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Fig. 1 Relative expression
levels of 18 genes (see Table 1)
in liver tissues from 57 patients
without steatosis (—) and 43
patients with steatosis (+). Gene
expression was evaluated by
real-time quantitative RT-PCR.
Results are presented relative to
the expression of a reference
gene (ACTB) to correct for
variation in the amount of RNA
in the RT-PCR. The box
contains the values between the
25th and 75th percentiles, and
the horizontal line is the
median; the error bars stretch
from the 10th to 90th
percentiles. Differences
between groups were analyzed
using the Mann—Whitney U test.
Asterisks indicate that the
differences were statistically
significant
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Discussion

(P = 0.017). On the other hand, the presence of the
SREPB1 protein was not associated with the steatosis.
These findings agree with those from our analyses of
PPARA and SREBFI mRNA levels. We also examined the
relationship between the levels of PPAR« and SREBP1
proteins and the degree of fibrosis (Table 6). The level of
the PPARo protein was not associated with the degree of
fibrosis. The expression of the SREBP1 protein tended to be
higher in patients who had a higher fibrosis stage, although

the association was not statistically significant.

@ Springer

Our results demonstrated a high prevalence (57.6%) of
steatosis among patients with chronic HCV infection in
Japan, which confirms previous reports in Europe and the
United States [1, 25-28]. The prevalence of steatosis was
high (43.0%) even when known factors of steatosis, such as
obesity, diabetes, or ongoing alcohol intake, were exclu-
ded. Consistent with previous reports [1, 29], the grade of
steatosis was mild in most cases.
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Table 6 Relationship between the presence of steatosis or the degree of fibrosis and levels of PPARa and SREBP1 proteins in liver tissues from

patients without obesity, diabetes, or alcohol intake

Steatosis Fibrosis
Absent (n = 57) Present (n = 43) P F1/F2 (n = 80) F3/F4 (n = 20) P
PPAR« protein expression
1-+; mild or absent 9 17 20 6
2-+; moderate 38 23 49 12
34; strong 10 3 0.017 11 2 0.85
SREBPI protein expression
1+4; mild or absent 16 6 17
2+; moderate 31 29 52 8
3+; strong 10 8 0.23 11 0.055

Multivariate analysis on the 297 patients with steatosis,
including those with metabolic cofactors, revealed that a
higher BMI, higher levels of y-GTP and triglyceride, and a
higher fibrosis stage correlate independently with steatosis.
Previous studies have also observed an association between
these clinicopathological factors and steatosis [1]. A recent
meta-analysis of patients with chronic HCV infection in
Europe, Australia, and the United States showed that ste-
atosis is associated independently with HCV genotype 3,
the presence of fibrosis, diabetes, hepatic inflammation,
ongoing alcohol intake, a higher BMI, and an older age [5].
Although several studies have shown a significant and
independent association between HCV genotype 3 and the
presence of steatosis [1], we did not observe this associa-
tion. This is due to the much lower prevalence of genotype
3 in Japan (<1%) than in Europe (24%) [7] and the United
States (14%) [9]. There is some controversy with regard to
the influence of steatosis on the progression of fibrosis
[1, 3]. Some investigators suggest that steatosis accelerates
fibrosis only in genotype 3-infected patients [7, 29, 30],
whereas others suggest that there is an association in
patients infected with genotype 1 [5, 31]. An analysis using
paired liver biopsies revealed that steatosis was the only
independent factor predictive of progression of fibrosis
[32]. In agreement with a previous study [33], we also
found that patients with steatosis had a higher y-GTP. An
increase in serum y-GTP is associated with hepatic stea-
tosis, central obesity and insulin resistance, and is a marker
of metabolic and cardiovascular risk [34-36]. Elevated
values of y-GTP are caused by damage to cellular mem-
branes, cellular regeneration or by enhanced synthesis as a
result of induction of the biotransformation enzyme sys-
tem. However, the mechanisms that explain the contribu-
tion of y-GTP to steatosis have not been fully elucidated.

We analyzed the intrahepatic expression of genes that
regulate (i) lipid degradation, (ii) lipid secretion, (iii) lipid
synthesis, and (iv) lipid uptake. We then investigated the
relationship between these levels and the presence of

steatosis. Our experiments included more candidate genes
than previous studies [13, 18, 19, 37]. The expression of
PPARA, ACADS, ACADL, EHHADH, HADHA, ACOXI,
and CYP2EI were lower in patients with steatosis. Immu-
nohistochemistry confirmed that the expression of the
PPARa protein was significantly lower in patients with
steatosis than in patients without steatosis. PPAR«, one of
the proteins involved in lipid degradation, is a nuclear
receptor that controls fatty acid metabolism by regulating
the expression of genes encoding enzymes involved in
mitochondrial and peroxisomal f-oxidation of fatty acids
[38]. Short chain acyl-CoA dehydrogenase (encoded by
ACADS), long-chain acyl-CoA dehydrogenase (ACADL),
enoyl-CoA hydratase/3-hydroxyacyl-CoA dehydrogenase
bifunctional enzyme (EHHADH), hydroxyacyl-CoA dehy-
drogenase/3-ketoacyl-CoA thiolase/enoyl-CoA hydratase,
alpha subunit (HADHA), and acyl-CoA oxidase (ACOX1I)
are involved in fatty acid f-oxidation. CYP2EI encodes a
member of the cytochrome P450 superfamily of enzymes
that is involved in microsomal w-oxidation. Acyl-CoA
oxidase is the rate-limiting enzymes of peroxisomal
p-oxidation, Also, EHHADH, HADHA and ACOXI are
known to be a direct transcriptional target of PPAR« [38].
The reduced expression of PPARA, ACADS, ACADL,
EHHADH, HADHA, and ACOXI may lead to steatosis
through down-regulation of fatty acid S-oxidation. How-
ever, not all of the genes regulating f-oxidation were
down-regulated in patients with steatosis. For example,
carnitine palmitoyl transferase 1 (encoded by CPTIA) is
the rate-limiting enzymes of mitochondrial S-oxidation,
and although CPTIA is a transcriptional target of PPAR«
[38], their expression was not significantly reduced in
patients with steatosis.

In agreement with a previous study [13], we also found
that the expression of MTP, a gene involved in lipid
secretion, tended to be lower in patients. with steatosis,
although the association was not statistically significant.
MTP is a transcriptional target of PPARo [38]. Because
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Fig. 2 Immunohistochemistry

for PPARo and SREBP1 (a)
proteins. a Representative

images from immunostaining

for PPAR« and SREBP1

proteins in liver tissues from

patients with chronic hepatitis Mild or absent
C. Shown are weak or absent (1+)
staining (1), moderate staining

(2+), and strong staining (3+).

