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A B S T R A C T

The persistence of covalently closed circular DNA (cccDNA) in hepatitis B virus (HBV)-infected he-
patocytes remains a major obstacle to effective antiviral treatment. Understanding the molecular
mechanisms regulating HBV cccDNA transcription is essential for developing novel therapeutic stra-
tegies. In this study, we investigated the role of RNA binding motif protein 25 (RBM25) in HBV
replication, focusing on its interaction with cccDNA and its regulation of host transcription factors. The
results demonstrated that RBM25 knockdown markedly inhibited HBV replication, reducing levels of
HBV DNA, hepatitis B e antigen (HBeAg), hepatitis B surface antigen (HBsAg), HBV RNA, and L-HBs in
HBV-replicating and infected cell models. Consistent results were observed in a mouse model hydro-
dynamically injected with 1.2 � HBV plasmid. Conversely, RBM25 overexpression significantly
enhanced HBV replication. Mechanistically, RBM25 promoted HBV promoter activities by binding to
cccDNA through its RE/RD and PWI domains. This effect was mediated by increased Yin Yang 1 (YY1)
expression, which enhanced acetylation of cccDNA-bound histones, promoting HBV transcription.
Furthermore, RBM25 expression was upregulated and translocated to the nucleus following core
protein expression and accumulation, while overexpression of RBM25 promoted core protein degra-
dation. In conclusion, this study demonstrates that RBM25 is a novel host factor that enhances HBV
replication by upregulating YY1-dependent transcriptional activation of cccDNA. It also reveales a
reciprocal regulatory mechanism between the HBV core protein and RBM25, which helps sustain HBV
replication.
INTRODUCTION

Hepatitis B virus (HBV) infection remains a global health challenge,
with an estimated 254 million people infected worldwide (Hsu et al.,
2023; Wan et al., 2022). Despite the availability of vaccines and several
approved therapies, approximately 820,000 deaths annually are attrib-
uted to end-stage liver disease in infected individuals (Sheena et al.,
. Lu), xm_chen6176@bjmu.edu.cn
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2022). This is partly due to the lack of therapies that directly target
covalently closed circular DNA (cccDNA). Therefore, it is imperative to
gain a comprehensive understanding of the host factors that interact with
cccDNA and play a critical role in HBV replication.

HBV, a member of theHepadnaviridae family, carries a 3.2 kb partially
double-stranded relaxed circular DNA (rcDNA). Upon infection, the viral
capsid releases rcDNA into the nucleus, where it is converted into
(X. Chen).
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cccDNA. The cccDNA serves as a transcriptional template for pregenomic
RNA (pgRNA) and subgenomic RNAs, which are essential for antigen
production and viral replication within host cells (Wei et al., 2021). The
pgRNA encodes both the HBV polymerase (Pol) and core protein, serving
as a template for reverse transcription by Pol to generate rcDNA for
progeny virus. The transcription of cccDNA is regulated by two enhancers
(EnhI and EnhII) and four promoters (BCP/CP, SpI, SpII, and XP), which
contain binding sites for both ubiquitous and liver-enriched host factors
(Tsukuda et al., 2020). Numerous studies have shown that transcription
factors, histone-modifying enzymes, and RNA-binding proteins regulate
cccDNA transcription (Sun et al., 2017, 2022; Teng et al., 2021).

RNA binding motif protein 25 (RBM25), an RNA-binding protein, is
capable of independently conducting pre-mRNA splicing. Additionally,
RBM25 can interact with multiple splicing cofactors, such as SRm160/
300, to form splicing complexes that regulate alternative splicing pro-
cesses (Carlson et al., 2017; Zhang et al., 2021). While research on the
role of RBM25 in disease progression remains limited, it has recently
garnered attention for its potential regulatory role in viral infections (Wu
et al., 2019). Studies suggest that certain RNA-binding proteins may
interact with viral genomes or transcripts to modulate RNA metabolism
and influence the stability of various viral and host RNAs (Makokha et al.,
2019; Yao et al., 2019), thus representing a novel therapeutic target
landscape. Intriguingly, RBM25 also binds DNA, and preliminary find-
ings from our laboratory demonstrate its interaction with HBV rcDNA or
cccDNA (Zheng et al., unpublished data). However, the specific role of
RBM25 in HBV transcription and replication has not been well
characterized.

In this study, we investigated the role of RBM25 in regulating HBV
replication using both knockdown and overexpression approaches in
HBV replicating cell and mouse models. The results demonstrate that
RBM25 plays a crucial role in promoting HBV replication by enhancing
HBV transcription through interactions with cccDNA. Furthermore, we
provide evidence that RBM25's effects are mediated through Yin Yang 1
(YY1), a transcription factor known to modulate chromatin structure and
implicated in HBV promoter activation (Shen et al., 2020; Wang et al.,
2022). Notably, we also show that HBV core protein upregulates RBM25
expression, while RBM25 overexpression promotes core protein degra-
dation. These findings provide a novel insight into the interplay between
host factor and HBV replication.

RESULTS

Knockdown of endogenous RBM25 inhibits HBV replication

To investigate the role of RBM25 in regulating HBV replication, we
designed three siRNAs specifically targeting the RBM25 gene and
demonstrated that their combined use achieved the highest knockdown
efficiency (Supplementary Fig. S1A). Based on these findings, we selected
the combination of all three siRNAs for subsequent experiments and the
results showed that these siRNAs significantly reduced the expression
level of RBM25 mRNA in HepG2, HepAD38, and HepG2-NTCP cells.
(Supplementary Fig. S1B, C). Next, we examined the levels of replication
intermediates and viral proteins under conditions of RBM25 knockdown
in HepG2 cells transiently transfected with prcccDNA/pCMV-Cre plas-
mids (prccc/cre), which produce recombinant cccDNA to initiate HBV
replication (Qi et al., 2014). The results showed that RBM25 knockdown
led to significant decreases in the levels of supernatant HBV DNA, hep-
atitis B e antigen (HBeAg), and hepatitis B surface antigen (HBsAg)
(Fig. 1A–C). Additionally, Southern blot analysis confirmed the inhibi-
tory effect of RBM25 knockdown on HBV replication (Fig. 1D). Consis-
tent with these findings, L-HBs levels decreased following RBM25
knockdown, while core protein levels increased (Fig. 1E). Similar results
were observed in HepAD38 cells, a commonly used HBV-inducible cell
line (Fig. 1F–J).

To further corroborate these results, we analyzed HBV replication
levels in RBM25-knockdown HepG2-NTCP cells infected with HBV
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virions (Fig. 1K). Seven days post-infection, RT-qPCR assays confirmed
the effective knockdown of RBM25 (Supplementary Fig. S1C). Addi-
tionally, RBM25 knockdown significantly reduced the levels of HBV
DNA, HBeAg, and HBsAg in the cell culture supernatants (Fig. 1L–N).
Similarly, the intracellular core-associated HBV DNA levels were
decreased following RBM25 knockdown (Fig. 1O). Interestingly, an in-
crease in core protein levels was observed upon RBM25 knockdown
(Fig. 1P). In summary, these findings demonstrated that RBM25 knock-
down inhibited HBV replication in both HBV replicating and infected cell
models.

Ectopic overexpression of RBM25 enhances HBV replication

To further validate the role of RBM25 in HBV replication, we estab-
lished HepG2 cell lines with stable RBM25 overexpression via lentiviral
transduction, followed by transfection with prcccDNA/pCMV-Cre plas-
mids. Overexpression of RBM25 significantly enhanced the levels of HBV
DNA, HBeAg, and HBsAg in the supernatants, as well as core-associated
HBV DNA and L-HBs within cells (Fig. 2A–E). Notably, RBM25 over-
expression led to a downregulation of core protein levels (Fig. 2E).
Similar results were observed in HepAD38 cells following RBM25 over-
expression (Fig. 2F–J). Taken together, these findings suggested that
RBM25 promoted HBV replication.

To further explore the relationship between RBM25 expression and
HBV replication, we analyzed a published dataset of 69 chronic hepatitis
B (CHB) patients in different phases (30 HBeAg-positive and 39 HBeAg-
negative) (GEO: GSE230397) (Montanari et al., 2022). We observed a
significant increase in RBM25 expression in liver tissues from
HBeAg-positive patients compared to those from HBeAg-negative pa-
tients (Fig. 2K). Further stratification analysis revealed that RBM25
expression was significantly lower in the immune-active (IA), inactive
carrier (IC), and HBeAg-negative (ENEG) phases than in the immunoto-
lerant (IT) phase, which is characterized by the highest level of viral
replication (Fig. 2L). Additionally, correlation analysis showed a positive
correlation between HBV RNA load and hepatic RBM25 mRNA levels (r
¼ 0.5085, P ¼ 0.0001) (Fig. 2M). These findings suggested that RBM25
was a key host factor that facilitated HBV replication.

