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Abstract
AIM: To evaluate anti-hepatitis B virus (HBV) activity 
and cytotoxicity of interferon-γ (IFN-γ) and tumor ne-
crosis factor-a (TNF-a) following lamivudine treatment 
of HepG2.2.15 cells. 

METHODS: HepG2.2.15 cells were treated with 2 μmol/L 
lamivudine for 16 d (lamivudine group), cultured for 10 
d, followed by 5 ng/mL TNF-a and 1000 U/mL IFN-γ 
for 6 d (cytokine group), or treated with 2 μmol/L lami-
vudine for 10 d followed by 5 ng/mL TNF-a and 1000 
U/mL IFN-γ for 6 d (sequential group), or cultured 
without additions for 16 d (control group). Intracellular 
DNA was extracted from 3 × 105 HepG2.2.15 cells from 
each group. The extracted DNA was further purified 
with mung bean nuclease to remove HBV relaxed circu-
lar DNA that may have remained. Both HBV covalently 
closed circular DNA (cccDNA) and HBV DNA were exam-
ined with real-time polymerase chain reaction. The titers 
of hepatitis B surface antigen (HBsAg) and hepatitis B 
e antigen (HBeAg) were quantified with enzyme-linked 

immunosorbent assay. Cell viability was measured with 
the cell counting kit-8 assay.

RESULTS: Compared to lamivudine alone (22.63% ± 
0.12%), both sequential (51.50% ± 0.17%, P  = 0.034) 
and cytokine treatment (49.66% ± 0.06%, P  = 0.041) 
showed a stronger inhibition of HBV cccDNA; the dif-
ference between the sequential and cytokine groups 
was not statistically significant (51.50% ± 0.17% vs  
49.66% ± 0.06%, P  = 0.88). The sequential group 
showed less inhibition of HBV DNA replication than 
the lamivudine group (67.47% ± 0.02% vs  82.48% ± 
0.05%, P  = 0.014); the difference between the sequen-
tial and cytokine groups was not statistically significant 
(67.47% ± 0.02% vs  57.45% ± 0.07%, P  = 0.071). 
The levels of HBsAg and HBeAg were significantly de-
creased in the sequential treatment group compared to 
the other groups [HBsAg: 3.48 ± 0.04 (control), 3.09 
± 0.08 (lamivudine), 2.55 ± 0.13 (cytokine), 2.32 ± 
0.08 (sequential), P  = 0.042 for each between-group 
comparison; HBeAg: 3.48 ± 0.01 (control), 3.08 ± 0.08 
(lamivudine), 2.57 ± 0.15 (cytokine), 2.34 ± 0.12 (se-
quential), P  = 0.048 for each between-group compari-
son]. Cell viability in the cytokine group was reduced to 
58.03% ± 8.03% compared with control cells (58.03% 
± 8.03% vs  100%, P  = 0.000). Lamivudine pretreat-
ment significantly reduced IFN-γ + TNF-a-mediated 
toxicity of HepG2.2.15 cells [85.82% ± 5.43% (sequen-
tial) vs  58.03% ± 8.03% (cytokine), P  = 0.002]. 

CONCLUSION: Sequential treatment overcame the 
lower ability of lamivudine alone to inhibit cccDNA and 
precluded the aggressive cytotoxicity involving IFN-γ 
and TNF-a by decreasing the viral load.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) infection is a global health prob-
lem, and more than 350 million people are chronically 
infected with this virus worldwide[1]. Chronic hepatitis B 
infection is associated with an increased risk of  cirrhosis, 
hepatic decompensation, and hepatocellular carcinoma[2]. 
Seven drugs are currently approved for the treatment for 
chronic hepatitis B, including conventional interferon 
(IFN)-a, pegylated IFN-a, and the nucleos(t)ide analogs 
lamivudine, adefovir, entecavir, telbivudine and tenofo-
vir. However, none of  the currently available drugs can 
eliminate viral covalently closed circular DNA (cccDNA) 
from the nucleus of  infected hepatocytes[3,4].