Original magnification, x400.

b Relationship between relative

levels of PPARA and SREBFI

mRNA and proteins. PPARA

and SREBF1 mRNA levels were

determined as described in

Fig. 1. Levels of PPAR« and

SREBP1 proteins were Moderate
evaluated as described in a. (24)
Differences between groups

were analyzed using the Mann—

Whitney U test. Asterisks

indicate that the differences

were statistically significant
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PPARoQ. protein

microsomal triglyceride transfer protein plays a pivotal role
in assembly and secretion of very low density lipoproteins,
its reduced expression is expected to result in the increased
accumulation of triglycerides (i.e., steatosis).

The nuclear receptor liver X receptor o (encoded by
NRIH3) is known to promote hepatic lipogenesis by
activating SREBP1. SREBPI increases the transcription of
genes involved in hepatic fatty acid synthesis, such as
FASN (encoding fatty acid synthase) and ACACA (acetyl

@ Springer
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SREBP1 protein

CoA carboxylase), and induces steatosis through increased
accumulation of triglyceride. Unexpectedly, the levels of
both SREBFI mRNA and protein and of FASN mRNA
were not up-regulated in patients with steatosis. In addi-
tion, the expression of NRIH3 and ACACA were lower in
patients with steatosis. These findings contradict the idea
that the increased expression of genes involved in syn-
thesis of fatty acids leads to steatosis. One possible
explanation is that the decreased expression of NRIH3 and
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ACACA compensates for the increased accumulation of
triglycerides.

Of the genes involved in lipid uptake, fatty acid trans-
porter protein 5, a liver-specific member of the fatty acid
transporter protein family, mediates the uptake of long-
chain fatty acids. Unexpectedly, the expression of
SLC27A5 (encoding fatty acid transporter protein 5) was
not up-regulated but rather down-regulated in patients with
steatosis. Again, this expression could be a compensatory
response to increased accumulation of triglyceride.

Further studies are needed to determine the importance
of the products of these genes because the limited size of
biopsy samples prevented measurement of the enzyme
activities. Changes in enzymatic activities of their products
are more important for the development of steatosis than
changes in their transcriptional levels. Moreover, in vitro
studies and mouse models have shown that HCV proteins
cause mitochondrial injury, leading to oxidative stress
[39-43]. Oxidative stress may inhibit enzymes involved in
lipid metabolism, and reactive oxygen species may cause
peroxidation of membrane lipids and structural proteins,
such as those involved in trafficking and secretion of lipids.
Oxidative stress perturbs lipid metabolism, thus contrib-
uting to steatosis. It is possible that, instead of a direct
effect of HCV proteins on the transcription of genes reg-
ulating lipid metabolism, nonspecific inhibition of lipid
metabolism through oxidative stress leads to HCV-related
steatosis.

In conclusion, a higher BMI, higher levels of y-GTP and
triglyceride, and a higher fibrosis stage correlate indepen-
dently with steatosis in HCV-infected Japanese patients.
Thus, the down-regulation of genes involved in fatty acid
oxidation may contribute to the development of steatosis in
these patients.
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Abstract

Background Chronic hepatitis C (CHC) genotype 1b
patients with high viral load are resistant to peginterferon
(PEG-IFN) and ribavirin (RBV) combination therapy,
especially oldjgr"énd female patients.

Methods To elucidate the factors affecting early and
sustained viral responses (EVR and SVR), 409 genotype 1b
patients CHC with high viral loads who had received
48 weeks of PEG-IFN/RBV therapy were enrolled. The
amino acid (aa) sequences of the HCV core at positions 70
and 91 and of the interferon sensitivity determining region
(ISDR) were analyzed. Host factors, viral factors, and
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treatment-related factors were subjected to multivariate
analysis. '

Results Male gender, low HCV RNA load, high platelet
count, two or more aa mutations of ISDR, and wild type of
core aa 70 were independent predictive factors for SVR. In
patients with over 80% adherences to both PEG-IFN and
RBV, male gender, mild fibrosis stage, and wild type of
core aa 70 were independent predictors for SVR.
Conclusions  Independent predictive factors for SVR
were: no aa substitution at core aa 70, two or more aa
mutations in the ISDR, low viral load, high values of
platelet count, mild liver fibrosis and male gender.
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Abbreviations

CHC Chronic hepatitis C

PEG-IFN Peginterferon

RBV Ribavirin

RVR Rapid viral response

cEVR Complete early viral response
LVR Late viral response

ETR End of treatment response

NR Non response

SVR Sustained viral response

ISDR Interferon sensitivity determining region
Aa Amino acid

ALT Alanine aminotransferase

PLT Platelet

HCC Hepatocellular carcinoma

Introduction

A combination of pegylated interferon (PEG-IFN) and
ribavirin (RBV) therapy for 48 weeks achieves a sustained
viral response (SVR) rate of 40-50% in chronic hepatitis C
(CHC) patients with a high viral load of genotype 1 [1-4].
The dose-reduction rate and the frequency of discontinua-
tion of this treatment are high in aged patients [5]. The
SVR rate of the therapy is lower in females than males,
especially in older patients in Japan [6].

Around 30% of HCV carriers have serum alanine ami-
notransferase (ALT) levels within the upper limit of normal
ranges [7, 8] and HCV carriers with persistently normal
serum ALT (PNALT) and serum platelet (PLT) counts of
over 15 x 10%/mm® show low grade hepatic fibrosis and
good prognosis [9]. Before treating HCV carriers, it is very
important to predict non-response to PEG-IFN plus RBV
therapy because of its medical cost, adverse effects, and its
impact on the long term quality of life.
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There are many factors affecting response to IFN
monotherapy and PEG-IFN/RBV therapy, including body
mass index (BMI) [10, 11], steatosis [12, 13], insulin
resistance {14], stage of liver fibrosis {15, 16], total cho-
lesterol (T. Chol), triglyceride (TG), adherence to both
PEG-IFN and RBV [17], race [18, 19], age [1, 2, 20], and
viral factors including serum quantity of HCV RNA, HCV
genotype and substitution of amino acids (aa) in the
interferon sensitivity determining region (ISDR, 2209-
2248) of the nonstructural protein SA (NS5A) [21] and in
the core protein {22, 23]. Early viral response is an
important predictive factor in PEG-IFN/RBV therapy for
CHC patients with genotype 1 and high viral loads [24-27].

The aim of this study was to elucidate the valuable
predictive factors of SVR in Japanese patients with HCV
genotype 1b high viral loads following 48 weeks of PEG-
IFN/RBYV therapy, focusing on the relationship between aa
substitutions in the ISDR and at core aa 70 and 91 and early
viral kinetics.

