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ERK1/2-HNF4α axis is involved in epigallocatechin-3-gallate
inhibition of HBV replication
Zi-yu Wang1, Yu-qi Li1, Zhi-wei Guo1, Xing-hao Zhou2,3, Mu-dan Lu4, Tong-chun Xue2,3 and Bo Gao1

Epigallocatechin gallate (EGCG), a major polyphenol in green tea, exhibits diverse biological activities. Previous studies show that
EGCG could effectively suppress HBV gene expression and replication, but the role of EGCG in HBV replication and its underlying
mechanisms, especially the signaling pathways involved, remain unclear. In this study we investigated the mechanisms underlying
EGCG inhibition on HBV replication with a focus on the signaling pathways. We showed that EGCG (12.5−50 μM) dose-dependently
inhibited HBV gene expression and replication in HepG2.2.15 cells. Similar results were observed in HBV mice receiving EGCG
(25 mg· kg−1· d−1, ip) for 5 days. In HepG2.2.15 cells, we showed that EGCG (12.5−50 μM) significantly activate ERK1/2 MAPK
signaling, slightly activate p38 MAPK and JAK2/STAT3 signaling, while had no significant effect on the activation of JNK MAPK, PI3K/
AKT/mTOR and NF-κB signaling. By using specific inhibitors of these signaling pathways, we demonstrated that ERK1/2 signaling
pathway, but not other signaling pathways, was involved in EGCG-mediated inhibition of HBV transcription and replication.
Furthermore, we showed that EGCG treatment dose-dependently decreased the expression of hepatocyte nuclear factor 4α
(HNF4α) both at the mRNA and protein levels, which could be reversed by pretreatment with the ERK1/2 inhibitor PD98059 (20 μM).
Moreover, we revealed that EGCG treatment dose-dependently inhibited the activity of HBV core promoter and the following HBV
replication. In summary, our results demonstrate that EGCG inhibits HBV gene expression and replication, which involves ERK1/2-
mediated downregulation of HNF4α.These data reveal a novel mechanism for EGCG to inhibit HBV gene expression and replication.
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INTRODUCTION
Hepatitis B virus (HBV) infection remains a major world health
threat, despite the availability of an effective vaccine. Approxi-
mately 260 million people are chronically infected with HBV
worldwide, and these individuals may develop end-stage liver
diseases, such as liver fibrosis and hepatocellular carcinoma [1, 2].
Interferon-α (IFN-α) and nucleos(t)ide analogs (such as lamivudine,
entecavir) have been approved for the treatment of HBV infection;
however, the relatively lower cure rate, side effects and drug
resistance have limited their application [3, 4]. Thus, there is a
strong need for novel anti-HBV agents.
Green tea is one of the most widely consumed beverages

worldwide. In traditional Chinese medicine, green tea is
regarded as a panacea, possessing antidiarrheal, antidotal,
and antipyretic properties, indicating anti-infective activity in
our modern concept [5, 6]. Epigallocatechin-3-gallate (EGCG)
is the main component of green tea and is considered to
account for most of its beneficial effects [7, 8]. Recent
experimental evidence shows that EGCG displays an inhibitory
effect on a variety of viruses [9–14]. We and others have
also demonstrated that EGCG could effectively suppress HBV
gene expression and replication [15–18]; however, the role of
EGCG in HBV replication and its underlying mechanisms,

especially the signaling pathways involved, remain to be further
explored.
In natural infection, HBV transcription and replication are mainly

restricted to the hepatocytes in the livers of humans and a limited
number of primates [19, 20]. The reason for HBV tropism is largely
unknown. Although it is assumed that infection is limited to the
liver because of the tissue-restricted expression of the viral
receptor [21, 22], liver-enriched transcription factors, especially
hepatocyte nuclear factor 4α (HNF4α), are found to contribute to
the hepatocyte-specific tropism of HBV [23]. Accumulating
evidence indicates that the regulation of the expression of HNF4α
may play an important role in determining HBV transcription and
replication [24, 25]. For example, the activation of signaling
pathways, such as MAPKs, has been reported to affect the
expression level of HNF4α and contribute to the regulation of HBV
replication [26].
In the present investigation, we found that EGCG inhibited HBV