During HBV infection, HBV cccDNA accumulates 
in cell nuclei where it persists as a stable episome and 
acts as a template for transcription of  viral genes[5]. The 
elimination of  cccDNA is a prerequisite for curing HBV 
infection[6]. Current knowledge suggests that clearance 
of  HBV cccDNA occurs mainly through two pathways. 
The first is long-term and potent antiviral therapy, which 
effectively depletes the mature cytoplasmic nucleocap-
sid pool available for conversion into cccDNA. Based 
on mathematical models, the period needed to achieve 
complete clearance of  intrahepatic cccDNA is 14.5 years[7]. 
Short-term antiviral therapy cannot completely exhaust the 
viral pool, which is stable and constitutes the source of  
renewal of  viral production after cessation of  therapy[8,9]. 
Nevertheless, long-term antiviral therapy can result in the 
development of  antiviral resistance, and it is very expen-
sive[10,11]. The second mechanism of  cccDNA clearance 
involves two immune mechanisms: A cytotoxic T lym-
phocyte (CTL)-dependent cytolytic mechanism by which 
infected cells are eliminated and replaced with non-
infected cells[12] and a non-cytolytic cytokine-dependent 
mechanism[13]. In addition to killing HBV-positive hepa-
tocytes, HBV-specific CTLs can downregulate hepato-
cellular HBV gene expression and replication via a non-
cytopathic, cytokine-induced process. These processes 
are mediated by inflammatory cytokines such as IFN-γ 
and tumor necrosis factor-a (TNF-a), which are secreted 
by CTLs following antigen recognition in the liver[14,15].

We previously reported that IFN-γ and TNF-a play a 
role in cell death of  HBV- expressing HepG2.2.15 cells, 
a human hepatoblastoma cell line. Lamivudine treatment 
significantly reduces killing of  HepG2.2.15 cells that is 
mediated by IFN-γ and TNF-a[16]. Lamivudine is the first 

oral nucleoside analog to be approved for the treatment 
of  chronic hepatitis B patients, and it has been shown to 
suppress HBV replication by interfering with HBV DNA 
polymerase and disease activity, reducing the incidence of  
hepatocellular carcinoma and prolonging survival[17,18]. La-
mivudine is potent and well tolerated, but its use is limit-
ed by the development of  resistance. Viral breakthrough, 
which is defined as an abrupt increase in serum HBV 
DNA levels after a period of  persistent suppression, may 
occur during lamivudine therapy[19]. Persistence of  HBV 
cccDNA in hepatocytes plays a key role in viral persis-
tence, reactivation of  viral replication after cessation of  
antiviral therapy, and resistance to therapy[20]. To achieve 
effective suppression of  HBV replication and elimination 
of  HBV cccDNA and to avoid aggressive immune-medi-
ated hepatitis and liver damage, we combined the above 
two established strategies of  HBV cccDNA clearance. 
HBV-expressing HepG2.2.15 cells were initially given 
lamivudine to inhibit viral replication and reduce the 
level of  HBV, and then the cells were given IFN-γ and 
TNF-a, two important immune mediators. We evaluated 
the antiviral potential of  sequential treatment with lami-
vudine followed by IFN-γ and TNF-a in HepG2.2.15 
cells, especially the potential to inhibit cccDNA amplifi-
cation and eliminate its persistence.

MATERIALS AND METHODS
Cell culture and treatment
HepG2.2.15 cells, which were derived from the stable 
transfection of  HepG2 cells with a plasmid containing 
two head-to-tail dimers of  the HBV genome, were used 
in this study. The HepG2.2.15 line supports persistent 
replication of  HBV and produces intact HBV particles[21]. 
HBV cccDNA is detectable in the culture medium and in-
tracellularly in HepG2.2.2.15 cells[22,23]. Cells were cultured 
in Dulbecco’s modified Eagle’s medium supplemented 
with 2 mmol/L l-glutamine, 50 IU/mL penicillin, 50 
mg/L streptomycin, 500 mg/L G418, 5% (vol/vol) fetal 
bovine serum in 5 mL/L CO2 at 37 ℃. 

HepG2.2.15 cells were treated as follows: (1) with me-
dium alone (control group); (2) 2 μmol/L lamivudine 
(GSK, London, United Kingdom) for 16 d (lamivudine 
group); (3) culture medium for 10 d, followed by 5 ng/
mL recombinant human TNF-a (Invitrogen, CA, United 
State) and 1000 U/mL recombinant human IFN-γ (R 
and D Systems China, Shanghai, China) for 6 d (cytokine 
group); or (4) 2 μmol/L lamivudine for 10 d followed by 
5 mg/L TNF-a and 1000 U/mL IFN-γ for 6 d (sequential 
group). The supernatant was replaced with fresh medium 
(with or without lamivudine and cytokines as per treat-
ment protocols) every 2 d.

