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Abstract
Hepatitis B virus (HBV) infection is a global public 
health problem that causes persistent liver diseases 
such as chronic hepatitis, cirrhosis, and hepatocellular 
carcinoma. A large amount of people die annually from 
HBV infection. However, the pathogenesises of the 
HBV-related diseases are ill defined and the therapeu-
tic strategies for the diseases are less than optimum. 
The recently discovered microRNAs (miRNAs) are tiny 
noncoding RNAs that regulate gene expression pri-
marily at the post-transcriptional level by binding to 
mRNAs. miRNAs contribute to a variety of physiological 
and pathological processes. A number of miRNAs have 
been found to play a pivotal role in the host-virus inter-
action including host-HBV interaction. Numerous stud-
ies have indicated that HBV infection could change the 
cellular miRNA expression patterns and different stages 
of HBV associated disease have displayed distinctive 

miRNA profiles. Furthermore, the differential expressed 
miRNAs have been found involved in the progression 
of HBV-related diseases, for instance some miRNAs are 
involved in liver tumorigenesis and tumor metastasis. 
Studies have also shown that the circulating miRNA in 
serum or plasma might be a very useful biomarker for 
the diagnosis and prognosis of HBV-related diseases. 
In addition, miRNA-based therapy strategies have at-
tracted increasing attention, indicating a promising 
future in the treatment of HBV-related diseases.
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Core tip: The cellular microRNAs (miRNAs) involved in 
host-hepatitis B virus (HBV) interaction and each stage 
of HBV-related disease show distinctive miRNA expres-
sion profiles at the tissue or serum level indicating that 
miRNAs have marked potential in detecting or treating 
of HBV infection.
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INTRODUCTION
The hepatitis B virus (HBV) is a hepadnavirus that causes 
persistent liver diseases and have a major effect on global 
public health[1,2]. HBV, discovered in 1966[3], is transmit-
ted among humans by contact with the blood, semen or 
vaginal fluid of  an infected person. Approximately, one 
third of  the world’s population have infected HBV, and 
more than 350 million people have developed chronic 
HBV infection[4-6]. The severity of  HBV-related disease 
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varies widely, from a self-limited infection to acute hepa-
titis and from asymptomatic chronic infection to cirrhosis 
and hepatocellular carcinoma[7,8]. The factors affecting the 
prognosis of  HBV infection have not been determined. 
miRNAs was discovered recently and researchers have 
determined that it plays a pivotal role in host-virus inter-
actions[9-11]. By using the functions of  miRNA, we may 
explain the mechanism of  chronic HBV infection and 
discover novel biomarkers as well as new therapies for 
HBV associated diseases. 

Since numerous researches discovered that RNA does 
more than simply serves an intermediary function in “cen-
tral dogma”[12], the door to a brand new world of  RNA 
had been opened. The genomes of  organisms produce 
two types of  RNA, and mRNAs belong to the first type 
which can be used as translation templates. Besides, ge-
nomes manufacture a variety of  noncoding RNAs, includ-
ing the components of  the machinery of  gene expression 
and regulatory RNAs[13]. MicroRNAs (miRNAs) are non-
coding RNAs, and their mature forms are approximately 
22 nucleotides (nt) in length. When these RNAs were 
initially described in Caenorhabditis elegans (C. elegans)[14], 
they were hypothesized to be peculiar to nematodes[12,13]. 
Subsequent work revealed that miRNAs are common 
tiny nucleic acid molecules that can be found in plants[15], 
animals[16] and other organisms[17]. To date, the record of  
miRNAs has increased significantly. MiRbase 19, released 
in August of  2012, increased the numbers of  recognized 
hairpin and mature miRNAs to 21264 and 25141, re-
spectively[18-23]. In human, while the expression profiles 
of  some miRNAs in different cells or tissues are similar, 
other miRNAs may exhibit temporal or tissue-specific 
patterns[24,25], suggesting that miRNA may be involved in 
numerous physiological or pathological processes[26]. 

