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Table V. Multivariate stepwise analysis for factors associated with the early-onset of hepatocellular carcinoma in patients with a

serum albumin level of 3.5 g/dl.

Unit Odds ratio 95% CI P
HBcAb Positive 0.59 0.27-1.26 0.169
HBV DNA Positive 145.18 1.38-15296.61 0.036
Prothrombin time 10 0.76 0.54-1.08 0.109
ALT 10 1.08 097-1.21 0.145
Albumin 0.1 1.17 1.01-1.36 0.036
DCP 20 0.99 0.98-1.00 0.037
Platelet count 1 0.92 0.84-1.02 0.107
WBC count 1000 1.64 1,15-2.35 0.006

All P-values were 2-tailed, and a level of <0.05 was considered statistically significant. HBcAb, antibody for hepatitis B core antigen; HBV,
hepatitis B virus; ALT, alanine aminotransferase; DCP, des-y-carboxy prothrombin; WBC, white blood cell.

Table VI. Multivariate stepwise analysis for factors associated
with the early-onset of hepatocellular carcinoma in patients
with a serum albumin level of <3.5 g/dl.

Unit Odds ratio 95% CI P
HbAlc 1 1.83 0.75-447  0.183
HBVDNA  Positive 0.00 000296 0093
AFP 20 1.39 1.01-193 0045

All P-values were 2-tailed, and a level of <0.05 was considered statis-
tically significant. HbAlc, hemoglobin Alc; HBV, hepatitis B virus;
AFP, a-fetoprotein.

presence of HBcAb and HBV DNA did not differ between the
albumin level of 23.5 g/dl and <3.5 g/di groups (Table IV).

In patients with a serum albumin level of 23.5 g/dl, the
WBC count and serum levels of albuminand DCP were iden-
tified as independent factors associated with the early-onset of
HCC (OR 1.64; 95% CI 1.15-2.35; P=0.006, OR 1.17; 95% CI
1.01-1.36; P=0.036, and OR 0.99; 95% CI 0.98-1.00; P=0.037,
respectively; Table V). Although the presence of HBcAb was
not found to be a significant risk factor for the early-onset of
HCC, the presence of HBV DNA was identified as a significant
independent risk factor associated with the early-onset of HCC
(OR 145.18; 95% CI 1.38-15296.61; P=0.036; Table VI).

In patients with a serum albumin level of*<3.5 g/dl, the
serum AFP level was the only significant risk factor found
to be associated with the early-onset of HCC (Table V). The
presence of HBcAb and HBV DNA was not found to be a
significant risk factor for the early-onset of HCC.

Discussion

In the overall analysis, the presence of HBV DNA in serum
was not identified as a risk factor for the early-onset of HCC
in HCV-infected patients. However, a stratification analysis
according to a serum albumin level of 23.5 g/dl revealed that
the presence of HBV DNA was an independent factor for the

early-onset of HCC. These findings suggest that occult HBY
infection may accelerate hepatocarcinogenesis in HCV-infected
patients with a relatively low carcinogenic potential.

Although co-infection of HCV and HBV is thought to
synergistically increase the risk of HCC (6), the overall
analysis in this study showed that occult HBV infection was
not significantly associated with the early-onset of HCC in
HCV-infected patients. Similarly, several studies conducted
in Asia have also failed to show any significant effect of
occult HBV infection in these patients (33-35). Recently,
Lok et al (36) performed a nested case-control study using
a large number of patients enrolled in the HALT-C cohort
and reported no significant difference in the prevalence of
occult HBV infection between HCC and non-HCC patients
with HCV infection. Taken together, these results suggest that
occult HBV infection may not be an intensive promoter of
HCC development in the presence of a potent carcinogenic
factor such as HCV infection.

In contrast with these previous studies and with our own
findings for all patients, a stratification analysis according to-a
serum albumin level of 23.5 g/dI showed that occult HBV infec-
tion was an independent risk factor for the early-onset of HCC.
In patients with occult HBV infection, it is unclear whether a
presence of HBY DNA is due to full-length HBV DNA repli-
cated from covalently closed circular DNA in hepatocytes or
fragmented HBV DNA integrated into the hepatocyte genome,
However, the HBx gene is frequently integrated into cellular
genes in HCC (37). The HBx protein upregulates the expres-
sion of proto-oncogenes including c-jun, c-fos and c-myc, all of
which can promote hepatocarcinogenesis (38,39). In addition,
albumin plays a crucial role in the development of various
diseases, as it is a major antioxidant (19). In cirrhotic patients
with a serum albumin level of <3.5 g/dl, branched-chain amino
acids increase serum albumin levels, and this subsequently
sappresses hepatocarcinogenesis (23,24). In this study, we
found a significant association between occult HBV infection
and the early-onset of HCC in patients with a serum albumin
level of =3.5 g/dl, but not in patients with a serum albumin level
of <3.5 g/dl. Taken together, these findings suggest that HBY
DNA may promote hepatocarcinogenesis in HCV-infected
patients with relatively low carcinogenic potential.
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Although we designed this study to investigate the effect of
HBV DNA onthe early-onsetof HCC in HCV-infected patients,
we found instead that an elevated WBC count is an indepen-
dent risk factor for the early-onset of HCC in HCV-infected
patients. An elevated WBC count may reflect the conse-
quences or underlying pathogenesis of the early-onset of HCC,
One possible explanation is aging, because the WBC count
declines in old age (40). Alternatively, an elevated WBC count
still within the reference range is known to be associated with
the development of various malignancies including gastric,
colorectal, endometrial and lung cancers (41,42). The WBC
count is a well-validated biomarker of inflammation. Chronic
inflammation is a possible risk factor for hepatocarcinogenesis
as it leads to the activation of receptors for chemokine and
advanced glycation-end products (43,44). Another inflamma-
tion marker, C-reactive protein, is reported to be a diagnostic
and prognostic marker of HCC (45,46). Taken together, these
findings suggest that inflammation may promote the early-
onset of HCC in HCV-infected patients.

A limitation of this study is that there were only a small
number of HBV DNA-positive patients. Previous studies
regarding occult HBV infection had a similar limita-
tion (33,47,48). Since occult HBV infection is not frequently

‘seen in HCV-infected patients with HCC, a multicenter study
is needed to confirm our findings.