RBM25 increases HBV RNA expression by enhancing cccDNA
transcriptional activity

RBM25 is known as an RNA-binding protein (Gong et al., 2013). To
investigate whether RBM25 influenced HBV RNA expression, we
measured the levels of 3.5 kb and total HBV RNA by RT-qPCR, as well as
the levels of 3.5 kb and 2.4/2.1 kb HBV RNA using Northern blot in HBV
replicating and infected cell models. The results showed that RBM25
knockdown significantly decreased intracellular 3.5 kb and total HBV
RNA levels (Fig. 3A and E), without affecting cccDNA levels (Supple-
mentary Fig. S1D) or cell proliferation (Supplementary Fig. S1G) in
HepG2 cells transiently transfected with prcccDNA/pCMV-Cre plasmids,
while RBM25 overexpression significantly increased intracellular HBV
RNA levels (Fig. 3B and E), without affecting cccDNA levels (Supple-
mentary Fig. S1E) or cell proliferation (Supplementary Fig. S1H).
Consistent findings were observed in HepAD38 cells following RBM25
knockdown or overexpression (Fig. 3C, D and Supplementary Fig. S1D,
E). Furthermore, 3.5 kb and total HBV RNA levels were reduced on day 7
post-infection following RBM25 knockdown in HBV-infected HepG2-
NTCP cells (Fig. 3F), while cccDNA levels remained unchanged (Sup-
plementary Fig. S1F).

RBM25 has potential effects on mRNA stability. To elucidate the
mechanism by which RBM25 facilitates HBV RNA expression, we first
examined its effect on the decay kinetics of HBV RNA. Although RBM25
could bind to HBV RNA, as detected by RNA immunoprecipitation (RIP)
assays (Supplementary Fig. S2A), the degradation rates of HBV RNAwere
unchanged following RBM25 knockdown or overexpression (Supple-
mentary Fig. S2B, C). Next, we performed luciferase reporter assays to



Fig. 1. Knockdown of endogenous RBM25 inhibits HBV replication. A–E HepG2 cells were transfected with siRBM25 or siNC, followed by the transfection of
prcccDNA/pCMV-Cre plasmids. A–C Cells and culture supernatants were collected 48 h post-transfection. HBV DNA, HBeAg and HBsAg levels in the supernatants were
measured by qPCR and CLIA. D HBV DNA replication intermediates levels were detected by Southern blot. E Intracellular protein levels were detected by Western blot.
F–J HepAD38 cells were transfected with siRBM25 or siNC. The cells and culture supernatants were harvested 48 h post-transfection. Levels of HBV DNA, HBeAg,
HBsAg, HBV DNA replication intermediates and intracellular protein were analyzed. K Schematic representation of the treatment process for HepG2-NTCP cells. L–N
HBV DNA, HBeAg and HBsAg levels in the supernatants were measured by qPCR and CLIA. O Core-associated HBV DNA levels were analyzed by qPCR. P Intracellular
proteins were detected by Western blot. *P < 0.05, **P < 0.01, ***P < 0.001.
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detect the effects of RBM25 on the transcriptional activities of cccDNA.
The results showed that RBM25 knockdown significantly suppressed the
activities of the HBV BCP, CP, XP, and SpII, while RBM25 overexpression
significantly enhanced these activities (Fig. 3G and H), suggesting that
RBM25 increased HBV RNA expression through enhancing cccDNA
transcription.
376
RBM25 enhances HBV transcription by interacting with cccDNA
through its RE/RD and PWI domains

To determine whether RBM25 influenced promoter activity by
binding to cccDNA, we next performed a DNA pull-down experiment.
Biotinylated HBVcircle, a recombinant minicircle cccDNA model in vitro



Fig. 2. Ectopic overexpression of RBM25 enhances HBV replication. A–E RBM25 was stably overexpressed in HepG2 cells, followed by the transfection of prcccDNA/
pCMV-Cre plasmids. A–C HBV DNA, HBeAg and HBsAg levels in the supernatants were measured by qPCR and CLIA. D Core-associated HBV DNA levels were
measured by qPCR. E Intracellular protein levels were detected by Western blot. F–J HepAD38 cells with stable RBM25 overexpression via lentiviral transduction were
cultured for 48 h. Levels of HBV DNA, HBeAg, HBsAg, core-associated HBV DNA and intracellular protein were analyzed. K The hepatic RBM25 mRNA levels were
analyzed between HBeAg-positive and HBeAg-negative patients using a published dataset (GEO: GSE230397). L RBM25 mRNA and HBV RNA levels were measured
during IT, IA, IC, and ENEG phases. M Pearson's correlation analysis was performed to assess the relationship between RBM25 mRNA levels and HBV RNA load. *P <

0.05, **P < 0.01, ***P < 0.001.
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(Yan et al., 2017), was co-incubated with nuclear extracts from HepG2
cells. Unlabeled HBVcircle and biotinylated pcDNA3.1 plasmid DNA
served as negative controls. Compared to the negative controls, the
biotinylated HBVcircle successfully captured RBM25 (Fig. 4A). This
interaction was further reversely validated through chromatin immu-
noprecipitation (ChIP) assays in HepAD38 cells and HepG2 cells trans-
fected with prcccDNA/pCMV-Cre plasmids (Fig. 4B and C). To further
investigate whether RBM25's binding to cccDNA depends on specific
DNA sequence, HepG2-RBM25 cells were transfected with
prcccDNA/pCMV-Cre plasmids to generate rcccDNA. We fragmented
rcccDNA using micrococcal nuclease (MNase) and then incubated it with
Flag antibodies, followed by qPCR with primers targeting different re-
gions of the rcccDNA. The results revealed an extensive binding of
RBM25 to different regions of rcccDNA (Supplementary Fig. S3A), sug-
gesting that its binding was in an HBV DNA sequence-independent
manner. Collectively, the results indicated that RBM25 promoted HBV
promoter activity by interacting with cccDNA.

RBM25 contains three distinct domains, each essential for its func-
tionality by interactions with nucleic acids and proteins (Szymczyna
et al., 2003). A series of RBM25 truncated mutants, including
pCDH-ΔRRM-Flag, pCDH-ΔRE/RD-Flag, and pCDH-ΔPWI-Flag, were
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generated to identify the domain(s) responsible for mediating the bind-
ing to cccDNA (Fig. 4D). Following confirmation of the successful
expression of both wild-type RBM25 and these truncated mutants in
HepAD38 and HepG2 cells (Supplementary Fig. S4A, B), ChIP assays
demonstrated that deletion of either the RE/RD or PWI domains signif-
icantly reduced RBM25's binding to cccDNA (Fig. 4E and F). Further
experiments revealed that deletion of the RE/RD or PWI domains
significantly impaired RBM25's ability to upregulate 3.5 kb and total
HBV RNA levels (Fig. 4G and H), as well as HBV DNA, HBeAg, and HBsAg
levels in the supernatants of HepG2 cells transiently transfected with
prcccDNA/pCMV-Cre plasmids (Fig. 4I–K). Similar results were observed
in HepAD38 cells (Supplementary Fig. S5A-E). These findings suggested
that the RE/RD and PWI domains of RBM25 were essential for promoting
HBV transcription through binding to cccDNA.

RBM25 promotes YY1 expression and facilitates HBV
transcription through YY1-mediated acetylation of cccDNA-
associated histones

Our data demonstrated that RBM25 promoted HBV replication by
increasing transcriptional activity of all tested HBV promoters (Fig. 3G



Fig. 3. RBM25 increases HBV RNA expression by enhancing cccDNA transcriptional activity. A, B, E HepG2 cells with RBM25 knockdown or overexpression were
transfected with prcccDNA/pCMV-Cre plasmids. The cells were harvested 48 h post-transfection. Intracellular HBV RNA levels were measured by RT-qPCR and
Northern blot. C, D HepAD38 cells with RBM25 knockdown or overexpression were cultured for 48 h. Intracellular HBV RNA levels were measured by RT-qPCR. F The
intracellular 3.5 kb and total HBV RNA of HepG2-NTCP cells on day 7 post-infection were quantified by RT-qPCR. G, H HepG2 cells with RBM25 knockdown or
overexpression were transfected with HBV promoter-luciferase plasmids. Promoter activity was measured by dual-luciferase assay. *P < 0.05, **P < 0.01, ***P
< 0.001.
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and H). Hepatitis B virus X protein (HBx) is a well-known transcriptional
co-regulatory factor that regulates HBV transcription (Belloni et al.,
2009). Given that RBM25 knockdown resulted in global transcription
suppression, or vice versa, a prcccDNA/pCMV-Cre recombinant plasmid
system lacking HBx was utilized to assess whether the effects of RBM25
were mediated through HBx. As expected, HBV replication was generally
lower in the HBx-deficient group compared to the wild-type, confirming
the system's efficacy. Nonetheless, even in the absence of HBx, RBM25
overexpression still significantly increased 3.5 kb and total HBV RNA
378
levels (Supplementary Fig. S6A), while RBM25 knockdown decreased
them (Supplementary Fig. S6D). Similar results were observed in the
HBV DNA (Supplementary Fig. S6B, E) and HBeAg levels (Supplementary
Fig. S6C, F) in the supernatants. These findings demonstrated that
RBM25 facilitated HBV transcription by broadly upregulating promoter
activity, independently of HBx.

