
subjects cancer cancer cancer cancer cancer cancer

Vitamin A 2.0740.12 0.14+0.04" 1.0240.10° 0.75+0.07° 1.68+0.10™ 0.35+0.02° 0.30+£002°
a-Carotene 3.93+0.40 3.81£0.50" 3.8520.60" 3.82+0.50"° 3.90£0.40™ 3.80£0.70"° 3.8020.70"
p-Carotene 8.59+0.40 7.50£0.30™° 8.0120.35"° 8.10£0.30™° 8.400.40™° 6.80£0.40™° 7.90£0.30™°
a-Cryptoxanthin 4.10£0.50 4.0020.60™ 3.90+0.50™ 4.0020.40™ 3.90+0.40™° 4.000.30™ 4.00£0.30™
B-Cryptoxanthin 6.00£0.60 5.900.40™° 6.00£0.50™° 5.90+0.40"° 5.90£0.50™° 4.95+0.40™ 4.90+0.30"°
Zeaxanthin 0.14+0.01 0.074+0.007° 0.08+0.004° 0.05+0.005° 0.03+0.002° 0.07+0.004° 0.030.002°
Lutein 0.11+0.007 0.10+£0.04™° 0.10£0.02"° 0.08+0.007™° 0.060.004° 0.01040.04™° 0.10+0.04™°

NS: not significant, *P<0.05, "P<0.01, “P<0.001 vs each group.

P<0.001

60 55
50
o 40 <005 P<0.01 P<0.05
& 30- P<0.05 P<0.01 27
S au BB 5
2 201
&
10 1 5,56
0 ’—‘

Healthy Esophageal Gastric Liver Pancreas Colorectal In situ
c.c

n 600 8 21 15 10 44 9

Figure 1 Prevalence of Leiden mutation in patients with different gastrointestinal
tumors. The number in abscissa indicates the number of patients (600 healthy
blood donors used as control).

samples to that of canthaxanthin was employed as a
correction factor of the detector signals. The results were
given in umol/L, and expressed as meantSE.

Determination of Leiden mutation

Leiden mutation was detected by polymerase-chain
reaction (PCR)"?. The DNA was isolated from 3 mL
EDTA blood.

Statistical analysis

The changes in serum levels of retinoids were detected
by the method of ANOVA. The prevalence of Leiden
mutation was statistically analyzed by ){2 test. P<0.05 (in
the changes of serum retinoids and prevalence of Leiden
mutation) was considered statistically significant.

RESULTS

The serum levels of vitamin A were decreased in all
groups of patients with esophageal, gastric, hepatocellular
and colorectal cancer meanwhile its level remained normal
in patients with pancreatic cancer. The serum levels of -
and B-carotene, as provitamins of vitamin A, were normal
in different groups of patients with GI cancer. Zeaxanthin
level (without presence of any vitamin A property)
was decreased significantly in patients with esophageal,
gastric, hepatocellular, pancreatic, and colorectal cancer.
No changes were obtained in the serum levels of «- and
B-cryptoxanthin and lutein in the studied cancer patients
(Table 2).

Prevalence of Leiden mutation accounted for 5.56% in

600 healthy blood donors, which was significantly higher
in patients with esophageal (P<0.05), gastric (P<0.01), liver
(P<0.01), pancreatic (P<0.05), colorectal (P<0.001) cancer.
The higher prevalence of Leiden mutation (55%) was
found 7n sitn colorectal cancer (P<0.001, Figures 1 and 2).

DISCUSSION

Retinoids are chemical compounds of color materials
from plants. Increased intake of plant foods can prevent
different types of GI cancer. We studied the possible role
of different retinoids (vitamin A, a- and B-carotene, a-
and B-cryptoxanthin, zeaxanthin, and lutein) in patients
with different GI cancer based on previous studies” ",
The location of GI tumor differed in organs (esophagus,
stomach, pancreas, liver, and colon), suggesting
that different etiological factors are involved in the
development of different GI cancer (Barrett’s esophageal
metaplasia, chronic atrophic gastritis, viral infection in
liver, chronic inflammatory bowel disease) in our everyday
medical practice.

The serum levels of vitamin A and zeaxanthin were
decreased significantly in all groups of GI cancer patients
(not in patients with pancreatic cancer). Surprisingly the
serum levels of provitamins were normal in patients
with different GI tumor. These results indicate that
transformation of provitamins into vitamin A is impaired
by some factors at the level of liver, suggesting that the
liver plays a key role in the development of tumor. Similar
changes were observed in the serum levels of retinoids in
patients with hepatocellular cancer, which offers a further
proof for this hypothesis.

It is also interesting to evaluate the possible correlation
between the terminal chemical structure, vitamin A
activity and GI mucosal protection. Our results have
clearly proved that there is no close correlation between
the terminal chemical structure, vitamin A activity and GI
mucosal protection (Table 3).

Similar results have been obtained in animal
experiments'™* Y (Table 4). At present, no information is
available on the correlation between the serum and tissue
levels of retinoids in patients with different GI tumor.
These observations cannot be done due to the obligatory
necessity of histological evaluation of tumor tissues.

In animal experiments, §-carotene has been found
in gastric mucosa of indomethacin-treated rats after
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Figure 2 Correlation between the prevalence of Leiden mutation and serum level of vitamin A (A) and zeaxanthin (B) as well as between serum levels of vitamin A and
zeaxanthin (C) in patients with different GI tumors. n indicates the number (in parenthesis) of examined patients.

Table 3 Changes of serum level of retinoids in patients with different gastrointestinal cancer

Esophageal cancer Gastric cancer

Hepatocellular cancer

Pancreatic cancer Colorectal cancer In situ colon cancer

Patients 8 21

Vitamin A W W
a-Carotene NS NS
B-Carotene NS NS
a-Cryptoxantin NS NS
B-Cryptoxantin NS NS
Zeaxantin L L

Lutein NS NS

15 10 14 9

AARE NS L LWL
NS NS NS NS
NS NS NS NS
NS NS NS NS
NS NS NS NS
WL LI L L
NS Ll NS NS

P values: between healthy controls vs each group; |=P<0.05 || =P<0.01 ||| =P<0.01.

Table 4 Correlation between gastric cytoprotective effects of
retinoids, their chemical structure and vitamin A activity in rats

Retinoids Terminal chemical Vitamin A Gastric mucosal
structure activity prevention

Vitamin A R=a Yes Yes
B-Carotene X=Y=a Yes Yes
B-Cryptoxanthin X=aY=b Yes Yes
Zeaxanthin X=Y=b None Yes
Lutein X=b,Y=c None Yes
Capsorubin X=Y=d None None
Capsanthin X=b,Y=d None None
Capsanthol X=b Y=e None None
Lycopene X=Y=f None None

acute surgical Vagatomylzs’%], however no gastric mucosal
protection is found, indicating that intact vagal nerve is
necessary for the development of B-carotene-induced
gastric cytoprotection™. The mechanism of retinoids
is very complex. Our carlier observations indicate that
the GI mucosal protective effect of retinoids depends
on intact vagal nerve and adrenals as well as on gastric
mucosal biochemical changes (retinoids produce a dose-
dependent inhibition on the extent of ATP-transformation
into ADP in association with a simultaneous increase in
the transformation of ATP into cAMP), intact function of
sulfhydryl groups and scavenger properties[g’w'zg].
Retinoid-induced GI mucosal protection does not
depend on the inhibition of gastric acid secretory
responses, vitamin A activity, number of unsaturated
double bonds, presence of a characteristic chemical
structure of their terminal components and modification

of vascular permeability[zm. These results clearly indicate
that the beneficial effect of retinoids is much more
complex than that of their scavengers. The results of
biochemical observations suggest that different cAMP-
dependent cellular regulatory mechanisms exist (including
the functions of retinoid receptors, gene expressions) 2,

The involvement of vascular events is suggested in the
development of different acute inflammatory processes
in the GI tract™. That is the reason why we studied the
potential role of Leiden mutation in acute and chronic
gastrointestinal inflammatory processes (Helicobacter pylori-
induced gastritis, viral hepatitis, Crohn’s disease, ulcerative
colitis). The prevalence of Leiden mutation increased
in chronic inflammatory bowel diseases, but no changes
were obtained in gastritis and hepatitis. The prevalence of
Leiden mutation was also significantly higher in patients
with esophageal, gastric, hepatocellular, pancreatic,
and colorectal cancer. These results indicate that only
the increased prevalence of Leiden mutation does
not take place directly in the tumor genesis of human
GI cancer. We compared the different results in the
examined parameters in patients with acute and chronic
gastrointestinal inflammatory diseases, and found a time-
sequence process between the inflammatory diseases
and GI cancer in patients, suggesting that retinoids play
a key role in the development of precancerous state to
cancerous state™**",

In conclusion, the prevalence of Leiden mutation is
significantly correlated with decrease in serum levels of
vitamin A and zeaxanthin, suggesting that retinoids play a
role in the human GI tumor genesis.
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Abstract

AIM: Pathological prion protein (PrP*) is responsible
for the development of transmissible spongiform
encephalopathies (TSE). While PrPc enters the organism
via the oral route, less data is available to know about
its uptake and the role of gastrointestinal inflammation
on the expression of prion precursor PrPc, which is
constitutively expressed in the gastric mucosa.

METHODS: We studied PrPc expression in the gastric
mucosa of 10 Helicobacter pylori-positive patients before
and after successful # pylori eradication compared to
non-infected controls using RT-PCR and Western blotting.
The effect of central mediators of gastric inflammation,
i.e., gastrin, prostaglandin E2 (PGE2), tumor necrosis fac-
tor alpha (TNF-a) and interleukin 1 beta (IL-1B) on PrPc
expression was analyzed in gastric cell lines.

RESULTS: PrPc expression was increased in A pylori-
infection compared with non-infected controls and de-
creased to normal after successful eradication. Gastrin,
PGE:, and IL-1B dose-dependently upregulated PrPc in
gastric cells, while TNF-a had no effect.

CONCLUSION: H pylori infection leads to the upregula-
tion of gastric PrPc expression. This can be linked to #
pylori induced hypergastrinemia and increased mucosal
PGE:2 and IL-1B synthesis. # pylori creates a milieu for
enhanced propagation of prions in the gastrointestinal
tract.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Transmissible spongiform encephalopathies (TSE) are
fatal neurodegenerative diseases affecting both animals and
human beings"’. They are characterized by typical cerebral
histopathological findings such as amyloid deposition,
neuronal loss, and spongiform changes. The prion protein
(PrP) can exist in the normal cellular form (PrPc) or in an
“infectious” form (PrP*) that causes disease by converting
apathogenic PrPcinto pathogenic PP, Previous
studies have demonstrated that PrPc is required for prion
infection propagation and infectivity has been suggested
to be a consequence of conformational modification
of PrPc by the infectious PrP*. Experiment on animals
shows that animals lacking the PrPc gene are not able to
propagate prion infectivity and are not able to develop
the disease”. Both the prion isoforms differ dramatically
in their physicochemical properties. Whereas PrPcis
soluble and easily digested by proteinase K, PrP* is rich in
B-sheet structure, aggregates into fibrils, and is resistant to
proteinase K.

The main entry for prions is the gastrointestinal tract.
Recent animal studies have shown that after oral exposure
to pathogenic prions, PrP* accumulates in gut lymphoid
tissues or in the enteric nervous system prior to its
appearance in the central nervous system™. Tt has been
postulated that prions then propagate from the enteric
nervous system along the nerve pathways to ventral and
dorsal root ganglia and further through the spinal cord
into the brain cortex*".

However, the mechanisms of propagation of prions
from the gut lumen, before they reach intestinal lymph
follicles or the enteric nervous system remain unexplained.
Recently, the 67-ku laminin, binding protein, which can act
as a PrP™ receptor was demonstrated on small intestinal
epithelial cells"™”", suggesting that individuals with a high
expression of this receptor could be at greater risk of
developing TSE after oral challenge with PtP*. There is
also evidence of transepithelial transport of pathogenic
prions via intestinal M cells to adjacent lymph follicles
(Peyer’s patches) " However, it is unknown if and how far
gastrointestinal inflammation may influence PrPc expression
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and thus potentially PrP* propagation in the GI tract.

MATERIALS AND METHODS

Patients

Ten H pylori positive patients with non-ulcer dyspepsia
(mean age 47 years, range 20-79 years) were included in
this study. All patients underwent upper gastrointestinal
endoscopy during which four biopsies from the
antrum and corpus were obtained. Patients with
H pylori gastritis were graded according to the updated
Sydney classification'". All patients underwent a second
endoscopy 4 wk after completing successful eradication
therapy consisting of clarithromycine 500 mg twice
daily, amoxicillin 1 000 mg twice daily and omeprazole
40 mg twice daily for 1 wk. H pylori was considered to be
successfully eradicated, if histology was normal and silver
stainable organisms were not detected anymore in the
follow-up endoscopy, during which again four biopsies
from the antrum and corpus were obtained.

Cell culture

MKN45 and KATO III cell lines were obtained from the
American Type Culture Collection. Cells were cultured in
RPMI medium containing 10% of fetal calf serum (FCS),
2 mmol/L L-glutamine and antibiotics (1% penicillin-
streptomycin, 0.5% gentamycin) at 37 C in a watet-
saturated atmosphere of 95% air and 50 mL/L COs.
Subconfluent MKN45 cells were incubated in RPMI
without FCS and antibiotics for 24 h. Following serum
starvation, cells were exposed to the increasing amounts
of gastrin (Clinalfa, Switzerland, C-210), prostaglandin
E2 (PGE2), interleukin 1 beta (IL-18) or tumor necrosis
factor alpha (TNF-o) (all from Calbiochem, Bad Soden,
Germany).

Extraction of mRNA and RT-PCR analysis

Total RNA was extracted from biopsy specimens and
cultured cells using TRIzol reagent (Gibco, Karlsruhe,
Germany). Single stranded cDNA was generated from
5 ug RNA using Moloney murine leukemia virus reverse
transcriptase (MMLV-RT) and oligo-(dT)-primers (both
Stratagene, Heidelberg, Germany). Briefly, 5 pg of total
RNA was uncoiled by heating (65 ‘C for 5 min) and then
reverse transcribed (37 ‘C for 1 h) into complementary
DNA (cDNA) in a 50 pl. reaction mixture that contained
50 U MMLV-RT, 0.3 pg oligo-(dT)-primer, 40 U RNase
Block Ribonuclease Inhibitor, 2 ul. of a 100 mmol/L
mixture of dNTPs, and 5 pL. of buffer (10 mmol/L Tris-
HCI, 50 mmol/L KCI, 5 mmol/L MgClz, pH 8.3). The
resultant cDNA (2 ul)) was amplified in a 50 pL reaction
volume containing 2 U Taq polymerase, dNTP (200
umol/L each), 1.5 mmol/L MgCl,, 5 ul. 10X PCR buffer
(50 mmol/L KCl, 10 mmol/L Tris-HCI, pH 8.3) and
specific primers at a final concentration of 1 mmol/L
(all reagents from Takara, Shiga, Japan). Reactions were
carried out at the following conditions: denaturation at
94 °C for 45 s, annealing at 60 °C (for GAPDH) and
67 C (for PrPc) for 45 s and extension at 72 “C for 2 min.