In conclusion, the presence of HBV DNA in serum was
not a risk factor for the early-onset of HCC in HCV-infected
patients, However, a stratification analysis based on a serum
albumin level of =3.5 g/dl revealed that presence of HBV DNA
in serum was an independent risk factor for the early-onset of
HCC. These findings suggest that occult HBV infection may
accelerate hepatocarcinogenesis in HCV-infected patients
with relatively low carcinogenic potential.
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Abstract

Background: Sorafenib, an oral multikinase inhibitor, was
approved for the treatment of advanced hepatocellular car-
cinoma (HCC), but has not been adequately evaluated for
safety and effectiveness in Japanese patients with advanced
HCC. Aims: The purpose of this study was to prospectively
assess the efficacy, safety, and risk factors for survival in pa-
tients with advanced HCC treated with sorafenib. Methods:
Between May 2009 and December 2010, 96 Japanese pa-
tients with advanced HCC (76 male, 20 female, mean age:
70.4 years) were treated with sorafenib. Eighty-eight pa-
tients had Child-Pugh class A, and 8 patients had Child-Pugh
class B liver cirrhosis, Barcelona Clinic Liver Cancer stage B
and C were found in 64 and 32 patients, respectively. Re-
sults: Twelve patients demonstrated partial response to
sorafenib therapy, 43 patients had stable disease, and 33 pa-
tients had progressive disease at the first radiologic assess-
ment, The most frequent adverse events leading to discon-

finuation of sorafenib treatment were liver dysfunction (n =
8), hand-foot skin reaction {n = 7), and diarrhea {(n = 4}. The
median survival time and time to progression were 11.6 and
3.2 months, respectively. By multivariate analysis, des-y-car-
boxy prothrombin serum levels and duration of treatment
were identified as independent risk factors for survival. Con-
clusions: This study showed that sorafenib was safe and use-
ful in Japanese patients with advanced HCC. in addition, this
study demonstrated that sorafenib should be administered
as a long-term treatment for advanced HCC regardless of
therapeutic effect and dosage.

Copyright © 2012 5. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is one of the most
common malignancies in the world [1-3]. Recent advanc-
es in imaging have enabled an increased detection rate for
early-stage HCC. By detecting HCC at an early stage, cu-
rative therapies, such as hepatic resection, liver trans-
plantation, and radiofrequency ablation, are possible,
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which improve patient survival rates [4, 5]. In Japan,
transarterial chemoembolization is an important loco-
regional treatment for patients with unresectable HCC
[6]. However, long-term survival remains limited due to
high rates of recurrence, even after these curative thera-
pies [7, 8]. In particular, the development of advanced
HCC with macroscopic vascular invasion or extrahepat-
ic metastasis greatly reduces survival rates as effective
systemic therapies have not been developed to date [9-11].

Recently, sorafenib, an oral multikinase inhibitor, has
become available as a new molecular targeted therapy for
advanced HCC. The magnitude of the benefit obtained
with sorafenib (25-35% decreased risk of death) is similar
to that observed with trastuzumab in breast cancer, be-
vacizumab in colon cancer, or erlotinib in lung cancer
[12-14]. Sorafenib has been shown to suppress tumor
growth and angiogenesis by inhibiting the Raf/MEK/
ERK signaling pathway and by inhibiting receptor tyro-
sine kinases, such as vascular endothelial growth factor
receptor (VEGFR)-1, VEGFR-2, and VEGFR-3, and plate-
let-derived growth factor receptor-p (PDGFR-B) [15].

The introduction of sorafenib has changed the standard
systemic therapy for advanced HCC, as demonstrated by
the recent positive results from randomized controlled tri-
als, and this new treatment was approved in Japan in May
2009 [16, 17]. These results, proving the efficacy of mo-
lecular targeted therapies for liver cancer, have triggered
the search for additional molecular agents to further im-
prove patient survival. However, concerns regarding the
development and approval of new molecular targeted ther-
apies, including sorafenib, include the inclusion and exclu-
sion criteria for the trials and frequent adverse events. The
SHARP trial was conducted at 121 centers in 21 countries
in Europe, North America, South America, and Austral-
asia [16],and 23 centers in China, South Korea, and Taiwan
were enrolled in the Asia-Pacific study [18], but no trials
have been performed in Japan. Moreover, these studies did
not primarily include patients infected with hepatitis C vi-
rus (HCV). In Japan, >70% of HCC cases are related to
chronic liver disease with HCV infection. Therefore, in
this study, we prospectively assessed the efficacy and safe-
ty of sorafenib and identified the factors associated with
improved survival in Japanese patients with advanced
HCC primarily due to HCV infection.

Patients and Methods

Patients
Eligibility criteria for this study were as follows: (1) Eastern
Cooperative Oncology Group (ECOG) performance status of 0-1;

Sorafenib and Hepatocellular Carcinoma
Patients in Japan

(2) measurable disease using the Response Evaluation Criteria in
Solid Tumors (RECIST); (3) Child-Pugh class A or B; (4) leukocyte
count =2,000/mm?; (5) platelet count =50 X 10°/%; (6) hemoglo-
bin level =8.5 g/dl; (7) serum creatinine level <1.5 mg/dl, and (8)
no ascites or encephalopathy. Between May 2009 and December
2010, 96 patients diagnosed with advanced HCC were included in
this study. HCC was either confirmed on histology or diagnosed
using noninvasive criteria according to the European Association
forthe Study of Liver. Included patients were treated with sorafenib
at 1 of the 12 experienced member institutions of the Kurume
Liver Cancer Study Group of Japan: Asakura Medical Association
Hospital, Chikugo City Hospital, Kurume Daiichi Social Insur-
ance Hospital, Kurume University Medical Center, Kurume Uni-
versity School of Medicine, Kyushu Medical Center, Omuta City
Hospital, Saga Social Insurance Hospital, Social Insurance Taga-
wa Hospital, St. Mary’s Hospital, Tobata Kyouritsu Hospital, or
Yame General Hospital. The primary outcome of this study was
overall survival time. Overall survival time was defined as the
time from sorafenib initiation to the date of death or the patient’s
last follow-up. Relevant data from the patients’ clinical records,
including history, laboratory results, radiologic findings, histo-
logic results, and survival data, as well as the dosage and adverse
events associated with sorafenib therapy, were prospectively
collected. The study protocol was approved by University
hospital Medical Information Network (UMIN) Center (No.
UMIN000007427) and conformed to the guidelines of the 1975
Declaration of Helsinki. Patients were given full information re-
garding the details of the clinical study, and they provided written
informed consent prior to participation in the study.