Patients and methods
Selection of patients

This retrospective study was conducted at 15 clinical sites in
Japan which are part of the Study Group of Optimal Treat-
ment of Viral Hepatitis supported by the Ministry of Health,
Labor and Welfare, Japan. Eligible subjects were CHC
patients, who (1) had received liver biopsy; (2) were
genotype 1b with high viral load (=100 KIU/ml by Cobas
Amplicor Hepatitis C Virus Test, version 2.0) at the start of
PEG-IFEN/RBYV therapy; (3) received weekly injections of
PEG-IFN-a-2b (PEG-INTRON; Shering-Plough, Kenil-
worth, NJ) of 1.5 pg/kg bw and oral administration of RBV
(Rebetol; Shering-Plough) for 48 weeks. The amount of
RBV was adjusted based on the subject’s body weight;
(600 mg for <60 kgbw, 800 mg for 60-80 kg bw,
1,000 mg for > 80 kg bw); (4) were examined serially for
quantitative and qualitative HCV RNA; and (5) the aa
sequences at positions 70 and 91 in the core region and of the
ISDR in the NS5A had been determined in pretreatment sera.

Hepatitis B virus (HBV) infection, human immuno-
deficiency virus (HIV) infection, autoimmune hepatitis,
primary biliary cirrhosis, hemochromatosis, and Wilson’s
disease were excluded. Histopathological diagnosis was
based on the scoring system of Desmet et al. [28]. The
definition of alcohol abuse included patients having a his-
tory of more than 100 kg of total ethanol intake. Complete
blood counts, liver function tests, serum lipids, serum fer-
ritin, serum fibrosis markers, fasting plasma glucose (FPG),
and immune reactive insulin (IRI) were examined in most
cases. Written informed consent was obtained from all
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patients before treatment, and the protocol was approved
by the ethics committees in each site.

Study design

Four hundred and nine patients who completed 48 weeks
of treatment and were followed for more than 24 weeks
after treatment were enrolled in the first study (Study
design I).

To elucidate the effect of aa substitution of HCV core
and in the ISDR on HCV dynamics, including a rapid viral
response (RVR), complete early viral response (cEVR), a
late viral response (LVR) and SVR, according to gender
and age (<60 years > 60 years), 201 of the 409 patients
maintaining over 80% adherences to both PEG-IFN and
RBV were enrolled in the second study (Study design 2).

Nucleotide sequencing of the core and NASA gene

The nucleotide sequences encoding aa 1-191 (HCV core)
and aa 2209-2248 (ISDR) were analyzed by direct
sequencing as described by Akuta et al. [22, 27] and
Enomoto et al. {21]. In brief, RNA was extracted from the
sera and converted to ¢cDNA and two nested rounds of
polymerase chain reaction (PCR) were performed. Primers
used in the PCR were as follows; (a) Nucleotide sequences
of the core region: the first-round PCR was performed with
CC11 (sense) and e14 (antisense) primers {22, 27], and the
second-round PCR with CC9 (sense) and el4 (antisense)
primers [22, 27]. (b) Nucleotide sequences of the ISDR in
NS5A: the first-round PCR was performed with ISDR1
(sense) and ISDR2 (antisense) primers [21], and the sec-
ond-round PCR with ISDR3 (sense) and ISDR4 (antisense)
primers [21]. These sequences were compared with the
consensus sequence of genotype 1b (HCV-I) [29]. Wild
types virus encoded arginine and leucine at aa 70 and 91,
respectively, and the aa substitutions were glutamine or
histidine at aa 70 and methionine at aa 91.

Viral kinetic study

Serum HCV RNA levels were measured by PCR (Amplicor
HCV RNA kit, version 2.0, Roche Diagnostics) using
samples taken before treatment and at 4, 12, 24, and
48 weeks after the therapy. SVR was defined as HCV RNA
negativity by qualitative analysis by PCR at 24 weeks after
the treatment. RVR was defined as HCV RNA negativity at
4 weeks, cEVR as HCV RNA negativity at 12 weeks, LVR
as HCV RNA negativity during 13-24 weeks and an end of
treatment response (ETR) as HCV RNA negativity at the
end of treatment. Patients who remained positive for HCV
RNA at the end of the treatment and at 24 weeks after the
therapy were defined as non-responders (NR).
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Adherences to PEG-IFN and RBV

Adherences to PEG-IFN and RBV were assessed by sep-
arately calculating the actual doses of PEG-IFN and RBV
received as percentages of the intended dosages. Adher-
ences to PEG-IFN and RBV were divided into two groups;
80%< and <80%.

Statistical analysis

All data analyses were conducted using the SAS version
9.1.3 statistical analysis packages (SAS Institute, Cary,
NC, USA). Individual characteristics between groups were
evaluated by Mann—~Whitney U test for numerical variables
or Fisher’s exact test for categorical variables. Variables
exhibiting values of p < 0.1 in the univariate analysis were
subjected to stepwise multivariate logistic regression
analysis. The grade of steatosis and iron deposition in
liver tissue, BMI, albumin (Alb), low density lipoprotein-
cholesterol (LDL-C), homeostasis model assesment-insulin
resistance (HOMA-IR), ferritin, and hyaluronic acid were
excluded from multivariate logistic regression analysis
because of the absence of those data in more than 10% of
the patients. All p values of p < 0.05 by the two-tailed test
were considered statistically significant.

Results
Study design 1

Baseline backgrounds, characteristics and adherences
of peginterferon and ribavirin in males and females

The treatment outcome of PEG-IFN and RBV combination
therapy depends on gender in Japanese patients, so in addi-
tion to aa substitutions in the ISDR in NS5A [21] or at HCV
core 70 and 91 [22, 27], we compared the baseline charac-
teristics according to gender (Table 1). Males were younger
and the grade of hepatic inflammation was milder in males.
The serum levels of LDL-C, PLT count, and aa substitutions
of ISDR and at core 70 and 91 did not differ significantly
different between males and females. The frequency of no
alcohol abuse was significantly (p < 0.0001) higher in
females than males (Some of them are not described in
Table 1).

