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Abstract
AIM: To investigate the expression of the hepatitis B 
virus (HBV) 1.3-fold genome plasmid (pHBV1.3) in an 
immortalized mouse hepatic cell line induced by SV40 
T-antigen (SV40T) expression.

METHODS: Mouse hepatic cells were isolated from 
mouse liver tissue fragments from 3-5 d old Kunming 
mice by the direct collagenase digestion method and 
cultured in vitro . The pRSV-T plasmid was transfected 
into mouse hepatic cells to establish an SV40LT-immor-
talized mouse hepatic cell line. The SV40LT-immortal-
ized mouse hepatic cells were identified and transfected 
with the pHBV1.3 plasmid. The levels of hepatitis B sur-

face antigen (HBsAg) and hepatitis B e antigen (HBeAg) 
in the supernatant were determined by an electroche-
miluminescence immunoassay at 24, 48, 72 and 96 h 
after transfection. The expressions of HBsAg and hepa-
titis B c antigen (HBcAg) in the cells were investigated 
by indirect immunofluorescence analysis. The presence 
of HBV DNA replication intermediates in the transfected 
cells and viral particles in the supernatant of the trans-
fected cell cultures was monitored using the Southern 
hybridization assay and transmission electronic micros-
copy, respectively.

RESULTS: The pRSV-T plasmid was used to immortal-
ize mouse hepatocytes and an SV40LT-immortalized 
mouse hepatic cell line was successfully established. 
SV40LT-immortalized mouse hepatic cells have the 
same morphology and growth characteristics as pri-
mary mouse hepatic cells can be subcultured and pro-
duce albumin and cytokeratin-18 in vitro . Immortalized 
mouse hepatic cells did not show the characteristics of 
tumor cells, as alpha-fetoprotein levels were compa-
rable (0.58 ± 0.37 vs  0.61 ± 0.31, P  = 0.37). SV40LT-
immortalized mouse hepatic cells were then transfected 
with the pHBV1.3 plasmid, and it was found that the 
HBV genome replicated in SV40LT-immortalized mouse 
hepatic cells. The levels of HBsAg and HBeAg continu-
ously increased in the supernatant after the transfec-
tion of pHBV1.3, and began to decrease 72 h after 
transfection. The expressions of HBsAg and HBcAg 
were observed in the pHBV1.3-transfected cells. HBV 
DNA replication intermediates were also observed at 
72 h after transfection, including relaxed circular DNA, 
double-stranded DNA and single-stranded DNA. Fur-
thermore, a few 42 nm Dane particles, as well as many 
22 nm subviral particles with a spherical or filamentous 
shape, were detected in the supernatant.

CONCLUSION: SV40T expression can immortalize 
mouse hepatic cells, and the pHBV1.3-transfected 
SV40T-immortalized mouse hepatic cell line can be a 
new in vitro  cell model.
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Core tip: This study established a new immortalized 
mouse hepatic cell line through the transfection of the 
pRSV-T plasmid. SV40 T-antigen (SV40LT)-immortal-
ized mouse hepatic cells had the same morphology 
and biological characteristics as primary mouse he-
patic cells. SV40LT-immortalized mouse hepatic cells 
could be transfected with the pHBV1.3 plasmid, which 
caused the hepatitis B virus (HBV) genes to replicate 
in SV40LT-immortalized mouse hepatic cells. The ex-
pressions of hepatitis B surface antigen and hepatitis 
B c antigen, as well as the presence of HBV DNA rep-
lication intermediates, were observed in the pHBV1.3-
transfected cells. This cell model will contribute to the 
research of HBV and the evaluation of anti-viral drugs 
in vivo .
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INTRODUCTION
Chronic hepatitis B (CHB) is a severe public health 
problem that affects more than 400 million people 
worldwide and causes more than one million deaths an-
nually[1]. Recent studies have shown that the correlation 
between serum hepatitis B virus (HBV) DNA levels and 
the risk of  developing cirrhosis and hepatocellular carci-
noma (HCC) is stronger than other baseline or virologic 
parameters[2]. The ultimate long-term goal of  therapy is 
to achieve a “durable response” to prevent hepatic de-
compensation, reduce or prevent progression to cirrho-
sis and/or HCC, and prolong survival[3]. Moreover, it has 
now become clear that continuous suppression of  HBV 
replication can revert liver fibrosis or even cirrhosis in 
most patients[4].

