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Abstract
Hepatitis B virus (HBV) is still a worldwide health 
concern. While divergent factors are involved in its 
pathogenesis, it is now clear that HBV RNAs, principally 
templates for viral proteins and viral DNAs, have diverse 
biological functions involved in HBV pathogenesis. These 
functions include viral replication, hepatic fibrosis and 
hepatocarcinogenesis. Depending on the sequence 
similarities, HBV RNAs may act as sponges for host 
miRNAs and may deregulate miRNA functions, possibly 
leading to pathological consequences. Some parts 
of the HBV RNA molecule may function as viral-
derived miRNA, which regulates viral replication. HBV 
DNA can integrate into the host genomic DNA and 
produce novel viral-host fusion RNA, which may have 
pathological functions. To date, elimination of HBV-
derived covalently closed circular DNA has not been 
achieved. However, RNA transcription silencing may 
be an alternative practical approach to treat HBV-
induced pathogenesis. A full understanding of HBV RNA 
transcription and the biological functions of HBV RNA 
may open a new avenue for the development of novel 
HBV therapeutics.

Key words: Hepatitis B virus; Hepatitis B virus RNA; 
MicroRNA; Smc5/6; Viral replication; Hepatic fibrosis; 
Genome integration; Hepatocellular carcinoma
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Core tip: Recently, it has been shown that hepatitis 
B virus (HBV) RNAs have diverse biological functions 
in the pathogenesis of HBV. HBV RNAs may work 
as sponges for host miRNAs and deregulate miRNA 
functions. Novel viral-host fusion RNA may be produced 
from HBV-DNA integration sites, which may also 
have pathological functions. Understanding HBV RNA 
transcription and the biological functions of HBV-related 
RNAs may open a new avenue for the development of 
novel HBV therapeutics that target HBV RNAs.

Sekiba K, Otsuka M, Ohno M, Yamagami M, Kishikawa T, 
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Introduction
Hepatitis B virus (HBV) is a small enveloped DNA virus 
that belongs to the Hepadnaviridae virus family. HBV 
may establish a chronic infection in the liver, which can, 
in turn, lead to cirrhosis and hepatocellular carcinoma 
(HCC). Although HBV has infected humans for at 
least 500 years[1], the virus was not discovered until 
1966[2], and in 1970 Dane et al[3] identified the virus 
particle by electron microscopy. Since then, an antiviral 
therapy has been developed; these anti-HBV drugs 
are nucleos(t)ide analogs that can sufficiently suppress 
viral DNA load in most cases[4-9]. Moreover, vaccination 
programs have already been established to prevent 
HBV infection[10]. However, these are not sufficient to 
eradicate HBV. In fact, an estimated 257 million people 
are still chronically infected, and 887 thousand people 
die annually, primarily from the complications of HBV, 
which include cirrhosis and HCC[11-13].

Recently, RNAs, especially non-coding RNAs, have 
been revealed to have diverse functions[14]. We and 
others previously reported that viral RNAs not only 
work as templates for protein synthesis and viral 
DNA replication in the case of HBV but also exhibit 
biological functions involved in its pathogenesis[15,16]. 
In this context, even when HBV DNA is maintained 
at a relatively low level by nucleos(t)ide analogs, viral 
RNAs alone may harm the host, leading to cirrhosis or 
HCC. Thus, understanding the functions of HBV RNAs 
may act as a platform for the future development of 
HBV therapeutics. In this paper, we review current 
knowledge on the biological impact of HBV RNAs on 
host cells.

The process of HBV-RNA 
transcription
The HBV genome has four overlapping open reading 

frames: 3.5 kb pre-C/C or pre-genomic RNA (pgRNA), 
2.4 kb pre-S, and 0.7 kb X mRNA (Figure 1). Viral 
particles with a 3.2-kb-long partially double-stranded 
relaxed circular DNA (rcDNA) genome invade the 
cell through the sodium taurocholate co-transporting 
polypeptide (NTCP) receptor. After un-coating of surface 
antigen, the core particles transport the genome to the 
hepatocyte nucleus. Then, covalently closed circular 
DNA (cccDNA) is molded from rcDNA. The cccDNA plays 
a role as a template in the transcription of HBV RNA 
(Figure 2)[17].

