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Abstract

MicroRNAs (miRNAs) comprise an important class of small (about 22 nt) conserved
nonprotein-coding RNAs that specifically regulate cellular gene expression at the
post-transcriptional level. Increasing researches showed that miRNAs have emerged

as critical regulators involved in diverse physiological and pathological processes, in-
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cluding such as proliferation, differentiation and development, apoptosis and patho-
gen-host interactions. This review summarizes the crucial roles of miRNAs in repli-
cation of the Hepatitis B virus (HBV) and the mechanism underlying dysregulation
of miRNAs in HBV-associated diseases. MiRNAs are emerged as essential regulators
of HBV replication and pathogenesis. To a certain extent, miRNA is a new promising
biomarker and useful strategy for diagnosis of HBV-related diseases.

Keywords

MicroRNA, HBV, Expression, Regulation, Biomarker

1. Introduction

MicroRNAs (miRNAs) are an abundant class of small (about 18 ~ 25 nt) conserved
non-coding RNA molecules that specifically regulate cellular gene expression at the
post-transcriptional level [1]-[3]. MiRNAs are processed from the short imperfect
stem-loop precursors which can be encoded in genomes of plants, animals and viruses.
Until now, it is believed that miRNA be firstly transcribed as long primary miRNA,
which is processed into 60 ~ 80 nt miRNA precursor (pre-miRNA) by cellular RNases
IIT Drosha [1] [4] [5]. Subsequently, the pre-miRNAs are transported from nucleus to
cytoplasm by Exportin-5 and finally cleaved into ~22 nt duplexes [1] [6]-[8], which are
the mature miRNAs.

DOI: 10.4236/jbise.2016.910B011  September 23, 2016



http://www.scirp.org/journal/jbise
http://dx.doi.org/10.4236/jbise.2016.910B011
http://www.scirp.org
http://dx.doi.org/10.4236/jbise.2016.910B011

G.Y.Chenetal.

The miRNA first discovered was the Caenorhabditis elegans heterochronic gene
lin-4, which inhibits translation by pairing with partially homologous sequences lin-14
in the 3’-untranslated region (UTR) [1] [4] [5] [9]. Up to now, thousands of miRNAs
have been identified in animals, plants and virus and their corresponding targets have
been reported in kinds of species [10]-[19]. A large number of studies have revealed
there are more than 700 different human miRNAs [20] [21], which have been estimated
to control 20% - 30% of human genes. Extensive reports have demonstrated the impor-
tance of miRNA-mediated regulation in the key processes, such as proliferation, diffe-
rentiation and development, apoptosis, cellular identity and pathogen-host interactions
[22]-[26].

However, the mechanism that miRNA regulates gene expression is not completely
elucidated, and only in a few examples (lin-4 and let-7 in Caenorhabditis elegans, ban-
tam and mir-14 in fly, and microRNA-23 in human) the relevant biological function of
miRNAs has been illuminated [10]. According to the prevalent understanding, the base
2 - 8 of the 5 end of the miRNA, which is named as seed sequence, can be perfectly
complemented with the 3’°UTR of target mRNA [1]. Currently, more and more evi-
dences indicated that miRNAs can take significant part in virus infection. It has been
shown that miR-122 is critical for hepatitis C virus (HCV) infection [27] [28]. Similarly,
miRNA acts an essential role in replication of the Hepatitis B virus (HBV), and patho-
genesis of HBV-related diseases. The expression profile of microRNAs in liver cells can
be changed under HBV infection. To a certain extent, miRNA is being the potential
biomarker for disease diagnosis [29].

The Hepatitis B virus was discovered in 1966, but even after 50 years, it is still a ma-
jor global public health problem [30], especially in Asian and African countries. Ap-
proximately 350 - 400 million people are affected with HBV in the world, and up to 1
million suffer from are HBV-related complications every year, including viral hepatitis
and hepatocellular carcinoma (HCC) [31]. HBV virions are ~42 nm double-shell par-
ticles. The genome contains four open reading frames (ORF) (S, C, P and X) which en-
code four major proteins (HBsAg, HBcAg, DN polymase and protein) respectively. Af-
ter HBV infects the liver cells, the closed circular DNA (cccDNA) in the nucleus is
formed. This cccDNA, as the transcriptional template, is translated by RNA polymase
to generate four major RNA transcripts (3.5 nt, 2.4 nt, 2.1 nt, 0.7 nt), the protein tran-
scripted are processed in the ribosomal and Golgi and finally exported from the cell as

full virons by vesicular transport [32]-[35].