The biogenesis and action mechanism of  these tiny 
but potential molecules had been detailed described[24,25,27]. 
Briefly, they are not born so small, in other words, they 
have some larger progenitors. The processing of  the 
mature miRNA ancestors (primary and precursor miR-
NAs) is closely related to RNA polymerase Ⅱ (pol Ⅱ), 
Drosha, the GTP-dependent Ran/Exportin 5 complex, 
and the Dicer enzyme[24-32]. Generally, by binding to the 3’ 
untraslated regions of  their target mRNAs, miRNAs can 
serve as gene expression regulators, fine-tune the expres-
sion primarily at the post-transcriptional level and play 
critical roles in a variety of  physiological and pathologi-
cal processes, including antiviral defense, developmental 
timing, cell apoptosis, cell proliferation, tumor genera-
tion and so on[24,30,33-39]. One computational prediction 
indicated that more than 30% of  animal genes may be 
subject to regulation by miRNAs, which emphasizes the 
importance of  miRNA-mediated gene regulation[40,41].

HOST-VIRUS INTERACTION AT THE 
MIRNA LEVEL
Viruses are generally harmful to human, in order to pro-
tect our health, the battle between virus and host break 

out shortly after infection initiated. In this war, a large 
amount of  reports have indicated that cellular miRNAs 
serve a key role in protecting the host. However, we 
may be disappointed at the truth that viruses can use 
miRNAs as their weapons to fight the host. Remark-
ably, some features of  miRNAs ensure their effective-
ness as virally encoded regulators of  host and viral gene 
expression: they are small, lack of  immunogenicity and 
functional flexibility[42]. To facilitate an understanding of  
the intricacies of  host-virus cross-talk mediated by miR-
NAs, we designed an illustration (Figure 1) base on the 
review of  Scaria et al[9] In the interaction between virus 
and host, miRNAs can be divided into cellular miRNAs 
and viral miRNAs. To cellular miRNAs, their expression 
profiles changed at the infected state and the abnormal 
miRNAs often closely relate to the viral life cycle as well 
as host disorder. To viral miRNAs, they can evolved to 
regulate both viral and cellular gene expression[42]. 

Cellular miRNAs in host-virus interaction
Studies have noted that miRNA-mediated gene regulation 
involve in diverse biological processes in the mammalian 
system, including cellular miRNAs influence viral repro-
duction and pathogenesis[42,43]. Sometimes, viruses may 
exploit celluar miRNAs to facilitate certain steps of  their 
life cycle, a living example is hepatitis C virus (HCV) use 
miR-122, a liver-specific cellular miRNA, to enhance its 
replication of  itself  by targeting the viral 5’ non-coding 
region[34,44]. Another study showed that miR-122 knock-
down reduced the HCV load in infected chimpanzees[45] 
and the interferon-mediated down-regulation of  miR-122 
that contributes to antiviral effects[46]. In contrast, 
miR-122 serve as an antiviral role in HBV life cycle. For 
instance, Qiu et al[47] found that the miR-122 over-expres-
sion inhibited HBV expression, whereas the depletion of  
endogenous miR-122 resulted in increased production 
of  HBV in transfected cells. Their subsequent study sug-
gested that the miR-122 inhibitor also caused an increase 
in cellular heme oxygenase-1, which can decrease HBV 
covalently closed circular DNA (cccDNA) levels both in 
vitro and in vivo by reducing the stability of  the HBV core 
protein[48]. A recent study by Wang et al[1], indicated that 
miR-122 expression in the liver was significantly down-
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Figure 1  Logical model of host-virus cross talk mediated by microRNAs. 
Viral microRNAs (miRNAs) and cellular miRNA take part in the host-virus inter-
actions. Moreover, viral and cellular miRNA can influence the expression of viral 
and cellular genome. RISC: RNA-induced silencing complex.



