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Chronic hepatitis B virus infection is a major cause of hepatic fibrosis, leading to liver cirrhosis and hepa-
tocellular carcinoma. Hepatitis B virus e antigen (HBeAg) is an accessory protein of HBV, not required for
viral replication but important for natural infection in vivo. Hepatic stellate cells (HSCs) are the major pro-
ducers of excessive extracellular matrix during liver fibrogenesis. Therefore, we examined the influence
of HBeAg on HSCs. The rat HSC line HSC-T6 was transfected with HBeAg plasmids, and expression of
o-smooth muscle actin, collagen I, transforming growth factor-p1 (TGF-B), and tissue inhibitors of
metalloproteinase 1 (TIMP-1) was investigated by quantitative real-time PCR. The proliferation of HSCs
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gggﬁgen ! was determined by MTS analysis. HBeAg transduction induced up-regulation of these fibrogenic genes
%-SMA and proliferation of HSCs. We found that HBeAg induced TGF-f secretion in HSCs, and the activation of
TIMP-1 HSCs was prevented by a neutralizing anti-TGF-$ antibody. Depletion and addition of HBeAg protein in

conditioned medium from HSC-T6 cells transduced with HBeAg indicated that HBeAg directly induced
the activation and proliferation of rat primary HSCs. Taken together, HBeAg induces the activation and
proliferation of HSCs, mainly mediated by TGF-B, and HBeAg protein purified from cell medium can

directly activate HSCs.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Liver fibrosis is a chronic disorder that results in accumula-
tion of excessive amounts of extracellular matrix (ECM) and dis-
tortion of the normal liver architecture [1,2]. The activation and
transformation of quiescent hepatic stellate cells (HSCs) into
myofibroblast-like cells constitute a major mechanism for the
increased production of ECM in the liver. Activated HSCs display
increased production of ECM components and profibrotic fac-
tors, such as collagen I, connective tissue growth factor (CTGF),
and tissue inhibitor of metalloproteinase-1 (TIMP-1). HSCs can
be activated by a variety of cytokines and growth factors,
including transforming growth factor p (TGF-B), tumor necrosis
factor alpha (TNF-a), and platelet-derived growth factor (PDGF)
[1,3,4].

In the liver, injury by a variety of means results in a rapid induc-
tion of TGF-p synthesis, predominantly in HSCs. Concomitant with

Abbreviations: HCC, hepatocellular carcinoma; HBeAg, hepatitis B virus e
antigen; HSC, hepatic stellate cell; a-SMA, o-smooth muscle actin; TIMP, tissue
inhibitors of metalloproteinase; TGF-B, transforming growth factor B; ELISA,
enzyme-linked immunoabsorbent assay.
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increased TGF-B production, HSCs increase the production of colla-
gen. TGF-B plays an important role in the pathogenesis of liver
fibrosis (fibrogenesis) due to its multiple effects on HSC activation
and transdifferentiation, stimulation of matrix protein expression,
depression of matrix metalloproteinase, increase of tissue inhibi-
tors of metalloproteinase (TIMPs), and autoinduction of cytokines
[5,6]. HSCs are not only the source, but also the target cells, of
TGF-B.

Development of cirrhosis and hepatocellular carcinoma (HCC) is
strongly associated with chronic hepatitis B virus (HBV) infection
[7,8]. However, the mechanism of hepatic fibrogenesis induced
by HBV is not fully unstood. Recent research suggests that some
hepatitis C virus (HCV) proteins may contribute to hepatic fibro-
genesis via interaction with HSCs [9-12]. Other investigations re-
vealed that hepatitis B virus X protein induces paracrine
activation of human HSCs [13]. Further, continuous inhibition of
HBV-DNA replication can delay clinical progression in patients
with chronic hepatitis B and advanced fibrosis or cirrhosis
[14,15]. In vitro experiments indicate that HBV affects the prolifer-
ation and expression of collagen I in HSCs [7]. The function of the
hepatitis B virus e antigen (HBeAg) is largely unknown because it
is not required for viral assembly, replication, or infection [16-
18]. It is known that there are more HBeAg-positive patients with
liver fibrosis than HBeAg-negative patients, especially at the early
stage of the disease, but survival is significantly reduced for Chi-
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nese patients with HBeAg-negative rather than HBeAg-positive cir-
rhosis [19]. In this work, we describe the ability of HBeAg to induce
HSCs activation.