RBM25 has been reported to mediate YY1 function in chromatin
binding, DNA looping, and transcription (Xiao et al., 2019), and YY1 has
been shown to enhance HBV replication (Zhou et al., 2024). To further



Fig. 4. RBM25 enhances HBV transcription by interacting with cccDNA through its RE/RD and PWI domains. A DNA pull-down assays were conducted using un-
labeled HBVcircle, biotinylated pcDNA3.1 plasmid DNA, and biotinylated HBVcircle incubated with HepG2 nuclear extracts. RBM25 binding was detected by Western
blot. B, C cccDNA ChIP assays were performed in HepAD38 and HepG2-rcccDNA cells overexpressing RBM25, and the results were analyzed by qPCR and PCR. D
Schematic representation of RBM25 truncated mutants. E–K HepAD38 and HepG2 cells were transduced with lentiviral vectors expressing either wild-type RBM25 or
its truncated mutants to establish stable cell lines, followed by the transfection of prcccDNA/pCMV-Cre plasmids into HepG2 cells. E, F cccDNA ChIP assays were
performed using Flag antibodies, with results analyzed by qPCR. G, H Levels of 3.5 kb and total HBV RNA were quantified by RT-qPCR. I–K HBV DNA, HBeAg and
HBsAg levels in the supernatants were measured by qPCR and CLIA. *P < 0.05, **P < 0.01, ***P < 0.001.
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assess whether the effect of RBM25 on HBV transcription depends on
YY1-mediated promoter activation, we designed three siRNAs specif-
ically targeting the YY1 gene and demonstrated that their combined use
achieved the highest knockdown efficiency (Supplementary Fig. S7A).
Then YY1 was knocked down in HepG2 cells (Fig. 5A) prior to RBM25
overexpression. YY1 knockdown significantly reduced 3.5 kb and total
HBV RNA levels, and RBM25 overexpression failed to upregulate these
levels in the absence of YY1 (Fig. 5B and C). This finding was further
validated by the levels of HBV DNA, HBeAg, and HBsAg in the culture
supernatants (Fig. 5D–F). Additionally, we first knocked down RBM25
and then overexpressed exogenous YY1 in HepG2 cells transfected with
the prcccDNA/pCMV-Cre plasmid. The results showed that RBM25
knockdown significantly decreased intracellular total HBV RNA levels, as
well as HBeAg and HBsAg in the culture supernatant. Notably, in RBM25
knockdown HepG2 cells, YY1 overexpression failed to upregulate these
levels (Fig. 5G–I). In summary, these results suggested that RBM25 and
YY1 synergistically interacted to enhance HBV replication.

Next, we explored the relationship between RBM25 and YY1. In
HepAD38, HepG2-rcccDNA, and HepG2-NTCP cells, RBM25 knockdown
significantly reduced YY1 expression at both mRNA and protein levels
(Fig. 5J and K). Conversely, stable overexpression of RBM25 upregulated
YY1 expression in HepAD38 and HepG2-rcccDNA cells (Fig. 5L and M).
Furthermore, analysis of RNA-seq datasets from liver biopsy tissues of 69
CHB patients (GEO: GSE230397) revealed a strong positive correlation
between RBM25 and YY1 expression (r ¼ 0.6545, P < 0.0001) (Fig. 5N).
However, knockdown or overexpression of YY1 had no effect on RBM25
mRNA and protein levels (Supplementary Fig. S7B–D). These results
demonstrated that RBM25 promoted YY1 expression by enhancing its
transcription.

YY1 is known to recruit histone acetylases or deacetylases to pro-
moter regions, therebymodulating promoter activity (Wang et al., 2022).
We found that RBM25 knockdown significantly reduced the binding of
YY1 to cccDNA (Fig. 5O). Importantly, the ChIP assay showed that,
although RBM25 knockdown did not affect trimethylation of histone H3
lysine 4 (H3K4me3) binding to cccDNA (Supplementary Fig. S8A), it
significantly reduced the binding of acetylated H3 (ac-H3), acetylated H4
(ac-H4), and histone H3 lysine 27 acetylation (H3K27ac) with cccDNA
(Fig. 5P–R). Furthermore, the knockdown of RBM25 had no significant
effect on the protein levels of ac-H3, ac-H4 and H3K27ac (Supplementary
Fig. S8B–D). These findings suggested that RBM25 promoted YY1
expression and enhanced its binding ability to cccDNA. YY1 further
increased histone acetylation of cccDNA, thereby activating cccDNA
transcription and promoting viral replication.

Silencing of RBM25 inhibits HBV replication in HBV-replicating
mouse model

To evaluate the effect of RBM25 on HBV replication in vivo, CRISPR-
sgRbm25-1 and CRISPR-sgRbm25-2 plasmids were constructed by
inserting murine Rbm25 gene gDNA into the PX458 vector. Both plas-
mids significantly reduced Rbm25 protein levels in Hepa1-6 cells, with
co-transfection resulting in a more pronounced decrease (Fig. 6A). Sub-
sequently, the pBB4.5-HBV1.2 plasmid, in combination with CRISPR-
sgRbm25-1 and CRISPR-sgRbm25-2 plasmids, was hydrodynamically
injected into C57BL/6 mice. Blood and liver samples were collected at
the specified time points (Fig. 6B). Mice were euthanized on day 7 post-
injection for immunohistochemistry and on day 14 for mRNA and protein
quantification. The results showed that Rbm25 knockdown significantly
decreased serum HBeAg and HBsAg levels (Fig. 6C and D). Immunohis-
tochemical analysis further demonstrated that Rbm25 knockdown
significantly reduced in-situ HBsAg protein expression, while hepatitis B
core antigen (HBcAg) levels increased (Fig. 6E and F). In the liver,
CRISPR-sgRbm25 significantly reduced Rbm25 expression and sup-
pressed Yy1 expression at both mRNA and protein levels compared to the
control group (Fig. 6G and H), resulting in decreased 3.5 kb and total
HBV RNA levels (Fig. 6I), consistent with our findings in the cell model.
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These findings suggested that silencing RBM25 inhibited HBV replication
by downregulating YY1 expression in in vivo models of HBV replication.

HBV core protein upregulates RBM25 expression

According to our results above, although RBM25 overexpression
upregulated HBV RNA levels and promoted HBV replication, it sup-
pressed core protein levels. We speculated that the observed alterations
in core protein levels following RBM25 modulation may be due to
changes in protein stability. The results of protein turnover assays
showed that RBM25 overexpression significantly shortened the half-life
of core protein compared to the control cells (Fig. 7A and B), suggest-
ing that RBM25 promoted the degradation of HBV core protein.

HBV has been reported to reshape the infection environment to
facilitate virus replication, including upregulating host factors that pro-
mote replication and downregulating those that inhibit it (Turton et al.,
2020). To test whether RBM25 expression was regulated by active HBV
replication, we assessed RBM25 expression changes in HBV replicating
and infection cells. The results showed that RBM25 expression was
significantly elevated at both mRNA and protein levels in
HepG2-rcccDNA, HepAD38 and HBV infected HepG2-NTCP cells
compared with the control cells (Fig. 7C and D). This increase was
localized to the nucleus rather than the cytoplasm (Fig. 7E), indicating
that active HBV replication specifically enhanced RBM25 expression and
nuclear translocation. To figure out how HBV regulated RBM25 expres-
sion, HBV proteins (Core, Pol, HBx, and HBs) were overexpressed in
HepG2 cells. Among them, core protein rather than other viral proteins
significantly upregulated RBM25 expression at both the mRNA and
protein levels (Fig. 7F and G). To better describe the correlation between
core protein and RBM25, we examined the expression levels of RBM25
and core protein in HepAD38 cells at 0, 2, 4, 6, and 8 days following
tetracycline (Tet) withdrawal. The results indicated that as the expres-
sion level of the core protein increased, the expression of RBM25was also
upregulated (Fig. 7H). Additionally, to better mimic the natural infection
process of HBV, HepG2-NTCP cells were infected with concentrated HBV
virions. Cells were collected at 0, 3, 6, and 9 days post-infection to
analyze RBM25 and core protein expression. The results were consistent
with those observed in HepAD38 cells (Fig. 7I). These findings further
supported the hypothesis that the core protein initially upregulated
RBM25 expression during HBV infection.