Diagnosis of Intrahepatic Lesions and Extrahepatic Metastasis

Intrahepatic lesions and vascular invasion were diagnosed us-
ing a combination of contrast-enhanced computed tomography
(CT), magnetic resonance imaging (MRI), ultrasonography, and
digital subtraction angiography. In addition, determination of a-
fetoprotein (AFP), Lens culinaris agglutinin-reactive fraction of -
AFP (AFP-L3), and des-y-carboxy prothrombin (DCP) serum lev-
els was performed up to 1 month prior to freatment. Intra-abdom-
inal metastases were detected on abdominal CT, MRI, and ultra-
sonography, which were performed to evaluate intrahepatic le-
sions. Pulmonary lesions were detected on chest radiography or
chest CT, which were routinely performed up to 1 month prior to
treatment. Additional examinations, such as bone scintigraphy
and brain CT or MRI, were indicated when symptoms attributable
to extrahepatic metastasis appeared. These examinations were
also undertaken when AFP, AFP-L3, or DCP were elevated, and
the elevation could not be accounted for by the status of the intra-
hepatic lesions [11], Tumor stage was classified according te the
Barcelona Clinic Liver Cancer (BCLC) staging classification [19].

Sorafenib Treatment

An initial sorafenib dose of 400 mg was orally administered
twice daily. Discontinuation and dose reduction were based on
tolerance. Side effects of sorafenib were determined via the Na-
tional Cancer Institute’s Common Terminology Criteria for Ad-
verse Events (CTCAE), version 3.0 [20]. Treatments were discon-
tinued upon development of grade 3 or higher adverse events ac-
cording to CTCAE classification with the exception of platelet
counts and leukocyte counts of <25 X 10%1 and <1,500/mm?,
respectively.

Oncology 2013;84:108-114 109



Table 1. Baseline clinical characteristics

Patient characteristics n

Age, <70/270 years 39/57
Sex, male/female 76/20
Etiology, HBV/HCV/both negative 20/59/17
Child-Pugh class, A/B 88/8
BCLC stage, B/C 64/32
AFP, <1,000/21,000 ng/ml 62/34
DCP, <1,000/21,000 mAU/mi 49/47

HBV = Hepatitis B virus.

Assessment of Tumor Response

To assess turmnor response, 4 weeks after beginning the admin-
istration of sorafenib and every 4-6 weeks thereafter, an imaging
study was performed. Tumor response was evaluated according
to the RECIST eriteria, version 1.1 [21] as follows: complete re-
sponse, all measurable lesions disappeared for >4 weeks; partial
response (PR), the sum of the diameters of the largest target le-
sions decreased by >30% and there was no development of a new
lesion for >4 weeks; progressive disease (PD), the sum of the larg-
est diameters increased by >20% or a new lesion appeared, and
stable disease, neither PR nor PD was seen [22]. Cancer in patients
who died before their first radiographic assessment was classified
as PD. The time to radiologic progression was defined as the time
from sorafenib initiation to disease progression. Data from pa-
tients who died without tumor progression were censored. The
disease control rate was defined, on the basis of independent ra-
diologic review, as the percentage of patients whose best-response
RECIST rating of complete response, PR, and stable disease was
maintained for at least 30 daysafter the first demonstration of that
rating.

Statistical Analysis

Baseline patient characteristics were analyzed using descrip-
tive statistical methods. Survival curves were calculated via the
Kaplan-Meier method. Univariate survival curves were com-
pared using the log-rank test. A p value <0.05 was considered sta-
tistically significant. All analyses were performed using the sta-
tistical software package SPSS (IBM, Armonk, N.Y., USA). The
Cox proportional hazards mode] was used to evaluate the interac-
tion between baseline characteristics and the effect of sorafenib

on overall survival.

Results

Patient Characteristics

There were 76 male (79%) and 20 female (21%) pa-
tients, with a mean age of 70.4 (range 33-87) years (ta-
ble 1). Chronic HCV infection was the predominant cause
of liver disease (n = 59; 61%), followed by chronic hepati-
tis B virus infection (n = 20; 21%). Eighty-eight (92%) pa-

110 Oncology 2013;84:108-114

tients had Child-Pugh class A, and 8 (8%) patients had
Child-Pugh class B liver cirrhosis. With respect to tumor
stage, 64 (67%) patients had stage B disease and 32 (33%)
patients had stage C disease, according to the BCLC stag-
ing classification [19]. The most frequent sites of extrahe-
patic metastases were the lung (n = 41), bone (n = 14), and
lymph nodes (n = 12). Prior to sorafenib therapy, 88 (92%)
patients had been treated with surgical, loco-regional, or
pharmacologic therapies. Of these 88 patients, 48 re-
ceived transcatheter arterial infusion chemoemboliza-
tion, 34 received hepatic arterial infusion chemotherapy,
25 underwent hepatic resection, and 23 patients under-
went radiofrequency ablation.

Overall Response and Efficacy

The mean duration of oral treatment was 4.2 (range
0.1-16.2) months, and the mean follow-up duration was
6.4 (range 0.1-16.2) months. Forty (42%) patients died
during the observation period, whereas 56 (58%) patients
were alive at the end of the follow-up period. At the first
radiologic assessment, 12 (13%) patients showed PR, 43
(45%) patients showed stable disease, and 33 (34%) pa-
tients showed PD; 8 (8%) patients had no follow-up radio-
logic evaluation and were not included in further analysis.

Treatment Compliance

Performance status was used to determine initial
sorafenib dose at the discretion of each chief physician.
Fifty-eight patients with a performance status of 0 started
treatment with 800 mg sorafenib daily and 38 patients
with a performance status of 1 began with a 400-mg dai-
ly dose of sorafenib. Dose reduction was necessary in 40
patients during treatment. By December 2010, the end of
the follow-up period, 71 patients had discontinued treat-
ment. The reasons for discontinuation were adverse
events (36 patients), radiologic and symptomatic progres-
sion (27 patients), and deterioration in performance sta-
tus (8 patients}. The mean duration of treatment, prior to
discontinuation, was 3.5 (range 0.1-15.5) months.