Polymerase chain reaction (PCR) products were detected
by electrophoresis on a 1.5% agarose gel containing
ethidium bromide. Product size was confirmed by using
a 100-bp ladder (Takara, Shiga, Japan) as standard. The
gel was photographed under UV transillumination and
the intensity of PCR products were measured using a
video image analysis system (Kodak Digital Science).
The signal for PrPc mRNAs was standardized against
that of the GAPDH mRNA from each sample and
the results were expressed as PrPc/GAPDH mRNA
ratio. The following PCR primers were used based on
published sequences: PrPc (sense) 5°- GGCAGTG
ACTATGAGGACCGTTAC-3"; PrPc (antisense) 5-GG
CTTGACCAGCATCTCAGGTCTA-3"; GAPDH (sense)
5"-GTCTTCACCACCATGGAGAAGGCT-3"; GAPDH
(antisense) 5-CATGCCAGTGAGCTTCCCGTTCA-3".
Expected product lengths were 528 bp for PrPc and 392
bp for GAPDH. All primer sequences wete based on the
sequences of the published cDNAs"" and synthesized by
GIBCO BRL/Life Technologies (Eggenstein, Germany).

Real-time RT-PCR

PrPc transcript levels were quantified by real-time RT-
PCR. Using the Primer Express software (Perkin Elmer,
Tokyo, Japan) TagMan probe and primer set wete
designed based on published sequences of human PrPc
(GenBank accession no.: GI 11079225); PrPc sense (5°
-CGCGAGCTTCTCCTCTCCTC-3"), PrPc antisense (57
-GCCCAGGTCACTCCATGT-3") and beta-2-microglobulin
(B2M, GenBank accession no.: XM_007650), B2M sense 5
"“TGACTTTGT-CACAGCCCAAGATA-3", f2M antisense
primer 5-AATCCA-AATGCGGCATCTTC-3". Probes for PrPc
(5"-TCGCCATAA-TGACTGCTCTGCCTCGGT-3") and 2M
(5-TGATGCTG-CTTACAT GTCTCGATCCCA-3") were
synthesized and labeled with a reporter dye (FAM) at the
5" end and quencher dye (TAMRA) at the 3"-end at MWG
Biotech AG (Ebersberg, Germany). For normalization
of differences in RNA amounts and efficiencies in the
reverse transcription reactions, the housekeeping gene
B2M was amplified under the same conditions as PrPc.
Real-time RT-PCR was performed on a LightCycler
(Roche, Mannheim, Germany) in a reaction volume
of 15 pL using the LightCycler FastStart DNA Master
Hybridization Probes Kit (Roche Molecular Biochemicals,
Mannheim, Germany). The reaction mix included
FastStart Taq DNA-Polymerase, dNTP-mix, reaction
buffer, MgClz (3.0 mmol/L), primers (2 umol/L of each)
and probe (0.5 umol/L). After pippeting 13.5 uL. of this
mixture into LC-capillaries and 1.5 uL. template cDNA
was added. The capillaries were sealed and placed into
the thermal chamber of the LightCycler. Samples were
amplified with a pre-cycling step at 95 ‘C for 10 min,
followed by 40 cycles of denaturation at 95 C for 10 s,
annealing at 60 ‘C for 15 s and extension at 72 C for 6 s.

Immunoblot

MKNA45 cells were incubated with Gastrin 1-1 000
nmol/L, PGE:z 1-100 nmol/L, TNF-« 1-10 ng/mL or IL-
18 1-10 ng/mlL) for 24 h. Cells wete collected, washed
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Figure 1 A: Representative RT-PCR and densitometric analysis showing PrPc mRNA expression in the gastric mucosa colonized with H pylori before and after successful
eradication therapy (n = 10). Data are expressed as means & SE. °P<0.05 vs the control group, “P<0.05 vs the expression before eradication therapy; B: Representative
immunoblot analysis showing PrPc protein expression in the gastric mucosa colonized with H pylori before and after successful eradication therapy.

twice with PBS, and lysed in 0.4 mL of lysis buffer (0.06
mol/L Tris-HCI, pH 6.8, 10% glycerol, 2% SDS, 5% beta-
mercaptoethanol, 0.0025% bromophenol blue). DNA
was sheared by a needle, the solution heated at 95 C
for 5 min and centrifuged at 15 000 g for 2 min at 4 C.
Twenty-five micrograms of the total protein was loaded
on SDS-polyacrylamide gel, run at 40 mA and transferred
to nitrocellulose (Protran, Schleicher&Schuell, Germany)
by electroblotting. Filters were blocked with 3% bovine
serum albumin (BSA, Sigma Aldrich, Germany) in TBS/
Tween-20 buffer (137 mmol NaCl, 20 mmol Tris-HCl, pH
7.4, 0.1% Tween-20) before incubation with antibodies
against PrPc (mouse monoclonal anti-PrP antibody 6H4,
1:2 000 dilution; Prionics, Switzerland), or B-actin (mouse
monoclonal, dilution 1:5 000; Sigma Aldrich, Germany),
followed by horseradish peroxidase-conjugated anti-mouse
or anti-rabbit-IgG secondary antibody (dilution 1:20.000;
Promega, WI, USA) dissolved in 1% non-fat milk in
TBS/Tween-20. Immune complexes were detected by
the SuperSignal West Pico Chemiluminescent Kit (Pierce,
USA) and exposed to an X-ray film (Kodak, Wiesbaden,
Germany).

Statistical analysis
Statistical analysis was performed using the Mann-Whitney
Wilcoxon's test. The level of significance was set at P<0.05.

RESULTS

Analysis of gastric biopsy samples obtained endoscopically
from patients infected with H pylori, which is found in ap-

proximately 50% of the world’s populationm and which
causes gastric inflammation and ulceration"” demonstrated
highly increased PrPc expression compared to uninfected
controls. After treatment with antibiotics which usually
lead to H pylori eradication, PrPc mRNA and protein ex-
pression decreased to control levels (Figures 1A and B).
Using RT-PCR and immunoblotting we demonstrated
the expression of PrPc mRNA and protein in two differ-
ent gastric cell lines (MKIN45 and KATO III) (Figure 2).
In order to assess possible mechanisms responsible for the
upregulation of PrPc during chronic H pylori gastritis, we
analyzed the effect of increasing doses of key physiological
modulators of the gastric mucosa on PrPc expression in
these gastric cell lines. These modulators included gastrin
ypergastrinemia is a hallmark of chronic H pylori infec-
tion"™"), PGE: chronic H pylori infection is accompanied
by an increased mucosal production of PGE2"", and the
pro-inflammatory cytokines TNF-a and 11.-18, which are
implicated as key promoters of H pylori-induced gastritis
and ulceration. When exposed to gastrin, cellular PrPc ex-
pression increased in a dose-dependent manner, reaching
a peak value of 100 nmol/L (Figure 3A). Similarly, PGE2
induced maximal PrPc mRNA and protein expression at
10 umol/L (Figure 3B). While IL-1f increased PrPc ex-
pression in a dose-dependent manner at the mRNA and
protein level (Figures 3C and D), TNF-a showed no effect
(Figure 3E).

DISCUSSION

Considering the importance of the human gastrointestinal
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tract for the propagation of prions from the gut to the
central nervous system, we analyzed the expression of
PrPc in human beings with H pylori infection (determined
by histology) before and after eradication therapy. This
study provides the first iz vitro and in vivo evidence that H
pylori infection is accompanied by a dramatic upregulation
of PrPc expression in the gastric mucosa. The physiologi-
cal importance of the observed PrPc overexpression in H
pylori infected gastric mucosa remains elusive. However,
multiple physiological functions of PrPc were identified
only recently. Thus, PrPc is involved in signal transduction,
from the extracellular space to cells, participates in intra-
cellular signaling and regulation of cell survival, protects
against oxidative stress, and interacts preferentially with
some of the heat—shock—proteins“9’20]. Therefore, the main
role of increased PrPc expression in the stomach appears
to be the protection of the gastric mucosa against oxida-
tive stress induced, for example by chronic H pylori infec-
tion”, This assumption is further supported by a previous
study demonstrating that PrPc upregulates antioxidant
enzyme activities™. Another possible role of PrPc in the
gastric mucosa could be the modulation of apoptosis
induced by H pylori™, since PrPc was shown to protect
cells against Bax-mediated cell death®!. But this issue
remains controversial, as other investigators demonstrated
that PrPc may sensitize cells to apoptosis[

tion could be the preferential use of various neuronal cell
]

%271 An explana-
lines™ in vitro which necessitates further i vitro and in vivo
studies on modulation of apoptosis gastric epithelial cells
by PrPc.

In the present study, using quantitative RT-PCR and
Western blot analysis we demonstrated an increased PrPc
expression in the H pylori infected mucosa which signifi-
cantly decreased after a successful eradication therapy. The
mechanisms behind this phenomenon appears to be linked
to the hypergastrinemia observed during H pylori infection
which is supported by our 7z vitro data showing a dose-
dependent increase in PrPc expression in gastric epithelial
MKN45 cells after incubation with gastrin. According to
previous studies, this finding shows that PrPc expression
may be modulated by different growth factors™".

Since H pylori infection is associated with an increased
generation of prostaglandins in the gastric mucosa'”, we
analyzed the effect of prostaglandin PGE: on PrPc expres-
sion in MKIN45 cells. At the protein level, we observed
a dose-dependent increase in PrPc expression which
reached its maximum at the physiological concentration of
10 umol/L. This could represent another mechanism by
which the H pylori-induced inflammatory response triggers
protective mechanisms in the gastric mucosa.

According to previous studies, chronic infection with H
pylori is accompanied by a significantly increased generation
of pro-inflammatory cytokines, especially IL-18 and
TNF-o, in the gastric mucosa. Thus, both cytokines could
be responsible for the upregulation of PrPc in the gastric
mucosa colonized by H pylori. Hete we have demonstrated
a significant dose-dependent increase of PrPc expression
in MKN45 cells incubated with IL-13, while in contrast,

TNF-o showed no effect. We did not further analyze the
difference in the action of these two cytokines, but it has
been shown by others that these two cytokines evoke
different signaling cascades in gastric epithelial cells”,

Gastrin, I1L-1B and prostaglandins are not the sole
candidates for stimulation of PrPc expression in H pylori
infected gastric mucosa. Although not investigated in
this study, heat shock proteins could represent additional
important factors responsible for the upregulation of
PrPc. Previous studies demonstrated that exposure of the
gastric mucosa to H pylori lipopolysaccharide leads to a
strong upregulation of heat shock proteins which could
in turn stimulate the PrPc expression in gastric epithelial
cells?. In a previous study, it was found that cellular
stress upregulates PrPc expression through its interaction
with the heat shock elements (HSE) on the PrPc gene
promoterm. Together these findings suggest a regulation
of PrPc expression by heat shock proteins. All these
findings demonstrate the complexicity of the regulation
PrPc expression and underscore the need to further
analyze the precise link between H pylori infection and
PrPc expression.

In conclusion, our results indicate that (1) H pylori
infection is accompanied by a dramatic upregulation of
PrPc expression in the gastric mucosa; (2) this is linked
to H pylori-induced hypergastrinemia, increased mucosal
prostaglandin synthesis and enhanced mucosal generation
of IL-18; (3) Thus, H pylori infection may promote
uptake and propagation of alimentary prions from the
gastrointestinal tract by upregulation of PrPc expression.
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Abstract

AIM: To define the prevalence of gastroesophageal
reflux disease (GERD) in mild persistent asthma and to
value the effect of pantoprazole therapy on asthmatic
symptoms.

METHODS: Seven of thirty-four asthmatic patients
without GERD served as the non-GERD control group.
Twenty-seven of thirty-four asthmatic patients had GERD
(7/27 also had erosive esophagitis, sixteen of them
presented GERD symptoms. An upper gastrointestinal
endoscopy was performed in all the subjects to
obtain five biopsy specimens from the lower 5 cm
of the esophagus. Patients were considered to have
GERD when they had a dilation of intercellular space
(DIS)>0.74 pm at transmission electron microscopy.
Patients with GERD were treated with pantoprazole,
80 mg/day. Forced expiratory volume in one second
(FEV1) was performed at entry and after 6 mo of
treatment. Asthmatic symptoms were recorded. The
required frequency of inhaling rapid acting B2-agonists
was self-recorded in the patients’ diaries.

RESULTS: Seven symptomatic patients presented
erosive esophagitis. Among the 18 asymptomatic
patients, 11 presented DIS, while all symptomatic
patients showed ultrastructural esophageal damage.
Seven asymptomatic patients did not present DIS. At
entry the mean of FEV: was 1.91 L in symptomatic GERD
patients and 1.88 L in asymptomatic GERD patients.
After the treatment, 25 patients had a complete
recovery of DIS and reflux symptoms. Twenty-three
patients presented a regression of asthmatic symptoms
with normalization of FEV1. Four patients reported a
significant improvement of symptoms and their FEV1
was over 80%.

CONCLUSION: GERD is a highly prevalent condition in
asthma patients. Treatment with pantoprazole (80 mg/day)

determines their improvement and complete regression.
© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

The association of asthma with GERD has attracted
particular attention because about half of the patients
with asthma also have GERD" ™. Mechanisms by which
esophageal reflux triggers asthma include acid aspiration,
direct acid stimulation of the esophagus, or stimulation
of vagal nerves which heightens bronchial responsiveness
to extrinsic allergens. Clinicians are advised to treat
GERD to improve and control asthma''l, Endoscopic
findings of the esophageal erosions (ERD) confirm the
diagnosis of GERD. However, absence of macroscopic
signs of damage does not rule out an endoscopy negative
esophagitis (NERD) that may also be associated with
asthma'’. Recently, we have shown the presence of a
highly sensitive and specific marker of damage, the dilation
of intercellular spaces (DIS) in GERD with or without
erosions, which permits us to define NERD with a strong
accuracy”.

The prevalence of GERD and effects of proton pump
inhibitor (PPI) treatment on the decors of asthma are still
uncertain and results obtained are often conflicting®”. Bias
in the selection of asthma patients or during PPI treatment
and absence of highly sensitive parameters of morphology
to define the presence of esophageal mucosa damage, may
affect the reported results of studies. Moreover, several
studies have a non-randomized poor quality design which
leads to a further potential error on definition of treatment
effects™

For this reason, the aim of the present study was to
define the prevalence of GERD in patients with mild
persistent intrinsic asthma and to estimate the effect of
pantoprazole in relation with GERD, asthmatic symptoms
and respiratory function in this subset of patients.
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Table 1 Demographic data of 34 asthmatic patients with or without
GERD symptoms

Table 2 Comparison of background characteristics of asthmatic
patients with GERD and controls

Symptomatic Asymptomatic GERD Controls t-Test
GERD Non-GERD (27) (7)

Number 16 11 7 Age (yrs) (mean+SD) 35.59+8.67 36.14+8.76 NS
Male/female 6/10 5/6 4/3 Male/ female 11/16 4/3 NS
ERD 7 0 0 QUEST score 8.844.5 0.12+0.8 P<0.0001
NERD 9 11 7 Erosive esophagitis 7 (4B, 2C, 1D) 0 P<0.05
Age (mean£SD) (yrs) 33.75+10 38.27+5.68 36.14+8.76 DIS (mean%SD) (um) 2.09+0.24 0.5£0.08 P<0.001
DIS (mean+SD) (um) 2.105+0.262 2.08+0.24 0.5+0.08 FEV1 (L) 1.91+0.045 1.88+0.02 NS
FEV1 (mean+SD) (L) 1.87+0.05 1.95+0.04 1.88+0.02

MATERIALS AND METHODS

Among the 301 asthma patients, 34 consecutive asthma
patients with intrinsic, mild persistent asthma''” were
enrolled and their diagnosis was made according to the
diagnostic criteria recommended by American Thoracic
Society (ATS). Patients were excluded if they had any
of the following: past or present smoker, unequivocally
extrinsic and/or occupational asthma, acids suppression
therapy within 4 wk prior to recruitment, previous
gastroesophageal surgery, professional voice users,
previous glottal surgery or radiotherapy or malignancy,
immune suppression therapy, age above 50 years.