Treatment of  hepatitis B depends on several factors, 
such as the stage of  disease, the presence or absence of  
the “e” antigen, and the potential for drug resistance and 
subsequent inability to use a medicine, particularly in the 
advanced stages of  chronic disease of  the liver. There-
fore, it is very important to evaluate these factors at the 
time the decision is made regarding the type and duration 
of  treatment[5]. Interferon alpha-2a and interferon alfa-
2b (IFN 2a and 2b)-based therapies have been used for 
many years as the preferential treatment approaches for 
cases with low levels of  HBV DNA and high levels of  
alanine aminotransferase (ALT)[6-8]. The goal of  treatment 

is to activate an immune response leading to hepatitis B 
e antigen (HBeAg) seroconversion[9]. This type of  treat-
ment, as the first option to modulate the immune system, 
aims to achieve elimination or remission. 

However, this course of  treatment results in a high 
cost, and also produces many adverse side effects, such as 
anaemia, a significant decrease in hemoglobin, vomiting, 
cold sweats and nausea[10]. Previous studies have reported 
that only about one out of  three patients receives IFN 
therapy[11-13]. Furthermore, nucleoside analogues can-
not completely eliminate the virus, and may lead to the 
mutation of  the virus[14]. Thus, the development of  new 
antiviral treatments remains a major research task. Ad-
ditionally, new suitable HBV-infected animal cell models 
are urgently required to evaluate new treatment strategies. 
Therefore, this study aimed to establish a new immortal-
ized mouse hepatic cell line induced by SV40 T-antigen 
(SV40T) expression, and to investigate the expression of  
the HBV 1.3-fold genome plasmid (pHBV1.3) in the es-
tablished SV40T-immortalized mouse hepatic cell line.

MATERIALS AND METHODS
Establishment of SV40T-immortalized mouse hepatic 
cell line
Kunming mice (3-5 d old) were provided by the clinical 
drug trial-based Animal Laboratory of  Shandong Uni-
versity. Livers were collected from these mice, and mouse 
hepatic cells were isolated from the liver tissue fragments 
by the direct collagenase digestion method[15]. The isolat-
ed cells were cultured in the 1640 culture medium (Gibco) 
supplemented with 10% fetal bovine serum (FBS) (Gib-
co), 100 IU/mL penicillin and 100 mg/mL streptomycin, 
and placed in the incubator with 5% CO2 and 37 ℃. All 
animals received humane care in compliance with the 
Principles of  Laboratory Animal Care. The protocol was 
approved by the Animal Care and Use Committee.

The pRSV-T plasmid[16] was provided by Professor 
Reddel RR of  the Australia Children’s Medical Research 
Institute. The pRSV-T plasmid was transfected into pri-
mary mouse hepatic cells according to the instructions of  
the liposome transfection kit (Invitrogen, Grand Island, 
United States). Twenty-four hours later, the 1640 culture 
medium with 10% FBS was added. Forty-eight hours 
later, it was replaced by the 1640 culture medium supple-
mented with 10% FBS and 500 μg/mL G418. Cells were 
passaged every 5 d at a ratio of  1:2.

An SV40 monoclonal antibody (Thermo,Waltham, 
United States) was used to detect the SV40T antigen and 
its distribution in SV40T-transfected cells by the indirect 
immunofluorescence assay. Primary mouse hepatic cells 
were employed as the negative control.

An inverted phase contrast microscope and an elec-
tron microscope were used to observe the morphology 
and ultrastructure of  the SV40T-transfected mouse he-
patic cells. 

The supernatants of  primary and immortalized mouse 
hepatic cell cultures were collected. The levels of  ALT, 
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aspartate aminotransferase (AST) and alpha-fetoprotein 
(AFP) were determined by an automatic biochemical ana-
lyzer (Beckman, Boulevard Brea, United States). Primary 
cultured mouse hepatic cells were employed as the con-
trol. 