Detection of HBV cccDNA 
Intracellular DNA was extracted from 3 × 105 HepG2.2.15 
cells from each group with the QIAamp Mini DNA kit 
(QIAGEN, Hilden, Germany) according to the manu-
facturer’s instructions. The extracted product was further 
purified with mung bean nuclease (Gibco, Camarillo, CA, 
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United State) to remove HBV relaxed circular DNA that 
may have remained. The purification reaction was car-
ried out in a 50-μL volume containing 44 μL extracted 
DNA solution, 1 μL mung bean nuclease (10 000 U/mL), 
and 5 μL 10× mung bean nuclease buffer at 37 ℃ for 
30 min. EGTA (2 μL; 100 mmol/L, pH 7.4) was then 
added to stop the reaction. HBV cccDNA was quantified 
with real-time polymerase chain reaction (PCR) using the 
ABI 7500 Real-Time PCR System (ABI, Foster City, CA, 
United States). Amplification was performed in a 20-μL 
reaction containing 2 μL isolated DNA and the Premix 
Ex Taq (Perfect Real-Time) kit (Takara, Dalian, China). 
The PCR primers were: forward 5’-TGAATCCYGC-
GGACGACC-3’ (nucleotides 1444-1461) and reverse  
5’-CAGCTTGGAGGCTTGAACAG-3’ (nucleotides 
1862-1881) (Y = C/T). The TaqMan probe was: 5’-FAM-
CCTAATCATCTCWTGTTCATGTC-MGB-3’ (nucleo-
tides 1836-1858) (W = A/T). For HBV cccDNA amplifi-
cation, the cycling conditions were an initial incubation of  
30 s at 95 ℃ followed by 40 cycles of  5 s at 95 ℃ and 34 s  
at 60 ℃. The inhibition ratio of  cccDNA was calculated 
as: (control-treatment)/control × 100%.

Quantification of HBV DNA using real-time PCR
Intracellular DNA was extracted from 3 × 105 HepG2.2.15 
cells from each group with the QIAamp Mini DNA kit. 
HBV DNA was quantified with real-time PCR using 
SYBR Premix Ex Taq (Perfect Real Time) (Takara) with 
the ABI 7500 Real-Time PCR System. The PCR prim-
ers were forward 5’-CCTCTTCATCCTGCTGCT-3’ and 
reverse 5’-AACTGAAAGCCAAACAGTG-3’. The PCR 
cycling program consisted of  an initial denaturation step 
at 95 ℃ for 10 s, followed by 40 amplification cycles of  
95 ℃ for 10 s, 60 ℃ for 10 s, 72 ℃ for 10 s, and 79 ℃ for 
35 s, and then one cycle of  95 ℃ for 15 s, 60 ℃ for 60 s,  
and 95 ℃ for 15 s. The inhibition ratio of  HBV DNA 
was calculated as: (control-treatment)/control × 100%.

HBV antigen detection
HepG2.2.15 cell culture supernatants at days 12, 14 and 
16 from each experimental group were collected and cen-
trifuged at 118 × g for 10 min to remove cellular debris 
and then transferred to clean tubes and stored at -20 ℃ 
until antigen measurement. The titers of  hepatitis B sur-
face antigen (HBsAg) and hepatitis B e antigen (HBeAg) 
were measured using a commercial enzyme-linked immu-
nosorbent assay (ELISA) kit (Kehua, Shanghai, China) 
according to the manufacturer’s instructions. 

Cell counting kit-8 assay 
After treatment for 10 d according to the protocols, cells 
were seeded at 3 × 104/well in 100 μL medium in 96-well 
plates and incubated overnight to allow cell adherence. Cells 
were then exposed to lamivudine and/or TNF-a + IFN-γ 
for 6 d. Ten microliters of  2-(2-methoxy-4-nitrophenyl)-
3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, 
monosodium salt (Dojindo, Kumamoto, Japan) was added 
to each well, and the culture plate was incubated at 37 ℃ 

for 1 h. Absorbance was measured at 450 nm. The per-
cent cell viability was calculated as: (value after treatment-
blank)/(control-blank) × 100.

Statistical analysis
All data are expressed as the mean ± SD from three dif-
ferent experiments. Statistical analysis was performed 
with analysis of  variance using SPSS l7.0 software. P < 
0.05 was considered statistically significant.

RESULTS
Sequential treatment has a stronger suppressive effect on 
HBV cccDNA replication than treatment with lamivudine alone
The level of  HBV cccDNA is an important parameter 
for determining the outcome of anti-HBV therapy. Both 
sequential treatment  (51.50% ± 0.17%) and cytokine 
treatment (49.66% ± 0.06%) showed a stronger inhibition 
of  HBV cccDNA compared to lamivudine alone (22.63% 
± 0.12%) (���������������  51.50% ± 0.17%� vs ����������������  22.63% ± 0.12%��, P = 0.034; 
49.66% ± 0.06%� vs ����������������  22.63% ± 0.12%��, P = 0.041). The dif-
ference between the sequential and cytokine groups was 
not statistically significant (P = 0.88) (Figure 1A). 