The rates of over 80% adherences to PEG-IFN and
RBYV were significantly lower (p = 0.0066, p < 0.00001,
respectively) in females than males. Only in those above
60 years did the rate of over 80% adherence to PEG-IFN
not differ significantly between males and females, but the
rate of over 80% adherence to RBV was significantly lower
(p = 0.035) in females than males (Table 1).
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Table 1 Backgrounds and
characteristics of male and
female patients

Factors Gender p value
Male Female
No. of patients 256 (62.6%) 153 (37.4%)
Age
Median (range) 53 (18-73) 59 (23-75) 0.00001
F stage
FO-2 206 (80.5%) 119 (77.8%) 0.592
F3-4 50 (19.5%) 34 (22.2%)
Grade (A factor)
AO-1 163 (63. 7%) 79 (51.6%) 0.026
A2-3 93 (36.3%) 74 (48.4%)
HCV RNA load 0 week (KIU/mL)
Median (range) - 1500 (100-5000 <) 1280 (100-5000<) 0.384
ALT 0 week (TU/L)
Median (range) 74.5 (16-504) 59 (19-391) 0.001
BMI
Median (range) 23.6 (17.5-31.2) 22.1 (16.1-33.9) 0.00033
Alb (g/dL)
Median (range) 4.0 (3.0-5.2) 3.8 (3.0-4.8) 0.011
LDL-C (mg/dL)
Median (range) 97 (30-185) 90 (34-174) 0.612
T-Chol (mg/dL)
Median (range) 167 (85-273) 176 (114-261) 0.0016
PLT count (x 10*/mm?)
Median (range) 17.0 (8.0-31.9) 16.4 (8.1-39.9) 0.350
Amino acid mutation of ISDR
0-1 200 (78.1%) 121 (79.1%) 0.608
2< 56 (21.9%) 32 (20.9%)
Amino acid substitution of core 70
wild 177 (69.1%) 114 (74.5%) 0.261
Mutant 79 (30.9%) 39 (25.5%)
Amino acid substitution of core 91
wild 153 (59.8%) 98 (64.1%) 0.403
Mutant 103 (40.2%) 55 (35.9%)
PEG-IEN adherence
<80% 41 (17.7%) 42 (30.4%) 0.0066
80%=< 190 (82.3%) 96 (69.6%)
Ribavirin adherence
<80% 54 (23.6%) 73 (52.1%) <0.00001
80%< 175 (76.4%) 67 (47.9%)
Age: <60 years
PEG adherence
<80% 30 (17.8%) 23 (31.5%) 0.027
80%=< 139 (82.2%) 50 (68.5%)
Ribavirin adherence
<80% 27 (16.2%) 31 (42.5%) 0.000029
80%=< 140 (83.8%) 42 (57.5%)
Age: 60 years<
PEG adherence
<80% 11 (17.7%) 19 (29.2%) 0.147
80%=< 51 (82.3%) 46 (70.8%)
Ribavirin adherence
<80% 27 (43.5%) 42 (62.7%) 0.035
80%< 35 (56.5%) 25 (37.3%)
@ Springer
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Fig. 1 Relationship between time course of serum HCV RNA
negativity and amino acid substitutions in the ISDR and core amino
acids 70 and 91. For cases with no or only one amino acid (aa) change
in the ISDR, the rates of cEVR, LVR, ETR and SVR were
significantly higher in patients with wild type core aa 70 but only
the rates of RVR, cEVR, and LVR were significantly higher in
patients with wild type core aa 91

Amino acid substitutions

There were no significant differences in the frequency of aa
substitutions in the ISDR between males and females. Core
aa substitutions at positions 70 and 91 were as follows; 291
(71.1%) were wild type and 118 (28.9%) were mutant at
core aa 70, and 251 (61.4%) were wild type and 158
(38.6%) were mutant at core aa 91. There were no signif-
icant differences between males and females and between
patients below and above 60 years of age.

Virological responses and aa substitutions

The rate of RVR did not differ significantly between males
and females. However, more male patients showed HCV
RNA negativity at 12 weeks (males vs. females; 60.7 vs.
48.4%, p = 0.018), 24 weeks (76.8 vs. 64.2%, p = 0.0078)
and 48 weeks (78.2 vs. 68.6%, p = 0.049), and the propor-
tion of male patients in SVR was significantly higher than
that of females (61.3 vs. 37.3%, p < 0.00001).
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RVR, cEVR and SVR rates were significantly higher in
patients with two or more aa mutations in the ISDR com-
pared to patients having no or one aa substitution in that
region (20 vs. 11%, p = 0.044; 71 vs. 52%, p = 0.0021;
66 vs. 49%, p = 0.0054, respectively). AA substitution at
core position 70 resulted in significantly lower rate of
cEVR, LVR, ETR, and SVR (40 vs. 63%, p = 0.000037;
51 vs. 81%, p <0.00001; 56 vs. 83%, 41 vs. 57%;
p <0.00001, p = 0.0031, respectively). Although the
patients with the wild type aa at core 91 showed signifi-
cantly higher rates of RVR and cEVR, the rate of SVR was
not significantly higher in those patients (p = 0.054).

SVR rates were 30% for patients with no or one aa
substitution in the ISDR and the core aa 70 substitution,
and were significantly lower compared to those with the
wild type aa core 70 (Fig. 1). These findings were not
confirmed in patients with no or one aa substitution in the
ISDR and the core aa 91 substitution (Fig. 1).

Factors affecting SVR by univariate analysis

Univariate analysis identified nine parameters that influ-
enced non-SVR significantly: female gender, older age,
advanced staged liver fibrosis, high viral load, low serum
Alb level, low PLT count, no or one aa substitution in the
ISDR, aa substitution 4t core aa 70, and low adherence to
RBV (Table 2). The frequency of steatosis and HOMA-IR
were significantly (p = 0.0057, p < 0.00001, respectively)
lower in patients with SVR compared with non-SVR (data
not shown). However, these factors were not entered in the
multivariate analysis because of the absence of the data in
many cases.

Factors affecting RVR, cEVR, and SVR
by multivariate logistic regression analysis

Multivariate analysis identified four parameters that influ-
enced RVR independently: low HCV RNA load, low
serum ALT level, two or more aa mutations in the ISDR
and the wild type aa at core position 91 (Table 3).

Concerning cEVR, male gender, mild fibrosis stage, low
HCV RNA load, two or more aa mutations in the ISDR,
and the wild type aa at core positions 70 and 91 were
independent predictors (Table 3).

Concerning SVR, male gender (p < 0.0001), low HCV
RNA load (p = 0.013), high PLT count (p = 0.0019), two
or more aa mutations in the ISDR (p = 0.024), and wild
type core aa 70 {(p = 0.0045) were found to be independent
predictors (Table 3).