regulated in patients with HBV infection compared with 
healthy controls. Depletion of  endogenous miR-122 and 
over-expression of  miR-122 led to enhanced HBV repli-
cation and inhibited viral production, respectively. Cyclin 
G1 was identified as an miR-122 target that specifically 
interacted with p53, resulting in the specific binding of  
p53 to the HBV enhancer elements and simultaneous 
abrogation of  the p53-mediated inhibition of  HBV tran-
scription. Ji et al[49] found that miR-122 was significantly 
up-regulated in HBV-infected patients and could inhibit 
HBV replication in Huh7 and HepG2 cells. Overall, to 
HCV and HBV, miR-122 can promote and inhibit viral 
replication respectively. In other words, cellular miRNAs 
can influence viral lifecycles by accelerative or suppressive 
mechanisms. 

Studies have reported the involvement of  cellular miR-
NAs in numerous host-virus interactions. HIV-1 can use 
cellular miRNAs to repress the expression of  viral proteins 
and evade the host immune system respose[11,50]. The repli-
cation of  primate foamy virus can be inhibited by cellular 
miR-32[43]. miR-24 and miR-93 were responsible for the 
increased vesicular stomatitis virus replication in variant 
Dicer1d/d allele mice[51]. The above instances indicate the 
diversity of  miRNA activity and indicate that host-derived 
miRNAs are essential for the host-virus interactions.

Viral miRNAs in host-virus interaction
A number of  the miRNAs that participate in the inter-
action between host and virus are viral. Pfeffer et al[52] 
initially discovered the existence viral miRNAs in the Ep-
stein-Barr virus (EBV). Analogous to cellular miRNAs, 
viral miRNAs have multifaceted functions[42], that gener-
ally benefit the virus in maintaining its replication, latency 
and evasion of  the host immune system[11]. Barth et al[53] 
showed that miR-BART2 down-regulates the viral DNA 
polymerase BALF5, inhibiting the transition from latent 
to lytic viral replication in EBV. Analogously, miR-BART-
1p, miR-BART16 and miR-BART17-5p have been found 
to repress the translation of  latency-associated membrane 
protein LMP-1 mRNA[11,54]. Additional examples of  viral 
miRNAs that regulate viral gene expression are found in 
HCMV, SV40, MDV, HIV-1 and other viruses[11].

Although numerous miRNA-produced viruses have 
been identified, the HBV-encoded miRNAs have not 
been confirmed experimentally but have been suggested 
by computation[55,56]. This discrepancy may be the re-
sult of  the limitations of  current technology and HBV-
derived miRNAs could be found in the future.

EMPHASIZING THE ROLE OF MIRNAS IN 
HBV INFECTION
A number of  cases of  host-virus interaction at the miR-
NA level have been mentioned above. To emphasize the 
role of  miRNAs in HBV infection, we intend to report 
additional details about the interaction between miRNAs 
and HBV (Figure 2).

Understanding the mechanisms of  miRNAs influ-

ence HBV infection requires the knowledge that HBV 
is a noncytopathic virus that replicates preferentially in 
the hepatocytes. cccDNA which serves as a template for 
transcription of  all viral RNA is synthetized And after 
HBV DNA enters the hepatocyte nucleus. The HBV 
genome is 3.2 kb in length and contains four overlapping 
open reading frames. It can transcribe viral pregenomic 
RNA that reverses transcription to synthesize the viral 
DNA genome and encode the hepatitis B virus surface 
antigen (HBsAg), hepatitis B virus core protein, viral 
reverse DNA polymerase (Pol) and X protein. Two 
enhancers, Ⅰ and Ⅱ, have been shown to function as 
two master regulators of  the four viral promoters[57-59]. 
Although the viral miRNAs encoded by HBV have not 
been verified[56], there are cellular miRNAs capable of  
inhibiting or stimulating HBV viral replication and gene 
expression. In addition, the products of  HBV can alter 
the miRNA expression profiles.