Treatment-Related Toxicities

Hand-foot skin reaction (HFSR) was the most trouble-
some adverse event in our series, occurring in 49 (51%)
patients. Other frequent toxicities included diarrhea (n =
23; 24%), alopecia (n = 13; 14%), liver dysfunction (n = 13;
14%), and fatigue (n = 11; 11%). The most frequent adverse
events leading to discontinuation of sorafenib treatment
were HFSR (n = 7; 7%), diarrhea (n = 4; 4%), and liver dys-
function [n = 8; 8%; 7 patients with Child-Pugh class A
disease (8%) and 1 with Child-Pugh class B (13%)]. In par-
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Fig. 1. Cumulative survival of 96 patients with advanced HCC
treated with sorafenib. The MST of these patients was 11.6 months.
The 1-year survival rate was 48%.

Fig. 2. Cumulative progression of 96 patients with advanced HCC

treated with sorafenib. The median TTP of these patients was 3.2

months.

Table 2. Univariate and multivariate analyses of survival in patients with HCC

Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value
Age (270 years) 1.091 (0.581-2.050) 0.786
Sex (male) 0.670 (0.320-1.403) 0.288
Child-Pugh class (B) 2.273 (0.868-5.952) 0.094
AFP (21,000 ng/ml) 1.953 (1.046-3.647) 0.036
DCP (21,000 mAU/ml) 2.723 (1.394-5.316) 0.003 2,722 (1.369-5.412) 0.004
Daily average dosage (2400 mg) 0.970 (0.503-1.870) 0.927
Daily average dosage (2600 mg) 1.042 (0.556~1.954) 0.898
Duration of treatment (230 days) 0.403 (0.199-0.816) 0.012 0,407 (0.196-0.848)  0.016
Therapeutic effect (PD) 1.876 (0.991-3.549) 0.053

HR =Hazard ratio; 95% CI = 95% confidence interval.

ticular, interstitial pneumonia (n = 1; 1%) and tumor lysis
syndrome (n = 1; 1%) were serious adverse events. The
single case of interstitial pneumonia resulted in death.

Survival and Factors Associated with Outcome

The cumulative survival curve of 96 patients is shown
in figure 1. The median survival time (MST) was 11.6
(range 0.1-16.2) months, with a I-year survival rate of 48%.
The median time to progression (TTP) was 3.2 (range 0.1-
16.2) months (fig. 2). Cox proportional hazards regression
analysis was performed to identify independent factors as-

Sorafenib and Hepatocellular Carcinoma
Patients in Japan

sociated with survival (table 2). The results of univariate
analysis showed that AFP serum level (1,000 ng/ml, p =
0.036), DCP serum level (=1,000 mAU/ml, p=0.003), and
duration of treatment (>30 days, p = 0.012) were signifi-
cant risk factors adversely impacting survival. Multivari-
ate analysis showed that DCP serum level (=1,000 mAU/
ml, HR 2.722, 95% CI 1.369-5.412, p = 0.004) and duration
of treatment (>30 days, HR 0.407, 95% CI 0.196-0.848,p =
0.016) were independent risk factors for decreased surviv-
al. Cumulative survival curves, plotted for DCP serum lev-
el and duration of treatment, are shown in figure 3.
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Discussion

Sorafenib, an oral multikinase inhibitor, has recently
become available as a new molecular targeted therapy for
advanced HCC. A significant survival benefit and good
tolerance was demonstrated with sorafenib treatment for
patients with advanced HCC in 2 randomized phase III
placebo-controlled trials {16, 18]. Consequently, sorafenib
has become the standard treatment for advanced HCCin
the United States, Europe, and many other countries, in-
cluding Japan. This study prospectively assessed the ef-
ficacy and safety of sorafenib and identified the factors
associated with survival in Japanese patients with ad-
vanced HCC. In this study, the TTP and MST of Japanese

112 Oncology 2013;84:108-114

patients receiving sorafenib were 3.2 and 11.6 months,
respectively. TTP in this study was shorter than that ob-
served in the SHARP trial (5.5 months) and was similar
to that observed in the Asia-Pacific study (2.8 months)
[16, 18}. However, the MST in the current study was lon-
ger than that observed in the Asia-Pacific study (6.5
months) and was similar to that observed in the SHARP
trial (10.7 months) [16, 18]. Compared with these 2 previ-
ous studies, the time between TTP and MST was longer
in the current study, though the reason for this is unclear.

An exploratory multivariate analysis with the use of a
Cox proportional hazards model identified 2 baseline pa-
tient characteristics that were prognostic indicators for
overall survival: duration of treatment and serum DCP

Nakano et al.



level. In contrast, therapeutic effect and dosage of
sorafenib were not significant risk factors adversely af-
fecting survival in this study. In the SHARP trial and the
Asia-Pacific study, administration of sorafenib was con-
tinued until the occurrence of both radiologic and symp-
tomatic progression, or the occurrence of either unac-
ceptable adverse events or death [16, 18]. In the current
study, neither radiologic nor symptomatic progression
were criteria for discontinuation. The difference in the
discontinuation criteria may explain the gap between
TTP and MST in this study. Even with tumor progres-
sion, the patients who continued on sorafenib may have
had better survival potential compared to the patients in
whom sorafenib was discontinued (fig. 3¢c). Therefore,
this study suggests that sorafenib should be administered
long-term in patjents with advanced HCC independent
of therapeutic effect and dosage.

Previous studies reported that for patients with HCC,
high serum DCP levels are associated with vascular inva-
sion, metastasis, and tumor recurrence [23]. Hypoxia has
been reported to induce epithelial mesenchymal transi-
tion or cytoskeletal changes. Indeed, hypoxic stimulation
induced hepatoma cell lines (HepG2 or PLC/PRF/5 cells)
to undergo epithelial-to-fibroblastoid conversion or epi-
thelial mesenchymal transition, and these cells produced
DCP [23]. Therefore, DCP as an HCC tumor marker is
more useful in larger tumors which are likely to be ex-
posed to hypoxia during tumor development [23]. Thus,
it is suggested that higher serum DCP levels represent a
more advanced state of HCC, and, as a result, lead to re-
duced survival rates.

In this study, disease classification at the first radio-
logic assessment was PR for 12 (13%) patients, stable dis-
ease for 43 (45%) patients, and PD for 33 (34%) patients.
Notably, the proportion of patients with PR in our study
was higher compared to the SHARP trial (2%) and the
Asia-Pacific study (3.3%). It is not clear why there appears
to be a higher rate of PR in Japanese patients. Previous
studies suggested that there may be racial differences in
terms of gene mutations that may affect sorafenib treat-
ment [24, 25]. Lynch et al. [26] reported that patients with
non-small-cell lung cancer have specific mutations in the
EGEFR gene, which correlate with clinical responsiveness
to the tyrosine kinase inhibitor gefitinib. Therefore, it is
suggested that Japanese patients with advanced HCC
may be more sensitive to sorafenib than Western and oth-
er Asian populations. To investigate the possible differ-
ences in the therapeutic effects of sorafenib, further stud-
ies with larger patient populations will be needed.