The predictive values of the combination of gender, PLT
count, ISDR and core aa 70 are shown in Fig. 2a. In male
patients having PLT of <15 x 104/mm3, and, no or one aa
substitution in the ISDR, the SVR rate was 68% when core 70
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tI‘ablf& 2 Univariate analysis to Factors Negative of HCV RNA after 24 weeks p value
identify the factors of SVR
=) (€D
No. of patients 214 (52.3%) 195
Gender
Male 157 (61.3%) 99 <0.00001
Female 57 (37.3%) 96
Age
Median (range) 52.5 (18-75) 58 (20-74) <0.00001
<60 years 155 (58.1%) 112 0.0018
60 years< 59 (41.5%) 83
Age: <60 years
Male 118 (63.4%) 68 0.010
Female 37 (45.7%) 44
Age: 60 years<
Male 39 (55.7%) 31 0.0011
Female 20 (27.8%) 52
F stage
F0O-2 190 (58.5%) 135 0.000013
F3-4 25 (29.8%) 59
Grade (A factor)
A0-1 138 (56.8%) 104 0.130
A2-3 81 (48.5%) 86
HCV RNA load 0 week (KIU/mL)
Median (range) 1300 (100-5000<) 1700 (130-5000<) 0.016
ALT 0 week (IU/L)
Median (range) 66 (16-391) 67 (19-504) 0.892
BMI
Median (range) 23.0 (17.3-32.4) 23.25 (16.1-33.9) 0.714
Alb (g/dL)
Median (range) 4.0 (3.2-5.2) 3.8 (3.04.3) 0.0088
LDL-C (mg/dL)
Median (range) 94.5 (31-185) 97.5 (30-182) 0.611
T-Chol (mg/dL)
Median (range) 169.5 (85-257) 170 (103-273) 0.511
PLT count (x 10*/mm”)
Median (range) 18.2 (8.7-39.9) 15.1 (8.0-31L.9) <0.00001
<15 54 (36.5%) 94 <0.00001
15< 160 (61.3%) 101
Amino acid mutation of ISDR

0-1 156 (48.6%) 165 0.0054
2< 58 (65.9%) 30

Amino acid substitution of core 70

Wild 166 (57.0%) 125 0.0031
Mutant 48 (40.7%) 70

Amino acid substitution of core 91

Wild 141 (56.2%) 110 0.054
Mutant 73 (46.2%) 85

PEG-IFN adherence

<80% 35 (42.2%) 48 0.063
80%=< 154 (53.8%) 132

Ribavirin adherence

<80% 55 (43.3%) 72 0.048
80%=< 132 (54.5%) 110
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Table 3 Multivariate logistic
regression analysis to identify
independent predictive factors
of RVR, cEVR, and SVR

W Wild, M Mutant

Odds ratio 95% CI p value
RVR factors selected by stepwise method
F stage
F0-2/F3-4 2.924 0.988-8.696 0.053
HCV RNA load 0 week (KIU/mL)
<1000/1000< 2.151 1.130-4.082 0.020
ALT 0 week (IU/L)
<60/60< 2.165 1.127-4.149 0.020
Amino acid mutation of ISDR
2</0-1 2.371 1.187-4.735 0.014
Amino acid substitution of core 91
WM 2.137 1.021-4.464 0.044
cEVR factors selected by stepwise method
Gender
Male/femnale 1.912 1.209-3.021 0.0055
F stage
F0-2/F3-4 2.079 1.133-3.817 0.018
HCV RNA load 0 week (KIU/mL)
<1000/1000< 1.608 1.002-2.577 0.049
PLT count (x10*mm?)
15</<15 1.427 0.882-2.309 0.148
Amino acid mutation of ISDR
2</0-1 2.512 1.407-4.485 0.0018
Amino acid substitution of core 70
WM 2.513 1.508-4.184 0.0004
Amino acid substitution of core 91
WM 1.965 1.241-3.115 0.004
SVR factors selected by stepwise method
Gender
Male/female 3.704 2.132-6.410 <0.0001
F stage .
F0-2/F3-4 1.812 0.888-3.690 0.103
HCV RNA load0 week (KIU/mL)
<1000/1000< 2.024 1.163-3.534 0.013
PLT count (x10*/mm?®)
15</<15 2.469 1.394-4.372 0.0019
Amino acid mutation of ISDR
2</0-1 2.148 1.107-4.170 0.024
Amino acid substitution of core 70
WM 2415 1.316-4.444 0.0045
Amino acid substitution of ‘core 91
WM 1.433 0.828-2.481 0.199
PEG adherence (%)
80</<80 1.562 0.834-2.926 0.164

was a wild type but only 16% in patients with mutant at core ~ only 24% in patients with substitution of core aa 70 even
70. In female patients, no or one aa substitution in ISDR and when the PLT count was >15 x 10%mm>. In this study, the
<15 x 10*/mm? of PLT count, the SVR rates were as low as combination analysis of PLT count, ISDR, and core aa
10 or 8%, irrespective of aa substitution at core 70. SVR was  substitution was useful for predicting non-SVR.
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Fig. 2 Relationship between SVR rate and amino acid substitutions
in the ISDR and core amino acids 70 and 91, PLT counts and gender
difference. The two figures of a show the results of Study I and the
two figures of b show the results of Study 2. In male patients with no
or only one amino acid (aa) substitution in the ISDR and PLT count of
less than 15 x 10%mm?, the SVR rate was 68% in those with wild
type core aa 70, but only 16% in patients with mutant type of core aa
70, which is significantly different (p = 0.000088). There were no
significant differences between wild type and mutant type of core aa
70 in the patients with no or one aa substitution in the ISDR and PLT
count of over 15 x 10%mm’. By contrast, in female patients with no
or one aa substitution in the ISDR, there were no significant
differences between wild type and mutant type of core aa 70 with PLT

Study design 2

The basic features of 201 patients achieving 80%
adherences to both PEG-IFN and RBV are as follows:
the females were significantly (p = 0.00006) older than
the males. Iron deposition in liver tissue, alcohol abuse,
BMI, serum albumin level, serum ferritin level, and
PLT count were significantly higher in males than
females. Inflammatory activity was significantly
(p = 0.046) higher in females than males (data not
shown).