gene expression and replication both in vitro and in vivo.
Furthermore, our data showed that EGCG treatment could activate
the p38 MAPK, ERK1/2 MAPK, and JAK2/STAT3 signaling pathways;
however, it is the inhibition of ERK1/2, but not other signaling
pathways, that contributed to the EGCG-mediated inhibition of
HBV gene expression and replication. Furthermore, our data
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demonstrated that the ERK1/2 signaling pathway was implicated
in the EGCG-mediated inhibition of HNF4α and thus contributed
to the EGCG-mediated suppression of HBV gene expression and
replication.

MATERIALS AND METHODS
Materials
EGCG was purchased from Sigma Chemical (St Louis, MO, USA),
MEK1/2 inhibitor, PD98059, p38 inhibitor SB203580, and JAK2/
STAT3 inhibitor AG490 were purchased from Calbiochem (La Jolla,
CA, USA). Antibodies against p-AKT (#9271), AKT (#9272), p-mTOR
(#2971), mTOR (#2972), p-ERK1/2 (#9101), ERK1/2 (#9102), p-p38
(#9211), p38 (#9212), p-JNK (#9251), JNK (#9252), p-JAK2 (#3771),
p-STAT3 (#9138), STAT3 (#9139), p-IκBα (#2859), and p-NF-κB-p65
(#3033) were obtained from Cell Signaling Technology (Beverly,
MA, USA). Antibodies against HNF4α (BS6888) and GAPDH
(AP0063) were obtained from BioWorld Biotechnology (Minnea-
polis, MN, USA).

Cell culture and transfection
HepG2.2.15 cells were maintained at 37 °C in DMEM containing
10% FBS in a 5% CO2 atmosphere. For transfection, the cells were
subjected to electrotransfection using Amaxa Nucleofector
Technology (Amaxa GmbH, Koln, Germany).

Animal study
To establish an HBV infection mouse model, ten micrograms of
pAAV-HBV1.2 was hydrodynamically injected into the tail veins of
C57BL/6 mice in a volume of PBS equivalent to 8% of the mouse
body weight as described previously [27]. Four weeks after the
injection, serum HBsAg was detected to confirm the successful
establishment of the HBV mouse model. For EGCG administration,
HBV mice were injected intraperitoneally (ip) with EGCG (25mg/
kg) daily for 5 consecutive days. The mouse sera were then
collected and assayed for HBsAg and HBV-DNA, and liver tissues
were collected for Western blotting or immunohistochemical
staining. All animal experiments were conducted according to the
Guide for the Care and Use of Medical Laboratory Animals
(Ministry of Health, PR China, 1998) and with the approval of the
Ethics Committee of Fudan University (Shanghai, China).

Western blot analysis
Western blot analysis was performed as described previously
[15, 28, 29]. Briefly, the proteins were denatured in SDS, resolved
by SDS-PAGE, and transferred onto polyvinylidene fluoride
membranes. The membranes were blocked for 2 h with nonfat
dry milk solution (5% in TBS) containing 0.05% Tween-20 and then
sequentially probed with the indicated primary antibodies and
peroxidase-conjugated secondary antibodies. The bands were
visualized by using SuperSignal chemiluminescent substrate
(CWbiotech, Beijing, China).

Quantitative reverse transcription PCR (qRT-PCR)
qRT-PCR was performed as described previously [28, 30]. Briefly,
the cells or liver tissues were harvested, and total RNA was isolated
with RNAiso Plus (Takara, Dalian, China). cDNA was synthesized
from 0.5 μg of RNA using the PrimeScript™ RT Reagent Kit with
gDNA Eraser (Perfect Real Time) (Takara). Prior to reverse
transcription, gDNA Eraser was used to remove contaminating
DNA according to the manufacturer’s instructions. The qRT-PCR
analysis of cDNA targets was performed using a Lightcycler 480
and a SYBR Green system (Takara). The primers used in this study
are as follows: HBV pgRNA, forward, 5′- TGTTCAAGCCTCCAAGCT-3′
and reverse, 5′-GGAAAGAAGTCAGAAGGCAA-3′; HBV RNA, forward,
5′-GCACTTCGCTTCACCTCTGC-3′ and reverse, 5′-CTCAAGGTCGGTC
GTTGACA-3′; HNF4α, forward, 5′-TGTCCCGACAGATCACCTC-3′ and
reverse, 5′-CACTCAACGAGAACCAGCAG-3′; GAPDH, forward, 5′-CG