Sequential treatment has a weaker inhibitory effect on HBV 
DNA replication than treatment with lamivudine alone 
The effect of  the three different treatments on HBV 
DNA was investigated with real-time PCR. The sequen-
tial group (67.47% ± 0.02%) showed lower inhibition 
of  HBV DNA than the lamivudine group (82.48% ± 
0.05%) (P = 0.014). The inhibitory effect on HBV DNA 
between the sequential (67.47% ± 0.02%) and cytokine 
groups (57.45% ± 0.07%) was not significantly different (P 
= 0.071) (Figure 1B).

Sequential treatment causes the greatest reduction in 
HBsAg and HBeAg
Secretion of  HBsAg and HBeAg into cell media at days 
12, 14 and 16 during the treatment period was detected 
with a commercial ELISA kit. After 16 d of  treatment, 
we observed statistically significant decreases in the levels 
of  HBsAg and HBeAg with sequential treatment com-
pared to the other groups [HBsAg: 3.48 ± 0.04 (control), 
3.09 ± 0.08 (lamivudine), 2.55 ± 0.13 (cytokine), 2.32 ± 
0.08 (sequential), P = 0.042 for each between-group com-
parison; HBeAg: 3.48 ± 0.01 (control), 3.08 ± 0.08 (lami-
vudine), 2.57 ± 0.15 (cytokine), 2.34 ± 0.12 (sequential), 
P = 0.048 for each between-group comparison] (Figure 2). 

Sequential treatment suppresses TNF-a + IFN-γ-
mediated cellular toxicity 
The effect of  each treatment on HepG2.2.15 cell viability 
was quantified with a CCK-8 assay. The viability in the cy-
tokine group was reduced to 58.03% ± 8.03% compared 
with control cells (100%, P = 0.000). Lamivudine pretreat-
ment significantly reduced TNF-a + IFN-γ-mediated 
toxicity of  HepG2.2.15 cells [85.82% ± 5.43% (sequential) 
vs 58.03% ± 8.03% (cytokine), P = 0.002] (Figure 3).
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DISCUSSION
HBV infection affects about 350 million people globally 
and is a leading cause of  end-stage liver disease, hepato-
cellular carcinoma, and mortality[24]. HBV primarily in-
fects hepatocytes by a single pathway, although the exact 
mechanism remains poorly understood. After endocy-
tosis, nucleocapsids are released into the cytoplasm, and 
the relaxed circular DNA genome is transported to the 
nucleus where it is converted into cccDNA[25]. Persistence 
of  HBV cccDNA in hepatocytes plays a key role in viral 
persistence, reactivation of  viral replication after cessation 
of  antiviral therapy, and resistance to therapy[20,26]. Thus, 
prevention of  the formation of  cccDNA and elimination 
of  cccDNA to prevent reactivation of  viral replication 

after withdrawal of  antiviral therapy are of  special clinical 
interest[27]. Although many new therapies have been de-
veloped against HBV infection[11], therapeutic elimination 
of  HBV cccDNA remains a major challenge in curing 
chronic HBV infections. Novel approaches to improving 
current therapy for HBV infection are demanding but 
remain a global health priority. 

IFN-γ and TNF-a are important immune mediators 
in host defense against HBV infection[28,29]. Synergistic 
antiviral activity of  murine IFN-γ and murine TNF-a 
on HBV gene expression was previously demonstrated 
in an HBV-Met transgenic hepatocyte cell line[30]. IFN-γ 
and TNF-a abolished HBV gene expression and replica-
tion without killing the hepatocytes[31,32]. Nevertheless, 
IFN-γ and TNF-a also play a role in apoptotic cell death. 
IFN-γ inhibits large HBV surface protein storage dis-
ease and the ground-glass hepatocyte appearance, but it 
exacerbates inflammation and apoptosis in HBV surface 
protein-accumulating transgenic livers[33]. IFN-γ has been 
proposed to act as a pro-apoptotic regulator, triggering 
death receptors and other mediators[34]. HBV X protein 
(HBx) sensitizes cells to apoptosis by TNF-a[35]. We pre-
viously reported that IFN-γ and TNF-a play a role in cell 
death of  HBV-expressing HepG2.2.15 cells. Expression 
of  HBV sensitizes the cells to IFN-γ + TNF-a-mediated 

80

70

60

50

40

30

20

10

0
Lamivudine                 Cytokine                 Sequential

In
hi

bi
tio

n 
ra

tio
 (

%
)

HBV cccDNA

Figure 1  Inhibition ratio of hepatitis B virus covalently closed circular DNA (A) and DNA (B) following different treatments of HepG2.2.15 cells. A: Hepatitis 
B virus covalently closed circular DNA (HBV cccDNA) was quantified with real-time polymerase chain reaction; B: Hepatitis B virus DNA (HBV DNA) was quantified 
with real-time polymerase chain reaction. Data are expressed as the mean ± SD from three individual experiments. aP < 0.05 vs lamivudine group. 

