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Abstract 
MicroRNAs (miRNAs) are a class of small noncoding 
RNAs that post-transcriptionally regulate the expression 
of many target genes via  mRNA degradation or transla-
tion inhibition. Many studies have shown that miRNAs 
are involved in the modulation of gene expression and 
replication of hepatitis B virus (HBV) and hepatitis C 
virus (HCV) and play a pivotal role in host-virus interac-
tions. Increasing evidence also demonstrates that viral 
infection leads to alteration of the miRNA expression 
profile in hepatic tissues or circulation. The deregulated 
miRNAs participate in hepatocellular carcinoma (HCC) 
initiation and progression by functioning as oncogenes 
or tumor suppressor genes by targeting various genes 
involved in cancer-related signaling pathways. The 
distinct expression pattern of miRNAs may be a useful 
marker for the diagnosis and prognosis of virus-related 
diseases considering the limitation of currently used 
biomarkers. Moreover, the role of deregulated miRNA in 
host-virus interactions and HCC development suggested 
that miRNAs may serve as therapeutic targets or as 
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tools. In this review, we summarize the recent findings 
about the deregulation and the role of miRNAs during 
HBV/HCV infection and HCC development, and we dis-
cuss the possible mechanism of action of miRNAs in the 
pathogenesis of virus-related diseases. Furthermore, 
we discuss the potential of using miRNAs as markers 
for diagnosis and prognosis as well as therapeutic tar-
gets and drugs.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Chronic hepatitis B virus or hepatitis C virus 
infection changed miRNA expression profiles at the tis-
sue or serum level, and the altered miRNAs play pivotal 
roles in gene expression and replication of the viruses 
and the development of virus-related diseases. These 
findings suggest that miRNAs have the potential as 
novel diagnostic and prognostic biomarkers and thera-
peutic targets in virus-related diseases. 
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most com-
mon cancer and the second leading cause of  cancer-
related death worldwide. Chronic hepatitis B virus (HBV) 
and/or hepatitis C virus (HCV) infections resulting in 
chronic liver diseases are the major causative factors for 
HCC[1]. Numerous studies have showed that HCC de-
velops through aberrantly activation of  various signaling 



pathways involved in cellular proliferation, differentiation, 
angiogenesis, and metastasis. But the precise molecular 
mechanisms underlying virus induced-HCC development 
and progression are still unclear.

MiRNAs are endogenous, small noncoding RNAs 
containing an average of  22 nucleotides that mainly 
regulate gene expression at the post-transcription levels 
through sequence-specific binding to the 3’-untranslated 
region (UTR), coding region or 5’-UTR of  the target 
mRNA[2]. As most miRNAs guide the recognition of  im-
perfect matches of  target mRNAs, each miRNA can have 
tens to hundreds of  different mRNAs targets and further 
one mRNA can be simultaneously regulated by multiple 
miRNAs. More than 60% of  all human protein-coding 
genes were predicted to be under miRNA regulations, 
which enable miRNAs to have numerous regulatory roles 
in many physiological processes, such as cell proliferation, 
differentiation and apoptosis[3]. 

Due to their fundamental role in biological process, 
aberrant expression of  miRNAs in the liver may be in-
volved in pathological processes of  various liver diseases. 
In fact, the specific deregulation of  certain miRNAs, 
along with the roles of  the miRNAs, was observed in 
liver diseases such as HBV/HCV infection, fibrosis, cir-
rhosis and HCC[4]. In this review, we will focus on the 
regulatory role of  deregulated miRNA in HBV/HCV 
infection and HCC development. In addition, we briefly 
discuss miRNAs as potential diagnostic markers, prog-
nostic markers and therapeutic targets for virus-related 
liver diseases.

REGULATION OF THE HBV/HCV LIFE 
CYCLE BY HOST MIRNAS
MiRNAs are reported to be involved in regulation of  
virus expression and replication mainly by binding di-
rectly to virus transcripts or targeting the related host 
genes[5,6]. Here, we will focus on a subset of  miRNAs that 
are reported to affect gene expression and replication of  
HBV/HCV.

Role of miRNAs in HBV gene expression and replication
To systemically screen for host miRNAs that affected 
HBV replication, our lab employed a loss-of-function 
approach (transfecting chemically synthesized antisense 
oligonucleotides of  328 identified human miRNAs 
into HepG2.2.15 cells) and found that miR-199a-3p 
and miR-210 inhibitors could increase HBsAg expres-
sion and HBV replication without a significant effect on 
host cell proliferation. Further bioinformatics analysis 
and a GFP reporter assay validated that miR-199a-3p 
and miR-210 reduced HBV replication by binding to 
the HBV S protein coding region and pre-S1 region, re-
spectively[7]. This is the first report that human miRNAs 
can directly target HBV genes. In addition, Potenza et 
al[8] reported that miR-125a-5p, a miRNA highly ex-
pressed in human liver tissue, was able to interfere with 
the translation of  the HBV S gene. Wu et al[9] used four 

well-established target-prediction programs to predict 
the targets of  human miRNAs in the HBV genome, and 
they found that let-7, miR-196b, miR-433, and miR-511 
targeted the polymerase or S gene, miR-205 targeted the 
X gene, and miR-345 targeted the preC gene. Moreover, 
the target regions are conserved among different HBV 
clades, which implied that these miRNAs can be used 
in antiviral therapy. However, the anti-HBV activities of  
the miRNAs need further experimental validation. miR-
15a/miR-16-1,MiR-20a and miR-92a-1 (two members 
of  miR-17-92 cluster), and miR-224, were shown to sup-
press HBV replication in vitro possibly by directly binding 
to HBV genes[10-12].