Cellular miRNAs targeting to HBV transcripts
A study of  Zhang et al[60], in attempt to determine 
whether host-encoded miRNAs affect HBV replication, 
antisense oligonucleotides of  328 identified human miR-
NAs were orderly transfected into HepG22.2.15 cells. 
The expression level of  HBsAg, hepatitis B e antigen and 
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Figure 2  The biogenesis of human cellular microRNAs and the mecha-
nism of the alteration hepatitis B virus gene transcription and replication. 
For simplicity, not all participators are shown. A: The biogenesis of microRNAs 
(miRNAs); B: The mechanism of cellular miRNAs regulates hepatitis B virus 
(HBV) gene transcription and replication can be direct and indirect. Cellular 
miRNAs can target to HBV transcripts (HBV surface antigen mRNA, HBV x 
mRNA, DNA polymerase mRNA, etc.), causing the alteration of HBV expres-
sion. Cellular miRNAs can also target to the mRNAs of a number of key regu-
latory proteins (liver-enriched transcription factors, nuclear receptors, heme-
oxygenase-1, DNA methyltransferases, etc.) in the process of HBV transcription 
and replication. Consequently, the amount of these proteins was changed, and 
the HBV gene transcription and replication were altered. RISC: RNA-induced 
silencing complex. Pol: Polymerase.
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rhosis and hepatocellular carcinoma. Numerous studies 
have detected that cellular miRNAs could influence the 
lifecycle of  HBV and HBV could change the miRNA 
expression profiles, reversely. Taking these factors into 
consideration, the miRNA profiles may change along 
with the severity of  HBV associated disease. So, we con-
centrated on the miRNAs expression patterns and their 
potential role in HBV associated chronic hepatitis, cir-
rhosis and HCC in the following contents.

miRNA profiles of chronic hepatitis B 
The miRNA profiles of  chronic hepatitis B (CHB) from 
numerous studies are controversial and complicated. On 
the one hand, a series of  study indicated that the miRNA 
expression patterns of  CHB are particular at the tissue 
or serum level[1,67-69]. For instance, a study of  Ura et al[68] 
suggested that the miRNA expression profiles in chronic 
hepatitis B were different from those in the healthy con-
trols and those in HBV-associated HCC, and hepatitis 
C. To the contrary, appliying massively parallel signa-
ture sequencing to conduct an in-depth analysis of  the 
miRNomes in normal human, hepatitis and HCC liver 
tissues, Hou et al[70] found that, except for in HCC, the 
known miRNAs exhibited a similar distribution in each 
library based on classification of  the transcripts permillion 
degrees. 

miRNA profiles of liver cirrhosis
A well-known trilogy of  hepatitis B is that chronic 
hepatitis B progresses into liver cirrhosis and HCC. An 
increasing number of  studies have focused on the expres-
sion patterns of  miRNAs during the cirrhotic stage to 
uncover their function in the progression of  hepatitis B 
and to seek novel therapies for cirrhosis. Roderburg et al[71] 
investigated the role of  miRNAs in liver fibrosis by car-
bon tetrachloride and bile duct ligation models of  liver 
fibrosis. Fibrosis-inducing injuries cause the abnormal 
expression of  many miRNAs. All three members of  the 
miR-29 family were significantly down-regulated under 
the disposes of  these models. To correlate these findings 
with HBV in human, they measured the miRNA pro-
files of  human liver samples, and found miR-29 family 
members were down-regulated in the fibrotic/cirrhotic 
tissues compared with the non-fibrotic tissues. In conclu-
sion, miR-29 family members were down-regulation both 
in mouse models and in human fibrotic livers. Hepatic 
stellate cells (HSCs) play a key role in liver fibrosis[72,73]. 
Roderburg group’s further study revealed that miR-29b 
was down-regulated in HSCs, upon exposure to fibrotic 
stress. On a cellular level, miR-29 down-regulation in 
murine HSC cells was mediated by transforming growth 
factor (TGF)-β as well as inflammatory signaling and nu-
clear factor kB (NF-kB). Forced expression of  miR-29b 
in murine HSCs can result in the repression of  collagen 
expression[71].