100%
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(32/51)
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40% 24%
p=1.000 @)
20% |y ——3%
(4
0% :
PLT: <15x10%mm®  PLT: 215%x10%/mm?
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100%
80% p=0.590
55%
60% 1126}
p=0.521
40%
(3/14) (/4
20% —
0%
0/7)

0%
PLT: <15x10%mm*  PLT: 215x10%mm®

count of less than 15 x 10%mm’, but there were significant

differences between wild type and mutant type of core aa 70 with
PLT counts of less than 15 x 10%mm3 (a). For the patients
maintaining over 80% adherences to both PEG-IFN and RBYV, in
males having no or one aa substitution in the ISDR and PLT counts of
less than 15 x 10*mm?, a wild type of core aa 70 could predict SVR
with a positive predictive value (PPV) of 61% and negative predictive
value (NPV) of 82% (p = 0.052). However, in male patients with
PLT counts of over 15 x 10%mm>, core aa 70 was not a useful
marker for predicting SVR and non-SVR. The number of female
patients with no or one aa substitution in ISDR was too small to reach
a definite conclusion (b)

AA substitutions in the ISDR were as follows; in males
33 (22.3%) had two or more aa substitutions, in females 8
(15.1%) had two or more aa substitutions. The analysis of
core aa position 70 and 91 sequences showed no significant
differences in aa substitutions of either core aa 70 or 91
between males and females (data not shown).

In patients less than 60 years of age, SVR rate was
significantly higher (p = 0.0042) in males than females,
but no significant difference was noted between males and
females over 60 years old. However, the number of
patients over 60 years was small (Table 4).
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Table 4 Univariate analysis to
identify the significantly
different factors between SVR
and non-SVR (201 patients
received over 80% adherences
of both PEG-IFN and RBV)

@ Springer

Factors Negative of HCV RNA after 24 weeks p value
=) (+)

No. of patients 111 (55.2%) 90

Gender

Male 93 (62.8%) 55 0.00037

Female 18 (34.0%) 35

Age

Median (range) 51 (18-70) 56 (23-74) 0.00025
<60 years 91 (60.3%) 60 0.014
60 years< 20 (40.0%) 30

Age: <60 years
Male 79 (66.4%) 40 0.0042
Female 12 (37.5%) 20

Age: 60 years<
Male 14 (48.3%) 15 0.243
Female 6 (28.6%) 15

F stage

FO-2 103 (60.9%) 67 0.0012

F3-4 8 (25.8%) 23

Grade (A factor)

A0-1 80 (59.3%) 55 0.189

A2-3 31 (47.0%) 35

HCV RNA load 0 week (KIU/mL)
Median (range) 1300 (110-5000<) 1280 (130-5000<) 0.351
ALT 0 week (IU/L)

Median (range) 74 (16-268) 67.5 (19-504) 0.752

BMI

Median (range) 23.1 (17.3-31.0) 23.6 (16.1-33.9) 0.626

Alb (g/dL)

Median (range) 3.95 (3.3-5.2) 3.9 (3.0-4.8) 0.079

LDL-C (mg/dL)

Median (range) 96 (31-185) 97.5 (30~182) 0.865
T-Chol (mg/dL)

Median (range) 170 (85-248) 170 (105-273) 0.624
PLT count (x 10%/mm?)

Median (range) 18.9 (8.7-30.9) 15.55 (7.2-28.4) 0.00003
<15 23 (35.9%) 41 0.00024
15= 88 (64.2%) 49

Amino acid mutation of ISDR

0-1 84 (52.5%) 76 0.159

2< 27 (65.9%) 14

Amino acid substitution of core 70

Wwild 91 (61.5%) 57 0.0037

Mutant 20 (37.7%) 33

Amino acid substitution of core 91

Wwild 73 (60.3%) 48 0.083

Mutant 38 (47.5%) 42
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Virological responses and aa substitution

The rates of RVR, cEVR, LVR, ETR and SVR in males and
females were 12.5 versus 11.3% (p = 1.000), 59.6 versus
43.4% (p = 0.053), 74.3 versus 50.0% (p = 0.0018), 76.2
versus 66.7% (p = 0.198), and 62.8 versus 34.0%
(p = 0.00037), respectively (data not shown). The back-
grounds and characteristics of SVR and non SVR patients are
shown in Table 4. There were significant differences in
gender (male vs. female; p = 0.00037), age (<60 years vs.
>60 years; p = 0.014), Fstage (F0-2 vs. F3,4; p = 0.0012),
PLT count (<15 x 10Ymm?® vs. 15 x 10%/mm3<; p=
0.00024), and substitution of core aa 70 (wild type vs.
mutant, p = 0.0037) between SVR and non-SVR patients.
The distribution of fatty change in liver tissue (<10% vs. 11—
33% vs. 34%<; p = 0.046) and the grade of HOMA-IR (1.7
vs. 3.9, p = 0.0018) were significantly different between
SVR and non-SVR (data not described in Table 4).

Factors affecting SVR by multivariate logistic
regression analysis

Male gender (p = 0.0006), mild fibrosis stage (p = 0.027),
and wild type of core aa 70 (p = 0.043) were independent
predictors of SVR.

Valuable markers for predictions of sustained
virological response to peginterferon and ribavirin
therapy

Two or more aa mutations in the ISDR, wild type core aa
70, >15 x 10*/mm> of PLT count, and male gender were
selected statistically as independent predictors of SVR. We
show here SVR rates of the patients having over 80%
adherences to both PEG-IFN and RBV (Fig. 2b). In males
having no or one aa substitution in the ISRD and PLT
count of <15 x 10%mm> wild type core aa 70 could
predict SVR with a positive predictive value (PPV) of 61%
and negative predictive value (NPV) of 82% (p = 0.052).
In females, the SVR rate was very low in those who had
substitution of core aa 70, but there was no significant
difference between patients with wild type and substitution
of core aa 70. The number of female patients was too small
to provide a definite conclusion.

Discussion

The present multivariate logistic regression analysis
revealed that male gender, low HCV RNA load, high PLT
count, and two or more aa mutations in the ISDR and wild
type core aa 70 were independent predictors for SVR. PLT

count significantly decreased corresponding to the pro-
gression to the stage of liver fibrosis in CHC [9, 30, 31].

It has been considered that the low adherence level to
PEG-IFN/RBYV is a major cause of a significantly lower
SVR rate in females and older patients [32]. The percent-
age of patients having over 80% adherences to both PEG-
IFN and RBV was significantly lower in females than
males, however, differences in the adherence to PEG-IFN/
RBV between males and females were not independent
predictive factors of non-SVR.

A recent report from Japan showed six or more muta-
tions in the variable region 3 (V3) of nonstructural protein
5A (NS5A) plus upstream flanking region NS5A (aa 2334~
2379), referred to as the IFN/RBV resistance determining
region (IRRDR), was a useful marker for predicting SVR,
but the ISDR sequence was not valuable for predicting
SVR [33]. However, the number of subjects in that study
was too small (n = 45) to reach an acceptable conclusion.