For evaluation of ventilation function, FEV1 was
performed using the Jaeger Masterlab spirometer based on
the guidelines of ATS"". Symptoms were recorded in each
patient to rate the frequency and severity of asthmatic
episodes. Symptom severity was rated on a scale of 0 (none)
to 6 (severe). The required frequency of inhaling rapid
acting B2-agonists was self-recorded in the patients’ diaries.
All the patients did not use systemic bronchodilators or
corticosteroids.

For the diagnosis of GERD, the patients underwent
gastrointestinal endoscopic (GE) examination and
interviews according to the QUEST questionnaire[“].
Reflux esophagitis was graded according to the Los
Angeles classification "\ During endoscopy, five biopsy
specimens were taken from the lower 5 cm of esophagus
for ultrastructural evaluation. At transmission electron
microscopy (TEM), ultrastructural signs of mucosal
damage were considered to be the DIS>0.74 um". To
obtain this measure, 10 photomicrographs of biopsy
specimens of the supra-basal layer of the esophageal
mucosa from each patient were taken. At least 10
randomly selected perpendicular trans-sections to adjacent
membranes were drawn and measured in each image for
a total of 100 measurements in each case. Measurements
obtained were used to calculate the mean DIS score.

The endoscopists, pneumologists and pathologists
were unaware of the clinical history of the patients. Data
were collected separately by another physician (DZ) who
assigned patients to different groups and established the
therapy. Symptomatic and asymptomatic patients with or
without endoscopic signs, were considered to have GERD
when they had ultrastructural evidence of esophageal
damage. Patients so defined with GERD were treated with
pantoprazole, 80 mg once daily for 6 mo. After 6 mo, a
new endoscopy with biopsies was performed and DIS was

evaluated. Improvements in GERD symptoms according
to the QUEST questionnaire were recorded. FEV1 was
valued.

Asthma patients without GERD were followed up
for 6 mo and the use of anti-asthmatic treatment (inhaled
glucocorticosteroid 200-1 000 pg BDP or rapid acting [32-
agonists) and symptoms were recorded. We considered
them as the control group for the evaluation of asthmatic
symptoms, respiratory function and drug assumption with
time.

The study was conducted in accordance with the
guidelines of the Declaration of Helsinki. The local
research ethical committee approved the study protocol
in 2002. The objective of the study was explained to each
patient and written informed consent was obtained from
each one.

For statistical analysis, one-way analysis of variance,
paired and unpaired # test were performed. The results
of the treatment were compared by ;(2 test or Fishet’
s exact test. All statistical analyses were two-tailed. Data
were analyzed with SPSS software. P<0.05 was considered
statistically significant.

RESULTS

Among the 34 patients evaluated, 16 presented GERD
symptoms (heartburn and/or acid regurgitation) and
18 were asymptomatic for reflux disease. At endoscopy,
all asymptomatic subjects had no macroscopic signs
of esophagitis. Seven symptomatic patients (43.75%)
presented erosive esophagitis (ERD).

Among the 18 asymptomatic patients, 11 (61%)
presented DIS, while all symptomatic patients showed
ultrastructural esophageal damage. Seven asymptomatic
patients (38.9%) did not present DIS (Table 1). At entry
the mean of FEV1 was 1.91 L in symptomatic GERD
patients and 1.88 L in asymptomatic GERD patients. The
two groups at baseline were not significantly different (P =
NS) (Table 2).

All the 27 patients with GERD (79.4%) completed the
study. They were treated for 6 mo with pantoprazole. At
the end of this period erosive esophagitis was healed in
seven patients with ERD. Among the 25 patients (92.6%),
6 with ERD and 19 with NERD, had a complete recovery
of DIS and reflux symptoms (Table 3 and Figure 1A).

Twenty-three patients (85.18%) presented a regression
of asthmatic symptoms (Table 4 and Figure 1B), including
nocturnal asthma and FEV1 (2.75 L, P<0.01), but there
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Table 3 Effect of treatment on dilation of intercellular space (DIS) in
25 responders to pantoprazole (mean+SD)

Value (pm) t-Test
Baseline 2.105+0.261
Symptomatic P<0.001
After therapy  0.592+0.194
Baseline 2.081+0.242
Asymptomatic P<0.001
After therapy  0.517+0.072

Table 4 Effect of therapy on asthma symptom score in GERD
patients (meantSD)

Baseline After therapy t-test
GERD 4.37£0.97 0.33+0.83 P<0.001
Patients
Controls 4.57+0.79 4.14+0.38 P=NS

was no statistical difference in respiratory parameters
between patients with ERD and those with NERD. After
3 wk of treatment no more asthmatic symptoms occurred
and no inhaler was needed.

Four patients (14.8%) reported a significant
improvement in symptoms, including dyspnea, cough,
wheeze, and expectoration with a significant reduction in
the consumption of inhalers and FEV1 over 80%.

DISCUSSION

Physicians mostly focus on the effects induced by
gastroesophageal reflux into the esophagus. The anatomic
proximity of the esophagus to the respiratory tract in some
patients also leads to his involvement. Thus, the spectrum
of symptoms of GERD includes also respiratory
complications like chronic cough, laryngeal disorders,
chest pain, and asthma. In this contest, GERD gains an
additional fraction of significance and has been reported
to occur in 30-89% of asthma patientsmli’w].

Treatment with PPI can relieve the symptoms of
GERD in up to 90% of patients. It has been tempted to
investigate if treatment of GERD with PPI could improve
also the respiratory symptoms of asthma patients'"”.

It seems obvious that to achieve improvement in
asthma symptoms and lung function, the treatment needs
to be effective in controlling reflux as well as reducing
acidity. However, this has been only objectively confirmed
in few studies using high doses of omeprazolem]. An
optimal study design would establish if the esophageal
damage is adequately treated as a prerequisite to assess the
effects on asthma.

In this study, we analyzed the esophageal specimens
from 31 consecutive asthmatic patients, 16 of them were
symptomatic for GERD. We found that all symptomatic
patients presented an ultrastructural pattern of damage
and 73% of asymptomatic GERD patients had esophageal
signs of ultrastructural damage, suggesting that GERD is a
highly prevalent condition even in asymptomatic patients.
Acid stress might initiate or exacerbate asthma in this
contest. Electron microscopy is able to find out esophageal
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2.0

1.5

ICS (um)

1.0+

0.5

0.0
Baseline After treatment

[] Baseline
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Mean asthma score
w
Il

0 I
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Figure 1 Effect of pantoprazole treatment on dilation of DIS (A) and asthma
symptom scores (B) in GERD patients. The dashed line in Figure 1A corresponds
to the mean score of DIS; its cut-off (0.74 um) represents the presence of
damage. Graphic is based on the data analyzed as mean value.

damage, especially in asymptomatic patients with NERD.

All patients with GERD so defined in our study were
treated with a high dosage of pantoprazole for 6 mo. We
observed that 93% of patients recovered DIS, 85% of
them presented a regression of asthmatic symptoms with
normalization of FEV1, with no statistical difference in
respiratory parameters between patients with ERD or
NERD. Other patients improved markedly their symptoms
and pulmonary function but sporadically presented
asthmatic episodes.

We believe that the strong efficacy of PPI treatment
in these patients is related to the characteristics of the
carefully defined population. The young age of subjects
and the mild-moderate asthma let us suppose the existence
of an early “action” of treatment before the chronicity of
the illness or the worsening to a severe status of asthma.
In other words, PPI can suppress or delay the potential
development of pulmonary tissue injury.

In conclusion, GERD-related asthma complications are
highly prevalent in patients with mild-moderate intrinsic
asthma. Treatment with pantoprazole (80 mg once daily
for 6 mo) determines the improvement and complete
regression of asthmatic symptoms and respiratory
function in most patients.
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Abstract

AIM: To evaluate the phagocytic activity and neutrophil
oxidative burst in liver cirrhosis.

METHODS: In 45 patients with advanced postalcoholic
liver cirrhosis (aged 45+14 years) and in 25 healthy
volunteers (aged 38+5 years), the percentage of
phagocytizing cells after /7 vitro incubation with £ coli
(Phagotest Kit), phagocytic activity (mean intensity of
fluorescence, MIF) and the percentage of neutrophil
oxidative burst (Bursttest Kit), and the level of free
oxygen radical production (MIF of Rodamine 123)
were analyzed by flow cytometry. The levels of soluble
sICAM-1, sVCAM-1, sP-selectin, sE-selectin, sL-selectin,
and TNF-a were determined in blood serum.

RESULTS: The percentage of £. co/i phagocytizing neu-
trophils in liver cirrhosis patients was comparable to that
in healthy subjects. MIF of neutrophil - ingested £. coli
was higher in patients with liver cirrhosis. The oxidative
burst in £ coli phagocytizing neutrophils generated less
amount of active oxygen compounds in liver cirrhosis pa-
tients (MIF of R123: 24.7+7.1 and 29.746.6 in healthy,
P<0.01). Phorbol myristate acetate (PMA) - stimulated
neutrophilsproduced less reactive oxidants in liver cirrho-
sis patients than in healthy subjects (MIF of R123: 42.7+
14.6 vs 50.2+13.3, P<0.01). A negative correlation was
observed between oxidative burst MIF of PMA-stimulated
neutrophils and ALT and AST levels (r -0.35, P<0.05;
r-0.4, P<0.03). sVCAM-1, sICAM-1, sE-selectin concen-
trations correlated negatively with the oxygen free radi-
cal production (MIF of R123) in neutrophils after PMA
stimulation in liver cirrhosis patients (r-0.45, £<0.05;
r-0.41, P<0.05; r-0.39, P<0.05, respectively).

CONCLUSION: Neutrophil metabolic activity diminishes
together with the intensification of liver failure. The
metabolic potential of phagocytizing neutrophils is
significantly lower in liver cirrhosis patients, which can be
one of the causes of immune mechanism damage. The
evaluation of oxygen metabolism of £. co//-stimulated
neutrophils reveals that the amount of released oxygen
metabolites is smaller in liver cirrhosis patients than in
healthy subjects.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Neutrophils play an important role in non-specific
immune response and organism resistance, specifically
in anti-bacterial resistance as effectors, inducing and
regulating cells'?, They reveal many features which are
crucial in organism immunity: to produce and adhere
towards vascular endothelial cells, migrate to inflammatory
sites through the vessel walls, recognize and phagocytize
opsonized molecules, and degradate and release proteins
from granules™. These features are possible due to the
presence of receptors distributed on the surface and inside
of the cells such as cytokine-, neuromediator-, autocoid-,
hormone receptors. Neutrophil chemotaxis occurs
towards stimulus gradient, in response to chemotactic
factors (chemotaxins) produced at the inflaimmatory site.
Moreover, chemotaxins increase neutrophil metabolism,
aggregation, and bactericidal abilities””.

Phagocytosis is facilitated by specific (immunoglobulins
IgG) and non-specific (complement components)
opsonins, circulating in the plasma. On their surface,
granulocytes have receptors that bind to Fc fragment
of IgG1 and IgG2 immunoglobulins, and complement
C3b fragment receptors”. Absorbed opsonized micro-
organisms are killed through both oxygen-dependent
and independent mechanisms. Free oxygen radicals kill



7662 ISSN 1007-9327

CN 14-1219/ R World J Gastroenterol

December 28, 2005 Volume 11 Number 48

absorbed bacteria in phagosomes and partially are released
into the environment, intensifying killing microorganisms
and simultaneously injuring the surrounding tissues. It
is specifically intensified in acute inflammation, less in
chronic course of the disease''. Microorganism killing is
also possible by proteins present in azurophil granules,
such as cathepsin G, lysozyme, interferons, and others.

Inflammatory mediators, cytokines (e.g. TNF«) and
selectins increase the ability of granulocytes to localize
at the site of inflammation. Phagocytic ability is elevated
by intensification of hydroxylic radical production and
lysosomal enzyme release”™"”. TNFa is an important factor
strengthening granulocyte phagocytic and cytotoxic activity.
Activated granulocytes secrete cytokines. IL-1, which
stimulates monocytes, endothelial cells, and fibroblasts
to secrete IL-8, in turn increases the expression of
CD11b/CD18 adhesive molecules and granulocyte oxygen
metabolism""l, Interferon gamma is a strong cytokine,
which intensifies Fc receptor expression, stimulates oxygen
changes, and strengthens granulocytic granule release.

The aim of the study was to evaluate the metabolic
activity of oxidative burst i# vitro and the production
of active oxygen compounds stimulated by E. co/i and
phorbol myristate acetate (PMA). Determination of the
percentage of phagocytizing cells and their ability to
phagocytize opsonized bacteria is of great importance in
the estimation of neutrophil functioning, We evaluated the
neutrophil ability to phagocytize E. co/i in vitro in advanced
liver cirrhosis. We also tried to establish the relationship
between the neutrophil ability and the concentration of
soluble adhesive molecules in peripheral blood.

MATERIALS AND METHODS

Patients

The studies were conducted in the group of 45 patients
with advanced postalcoholic liver cirrhosis (30 men and 15
women, aged 45+14 years) (Table 1). Liver cirrhosis was
confirmed clinically and histologically. Patients with acute
viral or bacterial disease and those in the course of cor-
ticosteroid therapy who did not drink alcohol for at least
6 mo were excluded from the study. Patients with liver
cirrhosis were divided into groups B and C in accordance
with the classification of liver failure according to Child-
Pugh“z]. The control group consisted of 25 healthy volun-
teers (12 women and 13 men, aged 38+5 years), who had
never suffered from liver diseases and those without reg-
istered immunity disorders. Ethical approval for research
was obtained from local Ethics Committee in the Medical
University.

Methods

Blood was collected in plastic testing tubes with EDTA
K2 and the absolute number of leukocytes and neutrophils
was evaluated. The blood was collected in lithium heparin
plastic testing tubes for the evaluation of phagocytizing
cells and phagocytic activity and the percentage of bursting
cells as well as neutrophil oxygen metabolism.

Table 1 Clinical characteristics of patients with liver cirrhosis
(meanzSD)

Child-Pugh B Child-Pugh C

Age, year 43+12 46113
Male/female 15/10 15/5
Albumin, g/dL 3.240.3 2.8+0.6
AST/ALT, IU/mL 98+65/87+98 110+45/97+45
Bilirubin, mg/dL 4.5+3.8 9.746.5

The assessment of phagocytosis was performed us-
ing the Phagotest Kit (ORPEGEN Pharma, Germany)
containing fluorescein-labeled opsonized Escherichia coli
(E. ¢oli - FITC). Samples of 100 uL of blood with heparin
were cooled in an ice bath for 15 min mixed with 2x10
FITC-labeled E. co/i and then put in a chamber thermostat
at 37 °C for 10 min. Simultaneously, the control samples
were put into an ice bath to inhibit phagocytosis. After-
wards, 100 pL. of brilliant blue (Quenching solution) was
added in order to suppress the fluorescence of bacteria
connected to the leukocyte surface. After two washing
steps (with 2 mL of washing solution, centrifuged at
2 000 t/min, supernatant was pumped out), erythrocytes
were lysed using lysis fluid for 20 min at room tempera-
ture. At the end, 50 uL propidyne iodide was added to
stain leukocytes and bacterial DNA.