Sorafenib and Hepatocellular Carcinoma
Patients in Japan

Treatment-related adverse events were a substantial is-
sue impacting the continuation of treatment with
sorafenib. In this study, although the overall incidence of
treatment-related adverse events was high (90%), events
were primarily controlled with medical treatment and/or
sorafenib dose reductions. Adverse events leading to dis-
continuation of treatment included liver dysfunction
(8%), HESR (7%), and diarrhea (4%), which are common-
ly associated with sorafenib [27, 28]. However, in the
SHARP trial, the overall incidence of treatment-related
adverse events was 80% in the sorafenib group, and the
most frequent adverse events leading to discontinuation
of sorafenib treatment were gastrointestinal events (6%),
fatigue (5%), and liver dysfunction (5%) [16]. HESR is par-
ticularly well known as an early adverse event [29-31] as-
sociated with sorafenib therapy and the severity of HFSR
depends on the duration of treatment, dosage, and accu-
mulation of the drug [32]. Further effort put towards the
effective control of adverse effects and management of
sorafenib dosing, with a priority given to facilitating
long-term administration, will lead to the most effective
therapy for patients with HCC. Moreover, hepatic reserve
is important for hepatic extraction and metabolism of
sorafenib. In this study, liver dysfunction necessitating
suspension or discontinuation of sorafenib occurred with
similar frequency in patients with Child-Pugh class Band
Child-Pugh class A disease. This result suggests that
sorafenib can be used in patients with Child-Pugh class
B, as well as in patients with Child-Pugh class A disease.

In conclusion, sorafenib was a safe and effective ther-
apy in Japanese patients with advanced HCC. In addition,
duration of treatment and serum level of DCP were inde-
pendent risk factors negatively impacting survival in this
study. The results of this study indicate that sorafenib
should be administered as a long-term treatment for ad-
vanced HCC in patients regardless of therapeutic effect
and dosage.
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HCV NS3 protease enhances liver
fibrosis via binding to and activating
TGF-B type | receptor
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Virnses sometimes mimic host proteins and hijack the host cell machinery. Hepatitis C virus (HCV) causes
liver fibrosis, a process largely mediated by the overexpression of transforming growth factor (TGF)-f and
collagen, although the precise underlying mechanism is unknown. Here, we report that HCV non-structural
protein 3 (NS3) protease affects the antigenicity and bioactivity of TGF-§2 in (CAGA)y-Luc CCL64 cellsand
in human hepatic cell lines via binding to TGF-§ type I receptor (TBRI). Tumor necrosis factor (TNF)-¢
facilitates this mechanism by increasing the colocalization of TRRI with NS3 protease on the surface of
HCV-infected cells. An anti-NS3 antibody against computationally predicted binding sites for TBRI blocked
the TGF- mimetic activities of NS3 in vitro and attenuated liver fibrosis in HCV-infected chimeric mice.
These data suggest that HCV NS3 protease mimics TGF-B2 and functions, at least in part, via direcily
binding to and activating TBRI, thereby enhancing liver fibrosis.

Y. /7 iruses sometimes take over the host cell machinery by mimicking host cell proteins. This strategy infers

. / survival, infection, and replication advantages to the virus'?, which may thereby contribute to the develop-

\" ment of human disease.

Chronic hepatitis C virus (HCV) infection is one of the major causes of liver fibrosis, cirthosis, and hepato-
cellular carcinoma™’, However, the molecular mechanism by which HCV induces liver fibrosis is not fully
understood. An estimated 130-170 million people worldwide are infected with HCV®. HCV, classified in the
genus Hepacivirus of the family Flaviviridae, is a positive-strand RNA virus with an approximately 9.6-kb viral
genome encoding structural (core, E1, and E2) and non-structural proteins (p7, NS2, N3, NS4A, NS4B, NS54,
and NS5B)%. Of these proteins, NS3 is a member of the serine protease family that cleaves the HCV polyprotein to
generate mature viral proteins that are required for viral replication’,

Liver fibrosis, a common feature of chronic liver diseases, is caused by the excessive accumulation of extra-
cellular matrix (ECM) proteins, including collagen. Transforming growth factor (TGF)-p, the most potent
fibrogenic cytokine, is produced in its high molecular weight latent form and partly activated through the
proteolytic cleavage of its propeptide region, termed latency associated protein (LAP), by serine proteases,
plasmin, and plasma kallikrein®. The resultant active TGF-B signals via TGF-B type I (TBRI) and type II
receptors {TPRIL), inducing the phosphorylation of Smad2/3, which then binds to Smad4 and forms a cornplex
that enters the cell nucleus. This complex acts as a transcription factor that controls the expression of target genes,
including collagen and TGEF-P itself, by binding to the DNA elements containing the minimal Smad-binding
element, CAGA box'®,

| 3:3243 | DOIL 10.1038/5srep03243 1



Because the LAPs of TGF-B2 and -B3 have sequences that share
partially homology with the NS3 cleavage site between NS3 and
NS4A of HCV’, we speculated that NS3 might activate TGF-B2
and/or TGF-$3 via the proteolytic cleavage of their LAP portions.
We found, however, that NS3 protease DID NOT directly activate
latent TGF-B2/3. Instead, it mimicked TGF-P2 and induced TGF-§
signaling by binding and activating TPR], leading to the induction of
fibrogenic genes. This pathway was enhanced in the presence of an
inflammatory cytokine, tumor necrosis factor (TNF)-o, as TNF-a.
increased the expression of TPRI, Furthermore, we found that NS3
colocalized with TBRI on the surface of an HCV-infected hepatoma
cell line, and we observed direct binding between recombinant NS3
and TPRI. These phenomena were reproduced in chimeric mice
transplanted with human hepatocytes that had been infected with
HCV. These data suggest a novel mechanism by which HCV induces
liver fibrosis. .