MiRNAs can also modulate HBV replication by 
targeting HBV-associated host proteins. The study 
by Zhang et al[13] showed that miR-1 enhanced HBV 
replication by increasing HBV core promoter activity 
through augmenting farnesoid X receptor α expression. 
MiRs-372/373 stimulated the production of  HBV pro-
teins and HBV core-associated DNA in HepG2 cells by 
targeting nuclear factor I/B[14]. MiR-501 was recently re-
ported to promote HBV replication in part by targeting 
HBXIP, an inhibitor of  HBV replication in HepG2.215 
cells[15]. MiR-141 suppressed HBV replication by down-
regulating peroxisome proliferator-activated receptor al-
pha, a positive transcription factor of  HBV[16]. MiR-122, 
an abundant liver-specific miRNA, could inhibit gene 
expression and replication of  HBV in vitro via binding 
to highly conserved regions of  the mRNA for the viral 
polymerase and the 3’-untranslated region of  the mRNA 
for the core protein[17]. Further mechanism studies 
showed that miR-122 suppressed HBV replication par-
tially by modulation of  p53-mediated inhibition of  HBV 
replication through down-regulation of  cyclin G1[18,19]. 
MiR-155 mildly inhibited HBV infection in human hepa-
toma cells by suppressing suppressor of  cytokine signal-
ing 1 (SOCS1) expression and subsequently promoting 
JAK/STAT(signal transducer and activator of  transcrip-
tion) signaling pathway, which leads to enhanced innate 
antiviral immunity[20] (Figure 1A).

Role of miRNAs in HCV expression and replication
In contrast to the inhibitory role on HBV replication, 
miR-122 is essential for HCV RNA replication. Jopling et 
al[21] found that sequestration of  miR-122 led to a marked 
loss of  HCV RNAs in vitro. Further study showed that 
the interaction between miR-122 and two binding sites 
in the 5’-noncoding region of  the HCV genome were 
essential for HCV RNA maintenance. The binding of  
miR-122 to the HCV genome could also stimulate HCV 
translation by enhancing ribosome binding to the viral 
RNA[22]. However, results from the double-binding-site 
mutation and the IRES mutation assays showed that 
miR-122 may affect viral replication at other steps of  the 
viral life cycle[23]. Expression of  miR-122 in non-hepatic 
cells could facilitate efficient viral replication, which fur-
ther supports the finding that miR-122 is essential for 
HCV replication[24,25]. Further structure and function 
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which regulate hepatitis C virus (HCV) replication through targeting entry, translation, replication, envelopment, and regulating immune were indicated. 
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and miR-491, which were found to be altered after HCV 
infection, could enhance HCV replication. Among these 
miRNAs, miR-491 promoted HCV replication through 
the PI3 kinase/Akt pathway which may enhance entry 
of  HCV into cells, while the mechanisms for the other 
two miRNAs were not mentioned[41]. In contrast to the 
enhancing capabilities of  the above-mentioned miRNAs, 
miR-199a inhibited HCV replication in a cell culture sys-
tem by directly targeting to the sequence in domain II of  
the IRES region in the HCV 5’-UTR[42]. MiR-196 inhibit-
ed HCV replication in vitro mainly through repressing the 
expression of  Bach1, a basic leucine zipper mammalian 
transcriptional repressor of  HO-1[43]. MiR-29 was down-
regulated in both hepatocytes and hepatic stellate cells 
after HCV infection, and function analysis showed that 
miR-29 overexpression reduced HCV RNA abundance 
and inhibited collagen and extracellular matrix expres-
sion[44]. Therefore, miR-29 has potential as a therapy tool 
by inhibiting HCV replication and decreasing fibrosis. 
Expression of  let-7b markedly suppressed HCV replica-
tion and down-regulated HCV accumulation and had 
a synergistic inhibitory effect on HCV infection with 
IFN-α-2a[45]. Although bioinformatics analysis identified 
conserved binding sites for let-7b among various HCV 
genotypes within the coding region of  NS5B and the 
5’-UTR of  the HCV genome, mechanism studies showed 
that let-7b-mediated suppression of  HCV RNA accumu-
lation was independent of  translation inhibition. Let-7b 
represents the first miRNA with a target site in the cod-
ing region of  the HCV genome. Interestingly, a recent 
study showed that let-7b was regulated by IFNα and 
IL-28B and inhibited HCV replication and viral protein 
translation by targeting host factor insulin-like growth 
factor 2 mRNA-binding protein 1 (IGF2BP1)[46]. HCV-
induced miR-130a inhibits HCV replication/production 
by restoring host innate immune responses and/or down-
regulating pro-HCV miR-122[47,48]. MiR-27a induced by 
HCV infection and lipid overload could in turn repress 
HCV infection and lipid storage in vitro. This negative 
feedback loop between miR-27a and HCV may be ben-
eficial for immune escape and establishment of  persistent 
HCV infection[49]. Pedersen et al[36] found that IFNβ-
induced miRNAs miR-196, miR-296, miR-351, miR-431 
and miR-448 could substantially attenuate HCV replica-
tion. Among them, miR-196 and miR-448 may inhibit 
HCV replication by directly targeting the HCV genomic 
RNA (Figure 1B).

Role of virus-encoded miRNA on the virus itself
To date, no HCV-encoded miRNAs have been reported, 
which may be due to the nature of  RNA viruses or to 
the limitations of  current detection technology. By using 
computational approaches, Jin et al[50] found that HBV 
putatively encodes only one candidate pre-miRNA. The 
presence of  the mature form of  the predicted miRNA in 
HBV-infected patients was validated by Northern blot. 
Further target search results showed that there was only 
one potential viral mRNA target, which suggested that 

analysis showed that nearly all nucleotides in miR-122 
were involved in binding to the second binding site, and 
this additional interaction enhanced HCV replication[26]. 
MiR-122 could bind to HCV RNA in association with 
Ago2 to protect the viral genome from 5’-exonuclease 
activity and thus stabilize the HCV genome and slow its 
decay[27]. A recent study showed that the formation of  a 
stable ternary complex between two copies of  miR-122 
and the HCV 5’-UTR could stabilize the HCV genome, 
which also implied that miR-122 had additional functions 
in the viral life cycle[28]. In addition to direct binding to 
the HCV genome, miR-122 may promote HCV replica-
tion through other pathways. Shan et al[29] found that 
suppression of  miR-122 with an miR-122-specific an-
tagomir decreased HCV replication and increased HO-1 
expression, thus suggesting that miR-122 may promote 
HCV replication in part by decreasing heme oxygenase 
1(HO-1) expression. HO-1, a key enzyme with anti-oxi-
dant and anti-inflammatory activities, can suppress HCV 
RNA replication[30].