The viral genes are transcribed by the cellular RNA 
polymerase II from cccDNA. Two enhancers designated 
enhancer I (EnhI) and enhancer II (EnhII) have been 
identified in the HBV genome, which drive and regulate 
the expression of the complete viral transcripts[18]. 
Moreover, recently, various host proteins were revealed 
to be involved in the process of HBV RNA transcription 
from cccDNA, and the most representative host 
proteins are structural maintenance of chromosomes 
(Smc) proteins Smc5 and Smc6. Because Smc5/6 
inhibit HBV RNA transcription from cccDNA, the efficient 
transcription of HBV RNA from cccDNA requires the 
degradation of Smc5/6. HBV regulatory protein X 
(HBx) hijacks the host Cullin 4-ROC1 RING E3 ubiquitin 
ligase (CRL4) complex to target Smc5/6 co-localized 
with nuclear domain 10 (ND10) for ubiquitination, 
which, in turn, promotes HBV transcription[19-21]. Thus, 
the existence of HBV RNAs means the degradation of 
Smc5/6. Because Smc5/6 is related to DNA repair[22], 
this degradation may eventually lead to carcinogenesis. 
Therefore, this ubiquitination pathway has strong 
potential as a novel therapeutic target in interventions 
for HBV pathogenesis.

HBV RNAs may deregulate the 
function of host micro RNAs
MicroRNAs (miRNAs) are short, single-stranded, non-
coding RNAs. Mature miRNAs are recruited into the 
Ago2-related RNA-induced silencing complex (RISC) 
and act to suppress the gene expression of target 
mRNAs. Depending on the target mRNA, miRNAs are 
responsible for various biological functions[23]. Recent 
studies have shown that HBV RNAs have several 
regions complementary to miRNAs, and act as miRNA 
sponges to upregulate the expression of miRNA targets; 
this results in the induction of HBV pathogenesis[15,24]. A 
list of miRNAs that could be trapped by HBV RNAs and 
may be involved in HBV pathogenesis is shown in Figure 
3. In the following paragraphs, we discuss the potential 
biological roles of miRNAs in HBV pathogenesis.

Promoting viral replication by 
HBV RNAs
Although our knowledge of the direct relationship be
tween HBV RNAs and viral replications are limited, HBV 
RNAs may promote viral replication via sequestering 
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cellular miRNAs, such as miR-122 and miR-15 family[25,26].

miR-122
miR-122 is highly and specifically expressed in 
hepatocytes. It plays multiple roles in the control of 
lipid metabolism, iron homeostasis, and the circadian 
rhythm and has anti-inflammatory and anti-tumorigenic 
functions[27-31]. The expression level of miR-122 is 
decreased in HBV-producing cells and in liver tissue from 
chronic hepatitis B patients[25,32,33]. Furthermore, there is 
an inverse correlation between miR-122 expression level 
and HBV replication[32]. Previously, it was found that 
the expression levels of pri-miR-122 and pre-miR122, 
the precursors of miR-122, were not decreased in HBV-
positive HCC tissues and cells compared to normal liver 
tissue and cells[25,34,35]. Therefore, the downregulation of 
mature miR-122 expression is thought to be the result 
of binding to a conserved sequence at the 3’ end of all 
HBV transcripts following degradation. Although the 
precise mechanisms remain to be clarified, viral non-
coding RNAs may play a critical role modulating the 
turnover of host miRNAs through the degradation of 
target miRNAs[36-40].  

miR-122 negatively regulates HBV replication. It has 
been reported that one possible mechanism mediating 
the negative regulation of HBV replication by miR-122 
depends on the expression level of cyclin G1, a target 
of miR-122. Decreased expression or function of 
miR-122 would result in the suppression of p53 through 
upregulation of cyclin G1 expression, which further 
increases HBV transcription by blocking specific binding 
of p53 to HBV enhancer elements[33].

miR-15 family
The miR-15 family is also reported to regulate HBV 
replication. For instance, HBV RNA can sequester miR-
15a and miR-16-1, and overexpression of these miRNAs 
decreases viral replication. Although the direct molecular 
mechanism of miR-15 family members has not been 
fully elucidated, among the multiple targets of miR-15a 
and miR16-1, cyclin D1 is thought to be involved in the 
regulation. Specifically, the up-regulation of cyclin D1 
was demonstrated to be required for HBV replication[26].

HBV-encoded miRNA (HBV-miR-3)
Yang et al[41] recently showed that HBV-encoded HBV-

2263 June 7, 2018|Volume 24|Issue 21|WJG|www.wjgnet.com
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fibrosis by blocking collagen synthesis or the TGF-β 
pathway[45-48]. Among these miRNAs, miR-122 was 
reported to have complementary lesion(s) in HBV RNAs.

As previously mentioned, miR-122 is highly expressed 
in the healthy liver, but is downregulated in HBV-infected 
livers via sequestration by HBV RNA. This change in 
miR-122 expression leads to the development of liver 
fibrosis through the activation of collagen synthesis via 
the TGF-β pathway[47].