GGTGGGAATGTTGAGG-3′ and reverse, 5′-TGGCGGGAGATGTGGG
TAC-3′. The levels of pgRNA, HBV RNA or HNF4α were calculated
following normalization to GAPDH levels by the comparative ΔΔ
threshold cycle method. The specificity of the amplification
reactions was confirmed by melt curve analysis. The results are
representative of three independent experiments.

Extraction and quantitative analysis of intracellular core particle-
associated HBV-DNA
The method for the extraction and analysis of intracellular core
particle-associated HBV-DNA in HepG2.2.15 cells or pAAV-HBV1.2-
injected mouse livers was described previously [15, 28, 29]. Briefly,
HBV genomic DNA was then extracted with a Viral Genome
Purification kit (CWbiotech, Beijing, China) following the manu-
facturer’s protocol and subjected to quantitative PCR (qPCR) using
an HBV diagnostic kit (Kehua Biotech, Shanghai, China) according
to the manufacturer’s instructions. For Southern hybridization, the
intracellular core particle-associated HBV-DNA was extracted and
probed with a digoxigenin (DIG)-labeled full-length HBV probe
synthesized with a DIG probe synthesis kit (Roche Diagnostics,
Mannheim, Germany).

Immunochemical staining
For immunohistochemical staining for HBcAg, paraffin-embedded
sections were treated for 10 min at room temperature with 3%
hydrogen peroxide and washed with PBS. After the sections were
blocked with 5% BSA at 37 °C for 30 min, a rabbit polyclonal
antibody against HBcAg (Dako, Glostrup, Denmark) was applied at
a 1:500 dilution overnight at 4 °C. The secondary antibody labeled
with biotin was incubated with the sections for 30 min, and then
avidin-biotin complex reagent was used. Peroxidase staining was
developed with 3,3′-diaminobenzidine solution and counter-
stained with hematoxylin.

Luciferase assay
The plasmids SpLUC, CpLUC, pS(1)pLUC, and XpLUC, each
containing one complete HBV genome with the luciferase (LUC)
gene governed by the surface, core, preS, or X promoter,
respectively, were employed as reporters, as described previously
[25, 29]. For the reporter gene assay, the HBV promoter-
dependent LUC reporter plasmids were transfected into
HepG2.2.15 cells. Twenty-four hours post transfection, the cells
were further stimulated with the indicated concentrations of
EGCG for 24 h, and the LUC activity in the lysates of transfected
cells was determined with a LUC reporter assay system (Promega,
Madison, WI, USA). In all transfection assays, pCMV-β-gal was
cotransfected to normalize the transfection efficiency.

Statistical analysis
The data are expressed as the mean ± SEM. Comparisons between
two groups were performed with a t-test, and multiple groups
were compared using one-way analysis of variance. Statistical
analysis was performed with the SPSS version 18.0 statistical
software package. A value of P < 0.05 was considered statistically
significant.