2. HBV Modulate Host-Related MiRNA Expression

After HBV infection, the host-related miRNAs expression can be changed, creating the
conditions for further chronic persistent infection. Research showed that HBV could
down-regulate miR-101-3p expression by inhibiting its promoter activity, which caused
the up-regulation of Raplb. While, overexpression of miR-101-3p inhibited these
processes. Furthermore, the overexpression of Rap1lb was able to reverse the suppressed

cell proliferation and migration mediated by miR-101-3p [36].
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The X protein (HBx) encoded by HBV gene, which relative molecular mass is about
1.7 x 104, is a multifunctional protein and plays an crucial role in the process of
changing host-related miRNAs expression. HBx has trans-activation of cellular and vial
genes, which has been implicated in mediating multiple viral and cellular events in
HBV-infected cells, including viral replication, transactivation of transcription factors,
signal transduction, cell-cycle progression, and cell death [37]-[39]. In addition, HBx
protein has been implicated in the development of hepatocellular carcinoma by inter-
fering with normal cellular processes. MiR-101 expression was down-regulated through
targeting DNA methyltransferase 3A (DNMT3A) in HBV-related HCC tissues com-
pared to adjacent noncancerous hepatic tissues. HBx-mediated miR-101 down-regula-
tion and DNMT3A up-regulation supported the enhanced DNA methylation of several
tumor-suppressor genes in HBx-expressing cells. The study demonstrated that the de-
regulation of miR-101 expression by HBx probably provided a potential miRNA-based
targeted approach for treating HBV-related HCC [40]. It is knowned that HBx play a
critical role in the molecular pathogenesis of HBV-related HCC. Research found that
HBx could suppresse p53-mediated activation of miR-148a. Expression of miR-148a
was downregulated and negatively correlated with HPIP, a crucial regulator of cancer
cell growth, which was upregulated in patients with cancer. Moreover, miR-148a re-
duced the growth, epithelial-to-mesenchymal transition, invasion, and metastasis of
HBx-expressing hepatocarcinoma cells by inhibiting the HPIP-mediated mTOR signal-
ings. To some certain extent, MiR-148a activation or HPIP inhibition may be a poten-
tial strategy for liver cancer treatment [41].

It has been reported that miR-205 can inhibit tumor Growth in vitro, and miR-205
expression level was inversely correlated with HBx [42]. HBx can induce miR-205
promoter to inhibit its expression, leading to the development of liver cancer. Besides,
HBx can enhance expression of hepatoma cells miR-16 family in vitro, thereby promote
the proliferation of hepatoma cells [43]. Therefore, HBx plays an important role in the
development of HBV -related HCC.

3. Host Cell MiRNA Regulate Transcription of HBV

Accumulating evidence suggests that host-encoded miRNAs affect the replication and
transcription of HBV. After liver cells infected with HBV, the expression of host cell
miRNA can be changed. On the one hand, miRNA can promote transcription of HBV
and induce the transformation of host cell to tumor cells. On the other hand, miRNA

can inhibit the packaging and replication of HBV.

3.1. Host Cell MiRNA Regulate HBV Transcription

The HBV transcription is promoted mainly through two enhancers (enhancers I and II)
and promoters of four region encoded. HBV enhancers promote transcription through
the combination of STAT3 and HNF1/4 [44]. The C/EBP (CCAAT-binding protein)
regulate HBV transcription positively by activating HBV enhancers or combination
with the promoter region of C and S [45] [46]. MiRNA-155 inhibit HBV transcription
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by regulating C/EBP-p negatively [47]. MiRNA-1 enhances Hepatitis B core Antigen
(HBcAg) transcription by activating FXRA (transcription factor) [48]. Compared with
male primary liver cancer patients, the expression of miRNA-18a in the female liver
tissue is significantly upregulated. The experiment has proved that, miR-18a could re-
gulate HBV transcription positively and promote the proliferation of liver cancer cells,
through a combination of 3’untranslated region of the mRNA and expression of estro-
gen receptors down regulated [49].