Taken together, these findings indicated that RBM25 overexpression
downregulated core protein expression at the post-transcriptional level
by reducing its stability. RBM25 expression was upregulated and trans-
located to the nucleus following core protein expression and accumula-
tion, revealing a reciprocal regulatory mechanism between HBV
replication and host factor RBM25.

DISCUSSION

In this study, we demonstrated that RBM25 significantly increased
the production of HBV progeny viruses in both HBV-replicating cell and
mouse models. Mechanistically, RBM25 enhanced YY1 expression and
recruited YY1 to cccDNA, facilitating the recruitment of ac-H3, ac-H4,
and H3K27ac to activate cccDNA transcription. Interestingly, changes in
core protein levels due to RBM25 knockdown or overexpression did not
align with trends observed in other virological indicators. Further anal-
ysis revealed that RBM25 promoted core protein degradation, leading to
a significant reduction in core protein levels. On the flip side, we also
observed that HBV replication upregulated RBM25 expression, with this
upregulation being dependent on core protein levels. Therefore, the
reciprocal regulation between RBM25 and core protein maintains HBV
replication.

Our results showed that depletion of RBM25 inhibited HBV replica-
tion, while its overexpression enhanced viral replication. These findings
indicated that RBM25 was a key host factor involved in HBV replication.
RBM25 has primarily been associated with mRNA stability and



(caption on next page)

Y. Li et al. Virologica Sinica 40 (2025) 374–387

381



Fig. 5. RBM25 promotes YY1 expression and facilitates HBV transcription through YY1-mediated acetylation of cccDNA-associated histones. A–F HepG2 cells with
YY1 knockdown were transfected with pCDH-RBM25-Flag plasmids and prcccDNA/pCMV-Cre plasmids. A–C YY1 mRNA, 3.5 kb HBV RNA and total HBV RNA levels
were quantified by RT-qPCR. D–F HBV DNA, HBeAg and HBsAg levels in the supernatants were measured by qPCR and CLIA. G–I HepG2 cells with RBM25 knockdown
were co-transfected with pcDNA3.1-YY1 and prcccDNA/pCMV-Cre plasmids. G Total HBV RNA levels were quantified by RT-qPCR. H, I HBeAg and HBsAg levels in
the supernatants were measured by CLIA. J, K RBM25 was knocked down in HepAD38, HepG2 and HepG2-NTCP cells, followed by transfection of prcccDNA/pCMV-
Cre plasmids into HepG2 cells. L, M RBM25 was stably overexpressed in HepAD38 and HepG2 cells, followed by transfection of prcccDNA/pCMV-Cre plasmids into
HepG2 cells. YY1 expression levels were measured by RT-qPCR and Western blot. N Pearson's correlation analysis was performed on a published dataset of 69 CHB
patients (GEO: GSE230397) to assess the relationship between RBM25 and YY1 mRNA levels. O–R HepG2 cells with RBM25 knockdown were transfected with
prcccDNA/pCMV-Cre plasmids, followed by cccDNA ChIP assays using anti-YY1, anti-ac-H3, anti-ac-H4, and anti-H3K27ac antibodies. *P < 0.05, **P < 0.01, ***P <

0.001, ns, not significant.
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alternative splicing regulation (Kanno et al., 2017; Zhou et al., 2008). It
has been reported to modulate the splicing of key genes related to
apoptosis, ion channel function, and cytokine activity (S�en�echal et al.,
2023). In human prostate cancer, RBM25 binding directly to an
Amotl1-derived circRNA (circAMOTL1L) has been observed to impact
the stability of mRNAs associated with apoptosis (Yang et al., 2019,b).
We performed CCK-8 assays, which showed that neither RBM25 knock-
down nor overexpression affected cell proliferation in HepG2 cells
transiently transfected with prcccDNA/pCMV-Cre plasmids. Taken
together, these data suggested that RBM25 did not exert its effects on
HBV replication through apoptosis and/or proliferation. In our study,
although RBM25 bound to HBV RNA, we found that the interaction be-
tween RBM25 and HBV RNA did not lead to any detectable changes in
RNA stability. Furthermore, RNA-Seq analysis revealed that RBM25
knockdown significantly reduced the ratio of the HBV splice variant Sp1
relative to total 3.5 kb HBV RNA (data not shown), suggesting that
RBM25 promoted HBV RNA splicing. However, the spliced HBV RNA
transcript Sp1 is known to inhibit HBV replication (Sozzi et al., 2022),
which contrasts with our observations. This implies that the role of
RBM25 in regulating HBV replication may operate independently of its
effects on HBV RNA splicing.

The transcription of cccDNA is regulated by various transcription
factors, histone-modifying enzymes, non-coding RNAs, RNA-binding
proteins, and other regulatory molecules (Ren et al., 2020; Teng
et al., 2021; Yang et al., 2019,b). RBM25 has recently been reported to
predominantly localize in active chromatin regions, where it directly
binds to DNA to regulate gene transcription. Our findings demonstrated
that RBM25 enhanced HBV promoter activity, leading to an increase in
cccDNA transcription. Additionally, through DNA pull-down and ChIP
assays, we further confirmed that RBM25 bound to cccDNA in an HBV
DNA sequence-independent manner through its RE/RD and PWI do-
mains, enhancing the activity of multiple promoters. We also ruled out
the global transcriptional enhancement effect of the transcriptional
co-regulatory factor HBx. YY1 is a widely expressed transcription
regulator that modulates promoter activity through histone modifica-
tions (Dandri, 2020; Wang et al., 2023). RBM25 is known to mediate
YY1 function in chromatin binding, DNA looping, and transcription. In
the liver tissues of CHB patients, RBM25 mRNA exhibited a significant
positive correlation with YY1 mRNA. Further investigations revealed
that RBM25 enhanced YY1 expression, whereas YY1 did not signifi-
cantly affect RBM25 expression levels. We observed that YY1 depletion
attenuated the regulatory effect of RBM25 on cccDNA transcription,
indicating that RBM25 regulated HBV transcription in a YY1-dependent
manner. A recent study by Xiao et al. demonstrated that RBM25 could
directly interact with YY1 through co-immunoprecipitation experi-
ments (Xiao et al., 2019). According to previous literature on the
functional domains of RBM25, the RE/RD domain is primarily involved
in protein-protein interactions (Fortes et al., 2007), while the PWI
domain is mainly responsible for interactions with RNA and DNA (Gong
et al., 2013; Szymczyna et al., 2003). Based on these findings, we hy-
pothesized that RBM25 may bind to cccDNA via its PWI domain, while
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simultaneously interacting with YY1 through its RE/RD domain,
thereby mediating YY1's regulation of cccDNA transcription.

Histone modifications shape cccDNA structure and function, influ-
encing HBV expression at various stages of the viral life cycle (Hensel
et al., 2017; Tropberger et al., 2015). Among these modifications,
H3K4me3, ac-H3, ac-H4, and H3K27ac are known to relax and open the
minichromosomal structure, promoting transcriptional activity (Gao
et al., 2020; Pollicino et al., 2006). Our findings also showed that RBM25
facilitated the recruitment of ac-H3, ac-H4, and H3K27ac binding to
cccDNA by YY1, thereby activating cccDNA transcription.