Additional studies report on miRNA regulation in the 
progression of  liver fibrosis. Compared with quiescent 
HSCs, Lakner et al[73] verified that miR-19b was a regu-

cell proliferation were detected by enzyme-linked immu-
nosorbent assay and methyltestosterone assay. Compared 
to the experimental controls, miR-199a-3p and miR-210 
efficiently reduced the HBsAg expression without affect-
ing HepG2 2.2.15 cell proliferation. Furthermore, they 
used the bioinformatics method to analyze six miRNAs, 
and the outcome suggested a putative binding site for 
miR-199a-3p in the HBsAg coding region and a binding 
site for miR-210 in the HBV pre-S1 region, respectively. 
Potenza et al[61] used MiRanda to analyze the HBV ge-
nome and found seven sites that were potential targets 
for human liver miRNAs. Their subsequent validation 
test found that hsa-miR-125a-5p interferes with the HBV 
translation and down-regulation of  the expression of  the 
surface antigen. These findings indicate that cellular miR-
NAs can alter HBV gene expression by targeting to HBV 
transcripts.

Cellular miRNA affects HBV replication
Cellular miRNAs can affect viral translation and change 
viral replication. In addition to the instance of  the 
miR-122 inhibition of  HBV replication, there are other 
cases about host miRNAs altering HBV replication. A 
study by Hu et al[33] suggested that miR-141 suppressed 
HBV replication by reducing HBV promoter activities 
through the down-regulation of  peroxisome proliferator- 
activated receptor alpha. DNA hypermethylation might 
be closely related to the suppression of  HBV cccDNA 
transcription[56], and miR-152 might be a factor involved 
in the regulation of  the methylation of  HBV cccD-
NA[62,63]. Zhang et al[64] revealed that cellular miRNAs do 
not consistently inhibit HBV replication. Collectively, 
miRNAs can directly or indirectly alter HBV replication.

HBV infection can change the host miRNA expression 
pattern
A recently study by Wei et al[65] showed that the hepatitis 
B virus x (HBx) protein expression was found to have a 
significant inverse correlation with miR-101 expression 
in HBx-expressing HepG2 cells compared to control 
HepG2 cells. Ren et al[66] found that Drosha (a regula-
tor of  the biogenesis of  miRNAs) mRNA and protein 
expression were down-regulated in cells expressing the 
HBV genome, and that the mechanism was related to a 
reduction in the activity of  the Drosha gene promoter. 
By using RNA interference to knockdown the HBX 
gene, the expression of  Drosha was significantly restored. 
Their date showed that HBV could inhibit Drosha ex-
pression by inhibiting the promoter activity and in turn, 
leading to an alteration of  the host miRNA profiles[66]. 
These studies suggested that HBV infection can alter the 
miRNA expression profiles.

MIRNA PROFILES OF HBV-ASSOCIATED 
DISEASE
The consequences of  HBV infection are diverse and can 
be ranged from asymptomatic chronic infection to cir-
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lator of  TGF-β signaling in activated HSCs, it play an 
inhibitory effect in HSC-mediated fibrogenesis. Another 
study suggested that liver fibrosis could cause the down-
regulation of  miR-150 and miR-194 in HSC, and that 
their over expressions could repress HSC activation. 