Although the specific mechanism of  miR-122-
supported HCV replication needs further exploration, 
the above studies indicated that miR-122-based therapy 
may be useful in limiting HCV infection. Silencing of  
miR-122 with a locked nucleic acid (LNA)-modified 
oligonucleotide (SPC3649) complementary to miR-122 
resulted in universal antiviral activity against diverse HCV 
genotypes in vitro and led to long-lasting suppression of  
HCV viremia in chronically infected chimpanzees with 
no evidence of  viral resistance or side effects[31,32]. In 
2009, the miR-122 inhibitor miravirsen was applied to 
phase 1 clinical trials by Santaris Pharma to test its safety. 
The data demonstrated that miravirsen was well tolerated 
and has no dose-limiting toxicities[33]. In 2010, Santaris 
Pharma initiated phase 2a clinical trials and showed that 
miravirsen was efficient in reducing HCV RNA in pa-
tients with chronic HCV genotype 1 infection. Moreover, 
this antiviral effect was long-lasting, and no detectible 
adverse events or escape mutations were observed[34]. 
However, it has been reported that miR-122 could inhibit 
nuclear factor (NF)-κB activation and subsequently its 
downstream pro-inflammatory events[35]. So silencing of  
miR-122 may augment liver inflammation. One study 
showed that interferon (IFN)-β treatment leads to a sig-
nificant reduction in the expression of  miR-122[36]. Other 
studies showed that during chronic HCV infection, pa-
tients with decreased pretreatment liver miRNA-122 lev-
els responded poorly to interferon therapy[37-39]. All these 
issues should be considered when using miravirsen alone 
or in combination with IFN therapy. Furthermore, the 
suppression effect of  miR-122 on HBV should be taken 
into consideration when treating HCV infection with mi-
ravirsen in HBV and HCV co-infected patients.

In contrast to the inhibitory effect on HBV, HCV 
infection-induced miR-141 could promote efficient HCV 
replication in primary human hepatocytes, which was 
dependent on miR-141 mediated suppression of  the 
tumor suppressor gene DLC-1[40]. MiR-192, miR-215, 
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HBV has evolved to produce a miRNA to regulate its 
own replication. Studies investigating the specific func-
tion of  this viral miRNA are in progress.

HOST MIRNA EXPRESSION AFTER HBV 
OR HCV INFECTION: DEREGULATION, 
FUNCTIONS AND MECHANISM
Increasing evidence showed that HBV or HCV has 
evolved various strategies to evade host immune surveil-
lance and establish a persistent chronic infection, which 
includes modulating the expression of  host miRNAs. 
The alteration of  the miRNA expression profile by HBV 
or HCV infection, the possible mechanism responsible 
for miRNA deregulation, and miRNA roles in virus-
related liver pathogenesis are reviewed.

MiRNA expression profiles after HBV infection and 
miRNA functions
Many reports have examined miRNA expression altera-
tion in cell culture, HCC liver tissue and serum samples 
after HBV infection by miRNA-based microarray or 
sequencing. The cell line HepG2.2.15, which stably 
expresses HBV, and the parental cell line HepG2 are 
often used to compare the effect of  HBV on miRNA 
expression. MiRNA microarray analysis showed that 11 
miRNAs were up-regulated and 7 miRNAs were down-
regulated in HepG2.2.15 cells compared to HepG2 
cells[51]. After this initial report, additional studies have 
compared the miRNA expression profile in these two 
cell lines by miRNA array[14,52,53]. Among the up-regulated 
miRNAs, miR-199a, miR-210, miR-371/372, miR-501, 
and the miR-17-92 cluster were involved in HBV repli-
cation[7,11,14,15]. The mechanism by which HBV regulates 
miRNAs is largely unknown. It has been reported that 
the viral protein HBx could transactivate a variety of  viral 
and host genes, including miRNAs. To date, it has been 
reported that HBx modulated miRNA expression mainly 
through 3 pathways. First, HBx regulates miRNA expres-
sion at the transcription level via direct binding to the 
transcription factor essential for miRNA transcription or 
by modulating the transcription factor expression[54-56]. 
Second, HBx mRNA functions as a sponge that can spe-
cifically down-regulate miRNA via the miRNA target se-
quence in the viral RNA[10,57]. Third, HBx modulates pri-
miRNA biogenesis by reducing the protein levels of  the 
RNase III enzyme Drosha[58]. However, there is evidence 
in HBV-associated HCC that the key regulators of  miR-
NA biosynthesis, including Drosha, DGCR8, Ago1, and 
Ago2, are frequently overexpressed[59]. Except for HBx, 
the other HBV proteins have not been reported to be di-
rectly involved in regulating miRNA expression. The spe-
cific mechanism will be discussed in the related reference. 
MiRNA array analysis of  HBx-expressing versus control 
HepG2 cells showed that 7 miRNAs were significantly 
up-regulated and 11 were markedly down-regulated in 
HBx-expressing cells[60]. HBx-mediated down-regulation 