We identified an unexpected finding that core protein levels did not
correlate with trends observed in other virological markers. Core protein is
essential for nearly every stage of the HBV life cycle, including nucleo-
capsid formation and pgRNA packaging (Zlotnick et al., 2015). However,
recent studies have shown that the core protein does not affect histone
modifications, transcription factors, or transcriptional activity. It is
considered to be present in excess (Zhong et al., 2022). This may explain
why decreased core protein levels following RBM25 overexpression did
not impact cccDNA transcription or HBV replication. Mechanistic analysis
revealed that RBM25 promoted core protein degradation. The degradation
pathways of the HBV core protein include the ubiquitin-proteasome
pathway, the autophagy-lysosome pathway, and endoplasmic
reticulum-associated degradation (Miyakawa et al., 2022; Qian et al.,
2012; Wang et al., 2019). Among these, the ubiquitin-proteasome pathway
is the primary pathway for HBV core protein degradation. RBM25 is
known to regulate transcription, pre-mRNA splicing, mRNA stability, and
translation, thereby influencing the expression of target genes (Zhou et al.,
2008). We speculated that, although RBM25 did not directly interact with
the core protein (Supplementary Fig. S9A), it may indirectly regulate core
protein degradation by regulating the expression of an intermediate host
factor. Additionally, we found that the core protein, but not other proteins,
transcriptionally promoted RBM25 expression, which may contribute to
the RBM25 recognition by HBV. During chronic infection, the viral core
protein or other factors, such as inflammatory factors, may induce RBM25
upregulation, thereby facilitating the establishment of chronic HBV
infection and contributing to persistent HBV infection. In summary, our
study highlights the interaction between core protein and RBM25 in
maintaining HBV replication.

This study highlights the complex and dynamic interactions between
HBV replication and host factor regulation. Upon infection, RBM25
expression was upregulated and translocated to the nucleus following
core protein expression and accumulation. In the nucleus, RBM25
upregulated YY1 expression and facilitated YY1 recruitment to cccDNA.
Subsequently, YY1 recruited ac-H3, ac-H4 and H3K27ac to cccDNA,
thereby enhancing HBV transcription. However, the continuous accu-
mulation of RBM25 initiated a negative feedback mechanism through
accelerating core protein degradation. Furthermore, RBM25 knockdown
significantly reduced YY1 expression and its binding to cccDNA. This, in
turn, diminished YY1-mediated recruitment of ac-H3, ac-H4, and
H3K27ac to cccDNA, ultimately decreasing HBV transcription, while
simultaneously inhibiting the degradation of the core protein (Fig. 8).



Fig. 6. Silencing of RBM25 inhibits HBV replication in HBV-replicating mouse model. A Hepa1-6 cells were transfected with CRISPR-sgRbm25 plasmids, and RBM25
protein levels were analyzed by Western blot. B Schematic representation of the experimental procedure. C57BL/6 mice were hydrodynamically injected with pBB4.5-
HBV1.2 plasmid and CRISPR-sgrbm25-1/2 plasmids, or the PX458 vector (n ¼ 10 per group). Blood and liver samples were collected at the indicated time points for
analysis. C, D Serum levels of HBeAg and HBsAg were measured by CLIA. E, F Hepatic HBsAg and HBcAg expression levels were analyzed by immunohistochemical
staining. Scale bar: 50 μm or 100 μm. G, I Hepatic Rbm25 mRNA, Yy1 mRNA, 3.5 kb HBV RNA, and total HBV RNA levels were quantified by RT-qPCR. H Intracellular
protein levels were analyzed by Western blot. *P < 0.05, **P < 0.01, ***P < 0.001.
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Fig. 7. HBV core protein upregulates RBM25 expression. A, B HepG2 cells overexpressing RBM25 were transfected with prcccDNA/pCMV-Cre plasmids for 48 h,
followed by treatment with cycloheximide (CHX) for 0, 3, 6, 9, and 12 h. The dynamic changes in core protein levels were analyzed by Western blot, and the cor-
responding gray value curves were quantified. Core protein levels in both the RBM25 overexpression and control group were normalized to their respective baseline
(0 h) levels for comparison. C, D HepG2 cells were transfected with prcccDNA/pCMV-Cre plasmids, HepAD38 cells were treated with Tet removal to induce HBV
replication, and HepG2-NTCP cells were infected with HBV virions. RBM25 expression was quantified by RT-qPCR and Western blot. E HepG2 cells transfected with
prcccDNA/pCMV-Cre plasmids were analyzed for RBM25 protein levels in the cytoplasm and nucleus by Western blot. F, G HepG2 cells were transfected with plasmids
expressing different viral proteins or a control vector. RBM25 mRNA and protein levels were determined by RT-qPCR and Western blot. H HepAD38 cells were
harvested at 0, 2, 4, 6, and 8 days following Tet removal to induce HBV replication. The expression levels of RBM25 and HBV core protein were analyzed by Western
blot. I HepG2-NTCP cells were infected with concentrated HBV virions. Cells were collected at 0, 3, 6, and 9 days post-infection for analyzing the expression levels of
RBM25 and core protein by Western blot. *P < 0.05, ***P < 0.001, ns, not significant.
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Fig. 8. Schematic diagram of the proposed mechanism. RBM25 promotes HBV cccDNA transcription and replication by regulating YY1.

Y. Li et al. Virologica Sinica 40 (2025) 374–387
CONCLUSIONS

In conclusion, these findings identified RBM25 as a novel host factor
that supported HBV replication and revealed a previously uncharac-
terized role of RBM25 in regulating HBV cccDNA transcription. These
results provide new insights into the interaction between host factors and
HBV.

MATERIALS AND METHODS

Cell culture

HEK293T cells (ATCC), HepG2 cells (ATCC), HepG2-NTCP cells
(Michailidis et al., 2017) (gift from professor Kuanhui Xiang), and
HepAD38 cells (Ladner et al., 1997) (gift from professor Ningshao Xia)
were maintained in Dulbecco's modified Eagle's medium (DMEM) sup-
plemented with 10% fetal bovine serum (FBS) (Gibco) and 1% pen-
icillin/streptomycin (Gibco), and cultured at 37 �C with 5% CO2. DNA
and siRNA transfections were performed using Lipofectamine 2000 and
Lipofectamine RNAiMAX (Invitrogen), respectively. The sequences of
siRNAs were listed in Supplementary Table S1.

Plasmids

Plasmids pBB4.5–1.2 � HBV (genotype C, p-HBV1.2), pGL3-Basic,
pGL3-BCP-Luc, pGL3-CP-Luc, pGL3-XP-Luc, pGL3-SpII-Luc were previ-
ously maintained and constructed in our laboratory. The prcccDNA and
pCMV-Cre plasmids were gifts from Professor Qiang Deng (Qi et al.,
2014). The sgRNA/Cas9 dual expression vector pSpCas9(BB)-2A-GFP
(PX458) was obtained from Addgene (Cambridge, MA). The sequence
for sgRNA targeting mouse Rbm25 was inserted into PX458 to generate
CRISPR-Cas9-sgRbm25. The RBM25 expression plasmid
(pCDH-RBM25-Flag) and YY1 expression plasmid (pcDNA3.1-YY1-Flag)
were constructed by cloning their coding sequence into pCDH-Flag or
pcDNA3.1-Flag vector. RBM25 coding sequence with deletions in the
RRM, RE/RD, and PWI domains was individually cloned into the
pCDH-Flag vector to generate RBM25 truncation plasmids
(pCDH-ΔRRM-Flag, pCDH-ΔRE/RD-Flag, pCDH-ΔPWI-Flag).
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Lentiviral production and establishment of stable cell lines

To produce lentivirus, HEK293T cells were co-transfected with
packaging plasmids and either the pCDH-RBM25-Flag or pCDH-Flag
vector plasmid. The supernatants containing lentivirus were collected
48 h post-transfection. The cells were then incubated with lentivirus in
the presence of 2 μg/mL polybrene (Sigma) for 24 h, followed by the
addition of fresh medium containing puromycin (Sigma). The stably
transduced cell lines were designated as HepAD38-RBM25 and HepG2-
RBM25, respectively.

Virus preparation and cell infection

HBV particles were collected from the supernatants of HepAD38 cells
by PEG8000 (Sigma) precipitations, as previously described (Michailidis
et al., 2017). HepG2-NTCP cells were pre-cultured in medium containing
2% Dimethyl Sulfoxide (DMSO) (Sigma) and 3% FBS for 24 h. HBV
particles were then added to the cells and incubated for 24 h.

Western blot

Western blot was performed as previously described (Gu et al., 2024).
Cells were homogenized in lysis buffer (Beyotime) to extract total pro-
tein. Proteins were separated via SDS-PAGE gels and transferred to PVDF
membranes (Millipore Crop). The membranes were blocked with 5%
skim milk for 2 h before incubation with primary antibodies. The anti-
bodies used were listed in Supplementary Table S2.

Quantification of HBsAg and HBeAg

The levels of HBsAg and HBeAg in the supernatants and serum were
measured by chemiluminescent immunoassay (CLIA) using the corre-
sponding kit (Shenzhen New Industries Biomedical Engineering Co., Ltd).

Extraction and quantification of HBV DNA and RNA

Supernatant HBV DNA was extracted using the Viral DNA/RNA Kit
(TransGen). Total HBV RNA was extracted using FreeZol Reagent
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(Vazyme) according to the manufacturer's instructions and reverse
transcribed to cDNA with HiScript III 1st Strand cDNA Synthesis Kit
(Vazyme). Supernatant HBV DNA and total HBV RNA were quantified by
Roche LightCycler system and SYBR green system (Genstar). The primers
sequences were listed in Supplementary Table S3.