RESULTS
EGCG inhibited HBV gene expression and replication both in vitro
and in vivo
To investigate the effect of EGCG on HBV gene expression and
replication, we treated HepG2.2.15 cells with increasing concen-
trations of EGCG for 24 h and then detected the level of HBsAg
and HBeAg in culture supernatants by ELISA, the level of HBcAg in
cell lysates by Western blotting, the level of HBV transcripts by
qRT-PCR, and the level of intracellular core particle-associated
HBV-DNA by quantitative real-time PCR and Southern blotting.
Our results showed that EGCG treatment markedly decreased the
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levels of HBeAg (Fig. 1b) and HBcAg (Fig. 1c) but only had a slight
effect on the level of HBsAg (Fig. 1a). Accordingly, our data
showed that EGCG treatment downregulated the level of HBV
transcripts, especially that of pgRNA (Fig. 1d). Further study
showed that EGCG could suppress HBV replication in a dose-
dependent manner (Fig. 1e, f). To exclude the possibility that the
inhibitory effect of EGCG on HBV gene expression and replication
was due to its toxic effect on cells, we determined the cell viability
of EGCG-treated cells by CCK8 assays. As shown in Fig. 1g, the
concentration of EGCG used in the present investigation did not
have a significant effect on the survival of HepG2.2.15 cells.
To further evaluate the inhibitory effect of EGCG on HBV

replication, we established an HBV mouse model by the
hydrodynamic injection of pAAV1.2 as described previously and
then treated HBV mice with EGCG (25mg/kg every day, ip) for
5 days, followed by the evaluation of the effect of EGCG on HBV
gene expression and replication. The results showed that EGCG
treatment decreased the levels of HBsAg (Fig. 2a) and strongly
downregulated the levels of HBeAg (Fig. 2b) and HBV-DNA
(Fig. 2c) in mouse sera. Data from qRT-PCR showed that EGCG
treatment decreased the levels of HBV transcripts, especially that
of pgRNA, in mouse liver tissues (Fig. 2e). We also evaluated the
expression of the HBV core antigen (HBcAg) in hepatocytes by

immunohistochemical staining and found that EGCG treatment
significantly downregulated the level of HBcAg in mouse liver
tissue, as expected (Fig. 2d). Furthermore, our data revealed that
EGCG treatment efficiently decreased the core particle-associated
HBV-DNA level in mouse liver tissues (Fig. 2f). To exclude the
possibility that the EGCG-mediated inhibition of HBV replication
was due to its possible toxic effect on hepatocytes, we tested the
level of ALT in mouse sera. The results showed that EGCG
treatment had little effect on ALT levels (Fig. 2g).
Taken together, our data indicated that EGCG possessed an

inhibitory effect on HBV gene expression and replication both
in vitro and in vivo.

The ERK1/2 signaling pathway was involved in the EGCG-mediated
inhibition of HBV
Reports indicate that EGCG plays a crucial role in regulating
signaling pathways [31–34], while HBV replication has a close
relationship with the activation of some signaling pathways
[28, 35–37]. We therefore paid particular attention to the possible
role of signaling pathways in EGCG inhibition of HBV in the
present investigation. We treated HepG2.2.15 cells with increasing
amounts of EGCG for 24 h and then detected the activation of
various signaling pathways by Western blotting. The results

Fig. 1 EGCG inhibited HBV gene expression and replication in HepG2.2.15 cells. HepG2.2.15 cells were treated with increasing amounts of
EGCG (12.5, 25, 50 μM) for 24 h. The levels of HBsAg (a) and HBeAg (b) in culture supernatants were determined by ELISA; the level of HBcAg (c)
in the cell lysates was determined by Western blotting; the levels of HBV pgRNA and HBV RNAs (d) were determined by qRT-PCR; the levels of
intracellular core particle-associated HBV-DNA (e, f) were determined by quantitative real-time PCR and Southern blotting, respectively; and
the cell viability (g) was determined by CCK8 assay. The values are expressed as the means ± SEM of three independent experiments
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showed that EGCG treatment significantly upregulated the levels
of phosphorylated ERK1/2 (p-ERK1/2), slightly upregulated the
levels of p-p38, p-JAK2 and p-STAT3, and had little effect on the
levels of p-JNK, p-AKT, p-mTOR, p-p70S6K, p-IκBα, and p-NF-κB-
p65 (Fig. 3a), indicating that EGCG treatment could significantly
activate ERK1/2 MAPK signaling and slightly activate p38 MAPK
and JAK2/STAT3 signaling, but had no significant effect on the
activation of JNK MAPK, PI3K/AKT/mTOR, and NF-κB signaling. To
investigate the role of ERK MAPK, p38 MAPK and JAK2/
STAT3 signaling in the EGCG-mediated inhibition of HBV,
HepG2.2.15 cells were pretreated with ERK inhibitor (PD98059),
p38 inhibitor (SB203580) or JAK2/STAT3 inhibitor (AG490) for 1 h,
followed by treatment with 25 μM EGCG for another 24 h. Our
data showed that PD98059, SB203580, or AG490 could efficiently
inhibit the activation of their corresponding signaling pathways
(Fig. 3b); however, the inhibition of ERK1/2, but not other signaling

pathways, significantly attenuated the EGCG-mediated inhibition
of HBV gene expression and replication (Fig. 3c).