of  let-7a promoted cell proliferation and hepatocarcino-
genesis in part via up-regulation of  STAT3. HBx could 
also reduce the levels of  another let-7 family member, 
let-7i, which regulated CD59 expression and thus pro-
tected the HCC cells from complement-dependent cyto-
toxicity[61]. Tumor suppressor-like miR-15a/16 was first 
reported to be repressed by HBx-induced c-myc[62]. Two 
recent findings showed that HBx transcripts could direct-
ly lead to miR-15a/16 down-regulation via the so-called 
miRNA sponge effect[10,57]. Therefore, the virus gene 
could regulate one miRNA expression in different ways. 
Moreover, miR-15b, another member of  miR-16 family, 
was also repressed by HBx and suppressed cell prolifera-
tion via directly targeting fucosyltransferase 2 (FUT2), 
which leads to decreased levels of  Globo H[63]. A recent 
study showed that HBx down-regulated tumor suppres-
sor miRNA miR-205 through inducing hypermethylation 
of  miR-205 promoter, which may be another pathway 
by which HBx regulating miRNA expression[64]. Quan-
titative real-time PCR analysis showed that miR-101, 
one of  the most abundantly expressed miRNAs in hu-
man normal liver, was reduced by HBx in vitro. Function 
analysis showed that down-regulated miR-101 promoted 
aberrant DNA hypermethylation, which contributes to 
hepatocarcinogenesis by allowing DNMT3A expres-
sion[65]. Another association study of  genetic variations 
in miR-101-1 and miR-101-2 with HBV-related liver 
diseases showed that the single nucleotide polymorphism 
(SNP) in miR-101-1 was associated with the develop-
ment of  HCC and liver cirrhosis[66]. To date, it has been 
reported that SNPs in the 3’-UTR of  three miRNA pro-
cessing genes, miRNA encoding genes or binding sites 
are associated with miRNA deregulation in HCC[67-78]. 
MiR-29a was dramatically increased in p21-HBx trans-
genic mice, HBx-transfected HepG2-X (or H7402-X) 
cells and HepG2.2.15 cells. MiR-29a enhanced hepatoma 
cell migration by targeting phosphatase and tensin ho-
molog (PTEN)[79]. HBx-induced miR-21 enhanced cell 
proliferation by targeting tumor-suppressor genes Pro-
grammed Cell Death Protein-4 (PDCD4) and PTEN[80]. 
One report showed that miR-148 was repressed by HBx 
to promote cancer growth and metastasis in a mouse 
model by activating hematopoietic pre-B cell leukemia 
transcription factor- interacting protein (HPIP)-mediated 
mTOR signaling[54]. The mechanism studies showed that 
HBx suppressed miR-148a expression by directly inter-
acting with p53. However, another study by Yuan et al[81] 
reported that miR-148 is induced by HBx, and the up-
regulated miR-148 stimulated hepatocellular growth and 
tumorigenesis by repressing PTEN and subsequent in-
duction of  β-catenin expression. The mechanism respon-
sible for the HBx-mediated miR-148 induction is not 
mentioned in this study. The opposite effect of  HBx on 
miR-148 in the latter report may be because the authors 
examined the miR-148 levels in stable HBx-expressing 
HepG2 cell lines and because the biological characteriza-
tion of  HepG2 cells have changed for HBx integration. 
The specific reason for the observation requires further 
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exploration. Carboxyl-terminal truncated HBx (Ct-HBx) 
is frequently over-expressed in HBV-associated HCC 
and plays a critical role in hepatocarcinogenesis[55]. Ct-
HBx down-regulated a set of  growth-inhibitory miRNAs 
that were often induced by its full-length counterpart. 
Moreover, Ct-HBx could directly bind to some of  these 
miRNA promoters to repress transcription. All of  the 
above-mentioned miRNAs regulated by HBx play impor-
tant roles in tumor formation. Therefore, HBx, which 
has been implicated in HBV-related HCC pathogenesis, 
may perform its pro-carcinogenic function partly through 
regulating host miRNA expression. Recently, one report 
showed that HBV up-regulated miR-181a expression by 
enhancing its promoter activity, HBV induced-miR-181a 
promoted cell growth in vitro and tumor formation in vivo 
possibly by targeting transcription factor E2F5[82].

Jiang et al[83] showed that a large number of  mature 
and precursor miRNA expression was increased in hepa-
titis B or C virus-positive, cirrhotic tissues compared to 
normal liver. This is the first report that hepatitis infec-
tion altered miRNA expression in liver tissues. Later, 
Ladeiro et al[84] examined the expression of  250 miRNAs 
in 46 benign and malignant hepatocellular tumors with 4 
normal livers as controls with real-time PCR and found 
that miR-96 was specifically overexpressed in HBV tu-
mors. Connolly et al[85] found that two known oncomiRs, 
the miR-17-92 polycistron and miR-21, were significantly 
increased in human HBV-positive HCCs and woodchuck 
hepatics virus-positive HCCs. Ura et al[86] analyzed the 
expression of  188 miRNAs in liver tissues from 12 HBV-
related HCCs and 14 HCV-related HCCs, and 6 miRNAs 
were found to be markedly decreased in the HBV group 
and 13 miRNAs were decreased in the HCV group. Guo 
et al[14] analyzed the miRNA expression profiles of  39 cas-
es of  HBsAg positive and 11 cases of  HBsAg negative 
liver tissues using microarrays. They showed that 9 miR-
NAs were up-regulated, with miR-373 being the most sig-
nificantly up-regulated, and the up-regulation was associ-
ated with copy number variation of  the miRs-371-3 gene 
cluster. The copy number variation of  the miRs-371-3 
gene cluster may be due to gene instability resultant from 
HBV integration as the genomic locus for miRs-372/373 
is near to the fragile genomic site FRA19A, a known hot-
spot for the integration of  HBV DNA[87,88]. Mizuguchi et 
al[89] analyzed the miRNA transcriptome in HBV-related 
HCC using combined conventional cloning with GS 
454 sequencing technology. They identified more than 
314000 reliable reads from HCC and more than 268000 
from corresponding liver tissues for human miRNAs reg-
istered in miRBase. MiR-122, miR-21, and miR-34a were 
found to be expressed aberrantly in liver cancer by clone 
count analysis. Therefore, the combination of  sequencing 
and bioinformatics may benefit the discovery of  novel 
markers in HBV-related liver disease. 

The identification of  altered miRNA profiles in HBV-
associated HCC has led to miRNA target identification 
and has increased our understanding of  the mechanisms 
underlying HCC development and progression. MiRNAs 

can be classified as tumor suppressor-like and oncogene-
like based on their functions in HCC. Furthermore, tu-
mor suppressor-like miRNAs are often down-regulated 
and oncogene-like miRNAs are often up-regulated in 
HCC. To date, most of  the miRNAs discovered in HBV-
associated HCC belong to the tumor suppressor-like class. 
Ji et al[90] examined miRNA expression patterns, survival 
and response to IFN-α in a panel of  455 patients with 
mainly HBV-associated HCC. They found that miR-26 
expression was frequently decreased in HCC patients and 
determined that patients with low miR-26 expression in 
tumors had a better response to interferon therapy but 
shorter survivals than patients with high miRNA-26 ex-
pression. In a study by Huang et al[91], miR-152 was found 
to be frequently down-regulated in HBV-related HCC 
compared to the paired non-tumor hepatic tissues and 
was found to be involved in the regulation of  abnormal 
DNA methylation status. Further study showed that 
down-regulated miR-152 induced global DNA hyper-
methylation and increased the methylation levels of  two 
tumor suppressor genes, glutathione S-transferase pi 1 
(GSTP1) and E-cadherin 1 (CDH1), by allowing expres-
sion of  DNA methyltransferase 1(DNMT1). Chen et al[92] 
found that miR-129-2 expression was repressed in HBV-
HCC tissues compared to the adjacent non-tumor tissues, 
and miR-129-2 methylation was significantly increased 
both in frequency and intensity in tumor tissues. Further 
investigation showed this methylation-mediated repres-
sion of  miR-129-2 may be involved in HCC development 
through enhancing oncogenic SOX4 expression. Together 
with other reports, all of  the findings suggested that epi-
genetic regulation, such as DNA methylation and histone 
modification, of  miRNA expression play an important 
role in HCC development[93,94]. Wang et al[95] reported that 
miR-29c was significantly down-regulated in HBV-related 
HCC. They showed that miR-29c functioned as a tumor 
suppressor in HCC development by targeting tumor ne-
crosis factor alpha-induced protein 3 (TNFAIP3), a key 
regulator in inflammation and immunity. 