Resuits

HCV NS3 protease exerted TGF-B mimetic activity via TRRIL To
confirm whether HCV NS3 protease might induce the activation of
latent TGE- B2, bacterially expressed recombinant NS3 (Supplemen-
tary Fig. §1) was incubated with conditioned medium obtained from
HEK293T cells transiently overexpressing latent TGE-B2, and the
concentration of active TGF-B2 in the reaction mixtures were
measured by ELISA. Although the addition of NS3 increased active
TGF-P2 concentrations in a dose-dependent manner, these increases
were not time-dependent {Supplementary Fig. 52}, Instead, we found
that NS3 protease itself reacted with TGF-B2 in a dose-dependent
manner, as determined by ELISA (Fig. 1A). Next, to assess whether
N3 could induce the bioactivity of TGF-B via TBRI, and whether its
activity was dependent on protease activity, we performed a lucifer-
ase reporter assay with the TGF-B-responsive (CAGA)g-Luc reporter
in CCL64 cells. NS§3 demonstrated TGF-B mimetic activity, which
was alleviated in the presence of TPRI kinase inhibitors (SB-431542
and LY-364947) in a dose-dependent manner (Fig. 1B). In contrast,
an NS3 protease inhibitor, VX-950 (telaprevit), did not affect
luciferase activity (Fig. 1B). An unrelated protein with almost the
same molecular weight as NS3, HLA dlass II histocompatibility
antigen, DM o chain (HLA-DMA), as well as a carrier-free, tag-
control sample, did not exert TGF-B mimetic activity, thus
demonstrating the specificity of N83 (Supplementary Fig. $3).
Additionally, an anti-TGF-P2 antibody that detected NS3 in the
TGF-B2 ELISA did not inhibit luciferase activity (Supplementary
Fig. $4).

NS3 stimulated collagen production in hepatic cells, which was
augmented by TNF-o. We examined the effect of N§3 on the ex-
pression of TGE-$1 and collagen a1 (I) in the human hepatic stellate
cell line LX-2. Treatment with NS3 for 12 hours significantly
increased both TGF-B1 {1.6-fold) and collagen ol (I) (1.4-fold)
expression in these cells (Fig. 2A). On the contrary, NS3 did not
affect the expression of these genes in the normal hepatic cell line
Hec. The pretreatment of the cells with tumor necrosis factor-o (TNF-
o) enhanced increased TGF-B1 and collagen wl (I) expression
mediated by NS3 and was also accompanied by an increase in
TGE-B receptor expression (Fig. 2B). Further increases in TPRI
expression were not observed by combination treatment with
TNF-o, suggesting that TNF-o increased TPRI expression, which
may have enhanced the TGF-f mimetic activity of N$3 in these
cells. Furthermore, Smad3 phosphorylation was also induced by
NS3 in Hc cells that had been pretreated with TNF-a (Fig. 2D). A
similar cooperativity between TNF-o. and NS3 protease was not
observed in LX-2 cells (Fig. 2C).

Interaction between NS3 and THRI on the surface of HCV-in-
fected HCC cells. NS3 was immunostained on the surface of
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Figare 1| HCV NS3 protease exerted TGF-J mimetic activity via the type
I receptor. (A) TGF-P2 antigenicity of NS3. The indicated concentrations
of recombinant NS3 protease were used in the TGF-B2 ELISA assays,

(B} TGP-B mimetic activity of NS3 and its suppression by TBRI kinase
inhibitors. (CAGA)e-Luc CCL64 cells were stimulated with 100 pg/mi of
recombinant NS3 protease for 2¢ hours, with or without the indicated
concentration of TBRI kinase inhibitor or the NS3 protease inhibitor VX-
950 (telaprevir). After 24 hours, the cells were harvested and Iuciferase
activity measured. Tp < 0,05 compared with untreated control cells,

*p < 0,05 compared with NS3-treated cells without any inhibitors, The
data are shown as the mean = 8D (n = 3}, and representative results from
three independent experiments with similar results are shown.

HCV-infected Huh-7.5.1 cells both with and without permeabili-
zation, In contrast, an ER marker, calnexin, was only positive after
the permeabilization of the cells (Fig. 3A). To examine whether NS3
that was Jocalized to the surface of HCV-infected Huh-7.5.1 cells
interacted with TPRI, we performed co-immunostaining (Fig. 3B)
and in situ proximity ligation assay (PL.A) (Fig. 3C) using antibodies
against NS3 and TBRL Both results showed that NS3 was colocalized
and formed a complex with TPRI on the cell surface. Because LX-2
cells (hepatic stellate cells) are not infected with HCV, the data were
not recorded. We also co-cultured Huh-7.5.1 infected with HCV
and LX-2 cells and examined them using in situ PLA. However,
the interaction between NS3 protease and THRI was not obser-
ved on the surface of LX-2 cells. Furthermore, we performed co-
immunoprecipitation assays using recombinant NS3 and the
extracellular domain of TBRI and TPRIL As shown in Figure 3D,
FLAG-tagged NS3 bound to TPRI and TPRII, whereas FLAG-tag
alone failed to interact with TGF-B receptors (Fig. 3D and
Supplementary Fig. 85).

Docking simulation using the Katchalski-Katzir algorithm pre-
dicted that NS3 interacts with TBRI at three sites, T22-542, T76-
P96, and G120-8139, in N83 and F55-M70, 172-V85, and C86-Y99
in TPRI, respectively (Fig, 3E, Table 1, and Supplementary Fig. S6).
The predicted binding site peptides, particularly the peptide derived
from site 3, completely blocked the interaction between NS3 and
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Figure 2 | Cooperativity between NS3 and TNF-a in the stimulation of TGF-B1, collagen (1), and TPRI expression. (A) Effect on TGF-B1 and collagen
e1(I) mRNA expression in LX-2 cells. The cells were stimulated with 50 pg/ml of NS3 for 12 hours. Total cellular RNA was isolated and reverse
transcribed to cDNA, and real-time PCR was performed as described in the Methods section. *p < 0.05 compared with untreated control cells. (B) Effect
of pretreatment with TNF-o on the stimulation of expression of TGF-B1, collagen o1(I), and TSRI by NS3 protease in HC cells. Following the
pretreatment of the cells with 20 ng/mi TNF-¢ for 12 hours, they were stimulated with 25 pg/mlNS3 for 12 hours, and mRNA expression was measured
as described above. *p << 0.05 compared with untreated cells. The data are shown as the mean = SD (n = 3). (C and D) The effect of pretreatment with
TNP-a on the stimulation of phosphorylation of Smad3 by NS3 protease in LX-2 cells (C) and Hc cells (D). After the cells were treated with 20 ng/ml
TNF-a for 12 hours and 25 pg/ml NS3 for another 12 hours, they were fixed, and immunofluorescent staining was performed as described in the
Methods section. The experiments were performed in duplicate. The relative fluorescence intensities of phospho-Smad3 (% of untreated control cells) in
4 randomly selected fields from each dish were calculated with ZEN software and are shown as the mean # 8D, The results are representative of three

independent experiments with similar results.