After total RNA extraction of  primary and SV40T-
transfected hepatic cells with an RNA extraction kit (In-
vitrogen), reverse transcription polymerase chain reaction 
(RT-PCR) was used to determine albumin (ALB) mRNA 
levels as previously described[17].

Western blotting was used to detect the presence of  
cytokeratin-18 (CK-18) in primary and SV40T-trans-
fected mouse hepatic cells (22nd generation). Rabbit anti-
mouse cell CK-18 was the primary antibody employed 
and horseradish peroxidase-conjugated goat anti-rabbit 
immunoglobulins (IgG) was used as the secondary anti-
body. These two antibodies were purchased from Boster 
Biological Technology, Ltd (Wuhan, China).

Transfection
pHBV1.3[18] was provided by Professor Yin-Ping Lu 
of  Huazhong University of  Science and Technology. 
pHBV1.3 contains a 1.3-fold HBV genome (ayw sub-
type). Following the instructions of  the Lipofectamine 
2000 transfection kit (Invitrogen), the pHBV1.3 plasmid 
was transfected into SV40T-immortalized cells (22nd gen-
eration). 

Electrochemiluminescence
The supernatants of  the pHBV1.3-transfected cell cul-
tures were collected at different times. An AXSYM auto-
matic electrochemiluminescence immunoassay analyzer 
(Abbott) was used to quantify the levels of  HBsAg and 

HBeAg.

Indirect immunofluorescence
pHBV1.3-transfected cells were seeded in 24-well plates. 
The cells were washed with PBS three times and fixed 
with 4% paraformaldehyde at 4 ℃ for 20 min. The 
cells were then washed with PBS three times again and 
incubated with PBS-diluted 10% goat serum for 30 
min. Then the indirect immunofluorescence assay was 
performed using a fluorescence kit. Mouse anti-HBcAg 
and mouse anti-HBsAg were purchased from Millipore 
Corporation, while fluorescein Isothiocyanate-conjugated 
goat anti-mouse IgG was purchased from Southern Bio-
tech (Birmingham, United States).

Southern hybridization and transmission electronic 
microscopy
At 72 h post-transfection, a DNA extraction of  pHBV1.3-
transfected cells was performed for Southern hybridization 
analysis. The probe was the digoxigenin-labeled 3.2 kb HBV 
DNA[19]. The Southern kit was purchased from Roche 
(Indianapolis, United States). Southern hybridization was 
carried out according to the manufacturer’s instructions.

At 72 h after transfection, the supernatants of  pHBV1.3-
transfected cell cultures were collected. JEOL transmis-
sion electronic microscopy (JEM-1200EX Electron Mi-
croscope) was used to visualize the cells and photographs 
were taken.

Ethics statement
Animals were maintained and experiments were con-
ducted in accordance with the Institutional Animal Care 
and Use Committee, Shandong University, and with the 
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Figure 1  SV40 T-antigen-immortalized mouse hepatic cells (× 200). 
A: SV40 T-antigen (SV40T)-immortalized mouse hepatic cells visualized 
by an inverted phase contrast microscope; B: SV40T antigen immu-
nofluorescence in mouse hepatic cells; C: SV40T-immortalized mouse 
hepatic cells visualized by an electron microscope. 
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test. A difference with P value < 0.05 was considered to 
be statistically significant. Data were analyzed with the 
SPSS 11.0 statistical software package (SPSS Inc.; Chi-
cago, IL, United States).

RESULTS
Evaluation of SV40T-immortalized mouse hepatic cell 
line
The epithelial cell-like positive clones were found 30 
d after the mouse hepatic cells were transfected with 
a SV40T-expressing plasmid (pRSV-T) by lipofection; 
these cells were an adherent monolayer and flat-shaped 
and presented in a polygonal, cluster-like multi-cell ar-
rangement (Figure 1A). The SV40T mouse hepatic cells 
displayed the typical morphology and structure of  he-
patic cells, and many glycogen granules, mitochondria 
and endoplasmic reticulum structures were clearly visible 
under the electron microscope (Figure 1C). Furthermore, 
the splitting dual-core cells reflected the in vitro prolif-
eration and differentiation processes of  the transfected 
hepatic cells (Figure 1C). Cells were passaged every five d 
at a ratio of  1:2 for 38 generations, and no change in cell 
morphology was observed.