One study reported that miR-22 was overexpressed 
in male tumor adjacent tissues as determined by SOLiD 
sequencing[96]. Overexpressed miR-22 was correlated 
with low estrogen receptor α (ERα) and high IL-1a ex-
pression in HBV-associated patients. These results may 
explain the high incidence of  HBV-associated HCC in 
the male population. Another miRNA associated with 
ERα is miR-18a. Elevated miR-18a was observed in 
female HCC tissues compared to male HCC tissues in 
HBV-related HCC. MiRNA-18a may promote HCC de-
velopment in females by suppressing the expression of  
ERα[97]. In Zhang et al[56]’s study, they demonstrated that 
miR-143 was dramatically increased by HBx-mediated 
NF-κB activation in metastatic HBV-HCC in both p21-
HBx transgenic mice and HCC patients. Additionally, 
miR-143 was found to promote cancer cell invasion/
migration. MiR-143 behaved as an oncogene in HCC 
through repressing expression of  fibronectin type III do-
main containing 3B (FNDC3B).

Fan HX et al . MicroRNAs interact with hepatitis B/C viruses



13483 October 7, 2014|Volume 20|Issue 37|WJG|www.wjgnet.com

In a study by Yang et al[98], 14 miRNAs were found to 
be aberrantly expressed in HBV-related patients. MiR-602 
showed a progressive increase trend from chronic hepatitis 
to HCC compared to normal livers and played a pro-car-
cinogenic role in HBV- associated hepatocarcinogenesis. 
Up-regulated miR-602 acted as an oncogene by repressing 
expression of  tumor suppressive gene RAS association 
domain family 1A (RASSF1A). In a study by Gao et al[99], 
they investigated the expression of  7 cancer-related miR-
NAs during the early stages of  HCC. Down-regulation of  
tumor suppressive-like miR-145 and miR-199b, and up-
regulation of  miR-224, was frequently observed from low 
grade dysplastic nodule to high grade dysplastic nodule 
and HCC. Moreover, in HBV-associated HCC patients, the 
expression of  low-Atg5 (autophagy-related genes), high-
miR-224 and low-Smad4 showed significant correlation 
with HBV infection and poor overall survival rate[100].

Recently, change in serum or plasma miRNA expres-
sion pattern was also discovered in HBV-associated pa-
tients. Li et al[101] examined the miRNA expression profiles 
in serum from 210 controls and 135 HBV-, 48 HCV-, 
and 120 HCC-related individuals by Solexa sequencing 
followed by TaqMan probe-based quantitative real-time 
PCR validation. They identified 13 miRNAs that were 
differentially expressed in HBV serum compared to con-
trol serum. Two of  them, miR-375 and miR-92a, were 
also identified as HBV specific. This is the first report 
that serum miRNA profiles can serve as a biomarker for 
HBV infection. Later, additional miRNAs were found to 
be significantly deregulated in serum or plasma from pa-

tients with chronic HBV infection (CHB), HBV-associat-
ed HCC or occult HBV infection compared with healthy 
controls, which suggests that serum or plasma miRNAs 
have the potential to serve as biomarkers in detecting 
HBV-specific cases[102-111]. Interestingly, a recent study re-
ported that serum HBsAg particles carried selective pools 
of  hepatocellular miRNAs and may play a role in viral 
persistence, which enriched the knowledge of  HBV-host 
interaction[112] (Figure 2). 

MiRNA expression profile after HCV infection and their 
functions
Different HCV genotypes induced different miRNA ex-
pression changes in hepatoma cells. Liu et al[113] compared 
the miRNA expression profile between Huh7.5.1 hepa-
toma cells infected with HCV JFH-1 virus and the same 
cell type infected with UV-inactivated HCV virus with 
miRNA microarray analysis. One-hundred eight miRNAs 
were differentially expressed (greater than 2-fold change) 
at 4 d post infection. Most (60%) were up-regulated in 
HCV-infected cells, and some of  them were identified 
to be involved in HCV entry, replication and propaga-
tion. In Huh7 cells, miR-192/miR-215 and miR-194 were 
up-regulated and miR-320 and miR-491 were down-
regulated after HCV infection. Moreover, overexpression 
of  miR-192/miR-215 and miR-491 in vitro significantly 
increased HCV replicon abundance[41]. In Huh7.5 cells, 
7 miRNAs (miR-30b, miR-30c, miR-130a, miR-192, 
miR-301, miR-324-5p, and miR-565), which were linked 
to genes associated with HCV entry and replication, were 
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down-regulated after infection with HCV genotype 2a[114]. 
The miR-192 expression is inconsistent in the two stud-
ies. This may be due to the difference in cell type, HCV 
genotype and sampling time after HCV infection. Steuer-
wald et al[115] found that 43 miRNAs were differently ex-
pressed between Con1 cells containing a full-length HCV 
genotype 1b replicon and Huh 7.5 parental hepatoma 
cells. In another hepatoma cell line, HepG2, stably trans-
fected with full length HCV genotype 1b, 75 miRNAs 
were found to be aberrantly expressed. The miRNAs 
miR-193b, miR-768-3p, and miR-585 were the most 
significantly up-regulated. Up-regulated miR-193b made 
the malignant hepatocytes more sensitive to sorafenib 
by modulation of  the anti-apoptotic protein Mcl-1. The 
miRNAs that had been reported to be regulated by the 
HCV core protein or non-structure proteins (NS3/4A, 
NS4B and NS5A) included miR-93, miR-345, miR-124, 
miR-21, and miR-27[116-120]. 