2. Materials and methods
2.1. Cell lines, primary cells, and culture

We grew cell lines 293T, HepG2, and HSC-T6 [20] in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 10% fetal
bovine serum (FBS), 2 mM streptomycin, 5 mM L-glutamine, and
100 U/ml penicillin in a 5% CO, incubator (Gibco).

Rat primary HSCs were routinely prepared by collagenase/pron-
ase digestion of rat liver using a perfusion system and subsequent
fractionation of the heterogenous cell suspension on continuous
density Percoll (Amersham) gradients as described previously
[21]. The isolated HSCs were cultured in DMEM, supplemented
with 2% FBS (Sciencell, San Diego, CA) and used for four passages.

The HSCs were cultured in serum-depleted DMEM during the
activation and conditional medium incubation analysis. After
transfection with Lipofectamine 2000 (Invitrogen), HSC-T6 cells
were incubated in DMEM supplemented with 10% FBS for 4 h to re-
cover, and medium was then changed to serum-depleted DMEM.

2.2. Lentivirus packaging and cell clone selection

To construct stable HBeAg expression cell lines, we used a
lentivirus package system (a gift from Prof. Liu W.]., IMCAS) con-
taining the plenti3.7 vector and three packaging vectors: VSVG,
RSV-REV and pMDLg/pRRE [22]. Briefly, we cloned HBeAg (with
or without a V5-8His tag) into the plenti3.7 vector and co-transfec-
ted it with an appropriate amount of packaging vectors into 293T
cells. Forty-eight hours after transfection, virus was harvested
and added to HepG2 cells. The following day, the infected cells
were selected with puromycin (1 pg/ml, Amresco) for 2 weeks,
and the medium was refreshed every 3 days.

2.3. Purification of HBeAg using Ni-NTA resin

Cell medium without FBS from HepG2-HBeAg-8His cells (ad-
justed to a final concentration of 100 mM Tris-HCl, 150 mM Nacl,
pH 8.0) was transferred to a Ni-NTA (Invitrogen) column. After
washing the column with two column volumes of wash buffer
(100 mM Tris-HCl, 150 mM NacCl, pH 8.0, and 20 mM Imidazol),
we eluted the protein complex with elution buffer (100 mM Tris-
HCI, 150 mM NacCl, pH 8.0, and 200 mM Imidazol). The eluent
was concentrated, and the buffer was changed to PBS.

2.4. RNA isolation and quantitative real-time PCR

Total RNA was extracted using TRIZOL reagent according to the
manufacturer’s instructions (Invitrogen). The RNA was first re-
verse-transcribed into cDNA using a PrimScript RT reagent Kit
(Takara) and then subjected to qPCR with GoTaq qPCR Master
Mix (Promega). Real-time PCR was performed on an Applied Bio-

Table 1
Primers for amplification of rat genes.

Gene Forward primer Reverse primer

o-SMA  5'TGTGCTGGACTCTGGAGATG3' 5'GATCACCTGCCCATCAGG3’

COL1A1 5'CCTGGCAAGAACGGAGATGAT3' 5'ACCGACAGCACCATCGTTACC3!
COL3A1 5'TGGCCAACCAGGAGAGAAGG3  5’ATCCGTCTCGACCTGGCTGA3’
TGFB1 5'CAAAGACATCACACACAGTA3' 5’AGGTGTTGAGCCCTTTCCAG3’
TIMP-1  5'GATTCGACGCTGTGGGAAAT3' 5'GGCCCGCGATGAGAAACT3!
GAPDH  5'TGCACCACCAACTGCTTAG3' 5'GGATGCAGGGATGATGTTC3’

system 7300 real-time PCR system, and data was analyzed using
7300 system SDS software (ABI). The primers used for real-time
PCR are listed in Table 1.

2.5. Enzyme-linked immunosorbent assay (ELISA)

ELISAs were performed to relatively quantify protein secreted
into medium during conditional cell culturing. All of the proce-
dures followed the manufacturer’s instructions. A Diagnostic Kit
for Hepatitis B e Antigen was purchased from KEHUA BIOENGI-
NEERING CO., LTD. A Rat Transforming Growth Factor P1
(TGF-B1) ELISA Kit and a Rat Collagen Type I (COL1) ELISA Kit were
obtained from R&D Systems, Inc.