To elucidate the factors affecting low SVR rate in older
female patients, we performed a multivariate logistic
regression analysis using patients who achieved >80%
adherence to both PEG-IFN and RBV. Male gender, stage
of mild liver fibrosis, and wild type core aa 70 were
independent predictors of SVR. In this study, blood con-
centration of RBV was determined in fewer than 50% of
cases during treatment. Thus we cannot exclude the pos-
sibility of the effect of the blood concentration of RBV
during treatment on the low SVR rate in females and older
patients.

From the present analysis, it was clear that ALT, BMI,
Alb, T. Chol, and adherence to RBV differed significantly
between males and females, however, these factors were
not independent predictors of SVR. There is a report that
steatosis is an important cofactor that reduces the SVR rate
in genotype 1 infected patients [34], however, such an
effect was not seen in this study. Thus we could not
identify the factors associated with a significantly lower
SVR rate in females than males.

In the present multivariate logistic regression analyses,
patients having wild type core aa 91 had significantly
higher rates of RVR and cEVR, but not SVR, and patients
with wild type core aa 70 had significantly higher rates of
cEVR and SVR, but not RVR. Patients having two or more
aa substitutions in the ISDR had significantly higher rates
of RVR, cEVR, and SVR. Although several possibilities
have been considered concerning the effects of aa substi-
tutions of core protein on SVR in PEG-IFN/RBV therapy
for CHC patients, the exact mechanisms have not yet been
elucidated.

Recent reports have indicated that low serum IP-10
(interferon-y inducible protein 10 kDa) {35], a higher
HCV-specific CD8 cell proliferation potential [36], and a
high ratio of Th1/Th2 [37] are good predictors of SVR to
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PEG-IFN/RBV therapy. These results indicate the impor-
tance of immunological status and immunological response
to treatment in patients difficult to treat with PEG-IFN/
RBV therapy for CHC.

The present univariate analyses revealed that there were
many factors relating to RVR, cEVR, and SVR including
LDL-C, HOMA-IR, fatty change in liver tissue, and hyal-
uronic acid, however some of these factors had not been
examined in some participating institutes. We consider that
we must perform a prospective mass study using many
factors including immunological aspects, viral factors,
disease status, and therapeutic aspects to elucidate the
reason that older female patients are resistant to a combi-
nation of PEG-IFN and RBV therapy in CHC with a high
viral load genotype 1b.

In conclusion, our results demonstrated that wild type
core aa 70, two or more aa mutations in the ISDR, low viral
load, high PLT counts, and male gender are useful markers
for predicting SVR.
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RhoA, a member of the Rho family of small GTPases, directs the organization of the actin
cytoskeleton and is invelved in regulating cell shape and movement. Its activity is nega-
tively regulated by p190-B RhoGAP (GTPase-activating protein), We investigated DNA copy
number aberrations in human hepatocellular carcinoma and esophageal squamous cell

carcinoma cell lines using a high-density oligonucleotide microarray and found a novel
amplification at chromosomal region 14q12. We identified ARHGAPS (the gene encoding
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p190-B RhoGAP) as a probable target for the amplification at 14q12, and our results
showed that p190-B RhoGAP promotes cells spreading and migration by negatively regu-
lating RhoA activity in Huh-7 hepatocellular carcinoma cells.

© 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Members of the Rho family of small GTPases act as
molecular switches. In response to extracellular signals,
they direct the organization of the actin cytoskeleton
and alter gene expression [1]. Rho proteins, which in-
clude the much-studied Cdc42, Racl and RhoA, are in-
volved in regulating cell shape, polarity and movement
and establishing cell-cell junctional complexes. Accord-
ingly, their activity is tightly controlled by regulatory
proteins that determine whether GTP or GDP is bound.
Rho proteins are activated by guanine nucleotide ex-
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change factors, which catalyze the release of GDP and
thus allow GTP to bind the proteins. Rho proteins in turn
are inactivated by Rho GTPase-activating proteins (GAPs),
which bind to the Rho proteins and induce them to
hydrolyze their bound GTP to GDP. p190-B RhoGAP, a
member of the RhoGAP family, negatively regulates RhoA
activity {2,3].

Amplification of DNA in certain regions of chromosomes
plays a crucial role in the development and progression of
human malignancies, specifically when proto-oncogenic
target genes within those amplicons are overexpressed.
Oncogenes that are often amplified in cancers include
MYC, ERBB2 and CCND1.

In the present study, we investigated DNA copy number
aberrations in human hepatocellular carcinoma (HCC) and
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esophageal squamous cell carcinoma (ESCC) cell lines and
found a novel amplification at chromosomal region
14q12. Because the region may harbor one or more pro-
to-oncogenes whose overexpression following amplifica-
tion contributes to the initiation or progression of HCC
and ESCC, we carried out molecular definition of the ampli-
con. We show here that the p190-B RhoGAP gene (ARH-
GAP5) within the 14q12 amplicon is amplified and
overexpressed, and that p190-B RhoGAP promotes cell
spreading and migration in Huh-7 hepatocellular carci-
noma cells,

2. Materials and methods
2.1, Cell lines

A total of 10 HCC cell lines (JHH-6, JHH-7, SNU354,
SNU398, SNU423, SNU475, Huh-1, Huh-7, HLE and PLC/
PRF/5) and 10 ESCC cell lines (T.T, EC-GI-10, KYSE140,
KYSE220, TE-4, TE-5, TE-6, TE-10, TE-14 and TE-15) were
examined. All cell lines were maintained in Dulbecco's
modified Eagle’s medium (DMEM) supplemented with
10% fetal calf serum (FCS). Genomic DNA was isolated from
each cell line using the Puregene DNA isolation kit (Gentra,
Minneapolis, MN, USA).

2.2. Array analysis

Array analyses were performed using the GeneChip
Mapping 250K Sty array (Affymetrix, Santa Clara, CA,
USA) according to the manufacturer's instructions. In brief,
250 ng of genomic DNA was digested with a restriction en-
zyme (Styl), ligated to an adaptor and amplified by PCR.
Amplified products were fragmented, labeled by biotinyla-
tion and hybridized to the microarrays. Hybridization was
detected by incubation with streptavidin-phycoerythrin
conjugate, and the array was scanned. Analysis was per-
formed as previously described [4]. Copy number changes
were calculated using the Copy Number Analyzer for
Affymetrix GeneChip Mapping Arrays (CNAG; http://
www.genome.umin.jp) [5].

2.3. Fluorescence in situ hybridization (FISH)

We performed FISH using three bacterial artificial chro-
mosomes (BACs), RP11-113E19, RP11-431H16 and RP11-
54H22 as probes (Invitrogen, Carlsbad, CA, USA), as de-
scribed previously [6]. The BACs were selected based on
homology with locations in the human genome according
to the database provided by the UCSC (http://genome.ucsc.
edu/).