However, compared with HepG2 cells, the report suggest that up-regulation of
miR-199a-3p and miR-210 in HepG2 2.2.15 cells down-regulate HBV replication and
maintenance of a suitable level of virion production in persistent infection by targeting
crucial HBV genes. The results indicate that MiR-199a-3p and miR-210 target the HBV
S protein coding region and pre-S1 region, respectively [49]. MiR-501 can partially
promote HBV replication by targeting HBXIP. So, knockdown of miR-501 can put up a
new therapeutic way for suppressing HBV replication [51].

In addition, miR-7, miR-196b, miR-433, miR-511 can negatively regulate polymerase
encoded HBV DNA gene and HBsAg gene. miR-205 negatively regulates transcription
of X Zone gene and miR-345 negatively regulates transcription of target gene fragment
pre-C [52]. It has been reported that serum miR-122 levels were significantly associated
with HBsAg, and miR-122 can serve as an important indicator of viral transcription
[53]. miR-581 can upregulate HBsAg expression by targeting Dicer and EDEM1 during
hepatocarcinogenesis. Down regulation of miR-581 during hepatocarcinogenesis may

result in reduction in HBsAg expression and impede HCC development [54].

3.2. MicroRNA Regulate HBV Replication

MiRNA can not only regulate HBV transcription, but also has important implications
in HBV replication. The increasing researches on miRNA of HBV infection and related
diseases is miR-122, it shows high expression in normal liver, and participates in lipid
metabolism in the liver, differentiation and malignant transformation [55]. Overex-
pression of miR-122 can inhibit the replication of HBV and normal expression of miR-
122 can down-regulate hemachrome oxygenase-1 (HO-1) expression. The major role
acted by HO-1 in the HBV is reducing the stability of HBV core protein and reducing
HBYV cccDNA level [56]. Thus, miR-122 can inhibit HBV replication and make contri-
buting to viral packaging [56]. Whereas, some reports implied that miR 122 expression
was significantly downregulated in patients with chronic HBV infection, and Cyclin
G1, as miR-122 target gene in patients with chronic infection in vivo, was highly ex-
pressed. Therefore, miR-122 can negatively regulate Cyclin G1 expression, and inhibit
HBYV replication [57] (Table 1). Overexpression of miR-29c¢ effectively suppressed HBV
DNA replication as well as inhibited cell proliferation and induced apoptosis by target-
ing TNFAIP3 (tumor necrosis factor alpha-induced protein 3) in the development and
progression of HCC [58].

DNA methylation takes a great part in host gene silencing and suppressing HBV

cccDNA transcription [44]. Several results reveal that compared with adjacentnon-
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Table 1. The aberrantly expressed miRNAs and potential biomarker in HBV-related disease.

miRNA miRNA expression HBYV replication Target genes Biomarker reference
miR-1 t(+) t(+) HDACH4 t PB [44]
miR-15b t(+) t(+) HNFla ND [64]
miR-29¢ t(-) 1(+) TNFAIP3 PB [58]
miR-33a t(+) t(+) TGF-p1 PB [69]
miR-17-92 t(-) 1& CyclinG1 ND [65]
miR-101 e t (=) DNMT3A ND [40]
miR-101-3p 1™ t (=) ND ND [36]

miR-122 1™ t(-) CyclinG1 | ND [56] [57]
miR-125a t(-) 1= ND ND [62]
miR-125b t(-) 1= SCNNIA ND [63]
miR-138 1 (+) 1 (+) CCND3 ? ND [61]
miR-141 t(-) 1e PPARA | ND [60]
miR-152 L) L+ DMNTI t ND [59]
miR-181a t(+) t(+) E2F5 | ND [35]
miR-199a-3p t(-) 1& mTOR, c-Met ND [50]

miR-210 t (=) 1= ND PB [50] [66]
miR-501 t(+) t(+) DMNT1 | PB [51]
miR-602 t(+) T(+) RASSFIA ND [44]