2.6. Antibodies

The following primary antibodies were used: antibodies to o~
SMA, V5, and neutralizing antibodies to TGF-p (Invitrogen) and
GAPDH (Santa Cruz Technology). The HRP-conjugated or FITC-con-
jugated secondary antibody were purchased from ZSGB-BIO, Inc.

2.7. Immunofluorescence staining

To determine the expression of HBeAg in HepG2 clones and
HSC-T6, we fixed the cells with 2-4% formaldehyde in PBS for
15 min at room temperature. After rinsing the cells in PBS three
times for 5 min, we incubated the cells in ice-cold 100% methanol
for 10 min to permeabilize them. We incubated the cells with anti-
V5 primary antibody overnight, then FITC-anti-mouse secondary
antibody. All of the samples were examined using fluorescence
microscopy or a confocal imaging system.

2.8. Western blotting

Proteins were extracted with cell extraction buffer containing
0.05 M Tris-HCI (pH 8.0), 0.15M NacCl, 5.0 mM EDTA, 1% NP-40,
and protease inhibitors cocktail (Sigma) at 4 °C. After centrifuga-
tion, soluble protein in the extract was quantified according to
the methods supplied with the DC protein assay reagent (BioRad).
Briefly, after denaturation at 95 °C for 5 min, proteins were sepa-
rated by SDS-PAGE using 12% gels and transferred onto PVDF
membranes. The membranes were blocked in TBST buffer
(50 mM Tris-HCI, 100 mM Nacl, and 0.1% Tween 20, pH 7.4) con-
taining 5% skim milk and incubated with primary antibody for
1h at room temperature. The membrane was further incubated
with secondary antibody for 45 min at room temperature. The sig-
nals were visualized by subsequent chemoluminescent reaction
with HRP-IgG using the ECL system (Amersham).

2.9. Proliferation assay

Five thousand HSCs per well were seeded into 96-well plates in
serum-depleted medium with different treatments, and prolifera-
tion was analyzed by the MTS cell proliferation assay (Promega).

2.10. Data presentation and statistical analyses

All experiments were performed at least three times. Student’s
unpaired t-test was used to analyze the results. Data were consid-
ered to be significantly different at P<0.05 and are presented as
means + SEM. Statistical calculations were performed using Prism
5.0 software (Graphpad Software, San Diego, CA).
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3. Results
3.1. HBeAg induces expression of fibrogenic-relevant genes in HSC-T6

Liver fibrosis is characterized by the production of a-SMA, col-
lagen I, COL3A1, TIMP-1, and other fibrotic markers by activated
HSCs [3]. To determine whether HBeAg could activate HSCs [13],
we investigated the expression of fibrogenic-relevant genes in
HSCs transduced with pHBeAg (pcDNA3.0-HBeAg-V5). Immunoflu-
orescence staining with anti-V5 primary antibody revealed that
HBeAg is mostly present in the cytoplasm of HSC-T6 (Fig. 1A).
We analyzed the expression of a-SMA, collagen I, COL3A1, and
TIMP-1 by western blotting of protein extracts and quantitative
real-time PCR (qRT-PCR) using RNA extracted from HSC-T6 [13].
The expression of HBeAg in HSC-T6 resulted in the production of
o-SMA as detected by western blotting (Fig. 1B). qRT-PCR also
showed that HBeAg expression induced increases in the mRNA lev-
els of a-SMA (1.21 + 0.03-fold) and collagen I (1.58 + 0.08-fold), but
no significant differences were observed for COL3A1 and TIMP-1
(Fig. 1C). Moreover, we detected an increase in collagen I secretion
(1.65 £0.12-fold) into the culture medium of HSC-T6 cells
(Fig. 1D).

HSC proliferation is another feature of liver fibrosis. To
determine whether HBeAg contributes to hepatic fibrogenesis by
up-regulation of the proliferation of HSCs, we analyzed the prolif-
erative capacity of HSCs induced by the expression of HBeAg using
MTS analysis. We found that pHBeAg transduction increased the
proliferation of HSC-T6 as is seen for pHBV1.3 (carrying 1.3 copies
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of the HBV genome, producing HBV), suggesting a proliferative re-
sponse in the HSCs to HBeAg expression (Fig. 1E).