Oxidative burst

Granulocyte oxidative burst was determined quantitatively
with Bursttest Kit (ORPEGEN Pharma, Germany). Fresh
heparinized blood was put in a water bath for 15 min.
Then, four testing tubes were filled with 100 uL of blood
each and 2x10" unlabeled opsonized bactetia E. co/z, 20 pL
of substrate solution (negative control), 20 L. fMLP (pep-
tide N-formyl-MetLeuPhe) as chemotactic low physiologi-
cal stimulus (low control) and 20. pL. phorbol 12-myristate
13-acetate (PMA), a strong non-receptor activator (high
control). All the samples were incubated for 10 min at
37.0 'C in a water bath, dihydrorhodamine (DHR) 123 as
a fluorogenic substrate was added and incubated again in
the same conditions. The oxidative burst occurred with the
production of reactive oxygen substrates (ROS) (superox-
ide anion, hydrogen peroxide) in granulocytes stimulated
in vitro. In ROS-stimulated granulocytes, nonfluorescent
DHR 123 underwent conversion to fluorescent rhodamine
(R) 123 registered in the flow cytometer. Erythrocytes were
removed using lysing solution for 20 min at room tem-
perature, centrifuged (5 min, 250 r/min, 4 °C), and super-
natant was discarded. Samples were washed again (washing
solution), centrifuged (5 min, 250 r/min, 4 °C) and the
supernatant was decanted. An amount of 200 pL of DNA
staining solution (centrifuged and incubated for 10 min at
0 Cin a dark place) was added to discriminate and exclude
aggregation artifacts of bacteria and/or cells in cytometric
flow analysis.

Cytometric analysis
The flow cytometer EPICS XL (Coulter, USA) equipped
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with 488 nm argon-ion laser was used. The apparatus was
calibrated every day using DNA check. Neutrophil popula-
tions were identified by the use of forward and right angle
light scatter, and the fluorescence emission of 10" cells per
sample was recorded on a logarithmic scale. Fluorescent
measurements were conducted with identical settings as
for the standard determination of cell phenotype with
fluorochrome-stained mAb.

Phagocytic activity was determined as the percentage
of phagocytizing neutrophils (one or more bacteria
ingestion) and as the mean intensity of fluorescence
(MIF) value, which equaled the mean number of bacteria
phagocytized by the cells.

Granulocyte oxygen metabolism was determined with
the percentage of cells phagocytizing E. co/i producing
reactive oxidants (cells undergoing bursts, the change
from DHR 123 to R 123), and with the evaluation of
granulocyte enzymatic activity (the amount of released
active oxygen compounds — the amount of MIF R 123 per
cell).

Adhesive molecules and TNFa

ELISA tests were used to determine the level of sSICAM-1
(Human sICAM-1, R&D, UK), sVCAM-1 (Human
sVCAM-1, R&D), and the level of tumor necrosis factor
alpha (Human TNF«, R&D) in blood serum. Soluble
forms of P- (Human soluble P-Selectin, R&D), E- (Human
sE-Selectin, R&D), and L-selectins (Human sL-Selectin,
R&D) were determined by ELISA tests simultaneously in
blood serum.

Statistical analysis

The results were presented as mean+SD. Statistical
analysis was performed by non-parametrical U (Mann-
Whitney) test. The result of correlation was calculated
by Spearman's correlation test. P<0.05 was considered
statistically significant.

RESULTS

Phagocytic activity of neutrophils

The ability of neutrophils to phagocytize opsonized
E. coli was assessed. No significant differences were
found in phagocytizing neutrophils both in liver cirrhosis
patients and in healthy subjects (Table 2). The MIF of
absorbed E. co/i was slightly higher in patients with liver
cirrhosis (differences being statistically insignificant). A
positive correlation was observed between the percentage
of neutrophils-phagocytized E. ¢o/i and the percentage of
neutrophils with oxidative burst after E. co/i stimulation

in vitro (r = 0.37, P<0.05, Table 3).

Neutrophil oxidative burst

Stimulation iz vitro with a strong activator PMA causes a
markedly lower production of reactive oxidants in neutro-
phils in liver cirrhosis patients than in healthy individuals
(MIF 42.7414.6 »s 50.2413.3, P<0.01, Table 2). Incuba-
tion of neutrophils with non-opsonized E. ¢o/i induced

oxidative burst in more neutrophils in patients with liver
cirrhosis than in the control group. However, neutrophils
phagocytizing E. co/i showed markedly lower metabolic
potential in liver cirrhosis patients than that in healthy
subjects. The oxidative burst in neutrophils phagocytizing
E. coli caused generation of smaller amounts of active oxy-
gen compounds in the cells of patients with liver cirrhosis.
Neutrophils with oxidative burst (MIF of rhodamine 123)
were statistically lower in liver cirrhosis patients (24.747.1)
than in healthy subjects (29.7+6.6, P<0.01). PMA neutro-
phil stimulation 7# vitro was more effective than a direct
contact with E. coli.

The decrease in neutrophil metabolic and phagocytic
activities was observed together with the intensification
of liver damage. We noted a negative correlation of MIF
of neutrophil oxidative burst after PMA stimulation and
ALT and AST, which was » = -0.35, P<0.05 and » = -0.4,
P<0.03, respectively.

Adhesive molecules and TNFa

The concentrations of adhesive molecules sVCAM-1
and sICAM-1 in blood serum were several times higher
in patients with liver cirrhosis (P<0.01, Table 2). Soluble
E-selectin concentrations in liver cirrhosis patients were
also significantly higher than in healthy subjects (P<0.01).
However, significant differences of sL-selectin concen-
trations were not present, while sP-selectin concentra-
tions were lower in liver cirrhosis patients. The level of
sVCAM-1, sICAM-1, sE-selectin correlated negatively
with the activity of oxygen radical production (MIF) after
PMA neutrophil simulation (r = -0.45, P<0.05, r = -0.41,
P<0.05, r=-0.39, P<0.05, respectively). The concentration
of TNFa was markedly higher in liver cirrhosis patients
than in healthy individuals (P<0.01). No correlation was
observed between neutrophil metabolic and phagocytic ac-
tivities and TNFo concentration. On the other hand, there
was a positive correlation between sVCAM-1 and sE-
selectin concentration (r = 0.4, P<0.05) and between sL-
selectin concentration and the production of free oxygen

radicals in neutrophils (MIF of R123) (= 0.35, P< 0.05).

DISCUSSION

Infectious and toxic factors and over reactivity of the im-
mune system are crucial in the pathogenesis of chronic
liver diseases. The essence of the disease is accumulation
of natural killer cells and inflammatory cells as well as in-
tensified fibrosis in the liver. Chronic failure of endothelial
cells of hepatic vessels increases expression and concentra-
tion of adhesive molecules. It facilitates inflammatory cell
activation, margination and accumulation of leukocytes in
the liver™ ", Neutrophils are professionally phagocytiz-
ing cells, which play an important role in immunological
processes of the organism. They participate mainly in non-
specific response as they do not possess the properties for
precise recognition of antigens. Chemotactic factors and
cytokines (IL-1, IL-8, TNFo, TGF-B) induce migration of
granulocytes and other cells to the inflammatory site.
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Table 2 Phagocytic and oxidative burst activity of neutrophils, level of soluble form of adhesive molecules and TNFa in liver cirrhosis patients

(meanzSD)

Liver cirrhosis Healthy

Total Child-Pugh B Child-Pugh C

Oxidative burst
Percentage of neutrophils with oxidative burst after PMA stimulation (%) 98.3+1.2 98.4+1.5 98.2+1.6 98.8+2.8
MIF oxidative burst after PMA stimulation 42.7+14.6° 44.3+10.1° 41.1+12.6 50.2+¢13.3
Percentage of neutrophils with oxidative burst after E. coli stimulation (%) 94.0+4.8 93.0+4.1 94.0£3.8 92.243.7
MIF oxidative burst after E. coli stimulation 24.747.1° 25.1+8.1° 22.2451° 29.7+6.6
Phagocytic activity
Percentage of neutrophils phagocytizing of E. coli 93.0+£3.3 92.9+4.3 93.8+2.3 92.5+4.3
MIF phagocytosis E. coli 20.0£3.9 19.8+4.1 21.0£2.8 19.0+5.8
Soluble form of adhesion molecules and TNFo
sICAM-1 (ng/mL) 852+331° 788+343° 8924293 254+74
sVCAM-1 (ng/mL) 293741 591° 263741 291° 329741 490° 5104248
sP-selectin (ng/mL) 101+180° 98+140° 104+162° 124458
sE-selectin (ng/mL) 136+89° 120+68° 148+458° 49421
sL-selectin (ng/mL) 12094364 1206+314 12114344 12094291
TNFa (pg/mL) 2.94+1.43" 2.64+1.33" 2.99+1.02° 1.58+0.22

"P<0.01 vs healthy subjects (Mann-Whitney U test).

Table 3 Correlation (r) of phagocytic activity of neutrophils with
their oxidative burst level and biochemical tests of liver dysfunction
(Spearman test)

Correlations r P
MIF oxidative burst neutrophils after PMA -035 0.05
stimulation with ALT level

MIF phagocytizing E. coli with prothrombin time -0.47 0.03
Percentage of neutrophils phagocytizing E. coli with 0.35 0.05

leukocyte number

Percentage of oxidative burst neutrophils after 0.37 0.05
E. coli stimulation with MIF phagocytosis E. coli

The study showed a significant impairment of
neutrophil immune mechanisms in liver cirrhosis as well
as oxidative burst damage with diminished amount of
generated free oxygen form in neutrophils. Stimulation
in vitro with the strong stimulant PMA and non-opsonized
E. coli induces less amount of released active oxygen
compounds in neutrophils in liver cirrhosis patients than
in healthy subjects. It should be assumed that it is a result
of permanent stimulation of neutrophils by inflammatory
factors or lipopolysaccarides (LPS). Observed disorders
can be treated as dysfunctions of exhausted neutrophils,
and oxygen exchange impairment (processes being
important in the maintenance of organism immunity)
has been confirmed in other studies"™'”. The higher
release of oxygen metabolites observed after PMA
is probably due to different stimulation mechanisms.
The neutrophil phagocytic activity in both groups was
comparable. Cytometric examinations of the percentage
of phagocytizing neutrophils and MIF of absorbed
opsonized E. /i did not show differences in both groups.

Vascular endothelium has many important functions,
and is a barrier against pathogens as well as the site of
immunological and inflammatory process initiation with
participating neutrophils“gl. Neutrophil accumulation at
the site of inflammation depends on the adhesive molecule

expression in endothelial cells. Neutrophil stimulation
leads to activation of IL-selectin and other molecules (32-
integrines) that participate in adhesion to the endothelium.
In addition, increase in adhesive molecule expression
directly activates antibacterial mechanisms, granule
secretion and neutrophil oxygen metabolism. Activation
of neutrophils (the main generators of free oxygen
radicals in inflammatory processes) leads to elevation
of active oxygen metabolites responsible for killing
microorganismsm]. In patients with end-stage liver disease,
the ability of neutrophils to migrate to the inflammatory
sites is impaired. It was observed that neutrophils present
there have their phagocytizing activity reduced"".

Adhesive molecules ICAM-1, VCAM-1, selectins) play
an important role in keeping neutrophils in liver sinusoids.
Antibodies against anti-ICAM-1 and anti-VCAM-1 inhibit
neutrophil accumulation in liver tissues and diminish their
damage”™”. P- and E-sclectin expressions in endothelial
cells and L-selectin — in leukocytes — lead to slower flow of
leukocytes and blood platelets in bloodstream, activation,
rolling, and adhesion of these cells. In liver cirrhosis
patients, adhesive molecule expression increases due to
tissue hypoxia, deposits of immunological complexes,
endogenic toxic compounds, LPS, bacteria, and viruses™ .

Fiuza et al."” have suggested that, in the end-
stage liver disease, neutrophils have injured ability to
migrate to the inflammatory sites and their phagocytic
activity is diminished, which in turn, correlates with the
severity of liver disease. It has been shown that chronic
intravascular peripheral neutrophil activation occurs in
vessels. Their results point to the fact that antibacterial
early inflammatory immune response is damaged in liver
cirrhosis. The increase in bacterial translocation and
endotoxin absorption from the bowel is a stimulus for the
reticuloendothelial system to produce proinflammatory
cytokines”™ . Neutrophil activity and phagocytic ability
failure may result in ascitic fluid microinfection and
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subclinical SBP. On the other hand, a persistent stimulation
of neutrophils by inflammatory factors can lead to the
exhaustion of their functional potential. Proinflammatory
factor elimination from peripheral blood is impaired in
liver cirrhosis which facilitates persistent stimulation of
peripheral blood neutrophils™!.

We observed high concentrations of soluble adhesive
molecules VCAM-1, ICAM-1, and E-selectin, which can
account for a marked vascular endothelium damage in
liver cirrhosis. Endothelial cell failure or stimulation can
occur due to high levels of proinflammatory cytokines
(e.g. TNFa). Chronic endotoxemia may also stimulate
adhesive molecule expression. High concentrations of
VCAM-1, ICAM-1 and E-selectin stimulate inflammatory
site to accumulate in terminal capillaries of the liver and
other organs. In our studies, the increased expression and
concentration of soluble adhesive molecules might result
in exhaustion of oxygen metabolism of neutrophils in liver
cirrhosis.

Neutrophils are an important host immune barrier
against bacterial infections. A persistent stimulation
of leukocytes that flow through the liver affected by
inflammation leads to the exhaustion of mechanisms
responsible for their immune properties.
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Abstract

AIM: To investigate the expression of leptin and leptin
receptor (ob-R) in intestinal-type gastric cancer and
precancerous lesions, and to explore the possible
mechanism and role of the leptin system in developing
intestinal-type gastric adenocarcinoma.

METHODS: Immunohistochemistry was performed to
examine the expression of leptin and leptin receptor
in archival samples of gastric adenocarcinoma and
preneoplastic lesions, including intestinal metaplasia
and mild to severe gastric epithelial dysplasia. Positive
staining was identified and percentage of positive
staining was graded.

RESULTS: Dual expression of leptin and leptin receptor
were detected in 80% (16/20) intestinal metaplasia,
86.3% (25/30) mild gastric epithelial dysplasia, 86.7%
(26/30) moderate gastric epithelial dysplasia, 93.3%
(28/30) severe gastric epithelial dysplasia, 91.3% (55/60)
intestinal-type gastric adenocarcinoma and 30.0% (9/30)
diffuse-type gastric carcinoma. The percentage of dual
expression of leptin and leptin receptor in intestinal-type
gastric adenocarcinoma was significantly higher than
that in diffuse-type gastric adenocarcinoma (3 = 37.022,
P<0.01).

CONCLUSION: Our results indicate the presence of an
autocrine loop of leptin system in the development of
intestinal-type gastric adenocarcinoma.

© 2005 The WIG Pressand Elsevier Inc. Allrights reserved.
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INTRODUCTION

Leptin, the product of the obesity gene (ob gene), is a
cytokine-like peptide capable of signal transduction via
interaction with its specific receptor (ob-R). It was initially
found to be synthesized by adipocytes and act centrally
in the hypothalamus to regulate food intake and energy
expenditurem. Subsequently, expressions of leptin or ob-R
were detected in a wide variety of tissues with multiple
role in hematopoiesis, reproductive control, angiogenesis,
cardiovascular medication, immunomodulation and
carcinogenesis” . Recently, the presence of leptin has
also been demonstrated in stomach and thought to be
stomach-derived. This endogenous gastric leptin acts as a
gastrointestinal hormone via autoctrine and/or paracrine
pathway in gastrointestinal tract and plays an important
role in digestive physiological activities, including short-
term meal size control, gastric mucosal cytoprotection and
nutrition, regulation of gastric acid and gastric hormone
secretion, and modulation of intestinal transportm.