miRNA profiling in HBV-related HCC
Chronic hepatitis B is closely relate to HCC. In recent 
years, numerous studies that focused on the miRNA 
profiling in HBV-related HCC identified a number of  
deregulated miRNAs which are critical for the genera-
tion of  HCC. Gao et al[74] isolated miRNAs from forma-
lin fixed paraffin embedded dysplastic nodules (DNs), 
small HCCs, and their corresponding nontumorous liv-
ers. They investigated the expression changes of  seven 
cancerrelated miRNAs, which have been reported to be 
frequently deregulated in human cancers and might play 
a role in liver carcinogenesis. They frequently observed 
the down-regulation of  miR-145 and miR-199b as well 
as the up-regulation of  miR-244 in premalignant DNs, 
moreover these alterations persisted throughout the HCC 
development. By restoring miR-145 in both HepG2 and 
Hep3B HCC cells, they found that cell proliferation, cell 
migration and cell invasion were significantly inhibited. 
What’s more, an anti-miR-145 inhibitor could impair 
these inhibitory functions of  miR-145. This study sug-
gested that miRNA deregulation was an early event and 
may accumulate throughout the generation of  HBV-asso-
ciated HCC[74]. A study from Hou et al[70] identified miR-
199a/b-3p which consistently decreased in HCC, and its 
decrement significantly correlates with poor survival of  
HCC patients. Huang et al[63] suggested that miR-152 was 
aberrantly expressed and involved in the regulation of  the 
abnormal DNA methylation status in HBV-related HCC. 

Interestingly, one miRNA was found to be up-
regulated and contribute to enhancing HBV-related HCC 
metastasis by repressing the expression of  fibronectin[75]. 
Zhang et al[75] reported that the levels of  miR-143 were 
significantly increased in p21-HBx transgenic mice and 
HCC patients with metastatic HBV-HCC. Furthermore, 
they found that the over-expression of  miR-143 was tran-
scribed by NF-kB and facilitates the invasive and meta-
static behavior of  liver tumor cell. In an athymic nude 
mouse model, they found that high levels of  miR-143 ad-
ministered by intratumoral administration could remark-
ably promote HCC metastasis. And they used p21-HBx 
transgenic mice to show in vivo that local liver metastasis 
and distant lung metastasis were significantly inhibited 
by blocking miR-143. What’s more, fibronectin type Ⅲ 
domain containing 3B was identified in vivo and in vitro as 
the target of  miR-143[75].

A NOVEL DIAGNOSTIC BIOMARKER OR 
PROGNOSTIC PREDICTOR
The expression profiles of  miRNAs in different stages of  
HBV-associated diseases are always inconsistent. More-
over, a portion of  miRNAs are closely related to the stage 

of  this liver disease and often play a crucial role in their 
progression[68,69,71,73-75]. Therefore miRNAs can serve as the 
role of  biomarker in the diagnosis of  HBV-related disease 
(Figure 3). Studies have reported that miRNAs could be 
stably detected in plasma and serum[76-78]. Chen et al[77] 
demonstrated that miRNAs could be found in the plasma 
and serum of  humans and that their levels in serum were 
stable, reproducible, and consistent among individuals of  
the same species. In their study, Solexa was employed to 
sequence all of  the serum miRNAs of  healthy Chinese 
subjects and to identify specific expression patterns of  
serum miRNAs for lung cancer, colorectal cancer, and 
diabetes. They validated two non-small cell lung cancer-
specific serum miRNAs in an independent trail using 
quantitative reverse transcription polymerase chain reac-
tion (qRT-PCR) assays. These results showed the exis-
tence of  human serum miRNAs and suggested that these 
miRNAs contain fingerprints for diverse diseases[77]. 
Hence, assaying miRNA profiles could become a novel 
approach for detecting HBV-related diseases.

More powerful biomarkers are needed to compensate 
for the defects of  the existing diagnostic means for de-
tecting HBV-related liver injury and HCC[69,79-83]. In blood 
samples, alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) are the most widely used enzy-
matic indicators for liver damage[84]. But enhanced ALT 
and AST activities have been detected in some other 
clinical disorders[81,82]. In clinical practice, these two mark-
ers are not always consistent with histomorphological 
alterations[80]. One of  the reasons for the high mortality 
in HBV-related HCC is that the tumors are frequently 
identified after metastasis at a stage in which curative 
resection is no longer feasible[69]. We rely on radiology 
imaging methods such as ultrasonography, computed to-
mography, and magnetic resonance imaging to find a liver 
mass to diagnose HCC. These methods can not diagnose 
small lesions accurately[69]. The most commonly used se-
rum HCC markers, α-fetoprotein (AFP), has insufficient 
sensitivity and specificity[69,85,86].