Varnholt et al[121] examined the miRNA expression pro-
files in HCV-infected patients with premalignant dysplastic 
liver nodules and hepatocellular carcinomas by real-time 
PCR. Ten miRNAs were more than 2-fold overexpressed, 
and 19 were less than 0.4-fold underexpressed. Among the 
overexpressed miRNAs, miR-122, miR-100, and miR-10a 
were consistently overexpressed across all liver nodules. 
MiR-198 and miR-145 were underexpressed progressively 
from low-grade dysplastic nodule to high-grade dysplastic 
nodule to HCC and further to kidney metastasis. Marquez 
et al[122] found that miR-122 and miR-21 expression were 
altered in HCV-infected liver. The miR-21 levels were cor-
related, while miR-122 levels were inversely correlated, 
with viral load, fibrosis and serum liver transaminase lev-
els. Zhang et al[123] found that miR-155 was significantly 
increased by HCV-RNA-induced NF-κB activation in 
chronic HCV-infected patients and HCV-HCC compared 
to healthy controls. Up-regulated miR-155 repressed 
Adenomatous polyposis coli (APC) and subsequently ac-
tivated Wnt signaling, which resulted in hepatocyte prolif-
eration and tumorigenesis. P65/NF-κB activated miR-224 
expression in both peri-tumoral cirrhotic livers and HCC 
samples from HCV-infected patients as determined by 
real-time PCR. MiR-224 promoted HCC cell migration 
and invasion, which is a key determinant in HCC devel-
opment and progression[124]. A genome-wide microarray 
analysis performed by Sarma et al[125] showed that a distinct 
miRNA expression profile existed in HCV-infected liver 
tissue compared to the normal liver. Particularly, miR-449a 
was specifically down-regulated in HCV-infected patients 
compared to the other three groups, and down-regulated 
miR-449a promoted inflammatory marker YKL40 expres-
sion by modulating the NOTCH signaling pathway. Diaz 
et al[126] examined the expression of  2226 miRNAs in pa-
tients with HCV-associated HCC, HCC-associated non-
tumorous cirrhosis, HCV-associated cirrhosis without 
HCC, HBV-associated ALF and normal liver tissue using 
microarrays. They found 18 miRNAs that were specifically 
expressed in HCV-associated HCC and were connected in 
a regulatory network, including p53 tumor suppressor, the 

PTEN phosphatase and retinoic acid signaling.
Ogawa et al[127] found that the miR-221/222 levels 

increased with the progression of  liver fibrosis in HCV-
infected patients and significantly correlated with the 
expression of  a1 (I) collagen (Col1A1) and α-smooth 
muscle actin (aSMA). MiR-221/222 was the first miRNA 
that was reported to be related to liver fibrosis and may 
be useful in the prediction of  liver fibrosis progression. 
Ramachandran et al[128] found that several miRNAs ex-
pression were altered by chronic HCV infection by using 
miRNA expression profiling. HCV-induced-miR-200c 
promotes hepatic fibrosis by repressing the expression of  
FAS associated phosphatase 1 (FAP-1), a critical regula-
tor of  Src and MAP kinase pathway. It was reported that 
miRNA-107 and miRNA-449a were decreased following 
HCV infection in patients with HCV-mediated liver dis-
eases. Further function analysis showed that they regulate 
CCL2 expression by activation of  the IL-6-mediated sig-
naling cascade, which may be involved in HCV-mediated 
induction of  inflammatory responses and fibrosis[129]. A 
report showed that 5 miRNAs were significantly overex-
pressed and 7 miRNAs were markedly reduced in splenic 
marginal zone lymphoma (SMZL) from HCV-positive 
patients[130]. MiR-26b, a known tumor suppressor, was 
found to be significantly reduced in SMZL. This result 
suggested that HCV may contribute to lymphoma de-
velopment. With the hypothesis that miRNA expression 
profiles from liver grafts could distinguish the severity of  
HCV recurrence and discriminate this from acute cellular 
rejection (ACR), Joshi et al[131] found that miR-146a, miR-
19a, miR-20a, and let-7e were overexpressed in patients 
with slow HCV fibrosis progression compared to patients 
with fast HCV fibrosis progression after liver transplanta-
tion. Distinct miRNA profiles exist between patients with 
HCV recurrence and ACR. Moreover, altered hepatic 
expression of  miRNA is associated with HCV recurrence 
and antiviral therapy in liver transplant recipients for 
hepatitis C virus cirrhosis[132].

In chronic HCV-infected patients, serum miR-122 
was increased, and the levels of  miR-122 were correlated 
with serum ALT but not with HCV RNA[133]. However, 
a later study showed that miR-122 may just mirror acute 
liver injury with the finding that the levels of  miR-122 
that were high in the early stage of  fibrosis were reduced 
in advanced fibrosis stages during chronic HCV infec-
tion[134]. However, Cermelli et al[135] found that serum lev-
els of  miR-122, miR-34a, and miR-16 in chronic HCV-
infected patients were steadily increased during the course 
of  HCV infection, and miR-122 and miR-34a levels were 
positively correlated with disease severity. The discordant 
change trend of  miR-122 may be due to the lack of  a 
consistent internal control for circular miRNA measure-
ments or due to the small patient population. Moreover, 
the serum miR-122 kinetics could predict the treatment 
results, as patients with higher serum miR-122 showed 
early and sustained virologic response to pegylated IFN 
plus ribavirin therapy[38]. In addition to miRNA-122, 
other miRNAs were also found to be significantly de-
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regulated in serum from HCV-related patients and were 
associated with either HCV infection or HCV-mediated 
liver disease progress[136-140]. MiRNA deregulation was also 
found in peripheral blood mononuclear cells (PBMCs) 
of  HCV-infected patients. Deregulation of  miRNAs 
may play a key role in HCV-related pathogenesis[141,142]. 
One study showed that 27 miRNAs and 476 mRNAs 
were differentially expressed in PBMCs from HCV/HIV 
co-infected patients when compared to controls by per-
forming genome-wide mRNA and miRNA analysis, this 
is the first report of  miRNAs specific for HCV/HIV 
co-infection[143]. Abdalla et al[144] found that miR-323, 
miR-449, miR-502d, miR-92b, miR-516-5p, and miR-650 
were down-regulated while miR-335, miR-618, miR-625, 
miR-532, and miR-7 were up-regulated in urine from 
both the HCC-post HCV-positive group and the HCV-
positive group compared to the control group. Further 
study showed that the aberrant expression of  miR-618 
and miR-650 can be used as a marker for the early diag-
nosis of  HCC from HCV-positive patients (Figure 2).