2.4, Real-time quantitative PCR

We quantified genomic DNA and mRNA using a real-
time fluorescence detection method, as described previ-
ously {6]. The primers used were as follows: ARHGAPS
mRNA (forward, 5-CATCTGTTTTTGGCCAACCT-3'; reverse,
5'-gtggaggagccacaatgttt-3'); HEATRSA mRNA (forward, 5/-T
GTGCCTCCTACTCATGCTG-3'; reverse, 5'-gagatggcctgaget

tgaac-3'); c14orf126 mRNA (forward, 5'-gtgctttttcaaggga
gctg-3'; reverse, 5'-ttcctccaagggtagettga-3'); NUBPL mRNA
(forward, 5'-cttggccttgtccaaaacat-3'; reverse, 5'-acaattgge
tggcctgtatc-3'), These primers were designed using Pri-
mer3  (http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_
www.cgi) based on sequence data obtained from the NCBI
database (http://www.ncbi.nlm.nih.gov/). GAPDH and long
interspersed nuclear element 1 (LINE-1) were used as
endogenous controls for mRNA and genomic DNA levels,
respectively.

2.5. RNA interference (RNAi)

For RNAI, small interfering RNA (siRNA) duplex oligori-
bonucleotides targeting ARHGAP5 (5'-CAAGATCATAATAT-
CAATCTA-3') and control (non-silencing) siRNA duplexes
were synthesized by QIAGEN (Valencia, CA, USA). The siR-
NAs were delivered into Huh-7 cells using HiPerfect Trans-
fection Reagent (QIAGEN), according to the manufacturer’s
protocol.

2.6, Immunoblotting

Immunoblots were prepared according to previously
reported methods [7]. Cell lysates (20 ug protein per
sample) were separated by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis on 10% acrylamide gels.
Anti-p190-B RhoGAP monoclonal antibody was obtained
from BD Transduction Laboratories (Lexington, KY, USA);
anti-RhoA monoclonal antibody was from Santa Cruz
Biotechnology (Santa Cruz, CA, USA); and anti-B-actin
monoclonal antibody was from Sigma-Aldrich (Tokyo, Ja-
pan). For immunoblotting, we used anti-p190-B RhoGAP,
anti-RhoA and anti-p-actin at dilutions of 1:250, 1:100
and 1:5000, respectively. For secondary immunodetec-
tion, we used anti-mouse 1gG (Amersham, Tokyo, Japan)
diluted 1:5000. Protein binding was detected using the
ECL system (Amersham).

2.7. RhoA activity assay

Active RhoA levels were measured using the enzyme-
linked immunosorbent assay (ELISA)-based G-LISA RhoA
activation assay Biochem Kit (Cytoskeleton, Denver, CO,
USA) according to the manufacturer's instructions. In brief,
Huh-7 cells were transfected with siRNA targeting ARH-
GAP5 or negative control siRNA, or were left untreated.
Cells were then cultured under the standard conditions
in DMEM containing 10% FCS. After 48 h, cells were har-
vested for the RhoA activity assay or trypsinized and held
in suspension for 1 h in DMEM containing 1% FCS. The sus-
pended cells were then plated on 6-well plates coated with
5 pg/ml fibronectin (BD Transduction Laboratories) and
harvested for the RhoA activity assay at the indicated time
points. For the RhoA activity assay, cells were lysed in 70 pl
of G-LISA lysis buffer, scraped into tubes and snap frozen in
liquid nitrogen. Cell lysates were subsequently thawed,
clarified for 2 min at 10,000g, and protein concentrations
were normalized between the various time points. Equal
amounts of total protein were added to a 96-well plate
coated with the Rho-binding domain of Rho effector pro-
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teins (which bind active GTP-bound Rho) in triplicate and
incubated at 4 °C for 30 min with vigorous shaking, Active
Rho levels were determined by subsequent incubations
with anti-Rho antibody and secondary horseradish peroxi-
dase-conjugated antibody for 45 min each at room temper-
ature, After adding developing solution, the level of active
Rho was determined by measuring absorbance at 490 nm
using an ELISA plate reader. Equal loading of total RhoA
protein at each time point was determined via immuno-
blotting using anti-RhoA antibody as described above.
Experiments were repeated at least three times.

2.8. Immunofluorescence

Huh-7 cells were transfected with siRNA targeting ARH-
GAP5 or negative control siRNA or were left untreated.
Cells were harvested 48 h after transfection, suspended
for 1h in DMEM containing 1% FCS and then plated on
glass slides coated with fibronectin for 10, 20, 40, 60 or

180 min. Cells were fixed for 10 min in 3.7% formaldehyde,
permeabilized for 2 min in 1% Triton X-100 and incubated
for 1h with a blocking buffer (phosphate-buffered saline
containing 3% bovine serum albumin). The cells were then
incubated for 1h at room temperature with anti-p190-B
RhoGAP monoclonal antibody diluted 1:200 in blocking
buffer. Fluorescein isothiocyanate (FITC)-conjugated anti-
mouse IgG (Cappel, Aurora, OH, USA) was used to detect
the primary antibody. Actin filaments and nuclei were
counterstained with rhodamine-phalloidin (Molecular
Probes, Eugene, OR, USA) and 4',6-diamidino-2-phenylin-
dole (DAPI; Sigma-Aldrich), respectively.

2.9. Monolayer wound healing assay

Huh-7 cells were transfected with siRNA targeting ARH-
GAP5 or negative control siRNA or left untreated. After
24 h, cells in DMEM with 1% FCS were seeded on glass slides
coated with fibronectin and allowed to adhere overnight.
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Fig. 1. Map of the amplicon at 14q12. (A) Copy number profiles for chromosome 14 in Huh-7, T.T and TE-4 cells. Copy number values were determined by
GeneChip Mapping 250K array analyses. (B) The positions of the Affymetrix SNP probes, three BACs used as probes for FISH experiments, the 13 genes
within the 14q12 amplicon, and the seven STS markers used for real-time quantitative PCR on genomic DNA are shown according to the UCSC genome
database (http://genome.ucsc.eduf). (C and D) Representative images of two-color FISH on metaphase chromosomes from Huh-7 cells using BACs: paired
RP11-431H16 (green; C) and RP11-113E19 (red; C), or paired RP11-431H16 (green; D) and RP11-54H22 (red; D). (E) Copy numbers at the seven STS marker
loci in Huh-7 cells as measured by real-time quantitative PCR with reference to LINE-1 controls. Values are normalized such that the copy number in
genomic DNA derived from normal lymphocytes has a value of 2, The smallest region of amplification is indicated (arrow).
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