The ERK1/2 signaling pathway contributes to the EGCG-mediated
downregulation of HNF4α
Our above data showed that EGCG-activated ERK1/2 signaling,
which has been reported to play important roles in the regulation
of the liver-enriched factor HNF4α, a key player in HBV gene
expression and replication [24, 26, 38]. We thus further
investigated the effect of EGCG on the expression of HNF4α.
Our data showed that EGCG treatment could downregulate the
expression of HNF4α at both the mRNA and protein levels in a
dose-dependent manner (Fig. 4a, b). Notably, our data showed
that the EGCG-mediated downregulation of HNF4α appeared to
correlate with EGCG-activated ERK signaling (Fig. 4c). Further
studies showed that the inhibition of ERK signaling by treatment

Fig. 2 The effect of EGCG on HBV gene expression and replication in mice. To evaluate the effect of EGCG on HBV replication, HBV mice were
treated with or without EGCG (25mg/kg every day, ip) for 5 days (n= 10 per group). The serum concentrations of HBsAg (a), HBeAg (b), and
HBV-DNA (c) were determined by ELISA and quantitative real-time PCR; the level of HBcAg (d) in liver tissue was determined by
immunohistochemical staining; the levels of HBV pgRNA and HBV RNAs (e) in liver tissues were determined by qRT-PCR; the levels of
intracellular core particle-associated HBV-DNA (f) in liver tissues were determined by Southern blotting; and the levels of ALT (g) in mouse sera
were determined by an ALT/GPT ELISA kit. The values were expressed as the means ± SEM of three independent experiments; *P < 0.05
(unpaired, two-tailed Student’s t tests)
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Fig. 3 ERK1/2 signaling pathway was involved in the EGCG-mediated inhibition of HBV. a The effect of EGCG on the activation of the MAPK (p38,
ERK, JNK), AKT/mTOR, and JAK2/STAT3 pathways. HepG2.2.15 cells were treated with increasing doses of EGCG (25 μM and 50 μM) for 24 h, and
the cells were then subjected to Western blotting with the indicated antibodies. b The effect of pharmacological inhibitors on the activation of
p38, ERK MAPK, or JAK2/STAT3 signaling pathways. HepG2.2.15 cells were pretreated with the ERK inhibitor PD98059 (20 μM), the p38 inhibitor
203580 (10 μM) or the JAK2/STAT3 inhibitor AG490 (50 μM) for 1 h and then treated with 25 μM of EGCG for 24 h. The levels of p-p38, p-ERK, p-
JAK2, or p-STAT3 were determined by Western blotting. c The role of p38, ERK MAPKs, or JAK2/STAT3 signaling pathways in the EGCG-mediated
inhibition of HBV. HepG2.2.15 cells were treated as in b, and the levels of HBeAg or HBV-DNA were determined by ELISA or qPCR, respectively.
The values were expressed as the means ± SEM of three independent experiments; *P < 0.05 (unpaired, two-tailed Student’s t tests)