TPRI in the immunoprecipitation experiment (Supplementary Fig.
§7A). Antibodies produced to these predicted binding sites within
both NS3 and TBRI decreased the TGF-3 mimetic activity of NS3 in
(CAGA)s-Luc CCL64 cells (Fig. 3F-H). Furthermore, the anti-NS3

antibody inhibited HCV-induced Smad3 phosphorylation (Supple-

mentary Fig. $7B).

Anti-NS3 antibody prevented liver fibrosis in HCV-infected chi-
meric mice. To test our hypothesis that NS3 exerts TGF-J mimetic
activity, thereby causing liver fibrosis, we examined whether the anti-
NS3 antibody could prevent liver fibrosis in HCV-infected human
hepatocyte-transplanted chimeric mice. The anti-N$3 antibody
significantly prevented hepatic collagen accumulation in the mice
(Fig. 4A) and decreased the mRNA. expression of both TGF-$1
and collagen ol (I) (Fig. 4B and 4C). There was no significant
change in the serum levels of human albumin and HCV RNA
during treatment with the anti-NS3 antibody (Supplementary Fig.
S8A and S8B).

Discussion

Several groups have studied the molecular mechanisms by which
HCV induces liver fibrosis and have reported the following: (i)
HCV core protein activates the TGF-B1 promoter via the MAPK
pathway in core protein-expressing human hepatocellular carcin-
oma HepG2 cells*’; (ii) recombinant core protein upregulates the
expression of fibrogenic genes in the human hepatic stellate cell

line LX-2 via the toll-like receptor 2 * and the obese receptor'®;
and (iif) NS3 protease induces TGF-B1 production in NS3-over-
expressing human hepatoma Huh-7 cells™, Qur data show that
NS3 protease mimics TGF-p2 and directly exerts its activity, at
least in part, via binding to and activating TBRI, thereby enhan-
cing liver fibrosis. The following experiments should be carried
out in the future: effect of NS3 on TPRI phosphorylation, the
expression of TGF-B2, TGF-B3, and other TGF-f responsive
genes, such as plasminogen activator inhibitor-1, a tissue inhibitor
of metalloproteinase-1, and o-smooth muscle actin, to further
validate the TGF-B mimetic activity of NS3.

HCV NS3 is a chimera of a helicase and serine protease, which
cleaves not only the junction between NS3-4A, NS4A-4B, NS4B-54,
and NS5A-5B for viral polyprotein processing, which is essential to
the viral lifecycle, but also the toll-interleukin-1 receptor domain-
containing, adaptor-inducing beta interferon, and mitochondrial
antiviral signaling protein, which results in the disruption of innate
immune responses™®, An NS3 protease inhibitor, telaprevir, which
was approved by the FDA in 2011, has been used in triple combina-
tion therapy with the current standard treatment of PEGylated inter-
feron and ribavirin'é, Telaprevir did not inhibit TGF-§ mimetic
activity in a (CAGA)y-Luc reporter gene assay (Fig. 1C), suggesting
that the TGF-P mimetic activity of NS3 is independent of its protease
activity.

Much interest has centered on the fact that extraordinarily high
concentrations of NS3 protease, up to 100 pug/ml, could exist in
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Figure 3 | NS3 protease colocalized and directly interacted with TPRI on the surface of HCV-infected cells. (A) The detection of NS3 protease

on the surface of HCV-infected Huh-7.5.1 cells. The cells were fixed, followed = by permeabilization with Triton-X 100, and then stained with DAP], anti-
NS3 antibody, and anti-calnexin antibody. (B) The colocalization of N53 protease with TBRI in HCV-infected Huh7.5.1 cells. The cells were fived and
stained with DAPI, anti-NS3 antibody, and anti-TBRI antibody, as described in the Methods section. Pearson’s colocalization coefficient values were
obtained from 4 randomly selected fields using the ZEN software. The results are shown as the mean = SD and are representative of three independent
experiments with similar results, (C) The detection of N§3-TSRI proximity by in situ PLA in HCV-infected Huh-7.5.1 cells. The red dots indicate
interactions between N53 protease and TBRI, and the nuclei were identified by DAPI staining. (D) The physical interaction of NS3protease with TBRIand
TPRII. FLAG-tagged NS3protease was incubated with 6xFis-tagged TBRI and/or TARI and immunoprecipitated. The coprecipitated proteins were
visualized by immunoblotting using anti-His antibody. The gels were run under the same experimental conditions. Cropped blots are shown (full-length
blots are presented in Supplementary Fig. $5). (E) The structural overview of the NS3protease. The indicated colored amino acids (site 1, red; site 2,
magenta; and site 3, cyan) show the important residues within the putative binding sites to TBRI, and the sequences are presented in Table 1. TGF-
mimetic activity of NS3 was inhibited in the presence of either anti-NS3 polyclonal antibodies against the predicted binding sites of TBRI (F), or anti-
TBRI polyclonal antibodies against predicted binding sites of NS3 (G), and anti-NS3 monoclonal antibody against predicted binding site 3 of TBRI (H).
Luciferase activities in (CAGA)y-Luc CCL64 cells were measured as before, Normal mouse IgG (Norm-I1gG) was used as a negative control. The data are
shown as the mean = SD. fp < 0.05 compared with untreated contro} cells, *p < 0,05 compared with NS3-treated cells without any antibodies.
Representative results from three independent experiments with similar results are shown.
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Teble 1| The amino acid sequences of predicted binding sites
between NS3 protease and TBRI

NS3 protease TBRI
Site 1 TCRDKNQVEGEVQVVSTATQS  FVSVIETTDKVIHNSM
Site2 TNVDQDLVGWPAPPGARSLTP  |AEIDLIPRDRPFY
Siie3 GDNRGSLLSPRPVSYIKGSS CAPSSKIGSYTITY

The underlined lefters denote the putative contuct residues.

proximity to a TGF-f receptor. This line of inquiry led us to identify
the cooperativity between NS3 and TNF-a, although the cooperative
effect was maximal at one fourth this concentration of NS3, Serum
levels of TNF-0. in chronic hepatitis C patients are known to be
significantly higher than those in healthy subjects*8, We showed
that TNF-u increased the susceptibility of cells to NS3 by enhancing
the expression of T BRI, thereby further increasing the levels of pro-
fibrogenic genes (Fig. 2B). Various hepatic cell lines expressed dif-
ferent levels of TBRI, and there appeared to be a threshold in the level
of TPRI that enabled cells to produce collagen mRNA upon stimu-
lation with NS3. In particular, Hc cells expressed levels of TBRI below
this predicted threshold (Supplementary Fig. S9). Consistent with
our findings, carbon tetrachloride has recently been reported to
induce acute liver injury, specifically significant liver fibrosis with
inflammation, in transgenic mice expressing the full-length HCV
polyprotein®.

