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A b s t r a c t 

Introduction: Due to the increasing resistance to nucleot(s)ide analogs in 
patients with chronic hepatitis B, development of new antiviral drugs  to 
eradicate hepatitis B virus is still urgently needed. 
Material and methods: To date, most studies on evaluating anti-HBV drugs 
have been performed using cell lines where the HBV genomic DNA is chro-
mosomally integrated, e.g. Hep2.2.15 in HBV-infected livers of the viral ep-
isomal genome replicates in the nucleus and covalently closed circular DNA 
(cccDNA) serves as a transcriptional template. Another option involves the 
use of HBV-infected cells of HepaRG or NTCP-overexpressing cells. However, 
the development of the infection system is expensive and laborious, and its 
HBV expression level remained low. 
Results: Compared to HuH7 cells, the established stable cell lines based 
on episomal-type pEB-Multi vectors can been expressed HBV wild-type by 
qRT-PCR and immunoblotting (p < 0.05). These two vectors are also sensitive 
to Entecavir and against nucleoside analog Lamivudine in mutants cellines.  
Conclusions: It is worth demonstrating how useful the established cell sys-
tem is for evaluating antiviral agents and their mechanisms of action.

Key words: hepatitis B virus, stable cell lines; hepatitis B virus genome, 
episomal replication; antiviral drug evaluation.

Introduction 

Hepatitis B virus (HBV) is a member of the hepadnavirus family, which 
comprises unique DNA viruses that initiate reverse transcription during 
replication. About 350–400 million people are chronically infected with 
HBV and HBV-related liver diseases such as cirrhosis, liver failure and 
hepatocellular carcinoma, resulting in one million deaths annually world-
wide [1]. Nucleoside analog inhibitors of HBV DNA polymerase are the 
current treatment options for chronic hepatitis B that has resistance 
to antiviral drugs; particularly lamivudine resistance is seen in 80% of 
patients treated for 5 years, and has a cumulative annual incidence of 
14–32% [2, 3]. Thus, screening new antiviral drugs remains essential for 
the cure of clinical patients. 

The HepG2.2.15 cells containing two integrated head-to-tail copies of 
the genotype D and stably replicating the HBV genome [4] are currently 
used to evaluate the effect of antiviral compounds [5–7]. However, in 
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HBV-infected liver cells, the viral episomal genome 
cccDNA serves as a transcriptional template, but 
does not integrate the formation. Other options 
such as recombinant baculovirus infection and 
a transient transfection system are used for eval-
uating the drug resistance of a given mutant ar-
chive and cross-resistance profile of HBV mutants 
[8] due to their capability and convenience to effi-
ciently initiate viral DNA replication. However, de-
tailed investigations based on reliable cell-based 
assays are required for variant mechanisms of ac-
tions of viral mutants resistant to lamivudine and 
high throughput screening (HTS) of compounds 
that inhibit virus mutants resistance to lamivudine 
HBV infection [9]. To address this issue, several cell 
lines with stably replicating HBV virus mutants re-
sistant to lamivudine have been reported [10–14]. 
However, these cell lines promote less persistence 
of viral particle-DNA copies in the supernatant 
and evaluation efficiency of antiviral agents in the 
cell lines harboring wild-type HBV genome and vi-
rus mutants resistant to lamivudine.

Hence, in the current study, we established 
a stable cell system based on the episomal-type 
pEB-Multi vector that can stably replicate HBV ge-

nome of genotype Ce. Furthermore, we construct-
ed virus mutants with the stable transfection of 
lamivudine mutation into hepatoma HuH7 cells. 
This cell line can persistently produce hepatitis B 
surface antigen (HBsAg) over 21 days, pregenom-
ic RNA over 60 days, and particle-DNA with high 
stable expression in at least 7 days. Therefore, this 
cell line is considered to be suitable for screening 
new antiviral agents against HBV mutant lamivu-
dine resistance.