MIRNAS AS POTENTIAL DIAGNOSTIC 
OR PROGNOSTIC MARKERS OR 
THERAPEUTIC TARGETS IN HCC AND 
HEPATITIS B/C INFECTION
It has been shown that miRNAs play important roles in 
HBV/HCV infection and the associated liver disease. 
Moreover, differential expression patterns of  miRNAs 
have been observed in the livers or serum of  HBV- and 
HCV-infected patients. The unique miRNA expression 
profile in HBV- or HCV-related diseases suggested that 
they may represent novel biomarkers for diagnosis or 
prognosis or can be exploited as therapeutic agents or 
targets in the treatment and prevention of  these diseases.

MiRNA as diagnostic markers in HBV- or HCV-related 
diseases
In HBV-related liver diseases, some miRNAs were ab-
errantly expressed in liver tissues, such as miR-148a, 
miR-96, miR-29c, and miR-602, were related to virus 
infection and disease progression[81,84,95,98]. Therefore, 
miRNAs may serve as diagnostic markers. For example, 
miR-602 was overexpressed from the very early stage of  
chronic hepatitis to HBV-positive cirrhosis and HCC[98]. 
MiR-602 played an important regulatory role in HBV-
mediated hepatocarcinogenesis by inhibiting the tumor 
suppressive gene RASSF1A. Therefore, this miRNA can 
serve as an early diagnostic marker for HBV-mediated 
HCC. In HCV-related liver diseases, some deregulated 
miRNAs in liver tissues also have diagnostic potential. 
HCV-induced miR-155 could promote hepatocyte pro-
liferation and tumorigenesis by activating Wnt signaling 
and thus may be a useful biomarker for early diagnostics 
of  HCV-HCC[123]. With high specificity and selectivity, 18 
miRNAs exclusively expressed in HCV-HCC were identi-
fied by Diaz et al[126] and displayed particular clinical value 

in diagnosing HCV-HCC. Up-regulated miR-199a, miR-
199a*, miR-200a, miR-200b, and miR-221/222 were sig-
nificantly correlated to the grade of  liver fibrosis and may 
serve as biomarkers for stellate cell activation and liver 
fibrosis progression[127].

Although the miRNA expression profiles in liver tis-
sues were helpful in discriminating HCC from non-tumor 
tissues, they are not ideal as markers in the early diagnosis 
of  HCC for their invasiveness. Circulating miRNAs were 
specific and stable in body fluids such as blood or urine 
and can be used as potential diagnostic markers not only 
for HBV or HCV infection but also for the development 
of  HCC. In separating the control and HBV groups, se-
rum miR-375 or miR-10a individually had a 97.5% area 
under curve (AUC) of  receiver operating characteristic 
(ROC) while the combination of  miR-375, miR-10a, 
miR-223, and miR-423 resulted in 100% AUC. Serum 
miRNAs including miR-23b, miR-423, miR-375, miR-
23a, and miR-342-3p could clearly separate the HBV-
positive HCC group from the control with an AUC of  
99.9%[101]. A plasma miRNA panel (miR-122, miR-192, 
miR-21, miR-223, miR-26a, miR-27a, and miR-801) had 
a high diagnostic accuracy of  HBV-positive HCC re-
gardless of  disease status (Barcelona Clinic Liver Cancer 
stages 0, A, B, and C). This miRNA panel could also 
discriminate HCC from healthy liver, chronic hepatitis 
B and cirrhosis[108]. The expression profiles of  miR-21, 
miR-122, and miR-223 could serve as a novel biomarker 
for liver injury but not specifically for detection of  
HCC in chronic HBV-infected patients[105]. The serum 
miR-210 level may serve as a molecular biomarker for 
the severity of  hepatitis in patients with hepatitis B[110]. 
The serum miR-125b-5p and miR223-3p are potentially 
very early diagnostic biomarkers of  HBV-related HCC 
even at chronic hepatitis B stage of  liver disease[111]. Four 
serum miRNA signatures (let-7c, miR-23b, miR-122, 
and miR-150) can clearly separate occult HBV-infected 
patients from the control group with an AUC of  99.9%, 
although larger population studies are required to validate 
these findings[107]. Plasma miR-20a and miR-92a were 
increased in acute and chronic HCV-infected patients 
and HCV-infected fibrosis patients and thus may serve as 
biomarkers for the early detection of  HCV infection[137]. 
The urinary miRNAs signatures found by Abdalla et al[144] 
is of  great value for the early diagnosis of  HCC, before 
the onset of  disease in HCV-positive patients (Table 1).

MiRNAs as prognostic markers in HBV- or HCV-related 
diseases
MiRNAs were also suitable for predicting the HCC clin-
ical outcomes. A set of  19 miRNAs were significantly 
altered in cirrhotic and hepatitis B or C virus-positive 
livers, and this miRNA expression signature significantly 
correlated with disease outcome[83]. The expression 
levels of  miR-26 were reduced in HCC compared with 
adjacent non-tumor tissues. Moreover, tumor tissue with 
low miRNA-26 expression was associated with shorter 
overall survival but better response to IFN therapy than 
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tumor tissue with high miR-26. It hence appears to be a 
predictor of  survival[90]. MiR-29a-5p can be a novel pre-
dictor for early recurrence of  HBV-related HCC after 
HCC resection, especially in BCLC 0/A stage HCCs[145]. 
In HBV-associated HCC patients, the expression of  
low-Atg5 (autophagy-related genes), high-miR-224 and 
low-Smad4 shows significant correlation with HBV 
infection and poor overall survival rate[100]. ROC curve 
analysis revealed that the levels of  miR-122, miR-572, 
miR-575, miR-638, and miR-744 in serum can serve as 
molecular markers to predict liver injury resulted from 
chronic hepatitis B[102]. Murakami et al[146] found that 
HCC patients (mainly HCV-HCC) with high miR-18b 
expression had a significantly shorter relapse-free period 
than those with low expression after surgical resection. 
Joshi et al[131] identified a panel of  miRNAs associated 
with the severity of  HCV recurrence which can be used 
as biomarkers that are predictive of  aggressive recur-
rence after liver transplantation. Similarly, Gehrau et 
al[147] identified a 9 miRNA signature that can predict the 
severity of  hepatitis C virus recurrence after liver trans-
plantation (Table 1).