We documented the colocalization of NS3 and TBRI on the cell
surface of HCV JFH-1-infected Huh-7.5.1 cells (Fig. 3). The results of
co-immunoprecipitation and in situ PLA studies supported this con-
clusion. In future studies, we intend to use mutagenesis experiments
of the predicted binding site and competition assays using NS3 and
TGF-B in (CAGA)g-Luc CCL64 cells to determine the mechanism of
N$3 and TBRI binding, However, at present, how NS3 is released to
the extracellular milien remains to be elucidated. One possibility is
that NS3 leaks passively from injured hepatocytes, as is the case for
alanine aminotransferase and aspartate aminotransferase. Another
possibility is that INS3 is secreted from HCV-infected cells via the
Golgi complex. A recent report showed that nonstructural protein
{INS) 1 of the dengue virus (DENV) and West Nile virus (WNV) is
secreted from DENV- and WNV-infected cells through the Golgi
complex following expression in association with the endoplasmic
reticulum, Like HCV, these viruses are also members of the family
Flaviviridae®.

Zhang et al* identified antibodies against NS3 in the serum of
. chronic hepatitis C patients and suggested that extracellular NS3 may
be present in such cases. However, it remains unclear whether the
concentration of FICV NS3 is as high as in our in vitro experiments.
Although DENV NS1 has been reportedly detected at high levels {up
1050 pg/ml) in the serum of DENV-infected patients®, further study
is warranted to determine the serum or tissue NS3 concentrations in
patients with chronic hepatitis C.

In this study, we generated polyclonal and monoclonal anti-NS3
antibodies that block the NS3-TBRI interaction. All anti-NS3 and
anti-TBRI polyclonal antibodies generated against the predicted
binding sites almost completely blocked TGF-B mimetic activity.
This finding was likely due to steric hindrance by these antibodies
or a requirement of binding at all three sites for signal transduction
by NS3. The monoclonal antibody is a powerful tool that can be used
to explore our working hypothesis that NS3 enhances liver fibrosis
via the TGF-P receptor in vivo. We showed that the anti-N$3 mono-
clonal antibody generated against a predicted binding site to TRRI
ameliorated liver fibrosis in HCV-infected human hepatocyte irans-
planted chimeric rmice (Fig. 4A-C). The control of fibrosis after the
eradication of the virus determines the prognosis, including the like-
Ithood of progression to tumorigenesis. Therefore, the NS3 antibody
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Pigure 4 | Anti-N§3 antibody attenuated liver fibrosis in the HCV-
infected chimeric mice, (A) Staining of liver sections. Paraffin sections
were prepared from the Jivers of HCV-infected chimeric mice 16 weeks
after HCV inoculation, and stained with hematoxylin and eosin (upper
panels) and Sirius Red (lower panels). An anti-NS3 antibody was
administered at the indicated doses, and normal mouse IgG (Norm-IgG)
was administered at a dose of 5 mg/kg, For each group, the median ratios
in Sirins Red positive/total area (%) from 6 randomly selected fields are
shown, with the range in parentheses. *p < 0.05 compared with HCV-
infected mice without anti-NS3 antibody, Scale bar = 100 ym. The
representative result from 6 randomly selected fields is shown.

(B) and (C) Hepatic mRNA expression in HCV-infected chimeric niice.
Total RNA was isolated from the livers of these mice and reverse
transcribed to cDNA, and real-time PCR was performed as described in the
Methods section to quantitate the expression of human TGF-f1
expression (B) and human collagen a1 (I) (C). The data are shown as the
mean = SD, and representative results from two independent experiments
with similar results are shown,

against the TPRI binding site might have a clinical benefit in HCV
patients with cirrhosis after combination therapy.

In conclusion, we demonstrated for the first time that HCV NS3
protease serves as a novel TGF-J receptor ligand and enhances liver
fibrosis. This phenomenon might be beneficial to thevirus, as TGF-B
signals suppress bost immunity. Our results provide elucidation
regarding the molecular mechanism by which HCV induces liver
fibrosis.

Methods

Materials, SB-431542 and LY-364947 were purchased from Sigma-Aldrich (St. Louis,
MO). Recombinant human TNF-« was purchased from R&D systems, Inc.
(Minneapolis, MN). Anti-NS3 antibody and anti-calnexin antibody were purchased
from Abcam (Cambridge, UK). Anti-TBRI antibody and anti-phospho-Smad3
antibody were purchased from Santa Cruz Biotechrology (Santa Cruz, CA) and
Immuno-Biological Laboratories (Gunma, Japan), respectively. Anti-Flag M2
antibody and anti-His antibody were purchased from Sigma (St. Louis, MO}, Anti-
NS3 antibodies and anti-TPRI antibodies against predicted binding sites were
provided by the BioMatrix Research Institute {Chiba, Japan).

Cell culture, (CAGA)s-Luc CCLG4 cells were kindly provided by Prof, Hideakl
Kakeya (Kyoto University, Kyoto, Japan), the hepatic stellate cell line LX-2 was kindly
provided by Prof. Norifumi Kawada {(Osaka City University, Osaka, fapan), and the
human hepatoma cell line Huh-7.5,1 were maintained in Dulbecco’s modified Eagle’s
medinm (DMEM) supplemented with 10% fetal bovine serum, penicillin, and
streptomycin. HC cells, a normal human hepatocyte cell line purchesed from Celt
Systems (Kirkland, WA), were cultured in CS-C complete medium (Kirkland, WA).
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