After SV40T transfection, the SV40 T-antigen immu-
nofluorescence of  the mouse hepatic cells gradually in-
creased, and was visible 30 d after transfection. Matte-like 
fluorescence could be clearly detected in the cytoplasm, 
along with granular-like fluorescence in the nucleus (Fig-
ure 1B).

The quantified levels of  ALT, AST and AFP in the 
supernatant of  the cultures are shown in Figure 2. The 
levels of  ALT, AST and AFP in the supernatant of  
mouse hepatic cell and SV40T-transfected hepatic cell 
cultures were 5.93 ± 1.47 vs 6.21 ± 1.38 (t = 0.481, P = 
0.636), 7.36 ± 1.21 vs 6.96 ± 1.79 (t = 0.643, P = 0.527) 
and 0.76 ± 0.21 vs 0.65 ± 0.24 (t = 1.318, P = 0.201), re-
spectively (n = 12). No significant difference in the levels 
of  ALT, AST and AFP was observed between the mouse 
hepatic cell and SV40T-transfected hepatic cell cultures (P 

1996 Guide for the Care and Use of  Laboratory Animals 
(Institute of  Laboratory Animal Resources on Life Sci-
ences, National Research Council, National Academy 
of  Sciences, Washington DC, United States). The study 
was approved by the Institutional Animal Care and 
Use Committee at Shandong University (approval no. 
SDU003341201).

Statistical analysis
The data are presented as means ± SD. Comparisons be-
tween groups of  data were performed using Student’s t 
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Figure 2  Levels of alanine aminotransferase, aspartate aminotransferase 
and alpha-fetoprotein in the cell culture supernatant. ALT: Alanine amino-
transferase; AST: Aspartate aminotransferase; AFP: α-fetoprotein.
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Figure 3  Electrophoresis and Western blotting. A: Electrophoresis of deter-
mine albumin (ALB) reverse transcription polymerase chain reaction products (1: 
markers; 2: primary mouse hepatic cells; 3: immortalized mouse hepatic cells 
at 22nd generation); B: ALB by Western blotting (1: Markers; 2: Primary mouse 
hepatic cells; 3: Transfected mouse hepatic cells at 22nd generation). 
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Figure 4  Levels of hepatitis B surface antigen and hepatitis B e antigen 
in the cell culture supernatant. HBsAg: Hepatitis B surface antigen; HBeAg: 
Hepatitis B e antigen; pHBV1.3: Hepatitis B virus 1.3-fold genome plasmids. 
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> 0.05).
Following the total RNA extraction of  SV40T-

transfected hepatic cells (22nd generation) and RT-PCR, 
the ALB mRNA was apparent as a bright band at 475 bp 
(Figure 3A), indicating that SV40T-immortalized mouse 
hepatic cells had the ability to express ALB mRNA. 
Mouse hepatic cells were employed as the positive con-
trol.

Following the protein extraction of  SV40T-trans-
fected hepatic cells (22 generation), SDS-PAGE and 
Western blotting were carried out. Immunoblotting of  
SV40T-transfected hepatic cells demonstrated their ex-
pression of  CK-18, and mouse hepatic cells, employed as 
the positive control, also displayed immunoreactivity for 
CK-18, as expected (Figure 3B).

Expression of pHBV1.3 in SV40T-immortalized mouse 
hepatic cells
The levels of  HBsAg and HBeAg in the supernatant 
were monitored 24, 48, 72 and 96 h after pHBV1.3 trans-
fection. The results of  this analysis are shown in Figure 
4. The levels of  HBsAg and HBeAg in the supernatant 
continuously increased after transfection of  pHBV1.3, 
though they both began to gradually decrease after 72 h.

The expression of  HBsAg and HBcAg were observed 
in the pHBV1.3-transfected cells at 24 h after transfec-
tion by immunofluorescence microscopy, with expression 
reaching a peak at 72 h. HBsAg was mainly observed in 

the cytoplasm, while HBcAg was detected in both the 
cytoplasm and nucleus, especially in the former (Figure 5). 
HBV DNA replication intermediates, including rcDNA, 
dsDNA and ssDNA, were also observed 72 h after 
transfection (Figure 6). Furthermore, a few 42 nm Dane 
particles, as well as many 22 nm subviral particles with a 
spherical or filamentous shape, were observed in the su-
pernatant (Figure 6).

