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Oxymatrine Inhibition of Hepatitis B Virus Replication
Through ERK1/2 Pathway and HNF1α and HNF4α Block in

vitro
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ABSTRACT
Objective: To explore the molecular mechanism of oxymatrine (OM) by increasing the phosphorylation of ERK1/2 signal factor and
blocking the transcription factors HNF1α and HNF4α expression against hepatitis B virus (HBV) antigen secretion and HBV DNA replica-
tion in HepG2.2.15 cells.
Study Design: An experimental study.
Place  and  Duration  of  the  Study:  Department  of  Laboratory  Medicine,  First  Affiliated  Hospital  of  Gannan  Medical  University,
Jiangxi, China, between May 2020 and December 2022.
Methodology: HepG2.2.15 cells, known for stably expressing HBV particles, were utilised as a cell-based model to explore potential
pathways pertaining to the OM inhibition of HBV replication. An MTT assay was utilised to measure cytotoxicity. HBsAg or HBeAg
content was measured using an enzyme-linked immunosorbent assay kit. HBV DNA in cell-free culture media was examined using a
fluorescent quantitative PCR kit. Real-time PCR was utilised to analyse HNF1α and HNF4α mRNA expression, whereas Western blotting
was performed to evaluate HNF1α, HNF4α, and ERK1/2 protein expression.
Results: OM inhibited HBV DNA copy number in the cell supernatant, 3.5-kb RNA gene expression in cells, and HBsAg and HBeAg
secretion. OM upregulated p-ERK1/2 protein and significantly downregulated HNF1α and HNF4α gene transcription and protein transla-
tion.
Conclusion: OM may inhibit the replication of HBV by inducing the phosphorylation of ERK1/2 and blocking the transcription factors
HNF1α and HNF4α expression that are essential for viral replication.
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INTRODUCTION
According to recent surveys and studies, the global infection
count  for  Hepatitis  B  Virus  (HBV)  is  364  million  individuals.1

Approximately  1  million  individuals  die  each  year  from  liver
disease complications occasioned by HBV infection, and approxi-
mately 300,000 of them reside in China.2 Therefore, it is neces-
sary to strengthen the early control of viral replication to effec-
tively reduce the occurrence of liver complications.

Hepatocyte nuclear factors (HNFs) are transcription factors that
are instrumental in regulating liver-specific genes expression
and exert pivotal roles in liver differentiation and metabolism.3

HNF4α, in particular, functions as a dominant regulator of HBV
gene replication and expression as well as a crucial regulator of
the HBV liver-specific function.4
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Thus, HNFs and HBV exert a vital regulatory impact on the persis-
tent survival of HBV in the host.5 However, activating the ERK1/2,
which  are  members  of  the  mitogen-activated  protein  kinase
(MAPK) family, signalling pathway can disrupt the formation of the
HNF4α enhancer–promoter complex and affect HBV replication in
human hepatoma cells.6 Oxymatrine (OM), a matrine-type alka-
loid easily derived from the Chinese herb Sophora flavescent,
exhibits a diverse range of pharmacological activities, such as
anti-virus, anti-inflammatory, anti-fibrosis, and immune regula-
tion.7,8 As previously reported, OM can directly inhibit HBV replica-
tion in vitro and in vivo, and is extensively utilised in the clinical
therapy of viral hepatitis B;9,10 however, the anti-HBV mechanism
of OM has not been fully elucidated.11,12 In preliminary real-time
quantitative  PCR  experiments,  OM  was  found  to  significantly
downregulate HNF4α and HNF1α mRNA in HepG2.2.15 cells. This
study aimed to apply HepG2.2.15 cells, production of hepatitis B
virus particles in Hep G2 cells transfected with cloned hepatitis B
virus DNA, as a cell model for observing and analysing the poten-
tial mechanistic pathways of OM in suppressing HBV replication.