According to Lauren, gastric cancer can be divided into
two histological types: diffuse and intestinal. During the
carcinogenesis of intestinal-type gastric adenocarcinoma,
a stepwise process proposed by Correa has been widely
accepted, which suggested that prolonged H pylori
infection leads to atrophic gastritis, then with further
mutational events leads to the development of intestinal
metaplasia, epithelial dysplasia and finally intestinal-type
gastric adenocarcinoma'. Gastrointestinal hormones
and cytokines, including gastrin, epithelial growth factor,
vasoactive intestinal peptide and IL.-6, seem to play
important roles in this transformation processes' .
However, whether leptin, a cytokine-like gastrointestinal
hormone that share similarity with aforementioned
hormones or cytokines, is involved in the development of
intestinal-type gastric adenocarcinoma remains unclear.
In the present study, using immunohistochemistry, we
examined the expression of leptin and ob-R protein in the
tissues of intestinal metaplasia, gastric epithelial dysplasia
and intestinal-type gastric adenocarcinoma. Their presence
may suggest an autocrine/paracrine pathway of leptin
system in gastric carcinogenesis.

MATERIALS AND METHODS
Samples
Formalin-fixed samples of 30 cases of intestinal
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Figure 1 Immunohistochemical stainings of leptin located in cytoplasm (x200). A:
Normal gastric mucosa; B: intestinal metaplasia; C: gastric dysplasia; D: intestinal-
type gastric adenocarcinoma.

metaplasia, 90 cases of epithelial dysplasia (mild dysplasia,
moderate dysplasia and severe dysplasia, each 30 cases),
and 90 cases of gastric adenocarcinoma (60 intestinal-
type, 30 diffuse-type) were obtained from pathology
archives during 1995-2004 from Renmin Hospital, Wuhan
University, Wuhan, China. Those patients had never
received chemotherapy, radiation therapy or H pylori
eradiation. For each case, a paraffin-embedded section
with hematoxylin-eosin-safran staining was subjected to
pathological identification by a consultant histopathologist
on the basis of the Lauren’s classification and WHO
classification.

Immunohistochemistry
For immunohistochemistry analysis, paraffin-embedded
tissue blocks were serially sectioned (4-um thickness) and

Table 1 Expression of leptin and ob-R in gastric cancer and
precancerous lesions

Dual
Leptin Ob-R expression of
n leptinand
+ o+ o+t T+ oAt ob-R
+ o+t + +
- R 0%
Intestinal 30 5 4 5 17 0 4 5 7 14 0 25 (83.3)
metaplasia
Gastric 9 6 12 28 39 0 9 15 25 35 4 79 (87.7)
dysolasia
Gastric 90 25 9 16 16 24 24 9 22 12 25 75 (83.3)

cancer

For comparison of positive percentage for dusl expression of loptin and ob-R among
(1) intestinal metaplsia (2) gastric dysplasia (3) gastric carcinoma, (1)vs(2) z*= 03864,
P=05351; (1)vs (3) z°=0.3864, P =1.000; (2)vs(3) °=0.7193, P = 0.3964

Figure 2 Immunohistochemical stainings of leptin receptor located at cell
membrane (x200). A: Normal gastric mucosa; B: intestinal metaplasia; C: gastric
dysplasia; D: intestinal-type gastric adenocarcinoma.

mounted onto histostick-coated slides and kept in an oven
at 72 °C for 2 h. Sections were deparaffinized in xylene
and rehydrated before analysis. Endogenous peroxides was
quenched with 30 mL/L hydrogen petroxide in methanol
for 10 min. Antigen retrieval was performed by means of
microwave irradiation for 15 min and blocked for 15 min
with normal goat serum, followed by incubation overnight
at 4 °C with a rabbit polyclonal antibody (SC-842) against
human leptin (Santa Cruz Biotechnology) and a rabbit
polyclonal antibody (SC-1834) against human leptin
receptor (Santa Cruz Biotechnology) both at a dilution
of 1:70. Replacement of the primary antibodies by PBS
solution was used as a negative control. Sections of
normal gastric fundus mucosa that had previously shown
expression of leptin and ob-R were used as positive

Table 2 Expression of leptin and ob-R in mild, moderate, and
severe gastric

Dual
Leptin Ob-R expression of
n leptinand
ob-R
A = S S °
+ o+ ++ + + n (%)
Mild 30 3 6 9 12 0 4 8 9 9 0 25(83)
dysplasia
Moderate 30 3 2 1210 3 3 3 9 13 2 26 (867)
dysplasia
Severe 30 0 4 7 17 2 2 4 7 15 2 28 (933)
dysplasia

For comparison of positive percentage for dusl expression of loptin and ob-R
among (1)mild gastric dysplasia (2) moderate gastric dysplasia (3) severe gastric
dysplasia, (1)vs(2) °=0.1307, P=0.7177; (1)vs (3) z*=1.456, P = 0.2276; (2)vs(3)
7°=0.7407, P = 0.3894
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Table 3 Expression of leptin and ob-R in intestinal-type and diffuse-
type gastric cancer

Dual
Leptin Ob-R expression of
n leptinand
ob-R
+ o+ ++ o+t
=
+ o+t tot n_ (%)
Intestinal-type 60 4 6 11 15 24 5 7 15 10 25 55 (91.7)
GcC'
Diffuse-type 30 21 3 5 1 0 92 7 2 0 9 (30)

GC'
'GC-gastric cancer for comparison of positive percentage for dual expression

of leptin and ob-R between intestinal-type gastric carcinoma and diffuse-type

gastric carcinoma, = 37.022, P<0.001.

controls. Sections were washed thrice with PBS for 2 min
each and incubated with biotin-labeled anti-rabbit IgG
at room temperature for 1 h. After washing thrice with
PBS for 2 min each, sections were stained by streptavidin-
peroxidase detection system. Antibody binding was
visualized using the diaminobenzidine as chromogen and
counterstained with hematoxylin. The positive cells were
counted in ten randomly selected fields under X200 or X
400 microscopic magnification for each specimen and the
mean positive percentage was calculated as the density of
positive cells. Immunoreactivity was performed by two
experienced histopathologists without knowledge of the
background features. The abundance of positive stains
was graded as follows: -, no cell stained; +, <25% of cells
stained; ++, 25-50% of cells stained; +++, 50-75% of
cells stained; and ++++, >75% of cells stained.

Statistical analysis

Data were analyzed using SPSS 10.0 software. The 7 test
was used to compare binomial proportions. A P value less
than 0.05 was considered statistically significant.

RESULTS

Immunostainings of leptin and ob-R in normal gastric
mucosa, intestinal metaplasia, gastric epithelial dysplasia,
intestinal-type gastric adenocarcinoma, diffuse-type gastric
carcinoma are shown in Figures 1 and 2. Positive staining
of leptin was identified as brownish-yellow granules in
cytoplasm. Positive staining of ob-R was identified as
brownish-yellow granule at cell membrane.

DISCUSSION

In the present study, the expressions of leptin and ob-R in
intestinal metaplasia, gastric epithelial dysplasia, intestinal-
type gastric adenocarcinoma and diffuse-type gastric
cancer were determined using immunohistochemistry. Our
results demonstrated that dual expressions of leptin and
leptin receptor were detected in 83.3% (25/30) intestinal
metaplasia, 87.7% (79/90) gastric epithelial dysplasia, and

83.3% (75/90) intestinal-type gastric adenocarcinoma
without statistically significant difference among those
groups. Moreover, no obvious difference among mild
gastric dysplasia (83.3%, 25/30), moderate gastric dysplasia
(86.7%, 26/30) and severe gastric dysplasia (93.3%,
28/30) was observed. The petrcentage of dual expression
in intestinal-type gastric adenocarcinoma (91.7%, 55/60)
was significantly higher than that in diffuse-type gastric
carcinoma (30.0%, 9/30). These results indicated that
dual expression of leptin and ob-R might be a tumor-
specific phenomenon in the transformation from intestinal
metaplasia to intestinal-type gastric adenocarcinoma. To
the best of our knowledge, our study may be the first
study demonstrating dual expression of leptin and ob-R
in intestinal metaplasia, gastric epithelial dysplasia and
intestinal-type gastric adenocarcinoma, which may play
important roles in this transformation process.

As a growth factor, leptin exhibited simulative
effect on the proliferation of a variety of malignant
cell lines, including leukemia, breast cancer, esophagus
adenocarcinoma, prostate cancer, colon cancer, and
pituitary adenomas'™'"". In addition, there had been
increasing evidence that leptin plays an important role
in tumor invasion, metastases, angiogenesis and resistance
to chemotherapym*zm. Based on these results, leptin
is considered to serve as a multi-functional growth
factor in tumorigenesis and is capable of promoting an
aggressive cancer phenotype. Recently, it has been shown
that leptin induced the proliferation of human gastric
adenocarcinoma AGS cell line in a dose-dependent
fashion™. Therefore, it is reasonable to speculate that dual
expression of leptin and ob-R may form an autocrine/
paracrine stimulatory loop based on intestinal-type gastric
adenocarcinoma and precancerous lesions, and play an
important role in gastric carcinogenesis.

As a member of the class I cytokine receptor family,
ob-R is identified as a single membrane-spanning
protein with multiple isoforms (ob-Ra, ob-Rb, ob-
Rc, ob-Rd). ob-Rb contains sequence motifs of janus-
kinase (JAK)/signal transduction and activation of
transcription signal transduction pathways. In addition,
leptin activates mitogen-activated protein kinase (MAPK)
signal transduction pathways through the ob-Rb receptor
and also through the ob-Ra receptor in some cases' ™™,
Those downstream signal pathways of leptin system were
verified to be implicated in the formation and progression
of tumor. Proliferation of prostate cancer cells appeared
to be working through the PI3K and MAPK leptin
receptor-activated pathways, depending on cell typem].
In colon cancer cell line, leptin was demonstrated to
stimulate proliferation via P42/44 MAPK signal pathway
and induce invasion via JAK/PI3K signal pathwaym’zﬂ.
Recently, Schneilder et al.”” have also reported that leptin
caused a moderate, significant proliferative effect on
gastric adenocarcinoma cell line AGS proliferation through
MAPK signal pathways.

On the other hand, the expression of leptin protein in
intestinal-type gastric adenocarcinoma and precancerous
lesions in our study can be viewed as “ectopic secretion”
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of gastric leptin in those tissues. Similar “ectopic
secretion” of gastrointestinal hormone such as gastrin,
epithelial growth factor, cholecystokinin, vasoactive
intestinal peptide in gastrointestinal tumors has been well
documented in previous studies ™. Those “ectopic
secretion” of gastrointestinal hormone acted as a growth
factor and promoter of angiogenesis in gastrointestinal
tumors via interaction with its specific receptor in
tumors. Taking into account that those ectopic-secreting
gastrointestinal hormones exert similar function in
gastrointestinal tumors to their physiological functions
to normal gastrointestinal tract, we hypothesized that
the ectopic-secreting leptin in intestinal-type gastric
adenocarcinoma and precancerous lesions may have similar
function with gastric leptin*'®. As gastric leptin has been
found to mediate gastric cytoprotection and increase
mucosal blood flow via overexpression of growth factors,
such as EGE, TGF-o. and VEGF™ it can be anticipated
that leptin may enhance growth and angiogenesis of
intestinal-type gastric cancer via similar mechanism
mentioned above.

What activates leptin expression in gastric
adenocarcinoma remains unclear. Recently, it has been
reported that H pylori infection significantly increases
gastric leptin expression”. In addition, leptin expression
and secretion were induced by chronic inflammation of
inflammatory bowel disease in colonic epithelial cells
that were unable to express leptin physiologicallymj.
Therefore, we postulated that leptin might be induced as
a pro-inflammatory mediator in chronic gastrointestinal
inflammation, including H pylori-associated chronic
gastritis. In addition, previous reports demonstrated
that K-ras mutation or amplification of chromosome
17q12-q21 induced the amplification of gastrin gene in
colon or gastric cancer” . Whether H pylori infection and
chronic gastritis might induce some special biomolecular
alterations to amplify leptin expression and its downstream
signal pathways during gastric carcinogenesis needs further
investigation.

In conclusion, our study demonstrates constitutive dual
expression of leptin and ob-R in intestinal-type gastric
adenocarcinoma and precancerous lesions. Based on these
results, we suggest that leptin system might act as a growth
factor and angiogenesis promoter via autoctine and/ot
paracrine pathway in gastric carcinogenesis. Further
investigations are warranted to identify the exact role of
leptin system and exact mechanism of its activation in
gastric carcinogenesis.
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Abstract

AIM: To examine the concentration of a new antigen
SC6 (SC6-AQg) recognized by monoclonal antibody (MAb)
in patients with pancreatic cancer and other malignant
or benign diseases and to understand whether SC6-Ag
has any clinical significance in distinguishing pancreatic
cancer from other gastrointestinal diseases.

METHODS: Six hundred and ninety-five serum
specimens obtained from 115 patients with pancreatic
cancer, 154 patients with digestive cancer and 95
patients with non-digestive cancer were used and
classified in this study. Serum specimens obtained
from 140 patients with benign digestive disease and
89 patients with non-benign digestive disease served
as controls. Ascites was tapped from 16 pancreatic
cancer patients, 19 hepatic cancer patients, 16 colonic
cancer patients, 10 gastric cancer and 6 severe necrotic
pancreatitis patients. The samples were quantitated by
solid-phase radioimmunoassay. The cut-off values (CV)
of 41, 80, and 118 U/mL were used.

RESULTS: The average intra- and interassay CV
detected by immunoradiometric assay of SC6-Ag was
5.4% and 8.7%, respectively. The sensitivity and
specificity were 73.0% and 90.9% respectively. The
levels in most malignant and benign cases were within
the normal upper limit. Among the 16 pancreatic cancer
cases, the concentration of SC6-Ag in ascites was over
the normal range in 93.8% patients. There was no
significant difference in the concentration of SC6-Ag.
Decreased expression of SC6-Ag in sera was significantly
related to tumor differentiation. The concentration of
SC6-Ag was higher in patients before surgery than
after surgery. The specificity of SC6-Ag and CA19-9 was
significantly higher than that of ultrasound and computer
tomography (CT) in pancreatic cancer patients. Higher
positive predictive values were indicated in 92.3% SC6-
Ag and 88.5% CA19-9, but lower in 73.8% ultrasound
and 76.2% CT.

CONCLUSION: The combined test of SC6-Ag and
CA19-9 may improve the diagnostic rate of primary
cancer. The detection of SC6-Ag is valuable in the
diagnosis of pancreatic cancer before and after surgery.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Pancreatic cancer is the fourth or the fifth leading
cause of cancer-related deaths in the Western world™”.
Approximately 50% of pancreatic cancer patients have
metastatic disease at the time of diagnosis with a median
survival of 3-6 mo™”. However, even 70-80% of patients,
whose tumor could be completely removed, suffer from
an incurable local relapse, distant metastases, or peritoneal
carcinosis™. The overall S5-year survival rate of pancreatic
cancer patients is only 1%, Ultrasound, computer
tomography (CT), magnetic resonance imaging and other
methods have made it easier to define the late-stage disease
and to establish its diagnosis. Unfortunately, these imaging
and diagnostic methods cannot detect the early-stage
disease™ ",

In recent years, there has been an increasing clinical
attention to the role of tumor markers in the pathogenesis
of pancreatic cancer”"", The most widely used marker
for pancreatic cancer is CA19-9"" CA19-9 has a mean
sensitivity of 81% and a mean specificity of 90% for
pancreatic cancet” ™. Other mucin-type markers such as
CA50, CA242, DU-PAN2, CA195 and CAM17.1/WGA
have also been described for pancreatic cancet™™. These
markers have been investigated less widely than CA19-9
but available evidence appears to provide similar data™?.
CA19-9 remains as the “gold standard marker” "
which tumor markers for pancreatic cancer are evaluated.