DISCUSSION
The development of  another HBV in vitro cell model 
would provide a very important tool to study the biologi-
cal characteristics of  HBV, the pathogenesis of  hepatitis 
B, the mechanism of  carcinogenesis by HBV infection, 
and carry out in vitro anti-HBV drug screening 2.2.15 
cells, a stable cell line which harbors the HBV genome, 
and can support HBV replication and the secretion of  in-
fectious virus particles[20-23]. However, the low expression 
of  HBV was due to the low viral genome copy number 
integrated in the host cell chromosome. This drawback 
limits the application of  this cell line as an in vitro cell 
model of  HBV infection, especially as an infection model 
for antiviral drug-resistant mutant screening and investi-
gation of  biological characteristics[24]. 

Simian vacuolating virus 40 (SV40), which was first 
obtained from cultured rhesus monkey kidney cells[25], 
belongs to the Papovaviridae family[26]. The transfection of  
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Figure 5  Analysis of hepatitis B surface antigen and hepatitis B c antigen expression in hepatitis B virus 1.3-fold genome plasmids-transfected cells by 
immunofluorescence microscopy (× 200). A: Hepatitis B surface antigen (HBsAg) observed in the hepatitis B virus 1.3-fold genome plasmids (pHBV1.3)- trans-
fected cells at 24 h post-transfection; B: Hepatitis B c antigen (HBcAg) observed in the pHBV1.3-transfected cells at 24 h post-transfection; C: HBsAg observed 
in HepG2.215 cells (positive control); D: HBsAg observed in untransfected SV40 T-antigen (SV40T)-immortalized cells (negative control); E: HBcAg observed in 
HepG2.215 cells (positive control); F: HBcAg observed in untransfected SV40T-immortalized cells (negative control).
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the SV40 early gene into cells is the most common meth-
od for cell immortalization. There are different opinions 
regarding the mechanism by which SV40LT causes cell 
immortalization[27,28]. This method has been found to be 
useful for a variety of  human cell types[29]. The use of  
SV40 for cell immortalization has a long history. It has 
been used to immortalize epithelial cells of  the bronchial 
intrahepatic bile duct, cervical cells and other cells[30-32]. 
Many studies of  SV40T-immortalized cell lines have 
shown that the transduction of  the SV40T gene can in-
crease the growth rate of  cells, while retaining the differ-
entiation phenotype of  many original cells and keeping 
the biological characteristics of  the original cells, with the 
rare expression of  a non-original gene[33,34]. These charac-
teristics make the SV40T-immortalized cells suitable for 
use as an in vitro model. In this study, the pRSV-T plasmid 
was used to transfect the mouse hepatic cells to establish 
an SV40T-immortalized mouse hepatic cell line, which 
was selected through 500 μg/mL G418 screening.

Our experimental results showed that there were no 
significant differences in morphology between primary 
and SV40T-immortalized mouse hepatic cells. Further-
more, the same level of  expression and secretion of  
ALB, as well as the CK-18 activity, was observed between 
the primary and SV40T-immortalized mouse hepatic 
cells (without any tumorigenic potential). At present, the 
SV40T-immortalized mouse hepatic cells have been pas-
saged to the 38th generation. 

The genome of  the HBV 1.3-fold genome plasmid 
is smaller than that of  the HBV 2.0-fold plasmid, and its 
efficiency of  replication and expression is higher than 
that of  the 1.2 and 1.1-fold plasmids[35]. The HBV 1.3-fold 
genome plasmid contains HBV 5’-end Enh I, Enh II, 
replication-origin (DR1, DR2), the former genome tran-
scription start site, x and pre-C promoter, and x open 
reading frame. Hence, the HBV 1.3-fold genome plasmid 
is used most frequently. After Huh7 and HepG2 cells 
were transfected with the recombinant plasmid pHBV1.3, 
the in vitro replication and expression of  the HBV gene 
could be detected, and high levels of  HBsAg/HBeAg 
intermediates and transcripts involved in HBV DNA rep-
lication were also found[18,36]. In this study, the pHBV1.3 
plasmid was transfected into SV40T-immortalized mouse 
hepatic cells. After transfection, the expression of  HBsAg 