METHODOLOGY

The  study  was  conducted  at  the  First  Affiliated  Hospital  of
Gannan Medical University, Jiangxi, China, between May 2020
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and December 2022 after obtaining the approval from the Clin-
ical  Research  Ethics  Review  Committee  of  the  hospital.
HepG2.2.15  cells  were  revived  with  a  complete  medium
containing 10% newborn foetal bovine serum and Dulbecco's
Modified Eagle Medium following the manufacturer's instruc-
tions and underwent a culture process at 37°C in a 5% CO2 incu-
bator.

To investigate OM inhibition of HBV expression in HepG2.2.15
cells, the cells were classified into five groups according to the
OM concentration as control (0 μg/mL), 10 μg/mL, 100 μg/mL,
and 1000 μg/mL OM groups, and the 3.75 nM entecavir (ETV)
(MCE, USA) group.13 In a 24-well plates setup, four duplicate
wells were set in each group, with each well hosting 1 × 10.4 The
cells underwent a 12-hour incubation period in a serum-free
DMEM basal medium at 37°C in a 5% CO2 incubator. Groups had
corresponding amount of OM or ETV in fresh media added, and
were subsequently subjected to incubation at 37 °C and 5% CO2

lasting 3, 6, and 9 days to observe the cell state.

To investigate the mechanism of OM inhibiting HBV expression
in HepG2.2.15 cells, the cells were classified into three groups:
Control, 100 μg/mL, and 1000 μg/mL OM. Three duplicate wells
were set for each group, the number of cells per well was 1 ×
105/mL, and the corresponding drugs were added and incu-
bated at 37°C and 5% CO2 lasting 24 or 48 h.

For  assays  on  OM-induced  ERK1/2  signalling  after  ERK1/2
inhibitor  intervention,  HepG2.2.15  cells  were  classified  into
three groups: DMSO, OM (100 μg/mL), and U0126(10 μM) (Beyo-
time,  China)  +OM (100  μg/mL).  The  U0126+OM group  was
pretreated with U0126—an ERK1/2 inhibitor—lasting 1 h. After
discarding the supernatant and counting it as 0 h, OM at 100
μg/mL was added, which was subjected to further incubation
with the cells at 37°C and 5% CO2 lasting 4, 12, and 24 h.

After culturing the cells of the Control, 10, 100, and 1000 μg/mL
OM groups for 9 days, MTT (5 mg/mL) was added. A 4-hour incu-
bation period was followed by measurement of the absorbance
value of the wells at 490 nm, which was detected using a micro-
plate reader, and the cell viability percentage was determined:

Cell survival rate = (Experimental group − Blank group) / (Con-
trol group − Blank group).

An ELISA kit (Kehua, Shanghai, China) was utilised to measure
HBsAg and HBeAg levels in cell culture supernatants at 3, 6, and
9 days or at 24 and 48 h after the appropriate interventions. The
ELISA  was  conducted  strictly  following  the  manufacturer’s
instructions.

The cell supernatant and standard HBV DNA genome extraction
strictly followed the instructions contained in the DNA virus
extraction kit, and the HBV DNA copies in the cell supernatant
were  determined  at  3,  6,  and  9  days  (primer  sequences
provided in Table I). The extraction of intracellular total RNA and
the  reverse  transcription  process  for  synthesising  the  first
strand of cDNA were also performed following the reverse tran-
scription kit instructions (Kangwei Century, China). GAPDH was

utilised as the internal reference gene for RT-qPCR (Bio-Rad,
USA). HNF1α, HNF4α, and 3.5-kb RNA genes expression in 48-h
cells were analysed by the 2−ΔΔCt  method (primer sequences
provided in Table I). Amplification conditions for the qPCR reac-
tion system (50 μL) were pre-denaturation at 95 °C lasting 10
min;  40  cycles  of  denaturation  at  95°C  lasting  15  s  and
annealing at 60°C lasting 1 min; and melting curve analysis at
95 °C lasting 5 s and at 65°C lasting 5 s. The standard curve was
established based on the Ct value of the standard substance,
the regression equation was calculated, and the HBV DNA copy
number in the sample was determined according to the regres-
sion equation. The HBV DNA inhibition rate was subsequently
determined using the following formula:

Inhibitory rate = (Control − Experimental) / Control × 100%

Western blotting was utilised to measure HNF1α, HNF4α, and p-
ERK1/2 proteins expression in cells after 9 days of culture as well
as HNF1α, HNF4α, and p-ERK1/2 in cells at 0, 4, 12, and 24 h.
Total intracellular protein was extracted following the reagent
instructions and lysed using 150 μL of RIPA. All lysed samples
were collected, and the protein level of each cell lysate was
accessed by a BCA protein assay kit (Beyotime, China). Subse-
quently, 10 μL of protein per well was electrophoresed on a
5%–12% concentration and separating gel, which was subse-
quently  placed  on  a  PVDF  membrane.  The  membrane  was
subjected to a blocking step with 5% non-fat milk powder lasting
1.5 h and, subsequently, incubated with a 1:1000 dilution of
primary antibody (Boao Biological, China) at room temperature
lasting 2 h with shaking at low speed, followed by overnight incu-
bation at 4°C. After washing to remove the primary antibody,
the membrane was subjected to a horseradish peroxidase-con-
jugated secondary antibody, utilised at a 1:7000 dilutions, and
incubated for 1.5 h at room temperature on a low-speed shaker.
The exposure was performed with an ultra-sensitive ECL chemi-
luminescence kit, and the bands were analysed by the grey
value of Image J software.

The statistical software SPSS 27.0 was utilised for analysis, and
the experimental data were represented as mean ± standard
deviation. Comparisons between groups were analysed by the
one-way  analysis  of  variance  (ANOVA)  method.  When  the
variance  was  equal,  the  least  significant  difference  (LSD)
method was utilised for multiple comparisons between groups.
p <0.05 was deemed statistically significant.
Table I: qPCR primer sequences for HBV DNA and for HNF1α, HNF4α, and
3.5-kb RNA.

Primer name Primer sequence (5′→3′)
HBV DNA F: TGTCCTGGTTATCGCTGG

R: CAAACGGGCAACATACCTT
3.5-kb RNA F: CTCAATCTCGGGAATCTCAATGT

R: TGGATAAAACCTAGCAGGCATAAT
HNF1α F: TCTACAACTGGTTTGCCAACC

R: GGCTTCTGTACTCAGCAGGC
HNF4α F: ACGGGCAAACACTACGG

R: ATTCTGGACGGCTTCCTT
GAPDH F: ACAGCCTCAAGATCATCAGCA

R: ATGAGTCCTTCCACGATACCA
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Figure 1: OM inhibits the level of HBsAg, HBeAg, HBV DNA and intracellular 3.5-kb RNA. A-F: OM suppresses HBsAg and HBeAg secretion
from HepG2.2.15 cells. G-J: OM inhibits the expression levels of supernatant HBV DNA and intracellular 3.5-kb RNA in HepG2.2.15 cells.
** p < 0.01, * p < 0.05 compared to Control and # p < 0.05 compared to ETV.

RESULTS

After the HepG2.2.15 cells were subjected to OM lasting 9 days,
the cell viability (n = 3, 95.67 ± 0.53%) of 1000μg/mL groups
remained above 95%. Thus, the cytotoxicity of OM was low.