Antigen SC6 (SC6-Ag) recognized by monoclonal
antibody SC6 (MAb SC6) against human colonic cancer is
a relatively new marker compared with CA19-9, CA242,
CEA, AFP, DU-PAN-2 and B-MG"*". The antigen
was purified by immunoaffinity chromatography using

the MAb SCG6 at our laboratory. The results of SDS-

against
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PAGE, Western blotting and amino acid analysis indicate
that SC6-Ag is a glycoprotein with a molecular weight of
67 ku and contains 18 amino acids. An immunoradiometric
sandwich assay of SC6-Ag has been established by us™,
The diagnostic value of SC6-Ag was evaluated in patients
with pancreatic cancer. The sensitivity and specificity of
SC6Ag for patients with pancreatic cancer are similar to
those of CA 19-9 detected by radioimmunodetection””,
Therefore, in the present study, we analyzed and compared
the pattern of SC6Ag expression in pancreatic cancer and
other gastrointestinal cancers to evaluate whether it might
be also of high biological strategy in the diagnosis of
pancreatic cancer.

MATERIALS AND METHODS

Patients

Serum specimens were obtained from 115 patients with
pancreatic cancer (41 females and 74 males, mean age
61 years, with a range of 39-80 years). Among them, 39
had well-and moderately-differentiated tumor, 55 had
poorly-differentiated tumor and 21 had differentiated
tumor with unknown reason. According to International
Union Against Cancer criteria, 9 patients had stage 1
disease, 33 stage II, 46 stage III and 6 stage IV. Fifteen
primary esophageal cancer specimens, 43 gastric cancers
specimens, 11 specimens of cancer of papilla of Vater, 39
hepatocellular carcinoma specimens and 46 colonic cancer
specimens were classified. Fifteen esophagitis patients
(5 females and 10 males; mean age 41 years), 27 gastritis
patients (11 females and 16 males; mean age 38 years), 16
papilla of Vater cancer patients (7 females and 9 males;
mean age 43 years), 28 pancreatitis patients (15 females
and 13 males; mean age 35 years), 23 cirrhosis patients (10
females and 13 males; mean age 44 years) and 31 colitis
patients (17 females and 14 males; mean age 35 years) were
obtained. The diagnosis of pancreatic cancer was made
based on histology and clinical and radiological findings.
We noted weight loss, duration of symptoms and tumor
position. Other cancers were diagnosed by abdominal
ultrasound and CT scan, surgery and pathology. Ninety-
five cancers involving lung and bladder were determined.
Fifteen out of 42 suspicious patients before surgery were
diagnosed having pancreatic cancer after surgery. CA 19-9
was examined in the same samples. Ascites was tapped
from 16 pancreatic cancer patients, 19 hepatic cancer
patients, 16 colonic cancer patients, 10 gastric cancer and 6
severe necrotic pancreatitis patients.

Sample collection
Blood samples were obtained from all the subjects after
an overnight fast. The plasma was immediately separated
by centrifugation. The samples were frozen and stored at
-20 °C untl assay.

Radiolabeling of MAb SC6
MADb SC6 is a murine MAb of the IgG1 isotype against

purified antigen SC6 from human colonic cancer tissues as

described previouslyl%%]. MAD SC6 was isolated from the
ascitic fluid of BALB/C mice in which hybridoma cell line
SC6 was injected intraperitoneally and purified by protein
A-Sepharose 4B columns (Bioinstitute, Shanghai, China).
Normal murine immunoglobulin (IgG1, Bioinstitute,
Beijing, China) was used as nonspecific control antibody.
The MAb was labeled with Na T by the iodogen method.
The average intra- and interassay CV of the method

was 5.4% and 8.7% respectively. The recovery rate was

96.5-108.0%, average 102.3%.

Sandwich measurement by radto:mmunoassay

After the MAb SC6 was labeled, T uncombined with
MAD SC6 was separated from bound iodine by gel filtration
on a Sephadex G-25 column. Microtiterplates (96-well)
were coated with MAb SC6 (20 ng/mL, 100 pL/well)
overnight and then incubated with 100 pL/well of 3%
bovine albumin in phosphate-buffered saline at 37 °C for
2.5 h. Standard SC6-Ag, various sera, quantity control
sera zlmd nonspecific control were incubated at 37 °C for
1 h. I-MAb SC6 (25 ng/mlL, 100 pL/well) was coated
at 37 °C for 3 h and the radioactivity of each well was
determined with a Gamma counter (Instrument Factory,
Xian, China ). After each step, the wells were washed four
times with phosphate-buffered saline.

The cut-off values (CV) of SC6-Ag were determined
and expressed as meantSD. The SC6-Ag concentration in
sera of controls was lower than CV. The CV of 41 U was
meant2SD, 80 U was mean®3SD, 118 U was mean®4SD.
CA 19-9 kit (Abbott Diagnostics, USA) was quantitated
by solid-phase radioimmunoassay, CV of 37 U/mL were
used.

Statistical analysis

Analysis was performed using SPSS 10.0 software package.
For the comparison of various tumor markers, CV
representing 90% and 95% specificity levels in patients
with relevant benign diseases were determined. The
correlation between SC6-Ag and CA 19-9 concentrations
was calculated by linear regression using the logarithms of
the serum levels. The statistical comparison of multifactors
was made and results were significant (P<0.05).

RESULTS

SC6-Ag levels in pancreatic cancer and other diseases

The characteristics of the 695 patients are presented in
Table 1. Low concentration SC6-Ag was found in the
sera from 102 healthy individuals and the cut-off of its
normal upper limit was 41 U/mL (20.719.8). Among the
115 patients with pancreatic cancer, the cut-off was over
the normal range in 73.3% patients, more than 118 U/mL
in 48.7% patients and over 41 U/mL in 29.9% patients.
The SC6-Ag level was mainly elevated in colonic cancer,
hepatic carcinoma and gall bladder tract/bile duct cancers.
Non-digestive cancers were mainly non-small cell lung
cancer and renal carcinoma. Lower levels of SC6-Ag were
observed in benign digestive and non-digestive diseases
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Table 1 SC6-Ag levels in patients with malignant and benign
disease

Table 3 Comparison of parameters for SC6-Ag, CA19-9, ultrasound
and CT in patients with pancreatic cancer

>41U/mL >80 U/mL >118 U/mL

Groups Cases
n (%) n (%) n (%)

Control 102 7 (6.9) 2 (2.0) 0 (0.0)
Pancreatic Ca 115 84 (73.0) 68 (59.1) 56 (48.7)
Digestive Ca 154 46 (29.9) 24 (15.6) 11(7.1)
Non-digestive Ca 95 11 (11.6) 8 (84) 4 (4.2)
Benign digestive
Diseases 140 13 (9.3) 9 (64) 2 (1.4)
Non-benign digestive
Diseases 89 8 (9.0) 4 (4.5) 0 (0.0

Table 2 SC6-Ag concentration in ascites from patients with
different digestive diseases (mean+SD)

>41 >80 >118

SC6-Ag (U/mL)

Groups Cases n (%) n (%) n (%)

Concentration
Pancreatic Ca 16 120.9+109.1 15 (93.8) 11 (68.8) 7 (43.8)
Hepatic Ca 19 5574334 10 (526) 3 (158) 1 (53)
Colonic Ca 16 54.9436.7 9 (563) 4 (250) 1 (63)
Gastric Ca 10 3814234 3(300) 1 (10.0) 0 (0.0)
iz‘rlwirrititis 6 30.9426.3 2(333) 0 (0.0) 0 (0.0)

mainly including acute pancreatitis and obstruction of gall
bladder/bile duct and acute renal impairment.

Relationship between SC6-Ag and clinicopathological
factors

SC6-Ag was not significantly related with clini-
copathological factors in patients with pancreatic cancer.
Dectease of SC6-Ag in the pancreatic head was compatred
with that in its body and tail. However, the difference
failed to reach statistical significance (P>0.05).

SC6-Ag concentration in ascites from patients with diff-
erent digestive diseases

Among the 16 patients with pancreatic cancer, the
concentration of SC6-Ag in ascites was over the normal
range in 93.8% patients, over 41 U/mL in 33.3-52.6%
patients and more than 118 U/mL in 43.8% patients
(Table 2).

Parameters for SC6-Ag, CA19-9, ultrasound and CT in
patients with pancreatic cancer

The sensitivity of SC6-Ag and CA19-9 was similar to that
of ultrasound and CT, while the specificity of SC6-Ag and
CA19-9 was significantly higher than that of ultrasound
and CT in patients with pancreatic cancer. Higher positive
predictive values were found in 92.3% SC6-Ag and 88.5%
CA19-9, but lower positive predictive values were found in

73.8% ultrasound and 76.2% CT (Table 3).

DISCUSSION

It is obvious that early diagnosis has the greatest impact on

SC6-Ag CA19-9 Ultrasound CT
(%) (%) (%) (%)
Sensitivity 73.0 (84/115) 84.3 (97/115) 82.6(95/115) 83.5(96/115)
Specificity 90.9 (70/77)  84.4(65/77) 55.8(43/77) 59.7 (46/77)
Positive

predictive value 923 (84/91) 885 (92/104) 738 (96/130) 762 (99/130)

Negative

predfctive value 693 (70/101) 739 (65/88)

694 (43/62)  74.2 (46/62)

the survival of patients with pancreatic cancer. Clinically,
fast spiral CT using dynamic intravenous contrast and the
potential for improved MRI can provide high-resolution
images of small masses” "’ Endoscopic retrograde
cholangiopancreatography with improved cytology,
brushes, and biopsy forceps should enhance preoperative
diagnosis of this malignancy. Endoscopic ultrasound also
may help detect small lesions and determine the depth of
invasion and vascular involvement. Tumor markers are
normally produced in low quantities by cells in the body.
Detection of a higher serum level of tumor markers by
radioimmunoassay or immunohistochemical techniques
usually indicates the presence of a certain type of cancer.
In some types of cancer, tumor marker levels may reflect
the extent or stage of the disease and can be useful in
its diagnosis. Recently, the most widely used marker for
pancreatic carcinoma is CA19-9, but SC6-Ag has also been
found in China™*",

In the present study, high levels of SC6-Ag over the
normal upper limit (41 U/mL) were found in 73.0%
patients with pancreatic cancer, and in 29.8% patients
with other digestive tumors. Using a cut-off point of
80 U/mL, the proportion of patients with elevated levels
was 59.2%. But over 118 U/mL SC6-Ag was detected in
48.7% patients with pancreatic cancer, in 5.8% patients
with digestive cancers, in 4.2% patients with non-digestive
carcinoma and in 2% patients with benign digestive diseases.
Furthermore, patients with certain benign diseases such as
jaundice and pancreatitis, may present with elevated levels
of CA19-9"*" suggesting that SC6-Ag and CA19-9 may
have similar value in the diagnosis of pancreatic cancer.

Increased SC6-Ag concentrations in ascites are not
specific for adenocarcinoma of the pancreas when the
CV is 41 U/mlL, which was evaluated in other digestive
tumors and pancreatitis in our study (Table 2). With a cut-
off point of 118 U/mlL, the respective specificities for
patients with pancreatic cancer were high compared to
patients with gastric cancer or pancreatitis, indicating that
high SC6-Ag level can be used to distinguish pancreatic
cancer from benign disorders. However, decreased level
of SC-Ag in pancreatic head compared to that in its body
and tail failed to reach statistical significance, and there was
no relationship between SC-Ag and tumor stage, size and
duration (P>0.05).

Up to now; it is difficult to diagnose pancreatic cancer
using one of the tumor markers because tumor marker
levels can be elevated in patients with benign conditions.
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In the recent study, the sensitivity, specificity and positive
predictive value of SC6-Ag were found to be 73.0%, 90.9%
and 92.3%, respectively. By analyzing the four factors, we
found that the sensitivity of SC6 and CA19-9 was lower
than that of ultrasound and CT, but their specificity was
significantly higher (Table 3). Positive predictive values in
SC6-Ag and CA19-9 were 92.3% and 88.5%, which were
distinctly higher than those of ultrasound (73.8%) and
CT (76.2%). The lack of sensitivity and specificity also
limits the diagnosis of pancreatic cancer although CA19-9
and SC6-Ag may be useful in differentiating benign from
malignant pancreatic disease in non-jaundiced patients.
However, combined measures are more useful in the
diagnosis of pancreatic cancer.

In conclusion, detection of SC6-Ag is valuable in the
diagnosis of pancreatic cancer before and after surgery.
The combined test of SC6-Ag and CA19-9 may improve
the diagnostic rate of primary cancer.
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Abstract

Neuroendocrine tumors are divided into gastrointestinal
carcinoids and pancreatic neuroendocrine tumors. The
WHO has updated the classification of these lesions
and has abandoned the term "carcinoid”. Both types of
tumors are divided into functional and non-functional
tumors. They are characterized by slow growth and
frequent metastasis to the liver and may be limited to
the liver for long periods. The therapeutic approach to
hepatic metastases should consider the number and
distribution of the liver metastases as well as the severity
of symptoms related to hormone production and tumor
bulk. Surgery is generally considered as the first line
therapy. In patients with unresectable liver metastases,
alternative treatments are dependent on the type and
the growth rate. Initial treatments consist of long acting
somatostatin analogs and/or interferon. Streptozocin-
based chemotherapy is usually reserved for symptomatic
patients with rapidly advancing disease, but generally the
therapy is poorly tolerated and its effects are short-lived.
Locoregional therapy directed such as hepatic-artery
embolization and chemoembolization, radiofrequency
thermal ablation and cryosurgery, is often used instead
of systemic therapy, if the disease is limited to the liver.
However, liver transplantation should be considered in
patients with neuroendocrine metastases to the liver that
are not accessible to curative or cytoreductive surgery
and if medical or locoregional treatment has failed and
if there are life threatening hormonal symptoms. We
report a case of liver transplantation for metastatic

neuroendocrine tumor of unknown primary source and
provide a detailed review of the world literature on this
controversial topic.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Neuroendocrine tumors are divided into gastrointestinal
carcinoids and pancreatic neuroendocrine tumors!.
However, it is suggested that they may be grouped
together and be categorized into functional and non-
functional tumors™ to indicate the clinical manifestations
of syndromes caused by hypersecretion of neuropeptides
and biogenic amines at supraphysiologic levels™. These
tumors are very rare and occur with an incidence of
2 per 100 000/year (with a slight female predominance)
for carcinoids' and 1-1.5 per 100 000/year for pancreatic
neuroendocrine tumors'”.