Material and methods

Plasmid construction

The mutant plasmid pEB-HBV-puromycin (L180M  
+ M204V) was constructed by using the HBV ge-
nome (genotype C, subtype adw, GenBank Ac-
cession No. AY066028) isolated from FH4. The 
oriP-EBNA1 system and the puromycin resistance 
gene are contained in the PEB-multicarrier. A 1.3 
× unit length HBV genome was inserted down-
stream of the puromycin genome (Figure 1 A). The 
pEB-HBV-puromycin (L180M + M204V) plasmid 
contains the L180M + M204V HBV genome and 
its pregenomic RNA expression under the control 

Figure 1. Construction of HBV wild-type and mutant plasmids. A – Genomic organization of vector pEB-puro carry-
ing HBV genome 1.3 times the length of the fully functional HBV genome. The backbone vector pEB-puro contains 
the oriP-EBNA1 system and puromycin resistance gene. A 1.3 × unit-length HBV genome was inserted into the 
multiple cloning site. The overlength of a HBV genome can generate authentic pgRNA (B) and HBs (C) protein 
under the control of a viral promoter. 1 pUC19-vector, 2 pUC19-HBCe, 3 pEB-HBCe, 4 pEB-HBCe (L180M + M204V)
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of the base core promoter element was derived 
from pEB-HBCe-puromycin (wild-type) by site-di-
rected mutagenesis. 

Cell culture, transfection and selection  
of stable cell lines 

HuH7 liver cancer cells of human origin were 
maintained in 10% fetal bovine serum supple-
mented with Dulbecco’s Modified Eagle medium 
(DMEM). Cells (2 × 106 cells/well in 10 cm plates) 
were transiently transfected with 5 µg of plasmid 
DNA mixed with Lipofectamine LTX purchased 
from Thermo Fisher Scientific. After 24-hour cul-
ture, medium containing 5 μg/ml puromycin was 
changed and after a further 7 days of culture with 
puromycin treated cells were prepared for assay.

Quantification of HBV DNA and RNA

Quantification of HBV DNA and RNA was per-
formed as previously described [15]. The HBV 
DNA in the culture supernatant collected from 
the transfected cells was treated with PNE solu-
tion (8.45% PEG, 0.445 mole NaCl and 13 mmol 
EDTA) for 1 h on ice. The pellets were incubated 
with DNase I  (TAKARA, Shiga, Japan) and RNase 
(TaKaRa) for 1 h at 37°C. The pellets were then 
treated with proteinase K for 12 h at 56°C, and 
HBV DNA was separated by phenol/chloroform 
extraction and ethanol precipitation. HBV DNA 
copies were determined by qPCR. For quantifica-
tion of HBV 3.5 kb pgRNA, total RNA was extract-
ed from HBV-transfected cells using TRI reagent 
(Molecular Research Center, Cincinnati, OH, USA). 
After treatment with DNase I and RNase inhibitor, 
cDNA templates were synthesized and HBV RNAs 
were quantified by qPCR using the SYBR qPCR Mix 
kit (Toyobo, Osaka, Japan) using 5′-TCCCTCGCCTC-
GCAGACG-3′ and 5′-GTTTCCCACCTTATGAGTC-3′ 
for unspliced 3.5 kb RNA, β-actin mRNA primers 
(5′- TTCTACAATGAGCTGCGTGTG-3′ and 5′-GGG-
GTGTTGAAGGTCTCAAA-3′). For semi-quantita-
tive RT-PCR, cDNA templates were amplified with 
primers as previously reported [15]. 

Immunoblotting

Immunoblotting was performed as previously 
described [16]. Briefly, cell lysates were separated 
by SDS-PAGE and transferred onto PVDF mem-
branes. The membrane was blocked after 1 h, and 
an anti-HBc antibody was produced by the HBc 
protein rabbit, HBs antibody (Immunology Insti-
tute, Tokyo, Japan), and GAPDH (Santa Cruz Bio-
technology) which were immunologically and bio-
logically expressed. After washing, the membrane 
was incubated with HRP-conjugated secondary 
antibody (manufactured by Cell Signaling Technol-
ogy, Danvers, MA) for 0.5–1 h. Antigen-antibody 

complexes were measured using the ChemiDoc 
Imaging System (Bio-Rad Laboratories, Tokyo, Ja-
pan).