Inhibitory impact of OM on HBsAg and HBeAg. Post incubation
of HepG2.2.15 cells with diverse concentrations of OM lasting
3, 6, and 9 days was performed, and HBsAg and HBeAg levels
in the cell culture supernatants were measured (Figure 1A-F).
In comparison to the Control group, a notable decline in HBsAg
and HBeAg was observed in the supernatant of the ETV group
(p < 0.01 or p < 0.05), indicating an impaired secretion of
these  proteins.  OM  at  100  and  1000  μg/mL  also  greatly
suppressed HBsAg and HBeAg secretion in cells (p < 0.01 or p
< 0.05). As OM concentration escalated, a gradually decline in
HBeAg secretion was observed, indicating the existence of a
dose-dependent  effect  (p  < 0.01  or  p  < 0.05).  A prominently
reduced  level  of  HBeAg  in  the  culture  supernatant  after
1000μg/mL OM treatment was noted compared with that of
ETV treatment (Figure 1E and F) (p < 0.01 or p <0.05). These
results indicated that OM treatment led to a dose-dependent
suppression  of  HBsAg  and  HBeAg  secretion  in  HepG2.2.15
cells.

OM inhibits the level of HBV DNA and intracellular 3.5-kb RNA.
Following 3, 6, and 9 days of culture (Figure 1G–I), contrary to
the Control group, the ETV group demonstrated a substantial
inhibitory effect on HBV DNA (p < 0.01), and the HepG2.2.15
cells processed with 100 and 1000 μg/mL OM also exhibited a
notable increase in the inhibition rate of  HBV DNA in the
culture  supernatant.  Following  9  days  of  culture,  in
comparison to the Control group, the 3.5-kb RNA in the cells
treated  with  100  and  1000  μg/mL  OM  was  considerably
reduced (p < 0.01, Figure 1J). Furthermore, with increasing
OM concentrations, the inhibition of HBV DNA and 3.5-kb RNA
was gradually enhanced (p < 0.01).

HNF1α,  HNF4α  mRNA,  and  3.5-kb  RNA  expression.  After
culture for 24 and 48 h, compared with Control, HBsAg and
HBeAg secretion in the cell supernatant of the 100 and 1000
μg/ml OM declined considerably (p < 0.01, Figure 2A and B).
Concurrently, HNF1α and HNF4α mRNA and 3.5-kb RNA in the
HepG2.2.15 cells subjected to 100 and 1000 μg/mL OM were
notably downregulated (p < 0.01 or p < 0.05, Figure 2C-E).
The inhibitory effect was more significant with increasing OM
concentration.  These results indicated that OM suppressed
the gene expression of HNF1α and HNF4α and 3.5-kb RNA in
vitro.
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Figure 2: Relative expression levels of 3.5-kb RNA, HNF1α, and HNF4α mRNA in HepG2.2.15 cells after OM treatment. A and B: Comparison
of HBsAg and HBeAg levels in the supernatant of each group after 24 and 48 h. C–E: Comparison of the relative expression of HNF1α mRNA
(C), HNF4α mRNA (D), and 3.5-kb RNA (E) in each group after 48 h. ** p < 0.01, and * p < 0.05 compared to the Control.

Figure 3: p-ERK1/2, HNF1α, and HNF4α levels in HepG2.2.15 cells post OM treatment. A: Relative expression of p-ERK1/2, HNF1α, and
HNF4α proteins in HepG2.2.15 cells processed with various concentrations of OM for 9 days. B and C: p-ERK1/2, HNF1α, and HNF4α levels
in HepG2.2.15 cells at various time points post-OM treatment. p-ERK1/2(B) and HNF1α and HNF4α(C) were detected by western blotting at
0–24 h.
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HNF1α,  HNF4α,  and  p-ERK1/2  proteins  expression.  When
compared with the control group, following 9 days of culture,
the p-ERK1/2 level was greatly upregulated in the 100 and 1000
μg/mL OM-treated groups (p <0.01 or p < 0.05) (Figure 3A and
Table II). Simultaneously, the protein expression of HNF1α and
HNF4α was remarkably downregulated (p < 0.01). These results
indicated that OM upregulated the expression of ERK1/2 and
downregulated HNF1α and HNF4α expression in vitro.

Table II: p-ERK1/2, HNF1α, and HNF4α levels in HepG2.2.15 cells post
OM treatment.