Fig. 4 The ERK1/2 signaling pathway was involved in EGCG-mediated inhibition of HNF4α. a The effect of EGCG on the mRNA level of HNF4α in
HepG2.2.15 cells. HepG2.2.15 cells were treated with increasing doses of EGCG (25 and 50 μM) for 24 h. The mRNA levels of HNF4α were then
determined by quantitative RT-PCR. b The effect of EGCG on the protein level of HNF4α in HepG2.2.15 cells. HepG2.2.15 cells were treated as in
a, and the protein levels of HNF4α were then determined by Western blotting. c HepG2.2.15 cells were treated with 50 μM of EGCG for the
indicated time periods, and Western blotting was then performed using antibodies against p-ERK1/2, HNF4α and GAPDH. The effect of ERK
signaling on the EGCG-mediated inhibition of HNF4α. HepG2.2.15 cells were pretreated with ERK inhibitor PD98059 for 1 h and then treated with
50 μM of EGCG for 24 h, and the mRNA levels (d) and protein levels (e) of HNF4α were determined by qRT-PCR and Western blotting,
respectively. The values were expressed as the means ± SEM of three independent experiments; *P < 0.05; (unpaired, two-tailed Student’s t tests)
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with PD98059 significantly attenuated the EGCG-mediated inhibi-
tion of HNF4α at both the mRNA and protein levels (Fig. 4d, e),
indicating that the ERK1/2 signaling pathway might play an
important role in the EGCG-mediated inhibition of HNF4α.

EGCG inhibited the activity of HBV promoters
HNF4α, as an important transcriptional factor, plays a crucial role
in HBV transcriptional activity [20, 25]. We thus further investi-
gated the effect of EGCG on the activity of all four HBV promoters:
surface (S), core (C), preS (pS) and X promoters. Our data showed
that EGCG treatment significantly suppressed the activity of HBV
core and preS promoters but had no significant effect on the
activity of S and X promoters (Fig. 5a-d). These data were
correlated with the EGCG-mediated effect on HBV gene expres-
sion and replication, i.e., EGCG displayed a stronger inhibitory
effect on the level of HBeAg and HBV-DNA than on that of HBsAg.

ERK1/2-HNF4α contributed to the EGCG-mediated inhibition of
HBV core promoter activity and subsequent HBV replication
The above data showed that EGCG showed a strong inhibitory
effect on the HBV core promoter, while the core promoter has
been demonstrated to play a crucial role in HBV replication. We
further investigated the role of the ERK1/2-HNF4α axis in EGCG-
mediated inhibition of the HBV core promoter. Our data showed
that the ERK1/2 inhibitor PD98059, but not the p38 inhibitor
SB203580 or the JAK2/STAT3 inhibitor AG490, significantly
attenuated EGCG-mediated inhibition of HBV core promoter
activity (Fig. 6a), correlated with their effect on HBeAg and HBV-
DNA as shown in Fig. 3c. Furthermore, our data revealed that the
ectopic expression of HNF4α significantly reversed the EGCG-
mediated inhibition of HBV core promoter activity (Fig. 6b).

Furthermore, we determined the effect of HNF4α on the EGCG-
mediated inhibition of HBV gene expression and replication. As
shown in Fig. 6c, the ectopic expression of HNF4α also
significantly reversed the suppressive effect of EGCG on HBeAg
and HBV-DNA levels. Taken together, these data indicated that the
ERK1/2-HNF4α axis was involved in the EGCG-mediated inhibition
of HBV gene expression and replication.

DISCUSSION
Green tea, one of the most widely consumed beverages world-
wide, has been shown to have diverse physiological and
pharmacological health benefits, such as anticarcinogenic, anti-
inflammatory, and antioxidant activities [5, 39, 40]. In the past
several decades, increasing evidence indicates that EGCG, the
main constituent of green tea, displays antiviral activities with
different modes of action against diverse viruses, including some
important human pathogens, such as human immunodeficiency
virus, influenza A virus, hepatitis C virus and HBV [10, 12–16]. Our
previous data showed that EGCG induced a complete autophagic
process, which is unfavorable for HBV replication [15]. However,
even after the inhibition of EGCG-induced autophagy by the
knockdown of some key regulators of autophagy (such as ATG5
and ATG7), EGCG still retained a significant inhibitory effect on
HBV replication [15], indicating that, as a multifunctional effector,
EGCG might exert anti-HBV activity through other mechanisms.
In the present investigation, we further confirmed the inhibitory