Collectively, there is an urgent need for novel strate-

Figure 3  The aberrant expressed microRNAs and their potential use in 
hepatitis B virus infection. Hepatitis B virus (HBV) infection can alter the 
expression profiles of cellular microRNAs (miRNAs). Except the unchanged 
miRNAs, up-regulated (such as miR-143, miR-122, miR-22 etc.) and down-
regulated miRNAs (miR-101, miR145, miR-199b etc.) are promising for detect-
ing and treating HBV-related diseases.
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gies in the detection of  HBV-related disease, and miR-
NAs could become a novel and powerful biomarker.

miRNAs can be used to detect liver injury and HBV 
infection
Several recent reports suggested that miRNAs could 
be used as an indicator of  liver injury and HBV infec-
tion[49,67,84,87]. Zhang et al[84] selected and validated miRNA 
biomarkers using an extensive set of  plasma samples 
from patients with HBV infection, patients with skeletal, 
and healthy controls. Combining these experimental 
results with their further investigation in liver injury 
mouse models, these authors reported that the plasma 
miR-122 concentration presented a disease severity-
dependent change in the patients and mouse models that 
earlier than the alteration in aminotransferase activity. 
Their findings suggested that miR-122 had potential as a 
blood marker for liver injury including HBV associated 
injury[84]. Waidmann et al[67] investigated the relationship 
between miR-122 and HBV infection, suggested that the 
serum levels of  miR-122 can discriminate between HBV 
infected patients and healthy controls. Ji et al[49] found that 
the numbers of  circulating miRNAs increased with the 
symptom severity of  HBV infected patients and that the 
expression of  miR-122 was significantly up-regulated in 
these patients.

miRNAs other than miR-122 had been reported to 
get the ability of  indicating HBV infection. Hayes et al[87] 
found a number of  disease-specific serum miRNAs of  
HBV infection, including miR-122, miR-22, and miR-99a 
which were up-regulated at least 1.5-fold in the serum of  
HBV-infected patients.

miRNAs may become the diagnostic and prognostic 
marker of HBV-positive HCC or HCC
Early diagnosis of  HCC plays a vital role in reducing 
mortality, but the existing  strategies are not effective. A 
number of  miRNAs had been found to have the poten-
tial to become the diagnostic and prognostic markers of  
HCC[69,88-94].

Tomimaru et al[69] measured the plasma miR-21 levels 
of  different subjects including HCC patients and chronic 
hepatitis patients. In their study, plasma miR-21 was sig-
nificantly reduced after a curative resection in HCC, and 
the level in the HCC subjects was significantly higher 
than the levels in the patients with chronic hepatitis and 
healthy controls. These authors found that miR-21 could 
differentiate HCC from healthy controls with high sen-
sitivity and specificity. In theory, miR-21 was superior to 
AFP in the diagnosis of  HCC. In a study with several 
phases, Qi et al[93] found that the serum miR-122 level was 
significantly higher in HCC patients compared to healthy 
controls and post-operative subjects. Their findings in-
dicate that miR-122 might serve as a novel biomarker 
for the detection of  HCC in healthy subjects but is not 
useful for the detection of  HCC in patients with chronic 
HBV infections[93].

Li et al[92], employed Solexa sequencing to screen 

and qRT-PCR to validate miRNAs in serum samples. 
Thirteen miRNAs were found that could accurately 
distinguish not only HBV cases from healthy and HCV 
individuals, but also HBV-postive HCC subjects from 
healthy and HBV subjects. Additionally, in a comparison 
of  miRNA expression in the serum of  HCC subjects and 
healthy controls, six miRNAs were found to be signifi-
cantly elevated in the samples from HCC. Three miRNAs 
(miR-25, miR-375, and let-7f) can be used to separate 
HCC cases from healthy controls. In the prediction of  
HCC, miR-375 had an ROC of  0.96 (specificity: 96%; 
sensitivity: 100%).