Proteins Time Groups Mean ±
Standard

p-value

p-ERK1/2 9d Control 0.54 ± 0.15  
p-ERK1/2 9d 10 0.49 ± 0.30  
p-ERK1/2 9d 100 1.33 ± 0.25 <0.01**

p-ERK1/2 9d 1000 1.64 ± 0.18 <0.01**

HNF1α 9d Control 0.36 ± 0.05  
HNF1α 9d 10 0.31 ± 0.05  
HNF1α 9d 100 0.20 ± 0.03 <0.01**

HNF1α 9d 1000 0.18 ± 0.03 <0.01**

HNF4α 9d Control 0.36 ± 0.05  
HNF4α 9d 10 0.33 ± 0.04  
HNF4α 9d 100 0.20 ± 0.03 <0.01**

HNF4α 9d 1000 0.16 ± 0.01 <0.01**

p-ERK1/2 0h DMSO 0.49 ± 0.12  
p-ERK1/2 0h OM 0.55 ± 0.14  
p-ERK1/2 0h U0126+OM 0.04 ± 0.01 <0.01**

p-ERK1/2 24h DMSO 0.34 ± 0.02  
p-ERK1/2 24h OM 0.46 ± 0.02 0.022*

p-ERK1/2 24h U0126+OM 0.16 ± 0.01  
HNF1α 0h DMSO 0.31 ± 0.08  
HNF1α 0h OM 0.35 ± 0.05  
HNF1α 0h U0126+OM 0.48 ± 0.07 0.024*

HNF1α 24h DMSO 0.25 ± 0.03  
HNF1α 24h OM 0.16 ± 0.01 0.040*

HNF1α 24h U0126+OM 0.28±0.06  
HNF4α 0h DMSO 0.91 ± 0.14  
HNF4α 0h OM 0.89 ± 0.17  
HNF4α 0h U0126+OM 1.09 ± 0.15 0.028*

HNF4α 24h DMSO 0.37 ± 0.04  
HNF4α 24h OM 0.26 ± 0.04 0.018*

HNF4α 24h U0126+OM 0.35 ± 0.06  
Data are shown as relative protein expression. **p <0.01 and *p <0.05
compared to Control or DMSO.

The effect of  OM on the ERK1/2 signalling pathway after  the
intervention of the ERK1/2 inhibitor U0126. Compared with
the DMSO-treated group, HepG2.2.15 cells were pretreated
with U0126 (10 μM) lasting 1 h followed by OM (100 μg/mL)
lasting 24 h, the ERK1/2 phosphorylation triggered by OM was
suppressed (p < 0.01, Figure 3B and Table II), and the HNF1α
and HNF4α levels were greatly upregulated (p < 0.01, Figure
3C and  Table  II).  These  results  verified  that  the  inhibition  of
ERK1/2  phosphorylation  could  promote  the  expression  of
HNF1α and HNF4α. At 24 h, compared with the DMSO-treated
group,  p-ERK1/2  expression  in  the  OM-treated  cells  was
markedly  upregulated (p  < 0.05),  and HNF1α and HNF4α
expression was remarkably downregulated (p < 0.05). These
findings further revealed that OM could suppress HBV replica-
tion by triggering the ERK1/2 pathway and downregulating
HNF4α and HNF1α in HepG2.2.15 cells.

DISCUSSION

OM, which is an alkaloid derived from the Chinese herb
Sophora  flavescens,  can  inhibit  HBV  replication.  Although
its  efficacy  is  similar  to  that  of  interferon-α  (IFN-α),  the
mechanism of action remains unclear.14,15 OM, as a strong
immunomodulator, activates the Toll-like receptor 9 (TLR9)
signal  transduction  function,  induces  peripheral  lympho-
cytes to secrete antiviral cytokines, cooperates with TLR9
ligands  to  boost  the  immune  functionality  of  chronic
hepatitis B patients, and inhibits HBV replication in vivo.16

Furthermore, OM accelerated the production of interferon-γ
(Interferon-α, IFN-γ) in CD4+  T cells in a dose-responsive
manner,  enhanced  the  immune  function  of  mice,  and
outperformed Entecavir  in  eliminating serum HBsAg and
intrahepatic HBcAg.11