effect of EGCG on HBV gene expression and replication both
in vitro and in vivo. The reports indicate that EGCG plays an
important role in the regulation of diverse signaling pathways. For
example, PKCα and ERK1/2 signaling pathways are involved in
EGCG-mediated protection against restraint stress-induced neural
injuries in rats [32], and EGCG could attenuate high-fat-and high-
fructose-induced cognitive defects by regulating the IRS/AKT and
ERK/CREB/BDNF signaling pathways [33]. The activation of several
signaling pathways, such as PI3K/AKT/mTOR signaling, has been
suggested to play important roles in the regulation of HBV
replication [35, 37]. Our previous investigation demonstrated that
ROS-JNK signaling was involved in HBV/HBx-induced autophago-
some formation and thus contributed to the regulation of HBV
replication [28]. In mechanistic studies, we focused on the role of
signaling pathways in the EGCG-mediated inhibition of HBV. Our
data showed that EGCG treatment could activate the ERK1/2, p38
MAPK, and JAK2/STAT3 signaling pathways but had little effect on
other signaling pathways, such as JNK MAPK, PI3K/AKT/mTOR, and
NF-κB signaling. However, further studies revealed that the
activation of ERK1/2, but not p38 or JAK2/STAT3 signaling, played
an important role in the suppression of HBV gene expression and
replication by EGCG.
Several reports have indicated that ERK1/2 MAPK may have a

close relationship with the regulation of HNF4α [26, 41, 42], while
HNF4α is now regarded as an important therapeutic target for
controlling HBV replication [24, 43, 44]. Therefore, we investigated
the effect of EGCG on the expression of HNF4α. Our data showed
that EGCG treatment could downregulate the expression level of
HNF4α at both the mRNA and protein levels in a dose-dependent
manner, and the effect of EGCG on ERK1/2 signaling was
correlated with the EGCG-mediated downregulation of HNF4α.
Furthermore, our data demonstrated that the inhibition of ERK1/
2 signaling indeed significantly reversed the EGCG-mediated
downregulation of HNF4α.
HNF4α, as an important transcriptional factor, plays a crucial

role in HBV transcriptional activity. We therefore also investigated
the effect of EGCG on the activity of all four HBV promoters: core,
S, preS and X promoters. EGCG treatment displayed a strong
inhibitory effect on the HBV core promoter, while its effect on
the HBV surface promoter was much less significant, which
was correlated with the data showing that EGCG had a stronger

Fig. 5 The effect of EGCG on the activity of HBV promoters.
HepG2.2.15 cells were transfected with SpLUC (a), CpLUC (b), pS(1)
LUC (c) or XpLUC (d), respectively. Twenty-four hours post
transfection, the cells were further treated with increasing doses
of EGCG (25 µM and 50 µM) for another 24 h. The luciferase activity
in cell lysates was then determined. The luciferase activity of EGCG-
untreated cells was set to 100%. In all transfection assays, pCMV-β-
gal was cotransfected to normalize the transfection efficiency. The
values are expressed as the means ± SEM of three independent
experiments
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inhibitory effect on the level of HBeAg and HBV-DNA than that of
HBsAg. Furthermore, our data revealed that the inhibition of ERK1/
2 activity or HNF4α overexpression significantly reversed the
EGCG-mediated inhibition of HBV core promoter activity and the
subsequent HBV replication, indicating that the ERK1/2-HNF4α
axis contributed to the EGCG-mediated inhibition of HBV gene
expression and replication. Similar to our data, Zhao et al. [26]
reported that an antimicrobial peptide, Mucroporin-M1, also
suppressed HBV replication by activating ERK1/2 signaling and
downregulating HNF4α. Together, these data suggest that
targeting the ERK1/2-HNF4 axis may be helpful for controlling
HBV infection.
In summary, our data demonstrated that EGCG inhibited HBV

gene expression and replication both in vitro and in vivo, in which
EGCG-activated ERK1/2 signaling played an important role. Further
study showed that EGCG-activated ERK1/2 signaling might lead to
the downregulation of HNF4α, a key player in HBV gene
expression and replication, and the ERK1/2-HNF4α axis was
revealed to contribute to the EGCG-mediated inhibition of HBV.
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