Gastrointestinal carcinoid tumors originate from cells
of the diffuse neuroendocrine system, which is composed
of amine-and peptide-producing cells"!. These cells are
scattered throughout the body and predominantly occur in
the submucosa of the large and small intestine, stomach
and larger bronchi!’, Tn 85% of all cases they arise in the
lung, stomach, ileum, appendix and rectum'. Although
the majority of these tumors are nonfunctional, certain
primary site locations, such as the ileum and bronchi, have
a predilection for producing the carcinoid syndrome[”.
This syndrome is characterized by flushing, diarrhea,
abdominal pain and less often by wheezing and heart
disease and is predominantly caused by the production
of serotonin, Other biological substances, produced by
carcinoid tumors, such as kalikrein and prostaglandins also
take part in the pathogenesis of the carcinoid syndromem.
Overall, the carcinoid syndrome develops in only 5%
of all carcinoid tumor patients, but this figure rises to
approximately 60% in cases with liver metastases' . Prior

to metastasizing to the liver, carcinoid tumors are usually
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silent because their secretory products are inactivated in
the liver™*”.

Pancreatic endocrine tumors arise from pleuropotential
stem cells within the pancreasp’10J and those that are
functional produce biologically active peptides such as
gastrin, insulin, glucagon, vasoactive intestinal polypeptide,
somatostatin, growth hormone releasing factor, and
pancreatic polypeptide which are responsible for distinct
clinical syndromes'"". Gastrinomas and the insulinomas
are the most common functional pancreatic endocrine
tumors whereas all others are rare™'". Non-functional
pancreatic neuroendocrine tumors (45-50% of all
pancreatic neuroendocrine tumors) exhibit no specific
syndromes; such tumors present only with symptoms due
to tumor mass"' .

Liver metastases develop in 46-93% of patients with
neuroendocrine tumors and can involve large portions of
the liver before becoming symptomaticmj. They exhibit
a slow growth despite their multilocular and bilateral
occurrence in most cases'” and may be limited to the
liver for long periods"!. Surgery is generally the first
line therapy for patients with liver metastases due to
neuroendocrine tumors™ !, Potentially curative resection
is considered in patients with solitary or unilobar hepatic
metastases and without radiological evidence of systemic
disease!"”. However, curative resection is possible only in
approximately 20% of patients“g], because liver metastases
frequently diffuse at the time of diagnosislg]. In patients
with bulky disease, preoperative hepatic artery embolization
is recommended in order to decrease the blood flow and
shrink tumors™. In patients with previously resected or
resectable primary tumors, regional nodal disease and
metastases confined to the liver, cytoreductive surgery
is recommended, provided that preoperative imaging
confirms that the primary and regional diseases are
controlled or controllable and 90% or more of the bulk of
the tumor can be removed''. In patients with unresectable
liver metastases alternative treatments that can be
considered include immunotherapy (somatostatin analogs
and/or alpha-interferon) and chemotherapy (usually
streptozocin-based). Additional therapy such as hepatic-
artery embolization or chemoembolization, radiofrequency
ablation and cryosurgery are pursued as needed™'""**,
Some studies report a tumoristatic effect of somatostatin
analogs such as octreotide and lanreotide in 36.5-75% of
treated patients lasting for 3-12 months” . Furthermore,
treatment with high-dose somatostatin analogs may induce
apoptosis in neuroendocrine tumors™. In addition,
small liver metastases (diameter less than 1-2 cm) may
respond to radiopharmaceutical agents such as Y (90)-
and In (131)-labeled octreotide which involve insertion of
radiotherapeutic agents directly into the tumor. A recent
study suggested that the administration of combinations
of Y (90)- and Lu (177)-labeled octreotide in patients
with tumors of different sizes may allow wider tumor
penetrationm. In patients with bilobar hepatic tumors,
hepatic artery embolization combined with octreotide
treatment has also been proposedlzs].

Liver transplantation is considered in patients with

neuroendocrine metastases to the liver which are not
accessible to curative or cytoreductive surgery, tumors
which do not respond to medical or interventional
treatment and in tumors causing uncontrollable life-
threatening hormonal symptoms (severe hypoglycemia,
gastrointestinal hemorrhage, severe diarrhea,
Valvulopathy)[zg’w] providing the disease has not extended
beyond the liver, although certain hormonal symptoms (e.g
insulinoma) may be less amenable to transplantation than
others.

We report herein a case of liver transplantation due to
metastatic neuroendocrine tumor of unknown primary
source. In addition, we present a comprehensive review
of liver transplantation in patients with metastatic
neuroendoctine tumors.

CASE REPORT

A 61-year-old white male with a prior history of
hypertension and arteriosclerotic heart disease was referred
in May 1999 for evaluation of multiple liver metastases
from an unclear primary source. In the 4-5 years prior to
referral, he described that he had flushing and cough. The
flushing was primarily on his face, lasted for about an hour
at a time and was precipitated by heat. In the few months
prior to referral he developed episodes of fevers, chills and
lassitude and had been treated briefly with antibiotics with
a good response. The patient had lost about 16 pounds,
which was attributed to dieting and anxiety. Physical
examination revealed hepatomegaly. Ultrasound of the
right upper quadrant and CT scanning of the chest and
abdomen revealed multiple metastases in the liver but no
other obvious primary tumor (Figure 1A). Laboratory
data included a urinalysis which was negative, a serum
albumin of 2.9 gm/dL (n.: 3.5-5.0), an elevated alkaline
phosphatase of 197 IU/L (n.: 42-121), an ALT of 96 TU/L
(n.: 10-60), an AST of 57 TU/L (n.: 10-42), a BUN of 18
mg/dL (n.: 6-20), a normal serum calcium and normal
chloride and electrolytes. His total bilirubin was 1.0 mg/dL
(n.: 0.2-1.0) and his total protein was 6.7 gm/dL (n.: 6.4-8.2).
His CBC was within normal limits.

His serum gastrin level was 38 pg/mL (n.: 0-100),
serum chromogranin A level was 275 ng/mL (n.<50) and
serum pancreatic polypeptide was 258 pg/mL (n.<312).
24-h urine analysis for 5-hydroxydinoloacetic acid was
normal. A transcutaneous liver biopsy was positive for
neuroendocrine tumor. The tumor was strongly positive
for neuron specific enolase, synaptophysin, insulin, S100
and chromogranin. An OctreoScan showed liver and
midline abdominal foci of increased radiotracer uptake
compatible with neuroendocrine lesions. There were no
neuroendocrine lesions within the lungs and mediastinum.
His small bowel enema was normal. An upper endoscopy
revealed a few small prepyloric ulcers with no evidence
of Helicobacter pylori. In addition, there was evidence of
extrinsic antral compression from the left lobe of the
liver. An echocardiogram was performed which showed
a thickened and calcified aortic valve and mitral valve
with mild mitral regurgitation. A diagnosis of metastatic
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Figure 1 (A) Enhanced CT of the abdomen shows multiple hepatic metastases (big arrow) and lymphadenopathy of the gastrohepatic ligament (small arrow). (B) Follow-
up CT, 2 mo later reveals an increase in size and number of liver metastases (big arrow) and persistent gastrohepatic ligament adenopathy (small arrow). (C) T1-weighed
MR image performed 9 mo after transplantation shows the interval development of multiple liver metastases (arrows).

nonfunctional neuroendocrine tumor was eventually made.
For the next six months the patient received somatostatin
maintenance therapy at which point recurrent upper
respiratory symptoms and severe abdominal discomfort
developed. There were no carcinoid symptoms and the
patient continued to work. A follow up CT scan of the
abdomen revealed innumerable metastases throughout
the liver (which had coalesced when compared to an
examination performed 2 mo earlier) and increasing
adenopathy within the gastrohepatic ligament (Figure 1B).
Six months later, while on depot octreotide maintenance,
he presented with bleeding esophageal varices, and frank
hepatic encephalopathy. A metastatic work-up at that time
revealed disease predominantly in the liver with additional
sites of involvement in the pancreas (possibly an enlarging
primary site) and questionable lesions in the chest.

His most recent MRI scan showed no change in tumor
size although possibly there was more inferior vena cava
obstruction.

The patient underwent orthotopic liver transplantation
(OLT) without a pancreatic resection. His explant
revealed a liver diffusely involved (approximately 60%)
by low grade, neuroendocrine carcinoma with metastasis
involving petihilar lymph nodes and cirrhosis. The patient
was placed on Prograf and Ganciclovir. Octreotide was
discontinued. The patient remained healthy for several
months after the transplant and a follow up MRI at 3 mo
did not reveal any malignancy until 12 mo later when he
presented with pruritus, generalized fatigue and profound
diminution in stamina. MRI of the liver confirmed
metastasis (Figure 1C) as well as multiple pulmonary
nodules and spinal lesions. He was retreated with
somatostatin, initially subcutaneously and later by depot
injections. However over the next 12 mo his condition
deteriorated and despite treatment with Ytrium octreotide
in an experimental protocol he ultimately expired 27 mo
after liver transplantation.

DISCUSSION

Neuroendocrine tumors represent an unusual group
of rare tumors due to their slow growth and ability to

produce and secrete a multitude of peptide hormones and
amines”™". These substances give rise to different clinical
syndromes related to the peptide production, such as the
carcinoid syndrome, insulinoma syndrome, Zollinger-
Ellison syndrome, glucagonoma syndrome, WDHA
syndrome and somatostatinoma syndromem. However,
as in this case, many patients have nonfunctional tumors
and present with hepatic metastases””. In most cases
neuroendoctrine metastases to the liver are located in both
lobes. Gastrointestinal carcinoid tumors, especially those
located in the small intestine or ascending colon, are the
most common neuroendocrine tumors presenting with
liver metastases. Gastrointestinal carcinoids and pancreatic
neuroendocrine tumors have different degrees of
malignant potential and frequency of liver metastases’ .

The therapeutic approach to hepatic metastases
should consider the natural history of the disease and the
progression and severity of symptoms caused by both
hormone production and tumor mass””. In contrast to
nonendocrine tumors, therapy for hepatic metastases
from neuroendocrine tumors with liver transplantation
is reasonable because the disease may be confined to the
liver for extended periods and the growth is slow!*79,
The presence of liver metastases from neuroendocrine
tumors is a very important prognostic factor for decreased
survival”. The 5-year survival rate in untreated patients is
approximately 30%*” and chemotherapy only prolongs
life by a mean of 12-24 mo!***!.

There have been several single-center (Tablel)
retrospective analyses and three multicenter restrospective
studies™*** of liver transplantation in patients with
liver metastases from neuroendocrine tumors. They
are summarized in Table 1. However closer review of
these reports reveals that some of the patients were
part of more than one publication. Several tumor and
patient characteristics influence the outcome following
liver transplantation. A large retrospective study of 637
patients who underwent OLT between 1968 and 1991,
observed that 67% of patients with carcinoid tumors had
recurrence ™. The authors concluded that patients with
slowly growing metastatic neuroendocrine tumors might
be suitable candidates for liver transplantationl42J
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Table 1 Liver transplantation for metastatic neuroendocrine tumors

Author Year Number of Actuarial survival (%) Comments Ref.
PEEE gn 20 3m 4em 50m "

O'Grady 1987 2 nr nr nr nr nr 2 carcinoids, 1 death at 7 mo, 1 53
symptom free at 12 mo after LT

Makowka 1989 5 nr nr nr nr nr 3 alive 7, 16 and 34 mo after LT 35

Arnold 1989 4 nr nr nr nr nr 2 no recurrence 20, 38 moths after LT, 2 54
deaths 7, 8 mo (chronic rejection)

Bramley 1990 1 nr nr nr nr nr VIP-oma, no tumor 12 mo after LT 55

Alsina 1990 2 nr nr nr nr nr 1 carcinoid and 1 PNT no symptoms 5, 13 56
mo after LT

Penn 1991 13 nr nr nr nr nr 9 carcinoids, 4PNT; 67 %recurrence for carcinoids 42

Bechstein 1994 30 52 52 52 nr nr multicenter study; at the time of report: 43

57% alive, 43% dead, 30%
recurrence, 70% no evidence of disease
Allessiani 1995 14 nr nr 64 nr nr cluster transplantation, recurrence rate 45.5% 44
Routley 1995 11 82 nr nr nr 57 7 carcinoids, 2 PNT, 2 ET-primary unknown;6 45
alive (2 carcinoids) 8-106 mo after LT; 5
deaths(3 carcinoids) in 8-67 mo after LT

Curtiss 1995 3 nr nr nr nr nr 3 alive 12, 20, 30 mo after LT 57
Anthuber 1996 4 nr nr nr nr nr 4 deaths 10 days and 4, 8, 33 mo after LT 58
Dousset 1996 9 nr nr nr nr nr 4 carcinoids, 5 PNT; 3 (carcinoids) alive 59

15, 24, 62 mo after LT, 6 deaths 6, 7, 12, 83
days and 7, 8 mo after LT
Le Treut 1997 31 58 51 47 36 36 multicenter study, 11 centers in Europe; disease 46
free survival: 45% at 1 yr, 29% at 3 yr, 17% at
5 yr after LT; higher survival for carcinoids
(69% at 5 yr) than for non-carcinoids (8% at 4 yr)

Le Treut 1997 37 66 56 46 46 46 literature review, 14 centers, higher survival for non- 46
carcinoids (83% at 2 yr) than carcinoids (34% at 2 yr)

Lang 1997 12 nr nr nr nr nr 9 alive-median survival 55 mo (4 no recurrence 2, 57, 47
58, 103.5 mo after LT)

Lehnert 1998 103 68 60 53 47 47 multicenter study; disease-free survival:60% at 1 yr, 48

48% at 2 yr, 42% at 3 yr, 42% at 3 yr,33% at 4 yr, 24%
at 5 yr. favorable prognostic factors: age>50yr, limited
operation (survival 65% at 5 yr).

Pilchmayr 1998 15 nr nr nr r 86.7 11 alive, 4 with no recurrence, the longest survival 10 49
yr after LT
Gottwald 1998 1 nr nr nr nr nr Gastrinoma, alive with good liver function after LT 60
Frilling 1998 4 ar ar ar ar ar 3 carcinoids (2 alive,1 dead 32 d after LT), 1IPNT( 61
death 4 days after LT); 1 recurrence-free
Pascher 2000 4 nr ar r ar r 4 carcinoids; 2 deaths 14, 42 mo after LT, 2 alive 36, 76 62
mo after LT
Claure 2000 1 nr nr nr nr nr 1 carcinoid 63
Coppa 2001 9 100 100 100 70 70 Disease-free survival 53% at 5 yr 19
Ringe 2001 5 ar ar ar ar ar 4 alive (2 tumor-free survivals 4-25 mo after LT); 1 64
death 0.2 month after LT
Olausson 2002 9 89 ar ar ar ar 5 PNT, 4 carcinoids; 7 OLT,2 MVT; 8 alive, 6 no 29
evidence of disease, 4 recurrent tumors 9-36 mo after
LT
Rosenau 2002 19 39 r r r 30 Survival at 10 yr 50%;recurrence free survival 56% at 50
1yr, 21% at 5 and 10 yr; survival 100% at 7 yr with
Ki67<5% and regular E-cadherin staining; survival
0% at 7 yr with Ki67>5% and E-cadherin aberrant
staining
Fernandez 2003 5 or or or or or 2 alive and recurrence free 3, 6 yr after LT; 3 deaths 4, 65
10, 17 mo after LT
Amarapurkar 2003 14 or or or or or MIB-1 index >5%: recurrence at median 11 mo, 66
survival median 13 mo MIB-1 index <5%: recurrence
at median 69 mo, survival median 80.5 mo
. 7 OLT, 3 MVT; 2 yr survival 100% for carcinoids; 67% 51
Cahlin 2003 10 nr 80 nr nr nr for PNT; 2 yr disease-free survival 75% for carcinoids
and 33% for PNT
1 patients disease-free at 5 yr after LT 52
Florman 2004 1 73 nr nr n 36 8 after OLT alive at time of study, 2 after MVT died 4 14
Ahlman 2004 12 nr nr nr nr nr mo after LT; other 2 after MVT with no recurrence at
8, 36 mo.