and HBcAg was observed in the pHBV1.3-transfected 
cells. Additionally, HBV DNA replication intermediates, 
including relaxed circular DNA, double-stranded DNA 
and single-stranded DNA, were also observed 72 h after 
transfection. Furthermore, a few 42 nm Dane particles, 
as well as many 22 nm subviral particles with a spherical 
or filamentous shape, were observed in the supernatant. 

In summary, our findings suggest that the expression 
of  the SV40T gene immortalized a mouse hepatic cell 
line, and subsequent transfection of  pHBV1.3 established 
a new in vitro cell model for anti-HBV drug research.

COMMENTS
Background
Chronic hepatitis B (CHB) is a severe public health problem, and treatment of 
hepatitis B poses many challenges, such as treatment for an advanced stage 
of disease and the potential for drug resistance. Thus, the development of new 
antiviral treatments remains a major research task, and new suitable hepatitis 
B virus (HBV)-infected in vitro cell models are urgently required to evaluate new 
therapeutic strategies. With this in mind, this study aimed to establish a new 
immortalized mouse hepatic cell line induced by SV40 T-antigen (SV40T) ex-
pression, and to investigate the consequences of HBV 1.3-fold genome plasmid 
(pHBV1.3) expression in this SV40T-immortalized mouse hepatic cell line.
Research frontiers
SV40LT antigen has the ability to immortalize some animal cells. The genome 
of the HBV 1.3-fold genome plasmid is smaller than that of the HBV 2.0-fold 
plasmid, and its efficiency of replication and expression is higher than that of 
the 1.2- and 1.1-fold plasmids. The HBV 1.3-fold genome plasmid contains 
HBV 5’-end Enh I, Enh II, replication-origin (DR1, DR2), the former genome 
transcription start site, x and pre-C promoter, and x open reading frame. Hence, 
the HBV 1.3-fold genome plasmid is used most frequently. The genome of the 
HBV 1.3-fold genome plasmid has been shown to replicate in HepG2 and Hu7 
cell lines. According to the authors, there has been no report concerning the ex-
pression of the HBV 1.3-fold genome plasmid in an immortalized mouse hepatic 
cell line.
Innovations and breakthroughs
The SV40LT antigen immortalized mouse hepatic cells, which was not found in 
previous reports. In this study, a new immortalized mouse hepatic cell line  was 
established through the transfection of the pRSV-T plasmid into primary mouse 
hepatic cells. The genome of the HBV 1.3-fold genome plasmid can replicate 
in human hepatoma cell lines (HepG2 or HUH7 cells). The authors success-
fully transfected the pHBV1.3 plasmid into the immortalized mouse hepatic cell 
line and observed the expression of HBV. The new cell model established in 
this study will contribute to the research of HBV and the evaluation of anti-viral 
drugs in vivo.
Applications
This cell model will contribute to the research of HBV and the evaluation of anti-
viral drugs in vivo.
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Figure 6  Expression of hepatitis B virus 1.3-fold genome plasmids in SV40 T-antigen-immortalized mouse hepatic cells. A: 42 nm Dane particles (a) and 22 
nm subviral particles (b) in the supernatant; B: Hepatitis B virus (HBV) DNA replication intermediates in HBV 1.3-fold genome plasmids (pHBV1.3)-transfected cells 24 
h after transfection. rc DNA: Relaxed circular DNA; dsDNA: Double-stranded DNA; ssDNA: Single-stranded DNA.
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Peer review
This is a good basic study in which authors transfected the pRSV-T plasmid 
into primary mouse hepatic cells and established a new immortalized mouse 
hepatic cell line. The authors transfected the pHBV1.3 plasmid into the immor-
talized mouse hepatic cell line and observed the expression of HBV. This cell 
model would contribute to the research of HBV and the evaluation of anti-viral 
drugs in vivo.
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