100
90
80
70
60
50
40
30
20
10
0

Lamivudine                 Cytokine                 Sequential

In
hi

bi
tio

n 
ra

tio
 (

%
)

HBV DNA

a

a a

a

Control
Lamivudine
Cytokine
Sequential

4

3.5

3

2.5

2

1.5

1

0.5

0
12                          14                          16    t /d

A
45

0

HBsAgA

a

a,c
a,c,e

Control
Lamivudine
Cytokine
Sequential

4

3.5

3

2.5

2

1.5

1

0.5

0
12                          14                          16    t /d

A
45

0

HBeAgB

a

a,c
a,c,e

Figure 2  Levels of hepatitis B surface antigen and hepatitis B e antigen 
following different treatments of HepG2.2.15 cells. Sequential treatment 
reduced the levels of hepatitis B surface antigen (HBsAg) (A) and hepatitis B e 
antigen (HBeAg) (B) most strongly at 16 d in the treatment period. aP < 0.05 vs 
control group, cP < 0.05 vs lamivudine group, eP < 0.05 vs cytokine group. 

120

100

80

60

40

20

0
Control          Lamivudine        Cytokine        Sequential

Ce
ll 

vi
ab

ili
ty

 (
%

)

CCK-8

e

a,c

Figure 3  Lamivudine pretreatment significantly reduces interferon-γ + 
tumor necrosis factor-a-mediated toxicity of HepG2.2.15 cells. Percent 
cell survival was analyzed with the cell counting kit (CCK)-8 assay following 
exposure of HepG2.2.15 cells to the four treatments. Data are expressed as the 
mean ± SD from three individual experiments. aP < 0.05 vs control, cP < 0.05 vs 
lamivudine group, eP < 0.05 vs cytokine group. 

Shi H et al . HBV and IFN-γ, TNF-a and lamivudine

A B



3621 July 21, 2012|Volume 18|Issue 27|WJG|www.wjgnet.com

apoptosis. Increased expression of  genes encoding in-
terferon regulatory factor 1, c-myc and caspase 7 may be 
responsible for the synergistic induction of  apoptosis by 
IFN-γ and TNF-a[16]. Cell death mediated by both IFN-γ 
and TNF-a may help eradicate the virus by eliminat-
ing residually infected cells. In patients with high levels 
of  HBV DNA, however, aggressive immune-mediated 
processes involving IFN-γ and TNF-a may contribute to 
HBV-associated fulminant hepatic failure[16].

To achieve effective suppression of  HBV replication 
and elimination of  HBV cccDNA and also avoid ag-
gressive immune-mediated hepatitis and liver damage, 
we combined the two established strategies of  clearance 
of  HBV cccDNA. We found that sequential treatment 
with lamivudine followed by IFN-γ and TNF-a had a 
stronger suppressive effect on HBV cccDNA replication 
and antigen expression compared to the lamivudine-only 
group. Although the differences between the sequential 
and cytokine groups in the inhibition ratio of  both HBV 
cccDNA and HBV DNA were not statistically signifi-
cant, sequential treatment showed stronger inhibition of  
antigen expression than cytokines only. More importantly, 
lamivudine pretreatment significantly reduced IFN-γ + 
TNF-a-induced cytotoxicity of  HepG2.2.15 cells. 

Our in vitro findings suggest that sequential treatment 
with IFN-γ and TNF-a following lamivudine not only 
overcame the lower ability of  lamivudine alone to inhibit 
HBV cccDNA by cytokine treatment but also precluded 
the aggressive immune-mediated cytotoxicity involving 
IFN-γ and TNF-a by decreasing the viral load with la-
mivudine pretreatment. This novel treatment suggests a 
new strategy for treating HBV infection and may shorten 
the course of  antiviral therapy, minimize the emergence 
of  drug-resistant mutants, and reduce the financial bur-
den of  patients. Because our present work was carried 
out in vitro, and HBV cccDNA was not eliminated in the 
relative short study period, further in vivo studies are war-
ranted to evaluate the sequential treatment protocol to 
combat HBV infection.
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