LT: liver transplantation; OLT: orthotopic liver transplantation; MVT: multivisceral transplantation; PNT: pancreatic endocrine tumors, nr: results not reported



7680 ISSN 1007-9327

CN 14-1219/ R World J Gastroenterol

December 28, 2005 Volume 11 Number 48

These data were further supported by another experience
on 30 patients from 14 centers who underwent OLT for
metastatic neuroendocrine tumors'™. It was noted that
the actuarial survival, often combined with other upper
abdominal resective procedures, for the entire group of
patients was 52% after 1 year and remained stable for
another 24 mo™. Overall, mortality during the first year
after transplantation due to recurrent tumor was 17%,
The longest survival, 42 mo, was in a patient who died
from recurrent carcinoid tumor'”. Overall, at the time of
this study 57% of patients were alive, 30% had developed
recurrence, 43% had died and 70% did not have evidence
of disease recurrence. Based on their observations they
proposed that extrapancreatic primary neuroendocrine
tumors be treated with radical hepatic resection followed
by medical therapy and that the tumor response should be
evaluated before considering liver transplantationmj. Even
the primary pancreatic primary tumors with slow growth
that do not respond to medical therapy can be considered
for liver transplantation but with a combination of a
pancreatic resection procedurelm.

The role of abdominal cluster transplantation was
best described in 57 patients presenting with primary
or metastatic liver tumors"'?. Abdominal cluster
transplantation for metastatic neuroendocrine liver
tumors had a better 3-year survival rate (64%) than
for patients who underwent this procedure due to
sarcoma (44%), hepatocellular carcinoma (25%),
cholangiocarcinoma (20%) and other adenocarcinomas
(209", OLT was found to be effective in controlling
symptoms that were caused by carcinoid metastases to
the liver™. The tumor recurrence was not necessarily
associated with early recurrence of symptomsm]. The
patients with non-carcinoid tumors were found to have a
higher likelihood of prolonged disease-free survival than
those with carcinoid tumors™. On the other hand Le
Treut et al. found significantly higher survival in patients
with metastatic carcinoid tumors (80% after 1 year and
69% after 5 years) than in patients with non-carcinoid
neuroendocrine tumors who underwent OLT (38% after 1
year and 8% after 4 years)™. However additional analysis
of 37 cases of OLT for metastatic neuroendoctine tumors
presented in the literature revealed significantly higher
survival rates in patients with non carcinoid apudomas
(83% after 2 years) than in patients with carcinoids (34%
after 2 years)"*".

When liver transplantation was done only in cases with
unresectable liver tumor, untreatable hormonal symptoms
ot massive tumor bulk””" and without extrahepatic tumors
at the time of transplantation, patients were observed
to derive benefit from OLT". A characteristic of the
patients who did not have recurrence during follow up
was that they had less than 40-50% tumor bulk in the
explant. Thus, it has been suggested that OLT may be
also regarded as curative treatment in some patients with
neuroendocrine metastases who have relatively low tumor
burden”. In contrast, Florman found only 1 rare case of
5-year disease free survival among 11 transplanted patients.
Moreover, it was claimed that due to only few reports in

the literature of 5-year disease free survival (4.6%), OLT
cannot be considered as a curative procedurew.

Other prognostic indicators that have been suggested
include a limited operation and age of <50 years. Patients
with such features had an overall 5-year survival of 65%
and median survival of more than 8 yearsm. On the
other hand, patients who underwent extended operations
including upper abdominal exenteration or Whipple’s
operation had 1-year survival of 50% and 5-year survival
of 31%". Therefore, an extended operation (Whipple’s
operation, abdominal exenteration) and age=50 years were
considered as independent indicators of poor outcome
and thus extensive surgery does not translate into better
outcomes perhaps because of the high rate of post
operative morbidity and mortality (10 of 11 patients with
such features died after a median of 7 mo)™”. Interestingly,
location of the primary tumor, tumor histology and
treatment with somatostatin were not found to be
prognostic factors, although patients with primary tumors
located in the pancreas or gastrinoma seemed to have
poorer outcomes™”. The outcome of liver transplantation
showed a highly significant survival difference between
patients with metastases from neuroendocrine tumors and
other tumots such as colorectal carcinoma, melanoma,
choriocarcinoma or pancreatic carcinoma®™. The 5-year
survival was 86.7% in patients with neuroendocrine
metastases and 0% in patients with other ma]ignancieslsoj.

Little is known about tumor markers as prognostic
factors. It has been demonstrated that low tumor
expression of the immunohistochemical marker,
Ki67(<5%), and the adhesion molecule, E-cadherin,
might be associated with a favorable outcome after liver
transplantation for metastatic neuroendocrine tumors” .
Patients (» = 12) with an increased expression of the
markers, (Ki67=5% positive cells and/or E-cadherin
staining) showed decreased survival (median 46 mo)
whereas patients (# = 5) with low expression of these
markers showed increased survival (median 90 mo)®",
It was also suggested that the combination of these two
markers had an excellent specificity and sensitivity to
predict a survival of 7 years after liver transplantationm
Further study showed that liver transplantation for
metastatic well-differentiated neuroendocrine tumors with
a low expression of protein Ki67 (Ki67<10%) resulted
in relief of hormonal symptoms and long disease-free
periodsml. Another study suggested that MIB-1 antibody
expression might have prognostic value in patients
undergoing liver transplantation for metastatic carcinoid
tumors'®. The authors assessed the cell proliferative
activity by MIB-1 antibody labeling in 14 patients with
metastatic neuroendocrine liver tumors (7 carcinoids, 7
non-carcinoids) who underwent liver transplantation'™. In
this group, two patients remained alive and disease-free at
96 and 192 mo after liver transplantationloq. MIB-1 index
was calculated by dividing the number of tumor cells with
positive staining for MIB-1 antibody by the total number
of tumor cells®. It was shown that patients with a MIB-1
index of greater than 5% showed early tumor recurrence
(median 11 mo) and shorter survival (median 13 mo)
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whereas patients with a MIB-1 index of less than 5%
showed late tumor recurrence (median 69 mo) and longer
survival (median 80.5 mo)™. The low MIB-1 index (<5%)
was found to have a sensitivity of 71% and a specificity of
83% for predicting survival of greater than 2 years™

Current knowledge about the role of liver
transplantation for patients with neuroendocrine liver
metastases indicates that liver transplantation should
be considered only in selected individuals. Coppa e# al.
proposed that selection of patients with non-resectable
metastatic neuroendocrine tumors for liver transplantation
should be based on the Milan criteria: young patients (less
than 50 years) with carcinoids confirmed by histology,
with less than 50% of the liver replaced by metastases,
with a primary tumor (originating from the gastrointestinal
tract) drained by the portal venous system, an absence
of extrahepatic disease and stable disease during the
pretransplantation periodmj. In a group of nine patients
who underwent liver transplantation based on these criteria
the 5-year survival was 70% and the 5-year disease-free
survival was 53%!"”. On the other hand, in the group of
20 patients who were treated by liver resection due to less
advanced liver metastases, the 5-year survival was 67% and
the 5 year disease-free survival was 29%"”. Our patient
had a 27 mo survival and the less than ideal outcome may
have been because of some of the poor prognostic factors
of age>50, tumor bulk exceeding 50%, and regional
metastasis. Furthermore, whether immunosuppression
after OLT has any effect on the rate of tumor recurrence
or not is pure speculation. Thus, given the shortage of
donor organs and the high rate of tumor recurrence, we
currently believe that OLT should only be undertaken,
when other therapeutic approaches including combinations
of regional or systemic chemotherapy and hormone
inhibitors together with partial hepatectomy have failed .
There is a need for prospective studies in large numbers of
patients to fully evaluate the role of liver transplantation
in patients with metastatic neuroendocrine tumors who
may gain many years of effective palliation with careful
selection. However, suboptimal outcomes may occur if
case selection is compromised.
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Abstract

Liposarcomas are rare soft tissue tumors, commonly
affecting the lower limbs and less commonly the
retroperitoneum. Although other organs can be affected,
the pancreas is one of the rarest, and metastasis at
presentation has never been reported. We describe
the case of a 76-year-old gentleman presenting with
abdominal pain and an abdominal mass. Imaging
confirmed a primary tumor in the body and tail of the
pancreas, with a metastatic deposit in the mesentery
adjacent to the second part of the duodenum. Biopsy
confirmed a liposarcoma, and subsequently a complete
surgical excision was achieved. He then received
adjuvant radiotherapy and has remained disease free for
the next 26 mo.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Primary retroperitoneal neoplasms account for only
0.1-0.2% of all malignancies. Liposarcoma is a rare
mesenchymal tumor that occurs most commonly in the
soft tissues of the extremities, but other sites such as the
retroperitoneum can also be involved. Retroperitoneal
liposarcomas grow slowly and silently. Prognosis is poor
due to relapse, so only complete excision, which is often
difficult, produces a ‘cure’”. There are only four cases of
pancreatic liposarcoma in the literature. To our knowledge,
this is the first reported case of metastatic pancreatic

liposarcoma at the time of presentation, with successful
outcome following surgery.

CASE REPORT

A 76-year-old retired civil engineer presented with a 1-mo
history of abdominal pain. He had anorexia associated
with significant weight loss. His medical history was
unremarkable. He was a smoker and drank a moderate
amount of alcohol. On examination he was cachectic and
had a large, firm, but non-tender, upper abdominal mass.
All blood results including tumor markers (CEA, CA 19.9,
AFP, CA125) were within the normal limits. Abdominal
ultrasound showed two large masses adjacent to the
pancreas. CT scan revealed a 20-cm mass in the mesentery
adjacent to the second part of the duodenum, and an 8-cm
tumor of the body and tail of the pancreas (Figure 1). The
appearances were suggestive of liposarcoma, and this was
confirmed by CT-guided core biopsy.

At laparotomy, he had a primary tumor (9 cmx6 cm
x2.5 cm) (Figure 2A) in the distal body and tail of the
pancreas attached to the spleen and a further tumor (27 cm
x20 cmx10 cm) (Figure 2B) adjacent to the second part of
the duodenum, not infiltrating the bowel or the pancreas.
He underwent distal pancreatectomy with splenectomy and
the second lesion, which was encapsulated, was completely
enucleated. His post-operative recovery was slow with the
development of sepsis and a pancreatic fistula, which was
managed conservatively with drainage.

Histology of both masses demonstrated a well diffe-
rentiated sclerosing liposarcoma (Figure 3A) with an area
within the primary mass of dedifferentiation (Trojani grade
3) (Figure 3B). The patient received adjuvant radiotherapy
and was under follow-up with abdominal CT every 6 mo.
At 26 mo, there was no evidence of recurrence and he
remained asymptomatic.

DISCUSSION

Liposarcomas are intermediate (locally aggressive)
malignant mesenchymal tumor comprising 16-18%
of all malignant soft tissue tumors in adults”. The
incidence is the same in the USA and Europe, with a
slight male preponderance’”. These tumors can grow
slowly by direct invasion and can metastasize to the
lungs, liver and other viscera™. Histologically they can be
classified into well differentiated (WD), myxoid, round
cell poorly differentiated myxoid and pleomorphic™”.
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Figure 1 Abdominal CT showing the primary tumor in the body and tail of the
pancreas (white arrow) and the solitary metastasis in the mesentery adjacent to
the duodenum (black arrow).

Figure 2 The primary tumor (right) and its solitary metastasis (left) after removal.

WD liposarcomas are the commonest, accounting for
approximately 40-45%". WD liposarcomas can in turn
be subdivided morphologically into four main subtypes:
adipocytic, sclerosing, inflammatory and spindle cell. This
case was a WD sclerosing liposarcoma, which ranks second
in frequency, and is most often seen in retroperitoneal and
paratesticular lesions'”.

WD liposarcomas show no potential for metastasis
unless they undergo dedifferentiation. Dedifferentiation
occurs in up to 10%, with 90% arising de novo and the rest
in recurrences. Risk of dedifferentiation appears higher
with deep-seated (particularly retroperitoneal) lesions
and is markedly less in the limbs. This is probably a time-
dependant phenomenon. However, it is often impossible
to obtain a wide surgical resection margin and local
recurrence is almost inevitable and often leads to death”,

Retroperitoneal liposarcomas produce non-specific
symptoms and are often extensive on diagnosis'. Most
tumors occur at 40-60 years of age, though they may
appear at any time. The etiology of these tumors is
unknown, although trauma or radiation exposure has
been suggested. CT scan is good at characterizing the
lesions and aspiration cytology is recommended to

Figure 3 Microphotographs of the primary tumor. A: Normal pancreatic tissue; B:
well-differentiated sclerosing liposarcoma; C: area of dedifferentiation.

differentiate from other pancreatic neoplasmsm. Pancreatic
liposarcomas are very rare with eventual metastases
reported in 30-60% of cases. Regardless of cell type,
aggressive surgical excision offers the best chance
of cure”. Some patients may benefit from adjuvant
radiotherapy and less commonly chemotherapy. This
patient had successful resection of the primary tumor and
a giant metastasis followed by adjuvant radiotherapy, and
had remained disease free. Prognosis depends on tumor
location and histological typem. Reported 5-year survival
following surgical excision varies from 41%" to 50%".
Radiotherapy can increase the duration of remission after

incomplete excision and possibly achieve clinical cure?,

CONCLUSION

Aggressive resection combined with adjuvant radiotherapy
should be considered for metastatic pancreatic
liposarcomas when feasible as this offers the best chance
of cure and follow-up is essential.
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Abstract

Dilatation of the colon and the rectum, which is not
attributable to aganglionosis, is a rare finding and can be
the result of intractable chronic constipation. We report
a rare case of a 29-year-old male patient with impressive
megacolon, in whom Hirschsprung’s or Chagas disease
was ruled out. In the present case, dilatation of the
colon was most likely due to a behavioral disorder with
habitual failure of defecation. Chronic stool retention led
to a bizarre bulging of the large bowel with displacement
of the other abdominal organs and severe occult
blood loss. Because of two episodes of life-threatening
gastrointestinal bleeding despite conventional treatment
of constipation, a surgical approach for bowel restoration
was necessary. Temporary loop ileostomy had to be
performed for depressurization of the large bowel
and the subsequent possibility for effective antegrade
colonic lavage to remove impacted stools. Shortly after
the operation, the patient was healthy and could easily
manage the handling of the ileostomy. However, the
course of the megacolon in this young adult cannot
be predicted and the follow-up will have to reveal
if regression of this extreme colonic distension with
reestablishment of regular rectal perception will occur.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Occult gastrointestinal bleeding is a frequent actuality
in human beings, likewise is a temporary absence after
drinking beer on the “Oktoberfest” in Munich. We report
the case of a young male with the unusual combination of
both conditions.

CASE REPORT

A 29-year-old male patient collapsed at the “Oktoberfest”
after consumption of a small beer and was admitted to our
emergency department. The patient was pale and displayed
hemoglobin of 30 g/L despite normal blood pressute
and heart rate. On clinical examination, cachexia and an
obvious distension of the abdomen with slight pain in
the epigastrium and the periumbilical region were noted.
The digital rectal exam revealed black stools with positive
guaiac testing, but the patient denied gross rectal bleeding
in the past. The patient has seldom bowel movements
(every third day) and denotes the absence of the urge for
defecation. He has recently lost his job as a janitor because
of permanent fatigue and decreasing tolerance to work.
Furthermore, he reported an unclassified “bowel disease”
since early childhood and a “dilatation” of the colon which
had been perfor