HNFs include the HNF1, HNF3, HNF4, and HNF6 families,
with  the  HNF1 family  having  two subtypes  (HNF1α and
HNF1β)  and  the  HNF4  family  having  three  subtypes
(HNF4α, HNF4β, and HNF4γ). HNF1α and HNF4α are respon-
sible for HBV gene replication and are crucial regulators of
antigen expression. HNF1α enhances viral transcription by
activating the binding of HBV pre-S1P to its enhancer/pro-
moter and the binding of HBV CP protein to HBV enhancer
II.  Overexpression of HNF4α upregulates the activities of
pre-S1 and pre-S2 proteins and triggers HBV enhancer II,
CP, and pre-S2P, thereby promoting HBV replication.17-20

In hepatoma cells within humans, the activation of MAPK
signalling downregulates HNF4α expression and completely
inhibits C/EBPα protein expression, and disrupts the recruit-
ment  of  HNF3β,  HNF1α,  and  RNA polymerase  II  to  the
HNF4α enhancer, thereby inhibiting 3.5-kb RNA synthesis
and transcription.21,22  Zheng et al. unveiled that triggering
the  RAS-MAPK  signalling  pathway  by  external  stimuli
inhibited HBV replication in Huh7 and HepG2 cells,  indi-
cating that the MAPK signalling pathway exerts an inhibi-
tory impact on some liver transcription factors.23

This study utilised HepG2.2.15 cells as a model to verify
that OM suppressed HBV DNA, HBsAg, and HBeAg levels in
a dose- and time-dependent manner. Moreover, OM was
observed to inhibit the production of HBV 3.5-kb RNA.  It
was found that OM could increase the phosphorylation of
ERK1/2 signalling factors, downregulate HNF1α and HNF4α,
and  affect  3.5-kb  RNA  expression.  To  further  explore  the
mechanism of action of OM, U0126 was utilised to inhibit
the phosphorylation of ERK1/2, and OM continued to stimu-
late  the  phosphorylation  of  ERK1/2  for  different  time
periods. The expression levels of HNF4α and HNF4α were
gradually downregulated, which proved that OM may block
the protein expression of the transcription factors HNF1α
and  HNF4α  that  are  required  for  virus  replication  by
increasing the phosphorylation of ERK1/2.
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Collectively, the activation of the MAPK signalling pathway
exerts a vital role in anti-HBV activity. The stimulation of
MAPK by external factors can result in the phosphorylation of
signalling  proteins  to  induce  the  transcription  of  various
downstream genes with regulatory functions, including tran-
scription  factors,  growth  factors,  kinases,  and  other
enzymes.24,25  OM  may  increase  the  phosphorylation  of
ERK1/2,  block  the  transcription  factors  HNF1α  and  HNF4
expression,  which  are  essential  for  viral  replication,  and
inhibit the synthesis of 3.5-kb RNA. This study demonstrated
that OM (with U0126) induce the phosphorylation of ERK1/2
declined remarkably,  and that HBsAg, HBeAg, and 3.5-kb
RNA  expression  of  HBV  still  exerts  inhibitory  effects,  indi-
cating that the effect of OM on HBV inhibition may be related
to other mechanisms. Therefore, to obtain a more compre-
hensive understanding of  the anti-HBV effect  of  OM and its
molecular mechanism, future experiments can explore the
JNK  and  P38  signalling  factors  in  the  MAPK  signalling
pathway. Such an understanding can lay an experimental
foundation for detailed research on the application of OM in
immune regulation.

CONCLUSION

Collectively, the results obtained from this study demons-
trate that OM inhibits HBV DNA and 3.5kb-RNA as well as
antigen  secretion  by  upregulating  the  phosphorylation  of
ERK1/2 and by blocking the transcription factors HNF1α and
HNF4α expression that are fundamental for viral replication.
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