Northern and Southern blotting analysis

Northern and Southern blotting analyses were performed as previ-
ously described (Tan et al., 2024; Wang et al., 2016). Briefly, total RNA
and DNA samples were separated by electrophoresis and transferred onto
nylon membranes. After UV crosslinking and prehybridization, the
membranes were hybridized with HBV probe. Following blocking and
incubation with secondary antibody, the membranes were incubated
with CDP-star (Roche) and exposed using a DIG-Northern Starter kit
(Roche).

Luciferase activity assay

The pGL3-Basic plasmids containing the HBV promoter were trans-
fected into HepG2 cells. Luciferase activity was measured using the Dual-
Luciferase® Reporter Assay System Kit (Promega).

DNA pull-down experiment

The HBVcircle was biotinylated using the Label IT® Nucleic Acid
Labeling Kits (Mirus) following the manufacturer's instructions. Biotin-
labeled HBVcircle was incubated with nuclear extracts from HepG2
cells and subsequently recovered using streptavidin-coated magnetic
beads. Proteins potentially binding to the HBVcircle were identified by
Western blot.

Chromatin immunoprecipitation (ChIP)

ChIP assays were performed following manufacturer's instructions
(ABclonal). Cells were crosslinked with formaldehyde, followed by
MNase (Cell Signaling Technology) digestion or sonication. The nuclear
extracts were incubated with the antibodies overnight, followed by in-
cubation with Protein A/G magnetic beads (Invitrogen). The immuno-
precipitated chromatin was analyzed by qPCR and electrophoresis. The
primers for qPCR and PCR, as well as the antibodies, were listed in
Supplementary Tables S2 and S3.

Mouse experiments

C57BL/6 mice were obtained from Peking University Health Science
Center. The mice were subjected to hydrodynamic injection (HDI) via the
tail vein with pBB4.5-HBV1.2 plasmid and CRISPR-sgRbm25, or the
vector control PX458 (n ¼ 10 per group). Blood and liver samples were
collected at the indicated time points. All animal experiments were
conducted according to the relevant regulations and guidelines, and were
approved by the Animal Ethics Committee of Peking University Health
Science Center, Beijing, China (Approval No. LA2022396).

Immunohistochemical staining

Immunohistochemical staining for HBsAg and HBcAg was performed
on all liver tissue samples following previously described methods (Gu
et al., 2024). Mouse anti-HBs and anti-HBc antibodies were obtained
from Maixin Biotechnology Development Ltd (Fuzhou).

Statistical analysis

Statistical analysis was performed using GraphPad Prism 7.0 software
(GraphPad Software, USA). The results were analyzed using Student's
unpaired two-tailed t-test or one-way ANOVA. The nonparametric
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Spearman's rank test was employed for correlation analysis. Significant
difference was defined as P < 0.05.

DATA AVAILABILITY

All the data generated during the current study are included in the
manuscript. Original data and materials will be available upon requests.

ETHNICS STATEMENT

All animal experiments in this study was approved by the Institutional
Review Board of Peking University (Approval No. LA2022396).

AUTHOR CONTRIBUTIONS

Fengmin Lu, Xiangmei Chen and Yukun Li: study concept and design
and interpretation of data; Fengmin Lu, Xiangmei Chen, Yukun Li, Ziyuan
Ma, Guochao Wei, Lin Wang, Yongzhen Liu, Xiaojing Zhang and Shour-
ong Liu: drafting of the manuscript; Yukun Li, TianhaoMao, Liwei Zheng,
Zhao Zhou, Qianqian Jiang, Xinyu Du, Xin Liu, Ting Zhang: experiments;
Fengmin Lu, Xiangmei Chen and Guochao Wei: obtained funding. All
authors have read and agreed to the published version of the manuscript.

DECLARATION OF COMPETING INTEREST

The authors declare no conflicts of interest. Prof. Fengmin Lu is an
editorial board member for Virologica Sinica and was not involved in the
editorial review or the decision to publish this article.

ACKNOWLEDGEMENTS

This study was supported by the National Key R&D Program of China
(No.2022YFA1303600 and No. 2023YFC2306800), the National Natural
Science Foundation of China (No. 82372235 and No. 82272315), and the
Sanming Project of Medicine in Shenzhen (No. SZSM202311032). In
addition, we thank Professor Qiang Deng for providing the prcccDNA and
pCMV-Cre plasmids.

APPENDIX A. SUPPLEMENTARY DATA

Supplementary data to this article can be found online at https://do
i.org/10.1016/j.virs.2025.05.004.

REFERENCES

Belloni, L., Pollicino, T., De Nicola, F., Guerrieri, F., Raffa, G., Fanciulli, M., Raimondo, G.,
Levrero, M., 2009. Nuclear HBx binds the HBV minichromosome and modifies the
epigenetic regulation of cccDNA function. Proc. Natl. Acad. Sci. USA. 106,
19975–19979.

Carlson, S.M., Soulette, C.M., Yang, Z., Elias, J.E., Brooks, A.N., Gozani, O., 2017. RBM25
is a global splicing factor promoting inclusion of alternatively spliced exons and is
itself regulated by lysine mono-methylation. J. Biol. Chem. 292, 13381–13390.

Dandri, M., 2020. Epigenetic modulation in chronic hepatitis B virus infection. Semin.
Immunopathol. 42, 173–185.

Fortes, P., Longman, D., McCracken, S., Ip, J.Y., Poot, R., Mattaj, I.W., C�aceres, J.F.,
Blencowe, B.J., 2007. Identification and characterization of RED120: a conserved
PWI domain protein with links to splicing and 3’-end formation. FEBS Lett. 581,
3087–3097.

Gao, W., Jia, Z., Tian, Y., Yang, P., Sun, H., Wang, C., Ding, Y., Zhang, M., Zhang, Y.,
Yang, D., Tian, Z., Zhou, J., Ruan, Z., Wu, Y., Ni, B., 2020. HBx protein contributes to
liver carcinogenesis by H3K4me3 modification through stabilizing WD repeat
domain 5 protein. Hepatology 71, 1678–1695.

Gong, D., Yang, F., Li, F., Qian, D., Wu, M., Shao, Z., Wu, Mian, Wu, J., Shi, Y., 2013.
Crystal structure and functional characterization of the human RBM25 PWI domain
and its flanking basic region. Biochem. J. 450, 85–94.

Gu, Z., Jiang, Q., Abulaiti, A., Chen, Xiaojie, Li, M., Gao, N., Guan, G., Zhang, T., Yang, D.,
Xi, J., Yu, G., Liu, S., Zhu, Z., Gao, Z., Zhao, J., Huang, H., Chen, Xiangmei, Lu, F.,
2024. Hepatitis B virus enhancer 1 activates preS1 and preS2 promoters of integrated
HBV DNA impairing HBsAg secretion. JHEP. Rep. 6, 101144.

Hensel, K.O., Rendon, J.C., Navas, M.C., Rots, M.G., Postberg, J., 2017. Virus-host
interplay in hepatitis B virus infection and epigenetic treatment strategies. FEBS. J.
284, 3550–3572.

https://doi.org/10.1016/j.virs.2025.05.004
https://doi.org/10.1016/j.virs.2025.05.004
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref1
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref1
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref1
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref1
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref1
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref2
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref2
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref2
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref2
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref3
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref3
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref3
http://refhub.elsevier.com/S1995-820X(25)00062-8/opt4enXvVFRY3
http://refhub.elsevier.com/S1995-820X(25)00062-8/opt4enXvVFRY3
http://refhub.elsevier.com/S1995-820X(25)00062-8/opt4enXvVFRY3
http://refhub.elsevier.com/S1995-820X(25)00062-8/opt4enXvVFRY3
http://refhub.elsevier.com/S1995-820X(25)00062-8/opt4enXvVFRY3
http://refhub.elsevier.com/S1995-820X(25)00062-8/opt4enXvVFRY3
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref4
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref4
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref4
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref4
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref4
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref5
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref5
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref5
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref5
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref6
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref6
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref6
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref6
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref7
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref7
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref7
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref7


Y. Li et al. Virologica Sinica 40 (2025) 374–387
Hsu, Y.C., Huang, D.Q., Nguyen, M.H., 2023. Global burden of hepatitis B virus: current
status, missed opportunities and a call for action. Nat. Rev. Gastroenterol. Hepatol.
20, 524–537.