Abbreviations: “ 1 ?, upregulated; “ | ”, downregulated; “+”, promotion; “~”, inhibition; “PB”, potential biomarker; “ND”, not determined.

cancerous hepatic tissues, the expression of miRNA-152 was down-regulated in HBV-
related HCC tissues. That is to say, the expression of miRNA-152 was inversely corre-
lated to DNA methyltransferase 1 (DNMT1) expression in HBV-related HCCs. Find-
ings show that miR-152 is frequently down-regulated and regulates DNMT1 in HBV-
related HCC, which support a tumorsuppressive role of miR-152 in the epigenetic ab-
erration of HBV-related HCC. Expression of miR-152 was down-regulated and HBV
replication was inhibited by targeting crucial HBV genes [59].

In addition, miRNAs can regulate HBV replication and keep the maintenance of a
suitable level of virion production in persistent infection through modulate the HBV-
related factors or other associated molecules. Report shows that miR-141 can signifi-
cantly suppress HBV expression and replication, and the results indicate that peroxi-
some proliferator-activated receptor alpha (PPARA) is the target of hsa-miR-141 dur-
ing this process [60]. MiR-181a can negatively regulate E2F5, which is transcription
factor, and promote HBV replication [34]. Research proved that miR-138 was down-
regulated in 77.8% of HCC tissues compared with adjacent non-tumor tissues. The
downregulation of MiR-138 expression induced upregulation of CCND3 (cyclin D3)
expression, and then, the cell cycle was stagnated [61]. MiR-1 can promote HBV repli-

82

K
0:52: Scientific Research Publishing



G.Y.Chenetal.

cation by activateing Farnesoid X receptor (farnesoid X receptor a, FXRA) and down-
regulate the HDAC4 (histone deacetylase 4) [44]. miR-125a binds the viral transcript
encoding the surface antigen and interferes with its expression, thus, it can inhibite
HBYV replication [62]. Expriments found that expression of miR-125b supressed HBV
DNA intermediates and secretion of HBsAg and HBeAg. MiR-125b also inhibited the
mRNA and protein levels of its potential target gene SCNN1A (sodium channel, non-
voltage-gated 1 alpha). Dual luciferase reporter system showed that SCNN1A was one
of the targets of miR-125b [63]. Research found that miR-15b was able to promote
HBV replication by augmenting HBV Enhancer I activity via direct targeting HNF1a,
on the contrary, HBV replication, antigens expression and particularly the HBx protein
repressed the expression of miR-15b. The reciprocal regulation between miR-15b and
HBV can control the level of HBV replication [64].

Finally, the oncogenes can regulate the HBV replication with miRNA. The over-
expression of miRNA-17-92 can suppress HBV replication in hepatoma cells (Table 1)
[65]. Host cell affects HBV replication through cytokines or genes HBV-related, and
the mechanisms can provide new approaches for the treatment of HBV related disease.

4. Chronic HBV Infection Affects Host MiRNA

Chronic HBV infection altered hepatocytes and whole body dynamic balance, and fially
cause the occurrence of liver cirrhosis and HCC. Chronic infection plays a great part

role in miRNA of host serum and liver cells.

4.1. Influence of HBV on the MicroRNA Expression in Host Serum

The template is designed so that author affiliations are not repeated each time for mul-
tiple authors of the same affiliation. Please keep your affiliations as succinct as possible
(for example, do NOT post your job titles, positions, academic degrees, zip codes,
names of building/street/district/province/state, etc.). This template was designed for
two affiliations. Due to the influence of HBV having on miRNA of host serum is spe-
cific, specific expression of miRNA plays an important role in diagnosis of HBV-related
diseases. To confirm relationship between hypoxia and miR-210 levels, the concana-
valin A murine hepatitis model and inflammation were used. The results show that the
miR-210 elevation might be related to the decreases in HepG2.2.15 cell dehydrogenase
activity and HBV replication under hypoxic conditions. The liver inflammation can
lead to liver hypoxia and cause liver and serum miR-210 levels elevation. So, the serum
miR-210 level might be a potential biomarker for severity of hepatitis increases in liver
hypoxia and miR-210 [66].