Results 

Construction of HBV wild-type and mutant 
plasmids

Firstly, we constructed episomal-type HBV wild- 
type and mutant plasmids pEB-HBCe (L180M + 
M204V) and pEB-HBCe. After that, we evaluat-
ed whether they were successfully constructed 
and their replication ability in hepatocarcinoma 
cells. Northern and western blotting under the 
control of basal core promoter of the virus after 
transfection into HuH7 cells were performed. The 
results revealed that the HBV expression plas-
mids pEB-HBV-puromycin (L180M + M204V) and 
pEB-HBCe-puromycin could produce authentic 
HBV RNA (Figure 1 B) and HBs protein in cells (Fig-
ure 1 C). These results confirmed the successful 
construction of HBV wild-type and mutant plas-
mids.

Establishment of pEB-Multi plasmid based 
cell lines by stably replicating HBV wild-type 
and virus mutant resistant to antiviral drugs

To confirm HBV replication activity in pEB-Multi 
plasmid based cell lines, HBV pregenomic RNA 
(pgRNA) and protein production were determined 
after transfection of HuH7 cells with pEB-HBV-pu-
romycin (L180M + M204V) and pEB-HBCe-puro-
mycin under increasing concentrations of puromy-
cin. The results showed that 5 μg/ml puromycin 
was more suitable for cell growth and higher HBV 
pgRNA expression and protein production (Figures 
2 A, B). These results indicated that the cell lines 
could stably express wild-type HBV and mutant 
plasmids, and the mutant type was resistant to 
antiviral drugs.

Time course of expression of viral antigens, 
viral RNAs and DNA formed in the 
supernatant

To determine the time course of expression 
of HBV wild-type and mutant, we measured the 
production of viral DNAs, RNAs, and antigens after 
culturing the novel stable cell line. Time-depen-
dent expression of HBV RNAs (Figure 3 A) and an-
tigens (Figure 3 B) was observed in cell lines stably 
replicating HBV wild-type and virus mutants resis-
tant to lamivudine after 45 days in cell culture 
containing 5 μg/ml puromycin. We also observed 
time-dependent expression of HBV DNAs (Fig- 
ure 3 C) in the supernatant. These results demon-
strated that pEB-based cell lines can persistently 
replicate with HBV and virus mutants.
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Effect of antiviral drugs on HBV replication 
of wild-type and virus mutants resistant to 
lamivudine

The antiviral activities in the presence of in-
creasing concentrations of lamivudine and ente-
cavir were screened to validate whether this cell 
line would be appropriate for screening antiviral 
agents. HuH7 cells transfected by puromycin at  
7 days were selected, and cell lines stably replicating 
HBV wild-type and mutants were treated with lami-
vudine and entecavir in a dose-dependent manner. 
Cells were harvested after 7 days and further cul-
tured using nucleoside analog treatment. HBV DNA 
(Figure 4 A) and viral pgRNA (Figure 4 B) levels were 
detected by real-time PCR in supernatant and cells. 
The effective concentrations of entecavir were 0.1, 
1, and 10 μM and those of lamivudine were 1, 

10, and 100 μM for HBV DNA and pgRNA against 
the wild-type and lamivudine resistant cell lines, 
respectively. We found that HBV DNA levels were 
suppressed by entecavir as well as lamivudine in 
the wild-type cell line, but were decreased only by 
entecavir treatment in the lamivudine resistant cell 
line. No effect on pgRNA was observed in both cell 
lines treated with lamivudine and entecavir. These 
results indicated that the stable cell lines based on 
episomal-type pEB-Multi vectors were resistant to 
lamivudine, but sensitive to interferon or entecavir. 
This remained useful for evaluating antiviral agents 
and investigating their mechanisms of action. 

Discussion

Large containers of drug-resistant viral variants 
of nucleoside analogs for the extensive clinical use 

A B

Figure 2. Establishment of pEB-Multi plasmid based cell lines. HuH7 cells were transfected with pEB-HBV-puro-
mycin (L180M + M204V). After 24-hour culture, transfected cells were transferred to fresh medium containing in-
creasing concentrations of 5 μg/ml, 7.5 μg/ml and 10 μg/ml puromycin. After further culture for 5, 10, and 15 days,  
(A) HBV pgRNA level and (B) protein production in cells were determined by RT-qPCR and western blot, respectively

Values were represented as means ± SD from three independent samples.
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Figure 3. Time course of expression of viral produc-
tion. Under 5 μg/ml puromycin maintenance, HBV 
stably replicating cells and supernatant were har-
vested every 5 days. HBV production derived from 
wild-type (WT) and lamivudine resistant vector 
(Mutant) was measured by RT-qPCR (A), western 
blotting (B), and DNA quantification (C)