Kanno, T., Lin, W.D., Fu, J.L., Chang, C.L., Matzke, A.J.M., Matzke, M., 2017. A genetic
screen for pre-mRNA splicing mutants of Arabidopsis thaliana identifies putative U1
snRNP components RBM25 and PRP39a. Genetics 208, 1347–1359.

Ladner, S.K., Otto, M.J., Barker, C.S., Zaifert, K., Wang, G.H., Guo, J.T., Seeger, C.,
King, R.W., 1997. Inducible expression of human hepatitis B virus (HBV) in stably
transfected hepatoblastoma cells: a novel system for screening potential inhibitors of
HBV replication. Antimicrob. Agents. Chemother. 41, 1715–1720.

Makokha, G.N., Abe-Chayama, H., Chowdhury, S., Hayes, C.N., Tsuge, M., Yoshima, T.,
Ishida, Y., Zhang, Y., Uchida, T., Tateno, C., Akiyama, R., Chayama, K., 2019.
Regulation of the hepatitis B virus replication and gene expression by the multi-
functional protein TARDBP. Sci. Rep. 9, 8462.

Michailidis, E., Pabon, J., Xiang, K., Park, P., Ramanan, V., Hoffmann, H.H.,
Schneider, W.M., Bhatia, S.N., De Jong, Y.P., Shlomai, A., Rice, C.M., 2017. A robust
cell culture system supporting the complete life cycle of hepatitis B virus. Sci. Rep. 7,
16616.

Miyakawa, K., Nishi, M., Ogawa, M., Matsunaga, S., Sugiyama, M., Nishitsuji, H.,
Kimura, H., Ohnishi, M., Watashi, K., Shimotohno, K., Wakita, T., Ryo, A., 2022.
Galectin-9 restricts hepatitis B virus replication via p62/SQSTM1-mediated selective
autophagy of viral core proteins. Nat. Commun. 13, 531.

Montanari, N.R., Ramírez, R., Aggarwal, A., Buuren, N., Doukas, M., Moon, C., Turner, S.,
Diehl, L., Li, L., Debes, J.D., Feierbach, B., Boonstra, A., 2022. Multi-parametric
analysis of human livers reveals variation in intrahepatic inflammation across phases
of chronic hepatitis B infection. J. Hepatol. 77, 332–343.

Pollicino, T., Belloni, L., Raffa, G., Pediconi, N., Squadrito, G., Raimondo, G., Levrero, M.,
2006. Hepatitis B virus replication is regulated by the acetylation status of hepatitis B
virus cccDNA-bound H3 and H4 histones. Gastroenterology 130, 823–837.

Qi, Z., Li, G., Hu, H., Yang, C., Zhang, X., Leng, Q., Xie, Y., Yu, D., Zhang, X., Gao, Y.,
Lan, K., Deng, Q., 2014. Recombinant covalently closed circular hepatitis B virus DNA
induces prolonged viral persistence in immunocompetent mice. J. Virol. 88,
8045–8056.

Qian, G., Jin, F., Chang, L., Yang, Y., Peng, H., Duan, C., 2012. NIRF, a novel ubiquitin
ligase, interacts with hepatitis B virus core protein and promotes its degradation.
Biotechnol. Lett. 34, 29–36.

Ren, F., Ren, J.H., Song, C.L., Tan, M., Yu, H.B., Zhou, Y.J., Qin, Y.P., Cheng, S.T.,
Zhang, Y., Huang, A.L., Chen, J., Yang, X., 2020. LncRNA HOTAIR modulates
hepatitis B virus transcription and replication by enhancing SP1 transcription factor.
Clin. Sci. 134, 3007–3022.

S�en�echal, R. Le, Keruzor�e, M., Quill�ev�er�e, A., Loa€ec, N., Dinh, V.T., Reznichenko, O.,
Guixens-Gallardo, P., Corcos, L., Teulade-Fichou, M.P., Granzhan, A., Blondel, M.,
2023. Alternative splicing of BCL-x is controlled by RBM25 binding to a G-
quadruplex in BCL-x pre-mRNA. Nucleic. Acids. Res. 51, 11239–11257.

Sheena, B.S., Hiebert, L., Han, H., Ippolito, H., 2022. Global, regional, and national
burden of hepatitis B, 1990-2019: a systematic analysis for the global burden of
disease study 2019. Lancet. Gastroenterol. Hepatol. 7, 796–829.

Shen, C., Feng, X., Mao, T., Yang, D., Zou, J., Zao, X., Deng, Q., Chen, X., Lu, F., 2020. Yin-
Yang 1 and HBx protein activate HBV transcription by mediating the spatial
interaction of cccDNA minichromosome with cellular chromosome 19p13.11. Emerg.
Microb. Infect. 9, 2455–2464.

Sozzi, V., McCoullough, L., Mason, H., Littlejohn, M., Revill, P.A., 2022. The in vitro
replication phenotype of hepatitis B virus (HBV) splice variant Sp1. Virology 574,
65–70.

Sun, S., Nakashima, K., Ito, M., Li, Y., Chida, T., Takahashi, H., Watashi, K., Sawasaki, T.,
Wakita, T., Suzuki, T., 2017. Involvement of PUF60 in transcriptional and post-
transcriptional regulation of hepatitis B virus pregenomic RNA expression. Sci. Rep.
7, 12874.

Sun, Y., Teng, Y., Wang, L., Zhang, Z., Chen, C.J., Wang, Y., Zhang, X., Xiang, P., Song, X.,
Lu, J., Li, N., Gao, L., Liang, X., Xia, Y., Wu, Z., Ma, C., 2022. LINC01431 promotes
histone H4R3 methylation to impede HBV covalently closed circular DNA
transcription by stabilizing PRMT1. Adv. Sci. 9, 2103135.

Szymczyna, B.R., Bowman, J., McCracken, S., Pineda-Lucena, A., Lu, Y., Cox, B.,
Lambermon, M., Graveley, B.R., Arrowsmith, C.H., Blencowe, B.J., 2003. Structure
and function of the PWI motif: a novel nucleic acid-binding domain that facilitates
pre-mRNA processing. Genes. Dev. 17, 461–475.

Tan, M., Liu, Y., Dong, M., Cheng, S., Ren, J., Zhang, H., Chen, W., Li, D., Gao, T., Chen, J.,
Zhang, Z., 2024. Chromatin binding protein HMGN1 promotes HBV cccDNA
transcription and replication by regulating the phosphorylation of histone 3. Antivir.
Res. 221, 105796.
387
Teng, Y., Xu, Z., Zhao, K., Zhong, Y., Wang, J., Zhao, L., Zheng, Z., Hou, W., Zhu, C.,
Chen, X., Protzer, U., Li, Y., Xia, Y., 2021. Novel function of SART1 in HNF4α
transcriptional regulation contributes to its antiviral role during HBV infection.
J. Hepatol. 75, 1072–1082.

Tropberger, P., Mercier, A., Robinson, M., Zhong, W., Ganem, D.E., Holdorf, M., 2015.
Mapping of histone modifications in episomal HBV cccDNA uncovers an unusual
chromatin organization amenable to epigenetic manipulation. Proc. Natl. Acad. Sci.
USA. 112, 5715–5724.

Tsukuda, S., Watashi, K., 2020. Hepatitis B virus biology and life cycle. Antivir. Res. 182,
104925.

Turton, K.L., Meier-Stephenson, V., Badmalia, M.D., Coffin, C.S., Patel, T.R., 2020. Host
transcription factors in hepatitis B virus RNA synthesis. Viruses 12, 160.

Wan, Q., Anugwom, C., Desalegn, H., Debes, J.D., 2022. Hepatocellular carcinoma in
hepatitis B and human immunodeficiency virus coinfection in Africa: a focus on
surveillance. Hepatoma. Res. 8, 39.

Wang, J., Shen, T., Huang, X., Kumar, G.R., Chen, X., Zeng, Z., Zhang, R., Chen, R., Li, T.,
Zhang, T., Yuan, Q., Li, P.C., Huang, Q., Colonno, R., Jia, J., Hou, J., McCrae, M.A.,
Gao, Z., Ren, H., Xia, N., Zhuang, H., Lu, F., 2016. Serum hepatitis B virus RNA is
encapsidated pregenome RNA that may be associated with persistence of viral
infection and rebound. J. Hepatol. 65, 700–710.

Wang, J., Li, J., Wu, J., Dong, M., Shen, Z., Lin, Y., Li, F., Zhang, Y., Mao, R., Lu, M.,
Zhang, J., 2019. Host Gene SEL1L Involved in endoplasmic reticulum-associated
degradation pathway could inhibit hepatitis B virus at RNA, DNA, and protein levels.
Front. Microbiol. 10, 2869.