Although the outcomes of  these studies are not uni-
form, the data have shown that miRNAs are promising 
for detecting HCC or HBV-positive HCC. A number 
of  reports have indicated that the expression of  miR-
NAs could anticipate the prognosis of  HCC[89,91]. Using 
Kaplan-Meier estimates and the log-rank test, Li et al[91] 
showed that high expression of  has-miR-125b was re-
lated to good survival and a subsequent transfection as-
say showed that forced expression of  miR-125b in the 
HCC cell line could perceptibly repress the cell growth 
and phosphorylation of  Akt. Budhu et al[89] created a 
unique 20-miRNA metastasis signature that could sig-
nificantly predict HCC tissues with venous metastases 
from metastasis-free solitary tumors with a 10-fold cross-
validation. In the corresponding noncancerous liver 
tissues they could not identify significant miRNAs. A 
survival risk prediction analysis revealed that the majority 
of  metastasis-related miRNAs were related to survival. 
Their additional validation experiments revealed that the 
20-miRNA tumor signature could serve as a survival and 
relapse predictor of  HCC[89].

Although miRNAs have significant potential, a num-
ber of  problems remain. Too many miRNAs have been 
identified to be practically applied for routine clinical use, 
and the accuracy of  the miRNA signatures has not been 
adequately evaluated[95]. These factors may result in inac-
curacy or incorrect diagnosis and prediction outcomes.

EMPLOYING MIRNAS OR ANTAGOMIR IN 
HBV THERAPEUTIC
The closely relationship between miRNAs and HBV-
related diseases offers an opportunity to use miRNAs 
or antagomir in the treatment of  these diseases (Figure 
3). The feasibility of  this method has been demonstrat-
ed[96-99]. Grimm et al[100] showed that anti-HBV shRNAs 
might cause serious toxicity in vivo. Although a miRNA-
based strategy is promising, its therapeutic application 
must be dependent on rigorously demonstrated safety, ef-
ficient delivery to target tissues and optimization shRNAs 
dosing and sequencing[100,101]. To obtain an optimal solu-
tion for a miRNA-based strategy, Keck et al[102] produced 
improved HBV RNAi triggers, Ely et al[103] designed pri-
miRNA expression cassettes and linear DNA sequences 
that expressed antiviral micro-RNA shuttles[104], and 
Xiangji et al[105] developed a lentiviral miRNA-based sys-
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tem. Improved miRNA-based therapeutic methods could 
successfully inhibit HBV replication or expression. A 
promising miRNA-based HBV therapy method has not 
been well established but could be designed successfully 
in the future.

CONCLUSION
In this review, we limited our focus to the role of  miR-
NAs in host-virus interactions, especially in host-HBV in-
teractions. HBV infection is a global issue, but the patho-
genesises and therapies of  HBV-related diseases are not 
well defined. In the years since miRNA was discovered in 
C. elegans and subsequent studies revealed that miRNA are 
involved in many physiological and pathological processes 
in humans, scientists have observed that miRNAs played 
a key role in viral diseases and could serve a guardian or 
aggressor role. Regarding to HBV infection, cellular miR-
NAs were found to influence HBV translation and repli-
cation and HBV was found to change expression profiles 
of  cellular miRNA. This finding led to the possibilities of  
miRNAs serving as biomarkers and of  miRNAs or an-
tagomirs serving as therapeutic tools in HBV-related dis-
eases (Figure 3). Studies have indicated that the blood or 
tissue samples from the different stages of  HBV-related 
disease presented distinctive miRNA expression patterns 
and that miRNA-based therapy is feasible. 

Although many experimental studies have confirmed 
the capacity of  miRNAs or antagomirs to detect or treat 
HBV-related diseases, adequate evaluation of  their ac-
curacy, efficacy, and cost-effectiveness is required. Fur-
ther research into the relationship between miRNAs and 
chronic HBV infection may increase the understanding 
of  hepatitis B virus infection and miRNAs could become 
accurate biomarkers and powerful therapy tools.
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