PROMOTION OF CARCINOGENESIS BY 
HBV RNAS
HBV is the leading risk factor for the development of 
HCC worldwide. Many mechanisms have been reported 
to lead to the development of HCC, and one such 
mechanism involves the sequestration of host miRNAs 
by HBV RNA.

miR-122
Decreased miR-122 levels resulted in increased pituitary 

miR-3 was expressed in HBV-infected tissues and 
cells. The viral-derived miRNA targeted the 3.5-kb 
HBV transcript to reduce HBc protein and pgRNA/HBV-
RI production. The inhibition of HBV replication was 
suggested to contribute to the development of persistent 
infection in chronic hepatitis B patients. However, there 
is insufficient direct evidence for this mechanism, and, 
therefore, further studies are warranted.

Promoting hepatic fibrosis by HBV 
RNAs
Liver fibrosis underlies the majority of chronic liver 
diseases and is a precursor to cirrhosis and HCC. The 
cycle of liver damage and repair leads to the deposition 
of extracellular matrix proteins and the development of 
fibrosis. Some miRNAs, such as miR-21, miR-221/222 
and miR-181b, cause liver fibrosis through deregulation 
of the transforming growth factor-β (TGF-β) or nuclear 
factor-κB (NF-κB) pathways[42-44]. On the other hand, 
miR-29b, miR-101, miR-122, and miR-214-3p inhibit 
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Figure 2  The life cycle of the hepatitis B virus. Hepatitis B virus (HBV) virions infect hepatocytes, and then rcDNA enters the nucleus and is converted to 
covalently closed circular DNA (cccDNA). Structural maintenance of chromosomes 5 and 6 (Smc5/6) can silence cccDNA, but HBV regulatory protein X (HBx) hijacks 
the Cullin 4-ROC1 RING E3 ubiquitin ligase (CRL4) complexes by binding to damage-specific DNA-binding protein 1 (DDB1) to target Smc5/6 for ubiquitination. 
Smc5/6 is consequently degraded by the proteasome, and cccDNA can then be transcribed. Transcribed HBV pregenomic RNA (pgRNA) is co-packaged with reverse 
transcriptase in capsids and is normally (~90%) reverse-transcribed into rcDNA, while double stranded linear DNA (dslDNA) is rarely (10%) synthesized depending 
on the binding region of the RNA primer. dslDNA can be integrated into the host cell genome, and virus-human chimeric RNA can be transcribed from integrated HBV 
DNA. After reverse transcription, the mature nucleocapsids can either be secreted as virions or cycle to the nucleus to add to the cccDNA pool.
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tumor transforming gene 1 (PTTG1)-binding factor 
(PBF) expression, which enhanced the proliferation 
and invasiveness of HCC in vitro and tumorigenicity in 
vivo, through PBF-mediated activation of the PTTG1 
transcription factor[25]. The possible contribution of these 
mechanisms to HBV-related carcinogenesis should be 
further examined in studies on human samples.

let-7 family
miRNAs in the let-7 family are classified as putative 
tumor suppressor miRNAs. The expression level of this 
family of miRNAs is often decreased in human cancers, 
including HCC, and promotes transformation by 
suppressing oncogenic targets, such as LIN28B, HMGA2 
and c-Myc. Studies conducted by our group and others 
found that let-7 family miRNAs (e.g., let-7g and let-7a) 
could be sequestered by HBV-RNA[15,24]. Furthermore, 
we demonstrated that this functional downregulation 
could lead to the promotion of tumorigenesis. 

miR-199a-3p
miR-199a-3p is also involved in carcinogenesis and 
contributes to the malignant potential of HCC. Indeed, 
downregulation of miR-199a-3p correlated with poor 
HCC patient survival[49]. This miRNA targets mammalian 
target of rapamycin (mTOR) and c-Met in HCC cells. The 
restoration of miR-199a-3p levels in HCC cells resulted 
in G(1)-phase cell cycle arrest, decreased invasive 
capability, enhanced susceptibility to hypoxia, and 
increased sensitivity to doxorubicin-induced apoptosis.

miR-15a
miR-15a can be sponged off by HBV mRNAs. One of the 

proposed targets of miR-15a is Smad7, an inhibitor of 
the TGF-β pathway. Thus, HBV mRNA can interfere with 
TGF-β signaling by upregulating Smad7 expression, 
which obstructs TGF-β-induced apoptosis and promotes 
tumor development[50].

RNAs produced from integrated 
HBV DNA may promote 
carcinogenesis
HBV DNA can integrate into host chromosomes at 
various locations. Integrated HBV DNA lacks the ability 
to transcribe pgRNA because HBV double-stranded 
linear DNA is only ~16 nt longer than the length of 
the genome, making it too short to transcribe pgRNA. 
Despite this, integrated HBV DNA levels correlate with the 
development of HCC. Indeed, the majority of HBV-related 
HCCs contain at least one HBV genome integration 
site[51]. While the mechanism of carcinogenesis induced 
by the integration of the HBV genome has been 
explained in several ways, virus-related RNAs from the 
integration sites are definitely involved.