Wang, W., Qiao, S., Li, G., Cheng, J., Yang, C., Zhong, C., Stovall, D.B., Shi, J., Teng, C.,
Li, D., Sui, G., 2022. A histidine cluster determines YY1-compartmentalized
coactivators and chromatin elements in phase-separated enhancer clusters. Nucleic.
Acids. Res. 50, 4917–4937.

Wang, D., Yang, Y., Cao, Y., Meng, M., Wang, X., Zhang, Z., Fu, W., Duan, S., Tang, L.,
2023. Histone deacetylase inhibitors inhibit lung adenocarcinoma metastasis via
HDAC2/YY1 mediated downregulation of Cdh1. Sci. Rep. 13, 12069.

Wei, L., Ploss, A., 2021. Hepatitis B virus cccDNA is formed through distinct repair
processes of each strand. Nat. Commun. 12, 1591.

Wu, Y., Chen, H., Chen, Y., Qu, L., Zhang, E., Wang, Z., Wu, Y., Yang, R., Mao, R., Lu, C.,
Fan, Y., 2019. HPV shapes tumor transcriptome by globally modifying the pool of
RNA binding protein-binding motif. Aging 11, 2430–2446.

Xiao, R., Chen, J.Y., Liang, Z., Luo, D., Chen, G., Lu, Z.J., Chen, Y., Zhou, B., Li, H., Du, X.,
Yang, Y., San, M., Wei, X., Liu, W., L�ecuyer, E., Graveley, B.R., Yeo, G.W., Burge, C.B.,
Zhang, M.Q., Zhou, Y., Fu, X.D., 2019. Pervasive chromatin-RNA binding protein
interactions enable RNA-based regulation of transcription. Cell 178, 107–121.

Yan, Z., Zeng, J., Yu, Y., Xiang, K., Hu, H., Zhou, X., Gu, L., Wang, L., Zhao, J.,
Young, J.A.T., Gao, L., 2017. HBVcircle: a novel tool to investigate hepatitis B virus
covalently closed circular DNA. J. Hepatol. 66, 1149–1157.

Yang, G., Feng, J., Liu, Y., Zhao, M., Yuan, Y., Yuan, H., Yun, H., Sun, M., Bu, Y., Liu, L.,
Liu, Z., Niu, J.Q., Yin, M., Song, X., Miao, Z., Lin, Z., Zhang, X., 2019. HAT1 signaling
confers to assembly and epigenetic regulation of HBV cccDNA minichromosome.
Theranostics 9, 7345–7358.

Yang, Z., Qu, C.B., Zhang, Y., Zhang, W.F., Wang, D.D., Gao, C.C., Ma, L., Chen, J.S.,
Liu, K.L., Zheng, B., Zhang, X.H., Zhang, M.L., Wang, X.L., Wen, J.K., Li, W., 2019.
Dysregulation of p53-RBM25-mediated circAMOTL1L biogenesis contributes to
prostate cancer progression through the circAMOTL1L-miR-193a-5p-Pcdha pathway.
Oncogene 38, 2516–2532.

Yao, Y., Yang, B., Chen, Y., Wang, H., Hu, X., Zhou, Y., Gao, X., Lu, M., Niu, J., Wen, Z.,
Wu, C., Chen, X., 2019. RNA-binding motif protein 24 (RBM24) is involved in
pregenomic RNA packaging by mediating interaction between hepatitis B virus
polymerase and the epsilon element. J. Virol. 93, 2161.

Zhang, Y.F., Wang, Y.X., Zhang, N., Lin, Z.H., Wang, L.R., Feng, Y., Pan, Q., Wang, L.,
2021. Prognostic alternative splicing regulatory network of RBM25 in hepatocellular
carcinoma. Bioengineered 12, 1202–1211.

Zhong, Y., Wu, C., Xu, Z., Teng, Y., Zhao, L., Zhao, K., Wang, J., Wang, W., Zhan, Q.,
Zhu, C., Chen, X., Liang, K., Cheng, X., Xia, Y., 2022. Hepatitis B virus core protein is
not required for covalently closed circular DNA transcriptional regulation. J. Virol.
96, 136222.

Zhou, A., Ou, A.C., Cho, A., Benz, E.J., Huang, S.C., 2008. Novel splicing factor RBM25
modulates Bcl-x pre-mRNA 5’ splice site selection. Mol. Cell. Biol. 28, 5924–5936.

Zhou, J., Hua, Y., Liu, Y., Wu, T., Xu, H., Wang, Z., Wang, X., Niu, J., 2024. A mutual
regulatory loop between transcription factor Yin Yang 1 and hepatitis B virus
replication influences chronic hepatitis B. Antivir. Res. 226, 105889.

Zlotnick, A., Venkatakrishnan, B., Tan, Z., Lewellyn, E., Turner, W., Francis, S., 2015. Core
protein: a pleiotropic keystone in the HBV lifecycle. Antivir. Res. 121, 82–93.

http://refhub.elsevier.com/S1995-820X(25)00062-8/sref8
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref8
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref8
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref8
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref9
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref9
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref9
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref9
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref10
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref10
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref10
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref10
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref10
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref11
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref11
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref11
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref11
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref12
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref12
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref12
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref12
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref13
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref13
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref13
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref13
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref14
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref14
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref14
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref14
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref14
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref15
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref15
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref15
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref15
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref16
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref16
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref16
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref16
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref16
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref17
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref17
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref17
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref17
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref18
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref18
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref18
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref18
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref18
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref19
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref19
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref19
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref19
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref19
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref19
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref19
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref19
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref19
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref19
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref19
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref19
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref20
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref20
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref20
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref20
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref21
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref21
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref21
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref21
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref21
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref22
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref22
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref22
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref22
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref23
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref23
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref23
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref23
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref24
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref24
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref24
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref24
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref25
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref25
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref25
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref25
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref25
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref26
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref26
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref26
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref26
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref27
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref27
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref27
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref27
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref27
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref28
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref28
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref28
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref28
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref28
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref29
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref29
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref30
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref30
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref31
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref31
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref31
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref32
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref32
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref32
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref32
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref32
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref32
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref33
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref33
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref33
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref33
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref34
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref34
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref34
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref34
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref34
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref35
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref35
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref35
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref36
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref36
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref37
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref37
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref37
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref37
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref38
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref38
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref38
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref38
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref38
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref38
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref39
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref39
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref39
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref39
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref40
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref40
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref40
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref40
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref40
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref41
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref41
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref41
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref41
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref41
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref41
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref42
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref42
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref42
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref42
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref43
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref43
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref43
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref43
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref44
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref44
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref44
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref44
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref45
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref45
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref45
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref46
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref46
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref46
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref47
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref47
http://refhub.elsevier.com/S1995-820X(25)00062-8/sref47

	Host factor RBM25 promotes HBV replication through Yin Yang 1-mediated cccDNA transcription
	Introduction
	Results
	Knockdown of endogenous RBM25 inhibits HBV replication
	Ectopic overexpression of RBM25 enhances HBV replication
	RBM25 increases HBV RNA expression by enhancing cccDNA transcriptional activity
	RBM25 enhances HBV transcription by interacting with cccDNA through its RE/RD and PWI domains
	RBM25 promotes YY1 expression and facilitates HBV transcription through YY1-mediated acetylation of cccDNA-associated histones
	Silencing of RBM25 inhibits HBV replication in HBV-replicating mouse model
	HBV core protein upregulates RBM25 expression

	Discussion
	Conclusions
	Materials and methods
	Cell culture
	Plasmids
	Lentiviral production and establishment of stable cell lines
	Virus preparation and cell infection
	Western blot
	Quantification of HBsAg and HBeAg
	Extraction and quantification of HBV DNA and RNA
	Northern and Southern blotting analysis
	Luciferase activity assay
	DNA pull-down experiment
	Chromatin immunoprecipitation (ChIP)
	Mouse experiments
	Immunohistochemical staining
	Statistical analysis

	Data availability
	Ethnics statement
	Author contributions
	Declaration of competing interest
	Acknowledgements
	Appendix A. Supplementary data
	References