3.2. TGF-B mediates the activation of HSC-T6 by HBeAg expression

TGF-B plays a key role in the pathogenesis of liver fibrosis
(fibrogenesis) due to its multiple effects on HSC activation and
the stimulation of ECM protein expression [23-26]. HSCs are both
an important source and the predominant target cell of TGF-B. RNA
samples were extracted for qRT-PCR from HSC-T6 cells transfected
with control or pHBeAg plasmids. HBeAg expression induced up-
regulation of TGF-B mRNA expression (1.5 + 0.03-fold) (Fig. 2A).
Next, the amount of TGF-p secreted into the cell culture superna-
tant with different treatments was determined by ELISA, and the
concentration was up-regulated from 137.7+8.8 pg/ml to
185.3 £ 5.4 pg/ml (Fig. 2B). These results confirmed the up-regula-
tion of TGF-pB during the activation of HSCs by HBeAg.

To identify if TGF-B was responsible for the activation of HSCs
by HBeAg expression, we incubated transfected HSC-T6 cells with
a neutralizing anti-TGF-B antibody to block the TGF-B pathway and
compared them with cells exposed to an isotype-matched control
antibody [13]. The anti-TGF-B blocking antibody prevented the in-
crease in collagen I expression, both in the HSC-TG6 cells transfected
with pHBeAg and pHBV1.3 (Fig. 2C).

3.3. HBeAg directly contributes to the activation of rat HSCs

To investigate the function of circulating HBeAg on HSC activa-
tion, we subsequently determined the direct function of HBeAg se-
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Fig. 1. HBeAg expression resulted in activation of HSC-T6 cells. HSC-T6 cells were transfected with control (pcDNA3.0), pHBeAg (pcDNA3.0-HBeAg-V5), or pHBV1.3 (carrying
1.3 copies of the HBV genome) plasmids. Twenty-four hours post-transfection, the expression of HBeAg in HSC-T6 cells was analyzed by immunofluorescence staining with an
anti-V5 antibody (A). The expression of a-SMA was determined by western blotting. The left lane is a sample transfected with pcDNA3.0, and the right is from a pHBeAg-
transfected sample (B). The mRNA expression of fibrotic markers o-SMA, collagen I (COL1A1), COL3A1, and TIMP-1 was analyzed by quantitative real-time PCR (C). The
concentration of collagen I secreted into the medium after transfection was measured by ELISA (D). MTS assay indicated cell proliferation (E). Results are expressed as the fold
induction + the standard error (SE) over the values of HSC-T6 cells transfected with pcDNA3.0. “P < 0.05; **P < 0.01; and ***P < 0.001 (Student’s t-test, n = 3).
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Fig. 2. HBeAg-induced activation of HSC-T6 cells is mediated by the TGF-B pathway. HSC-T6 cells were transfected with control, pHBeAg, or pHBV1.3 plasmids as in Fig. 1. The
expression of TGFB1 mRNA was analyzed by qRT-PCR (A). The amount of TGF-B secreted into the cell culture supernatant was determined by ELISA (B). A neutralizing
antibody against TGF-B was added to the medium after transfection, while an isotype-matched control antibody was used as a negative control. Collagen I mRNA expression
was determined by qRT-PCR to indicate the activation of HSC-T6 cells (C). Results are expressed as the fold induction + the standard error (SE) over the values of HSC-T6 cells
transfected with pcDNA3.0. *P < 0.05; **P < 0.01; and ***P < 0.001 (Student’s t-test, n = 3).

creted into the medium. HBeAg secreted into the medium by the
stable cell line HepG2-HBeAg-V5-8His (Fig. 3A and B) was purified
with Ni-NTA resin as described in the materials and methods. We
identified purified HBeAg by SDS-PAGE and western blotting
(Fig. 3C and D).