MiRNAs as therapeutic targets or drugs in HBV- or HCV-
related diseases
Many in vitro studies have indicated that miRNA-based 
therapy could efficiently inhibit HBV/HCV production 
and impair proliferation and invasion of  the HCC cells. 
With the advantage that one miRNA can simultaneously 
target multiple genes and pathways, and one gene or 

pathway can be targeted by multiple miRNAs, targeting 
miRNA may be an efficient antiviral or anti-HCC strat-
egy and be helpful in reducing the incidence of  therapy 
resistance. The application of  miRNA often involves two 
strategies: restoration of  miRNA with antiviral or tumor 
suppressor functions by reintroducing miRNA mimics 
or expression from transfected/transduced vectors and 
the inhibition of  miRNAs with virus promoting or onco-
gene-like functions by using miRNA inhibitors, such as 
antagomiRs and antimiRs. At present, only one miRNA-
based drug has entered and passed through human clini-
cal 1 and clinical 2a trials, the miRNA-122 inhibitor mi-
ravirsen. Miravirsen showed a promising antiviral activity 
with no obvious evidence of  virus escape in treatment-
naive HCV patients and thus may be useful in preventing 
HCV-related HCC[33,34]. 

Some studies also showed that miRNAs were involved 
in the response/resistance of  HCC cells to chemo-
therapy[38,39,116,148-153]. The classical miRNA is miRNA-122, 
which accounts for more than 70% of  all miRNAs 
present in hepatic cells. During chronic HCV infection, 
patients with decreased pretreatment liver miRNA-122 
levels responded poorly to IFN therapy[128]. Similarly, pa-
tients with higher pretreatment serum miRNA-122 levels 
showed early and sustained virologic response to pegylat-
ed IFN plus ribavirin therapy[38]. Restoration of  miRNA-
122-sensitized HCC cells to doxorubicin, sorafenib, 
adriamycin and vincristine occurs through inactivation of  
the CDK4-PSMD10-UPR pathway or down-regulation 
of  multidrug resistance-related genes[149-152]. Comprehen-

Table 1  miRNAs as potential hepatocellular carcinoma diagnostic and prognostic markers

miRNA Expression
(vs  control)

HCC etiology Clinical relevance Ref.

Liver miRNAs
   miR-29c Down HBV Diagnostic marker therapeutic agent [95]
   miR-96 Up HBV Diagnostic marker [84]
   miR-148 Up HBV Early diagnostic marker and/or therapeutic target for HBx-mediated HCC [81]
   miR-155 Up HCV Diagnostic marker therapeutic target [123]
   miR-221/222 Up HCV New markers for stellate cell activation and liver fibrosis progression [127]
   miR-602 Up HBV Early diagnostic marker [98]
Serum miRNAs
   miR-18b Up Mainly HCV Prognostic marker [146]
   miR-20a Up HCV Sensitive biomarker for early detection of HCV infection [137]
   miR-26 Down mainly HBV Prognostic marker [90]
   miR-29a-5p Up HBV Novel predictor for early recurrence of HBV-HCC after surgical resection [145]
   miR-92a Up HBV Novel biomarker for HBV infection and HBV-HCC [101]
   miR-122 Up HBV Novel biomarker for liver injury but not specifically for  HCC [102,105]
   miR-125b-5p Up HBV Novel biomarkers of HCC in very early, even at CHB stage of liver disease [111]
   miR-210 Up HBV A molecular biomarker for the severity of hepatitis [110]
   miR-223 Down HBV Novel biomarkers of HCC in very early, even at CHB stage of liver disease [111]
   miR-224 Up HBV Autophagy-miR-224-Smad4 in combination could be used prognostic marker [100]
   miR-375 Up HBV Novel biomarker for HBV infection and HBV-HCC [101]
   miR-572 Up HBV Biomarker for liver injury [102]
   miR-575 Up HBV Biomarker for liver injury [102]
   miR-638 Up HBV Biomarker for liver injury [102]
   miR-744 Down HBV Biomarker for liver injury [102]
Urinary miRNAs  
   miR-618 Up HCV Early diagnostic marker of HCC among high-risk HCV patients [144]
   miR-650 Down HCV Early diagnostic marker of HCC among high-risk HCV patients [144]

HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; HBV: Hepatitis B virus.

Fan HX et al . MicroRNAs interact with hepatitis B/C viruses



13487 October 7, 2014|Volume 20|Issue 37|WJG|www.wjgnet.com

sive expression profiling of  miRNAs in DOX-resistant 
and parental HCC HepG2 cells were recently analyzed 
by deep sequencing[153]. The authors identified a panel of  
differentially expressed known and novel miRNAs, and 
their target genes were mainly involved in the MAPK 
signaling pathway by function annotation analysis, which 
may help us to overcome DOX resistance in future HCC 
chemotherapy. 

CONCLUSION
The complex interactions between miRNA and HBV/
HCV were discussed in this review. HBV/HCV infection 
elicited changes in the host miRNA expression profile, 
and the altered miRNAs could in turn facilitate the vi-
rus life cycle and the development of  virus-associated 
diseases, which suggested that the deregulated miRNA 
profiles may serve as biomarkers and therapy targets for 
virus-mediated diseases. For their stability and specificity 
of  expression in tissue and circulation, miRNAs are good 
biomarkers for early diagnosis and prognostic predic-
tion. But the patient population, the sampling and testing 
technologies are often different in different studies, and 
the present testing technologies (including microarray, 
real time-PCR, and next generation sequencing) are either 
high cost or low sensitivity, all these factors limit their 
clinical application. With the broad regulatory roles of  
miRNAs, and for their small size and less antigenicity, 
miRNAs are good candidates for therapeutic targeting. 
However, in addition to the side effects and high cost, the 
stability of  miRNA modulators and the specific delivery 
system are the major challenges to overcome in advanc-
ing miRNA-based strategies from bench to bedside. In 
view of  the advantages and limitations of  application 
of  miRNA in clinic, further research into the precise 
molecular mechanism by which miRNAs regulate the 
pathogenesis of  virus-associated diseases will be help-
ful in early diagnosis, prognostic prediction and effective 
treatment of  these diseases.
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