In addition, experiments show that the level of serum miR-17-5p is associated with
development of HCC, the expression of serum miR-17-5p was significantly down-
regulated in the post-operative group and up-regulated in the relapsed group. Hence,
serum miR-17-5p may be a ideal biomarker for the prognostic prediction of HCC pa-
tients [67].

A panel detected expression of miR-150 using a real-time quantitative RT-PCR in
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350 serum samples (120 samples from controls, 110 samples from CHB patients and
120 samples from HCC patients). The results showed that serum miR-150 levels were
strikingly reduced in HCC patients, compared with healthy controls and CHB patients.
Serum miR-150 levels were increased after surgical operation and decreased after tumor
recurrence. HCC patients with lower serum miR-150 had a significantly shortened
overall survival. Serum miR-150 can be a non-invasive biomarker for the diagnosis and
prognosis of HCC patients [68].

In the serum of patients with liver cancer and cirrhosis, the miR-885-5p expression
has upregulation and has a higher specificity [32] [33]. The expression levels of miR-
125b-5p were up regulated in CHB, HBV-positive cirrhosis and HBV-positive HCC,
HBV-positive HCC, respectively. Whereas, the expression levels of miR-223-3p were
down regulated in same comparisons. Thus, miR-125b-5p and miR-223-3p can be used

as a potential marker for the detection of liver disease [33].

4.2. HBV Influence on the MicroRNA Expression in the Host Tissues

A panel showed that miR-33a expression levels in liver tissue of CHB patients remarka-
bly increased with a fibrosis progression manner in the human liver. In addition, serum
miR-33a levels associated positively with progressing process of hepatic fibrosis.
miR-33a was in particular increased in hepatic stellate cells (HSC) than other liver fi-
brosis-associated cells. Stimulation of HSCs with transforming growth factor-f1 (TGF-
pl) resulted in significant increase of miR-33a, which reversely enhanced the activation
role of TGF-41 in LX-2 cells. miR-33a may be a novel therapeutic target in liver fibrosis
[69].

Compared with the expression of liver cancer miRNA in patients has remarkable
discrimination with that of non-malignant tumour patients. The expression of miRNAs
(miR-21, miR-22, miR-224, miR-34a, miR-221/222, miR-106a, miR-203) in liver cancer
obviously upregulate. However, the expression of miRNAs (miR-34c, miR-139, miR-
422b, miR-145 and miR-199b) obviously downregulate [37] [70]-[74]. Moreover, miR-
602 expression in chronic HBV infection and liver cells significantly upregulated. The
expression level of miR-602 was gradually rising with the deterioration of the liver can-
cer. MiR-602 leads to the occurrence and development of a series of liver disease
through inhibiting RASSF1A (Ras-association domain family 1A gene) expression and
regulating hepatocyte growth [44].

5. Conclusions

During the last decade, miRNAs have emerged as critical regulators of HBV replication
and pathogenesis. There have been extensive researches demonstrated the relationship
between miRNAs’ aberrant expression and HBV-related diseases (Table 1). Several
miRNAs can promote transcription of HBV and induce the transformation from host
cells to tumor cells, for example, miR-1 and miR-18a could regulate HBV transcription
positively and promote the proliferation of liver cancer cells. However, some micro-

RNAs can inhibit packaging and replication of HBV, for example, miR-122 expression
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was significantly downregulated in patients with chronic HBV infection and can inhibit
packaging and replication of HBV. On the contrary, HBV infection can regulate the
expression of microRNAs in the host serum, for example, the expression of serum
miR-17-5p was significantly down-regulated in the post-operative group and up-regu-
lated in the relapsed group.

MiRNA acts an essential role in replication of HBV and pathogenesis of HBV-related
diseases. The expression profile of microRNAs in liver cells can be changed under HBV
infection. Just as Table 1 showed that, miR-1, miR-29¢, miR-33a, miR-210 and miR-

501 are being the potential biomarkers for disease diagnosis.
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