HBx-long interspersed nuclear element 1 
HBV DNA integration often occurs within or near repeti
tive, non-coding sequences, such as long interspersed 
nuclear element 1 (LINEs) and short interspersed 
nuclear elements (SINEs)[52]. By applying Viral-Fusion-
Seq to detect possible fusions between viral and human 
sequences[53], a viral-human hybrid RNA transcript called 
HBx-LINE1 was identified in HBV-related HCCs[54]. The 
presence of this long non-coding RNA, a fusion of the 

Viral RNAs

3.5 kb preC/pregenomic
Transcription

cccDNA

Transcription
Viral-human chimeric RNAs

Integrated HBV DNA

HBx-LINE1

HBV-CCNA2

miR-122
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Figure 3  Hepatitis B virus-related RNAs alone have diverse effects on the host. Hepatitis B virus (HBV) mRNAs and HBV-miR-3 are transcribed from cccDNA, 
while viral-human chimeric RNAs are transcribed from integrated HBV DNA. These RNAs, except HBV-CCNA2, have complementary lesion(s) to cellular micro RNAs 
(miRNAs) and act as miRNA sponges, in turn triggering upregulated expression of the miRNA target and resulting in the induction of HBV pathogenesis. HBV-CCNA2 
promotes tumor development through the newly synthesized chimeric transcript, which has new splice sites in the pre-mRNA produced by viral DNA integration.
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human LINE1 and HBx genes, was correlated with poor 
prognosis in HCC patients[54]. 

HBx-LINE1 contains six binding sites for miR-122, 
which enable the chimeric HBx-LINE1 transcript to act 
as a molecular sponge for miR-122. This sequestration 
leads to an increase in hepatic cell β-catenin signaling, a 
decrease in E-cadherin levels, increased cell migration, 
and significant mouse liver injury, leading to HCC[35]. 
Therefore, HBx-LINE1 is a potential therapeutic target 
and prognostic biomarker for HCC. While this is an 
interesting result, further studies are needed to uncover 
the precise mechanism of oncogenesis.

HBV-cyclin A2
Cyclin A2 (CCNA2) is a cell cycle regulatory protein 
that acts as a regulatory subunit of cyclin-dependent 
kinase[55]. Integration of HBV into the CCNA2 gene has 
been observed in HBV-positive HCCs[56]. The integration 
site is intron 2 of CCNA2, which results in the formation 
of a new splice site in the pre-mRNA. This new splice 
site leads to the formation of a 177-bp in-frame pseudo-
exon and produces a novel and recurrent HBV-CCNA2 
fusion transcript, A2S[56]. Disruption of the destruction 
box of A2S causes A2S to become non-degradable; 
however, the function enhancing cell cycle progression 
of CCNA2 is retained, which demonstrates its potential 
role in hepatocarcinogenesis.

Future strategy
In this review, we summarized current knowledge 
on the roles of HBV RNAs, including viral replication, 
promotion of liver fibrosis, and carcinogenesis, in HBV-
related pathogenesis. Specifically, we discussed how 
HBV RNAs deregulate miRNA function and lead to the 
synthesis of host-viral fusion RNA from integration 
sites. However, HBV RNAs may still have other, as yet 
unknown biological functions, such as deregulating 
host protein function or long non-coding RNA function 
through direct interactions or associations. Therefore, 
further studies are needed to fully elucidate the 
biological roles of HBV RNAs.

Certainly, anti-HBV therapeutics must focus on the 
elimination of HBV RNAs; however, no such therapeutic 
is currently available. The ultimate therapeutic goal is to 
destroy cccDNA. While gene-editing approaches, such 
as those focused on the CRISPR/Cas9 system, may be 
reasonable for directly targeting cccDNA, further studies 
are necessary to identify strategies to maximize positive 
effects and minimize toxicity[17,57]. In the meantime, 
transcriptional silencing of cccDNA may be a practical 
approach to attenuate HBV-related pathogenesis. For 
this purpose, a full understanding of HBV transcriptional 
control and HBV RNA-mediated pathogenesis is urgently 
needed.

Conclusion
HBV RNAs are not only templates for protein synthesis 

and viral DNA replication but also exhibit biological 
functions that play a role in pathogenesis. Because 
current therapies are unable to solve this problem, 
novel therapeutic agents that target the cccDNA itself, 
or inhibit its transcription, are strongly warranted. 
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