To eliminate the effect of HBeAg, protein-G beads coupled with
anti-V5 primary antibody were incubated with medium from
serum-starved HSC-T6 24 h post-transfection with control or pHB-

A V5
C

DAPI

marker

HepG2-HBe

HepG2-HBe-tag

Merge

i
i | GAPDH

—— HBeAg

eAg plasmids. Rat primary HSCs were then exposed to the condi-
tioned medium for 24 h. The mRNA expression of collagen I,
representing the activation of HSCs, was analyzed by qRT-PCR
(Fig. 4A), and HSC proliferation was measured by MTS assay
(Fig. 4B). We found that depleting HBeAg from the conditioned
medium decreased the activation of rat HSCs, and this down-regu-
lation could be abrogated after the addition of purified HBeAg
(Fig. 3).

B

Fig. 3. HBeAg was purified using the Ni-NTA purification system. The stable cell line HepG2-HBe-tag (HepG2-HBe-V5-8His), expressing HBeAg with a V5 peptide tag and an
8xHis tag, was observed by immunofluorescence staining (A). Western blotting also shows HBeAg in HeG2-HBe-tag cells (B). HBeAg secreted into the cell culture was purified
by Ni-NTA beads, concentrated, and buffer exchanged by ultrafitration. SDS-PAGE (C) and western blotting (D) were used to detect the purified HBeAg.
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Fig. 4. HBeAg directly contributed to the activation of rat HSCs. HSC-T6 cells were transfected with control or pHBeAg plasmids. Rat primary HSCs were stimulated with
conditioned medium from transfected HSC-T6 cells. The mRNA expression of collagen I was detected by qRT-PCR to represent activation of rat HSCs (A). MTS analysis of the
proliferation of rat HSCs (B). Lane 1: exposure of rat HSCs to medium from serum-starved HSC-T6 cells transfected with control plasmids; lane 2: medium from serum-starved
HSC-T6 cells transfected with pHBeAg plasmids; lane 3: HBeAg was depleted with protein-G beads coupled with anti-V5 antibody from the medium of lane 2; lane 4: HBeAg

was added to the medium of lane 3 to a final concentration of 1 pug/ml.

4. Discussion

Advanced liver fibrosis results in cirrhosis, liver failure, and
portal hypertension and often requires liver transplantation.
Chronic infection by HBV is a major cause of liver fibrosis and
eventually leads to the development of liver cirrhosis and HCC
[7,8,27]. Clinic-pathologic examinations reveal that secretion of
HBeAg, a protein that is not required for viral replication, correlates
with the progression of liver disease in patients with chronic HBV
infection [18,28]. Here, we focused on the functional involvement
of HBeAg in liver fibrogenesis. In this work, we present different
lines of evidence supporting the ability of HBeAg to induce auto-
crine HSC activation and proliferation, suggesting a direct implica-
tion for HBV in liver fibrogenesis.

Liver fibrosis is the excessive accumulation of ECM proteins,
including o-SMA and collagen I, produced by HSCs that occurs in
most types of chronic liver disease and liver injury. In this
regard, we observed increased expression of a-SMA and collagen
[ in HSCs expressing HBeAg. This effect was accompanied by induc-
tion of fibrotic marker TGF-B in HSCs, which mediate HSC prolifer-
ation, adhesion, and collagen synthesis. Thus, HBeAg promotes the
release of soluble mediators capable of activating HSCs to produce
ECM components and related factors, thereby contributing to fibro-
genesis in chronically HBV-infected patients.

The role of TGF-B as a major inducer of liver fibrosis is well
established [5,6,23-26,29]. The transgenic mouse model gives
in vivo evidence for the important role of TGF-B1 in HSC activation
and liver fibrogenesis [30]. Here, we identified TGF-$ as the major
factor responsible for the autocrine activation of HSCs by HBeAg.
HBeAg directly induced expression of TGF-B, and TGF-B in turn
mediated the activation and proliferation of HSCs .

HBeAg-positive patients are prominent among those suffering
from liver fibrosis caused by chronic HBV infection in China, espe-
cially at the early stage of the disease. Because HBeAg is an impor-
tant virus antigen in sera, the direct interaction between HBeAg
and HSCs was determined. Incubation with purified HBeAg directly
induced the activation of HSCs.

In summary, our results provide evidence that HBeAg induces
autocrine activation of HSCs and suggest that HBeAg can directly
contribute to hepatic fibrogenesis in HBV-infected patients. These
results highlight a new aspect of HBV biology that is potentially
relevant for understanding the pathogenesis of HBV-induced liver

fibrosis and a basis for possible new anti-fibrotic therapy
strategies.
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