Values were represented as means ± SD from three 
independent samples.
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of chronic HBV therapy, especially for lamivudine 
and adefovir. The resistance to these old drugs has 
seriously affected the efficacy of the newer drugs. 
HepG2.2.15 cells, which are still the most widely 
used for cell HBV life cycle analysis and antiviral 
studies, are genotype D of HBV stable production 
cell lines regardless of significant limitations, such 
as no viral replication from cccDNA (This unclear 
sentence is duplicated below) [10]. However, dif-
ferent methods have been used to study HBV anti-
viral drugs for sensitivity in vitro. Stable transfect-
ed HBV cell lines have become an important tool 
for HBV and anti-HBV drug research [4]. 

In our study, we established stable cell lines 
based on episomal-type pEB-Multi vectors stably 
replicating HBV wild-type and virus mutants resis-
tant to lamivudine that can stably replicate HBV for 
over 1 month. HBV production and particle-associ-
ated HBV DNA in culture supernatants (Figure 3 C)  
that are sensitive to entecavir and against lami-
vudine (Figure 4 A) in mutants cell line were de-
termined. Unlike techniques that artificially intro-
duce a few particular mutations within a wild-type 
HBV background, the full length amplification and 
transfection method allows the determination of 
antiviral efficacy on samples and is more useful to 

screen antiviral agents. Lamivudine was approved 
for use in 1998, followed by adefovir, telbivudine, 
entecavir and tenofovir in 2003, 2005, 2006 and 
2008, respectively. Since the number of HBV anti-
viral drugs is limited, transmission of mutant vi-
rus is of particular importance for HBV infection 
as mutations that confer cross-reactivity can leave 
patients with few therapeutic options. Indeed, 
there are recent reports of lamivudine- and ade-
fovir-related mutations in acute HBV infection in 
both China and Japan [17]. 

Increased use of antiviral drugs for chronic 
hepatitis B has led to increased antiviral resis-
tance. Because of this, transmission of resistant 
HBV is a growing concern. A similar scenario has 
already been witnessed in acute HIV infection. 
Novel cell lines are not only useful for assessing 
new antiviral inhibitors, but also for investigating 
their mechanisms of actions. On the other hand, 
cell lines are convenient to determine the roles 
of host proteins that have DNA- and RNA-binding 
properties in HBV replication. There are a variety 
of liver-enriched and ubiquitous transcription 
factors that target the promoter and enhancer 
regions to regulate viral transcription and repli-
cation [18–21]. A number of host cytokines that 
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have been identified to interact with the ENII/
BCP region to modulate HBV transcriptional ac-
tivity are mostly active activators that stimulate 
cis-acting elements. For example, liver-enriched 
or ubiquitous transcription factors such as PPAR, 
HNF4, HNF3, C/EBP, RXR, FTF/LRH-1, TBP, FXR, 
PGC-1, SIRT1 and SP1 [22, 23] bind to ENII, con-
tributing to the up-regulation of the core promot-
er activity. 

Regarding the transcriptional repression 
mechanism of HBV gene expression, it is known 
that a  negative regulatory element (NRE) locat-
ed immediately upstream of ENII participates in 
down-regulation of core promoter activity in a di-
rection-independent manner. In addition, ENII has 
not been widely reported, but it involves negative 
regulation of activities. Prox 1, called FTF/LRH-1 
co-repressor, inhibits FTF/LRH-1 mediated ENII ac-
tivation [24]. Down-regulation of IL-4 expression 
by C/EBP may inhibit core promoter activity [25]. 
It also indicates that TRIM protein and COUP-TF1 
potentially contribute to the inhibitory activity of 
ENII [26, 27]. LUC7L3, a member of the SR protein 
family, is a novel ENII-mediated negative regulator 
of HBV replication [16, 28, 29].

In conclusion, we constructed novel stable HBV- 
producing cell lines with HBV wild-type and lami-
vudine resistant. These novel stable HBV-produc-
ing cell lines can serve as valuable tools for screen-
ing antiviral agents and analyzing virus-host 
interaction in vitro.
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