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ARTICLE INFO ABSTRACT

Background: This study aims to investigate the effects of miR-3613-3p and its underlying mechanisms on chronic
hepatitis B.
Methods: Expressions of miR-3613-3p were determined in clinical samples from chronic hepatitis B patients and
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I“Ferferims healthy volunteers. HBV-transfected hepatoma cell lines were constructed for in vitro study. HBV-infected animal
Igﬁ;é? 3-3p model was established in vivo study. Quantitative real-time reverse transcription PCR (qQRT-PCR) was used to

determine mRNA expressions. Western blotting and ELISA were used to determine protein expressions.
Luciferase reporter and biotin pull-down assays were used to analyze RNA-RNA interactions. siRNA silencing
was used to knockdown miR-3613-3p and CMPK1.

Results: MiR-3613-3p was upregulated in the chronic hepatitis B patients, as compared with healthy volunteers.
Inhibition of miR-3613-3p decreased relative expressions of IFN-a and IFN-3, HBV DNA copies, and increased
the hepatitis B surface antigen (HBsAg) and hepatitis B e antigen (HBeAg) levels, whereas miR-3613-3p over-
expression reversed these changes in vitro and in vivo. MiR-3613-3p directly targeted CMPK1 and interactions
between CMPK1 and miR-3613-3p regulated the anti-HBV efficiency of IFN.

Conclusion: MiR-3613-3p impaired IFN-induced immune response by targeting CMPK1 in chronic hepatitis B.

1. Introduction

Hepatitis B is a serious liver disease caused by hepatitis B virus
(HBV) infection. There are approximately 350 million patients infected
with hepatitis B virus worldwide (Alexander, 1990; Kane, 1995; Ott
et al., 2012). Hepatitis B is transmitted by the exchange of body fluids
and the most common routes of transmission are prenatal and sexual
contacts. Patients who carried hepatitis B have a high risk to develop
into chronic hepatitis, cirrhosis, and even hepatocellular carcinoma,
which are accounting for 887,000 deaths in 2015 (Ott et al., 2012).
Antiviral medications are highly recommended therapeutic methods for
chronic HBV infection by World Health Organization (Milazzo and
Antinori, 2009; Rehermann and Nascimbeni, 2005). However, it can't
eliminate HBV but is able to stop further development of the HBV in-
fection into cirrhosis or hepatocellular carcinoma (Rehermann and
Nascimbeni, 2005). Additionally, antiviral medications are not effective
for all chronic hepatitis B patients. Thus, it is crucial to understand the
underlying molecular mechanisms of chronic hepatitis B.

MicroRNAs (miRNAs), are 20- to 22-nucleotide noncoding RNAs,
have garnered significant interest in recent years. Their important roles

have been identified in the occurrence and development of many dis-
eases including cancer, cardiovascular diseases, and chronic hepatitis B
(Bhayani et al., 2012; Guo et al., 2018; Reddy, 2015; Wang et al.,
2013). Studies have revealed that miRNAs are involved in a series of
cellular events including proliferation, differentiation, cell cycle, and
apoptosis by regulating the expressions of their cognate target genes by
regulating messenger RNAs (Guo et al., 2018; Reddy, 2015). Interest-
ingly, several miRNAs have been identified with abnormal expressions
in the process of HBV infection, thereby leading to viral replication and
pathogenesis (Ji et al., 2011a; Ji et al., 2011b). For instance, Ji and
colleagues have demonstrated that plasma miR-122 and miR-194 are
negatively associated with chronic hepatitis B virus infection (Ji et al.,
2011b). Additionally, Zhang and colleagues has reported that up-reg-
ulation of miRNAs including miR-210 and miR-199a-3p is an effective
strategy to regulate HBV replication and thereby suppressing virus
production (Zhang et al., 2010). All of these imply that miRNA is clo-
sely associated with HBV biology. Identification of novel miRNA with
regulatory effects for HBV biology might provide therapeutic strategies
for chronic hepatitis B.

MiR-3613-3p is one of the newly identified miRNAs. In 2017, it has
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been identified to be associated with hepatoma by the regulation of cell
proliferation and cell cycle (Zhang et al., 2017). In 2018, another study
has further revealed that liver miR-3613-3p is upregulated in hepatitis
B patients, indicating that expressions of miR-3613-3p are correlated
with the occurrence of hepatitis B (Singh et al., 2018). However, its
underlying molecular mechanisms remain unclear. Therefore, this
study aims to investigate the effects of miR-3613-3p on chronic hepa-
titis B. Furthermore, we also identified the underlying molecular me-
chanism of miR-3613-3p in the chronic hepatitis B.

2. Materials and methods
2.1. Clinical samples and cell lines

The procedure for collection of clinical samples was reviewed and
approved by the ethic committee of First Affiliated Hospital of Zhejiang
University of Traditional Chinese Medicine. Liver sample and plasma
were collected from chronic hepatitis B patients (CHB) and healthy
donors (HD) (n = 20) from May 2017 to September 2018. Hepatoma
cancer cell lines including Huh7 and HepG2 were purchased from the
Cell Bank of the Chinese Academic of Sciences (Shanghai, China).

2.2. Cell culture and transfections

The cells including Huh7 and HepG2 were cultured at 37 °C at 5%
CO, in the Dulbecco's Modified Eagle Medium (DMEM) containing 10%
fetal bovine serum and 1% penicillin/streptomycin. pHBV-transfected
cells including HepG2.2.15 and Huh7 were constructed according to a
previously reported method (Tian and He, 2018). The cells were
transfected with plasmids containing HBV sequences using Lipofecta-
mine 2000.

2.3. Animals and protocols

BALB/c mice (weighing 22 = 2g) were purchased from SLAC
(Shanghai, China). The animals were housed in a 12-h light-dark cycle
and fed under experimental conditions with a temperature of 22-24 °C
and humidity of 50 *+ 5%. The animal experimental procedure used in
this study was reviewed and approved by Animal Care and Use
Committee of the First Affiliated Hospital of Zhejiang University of
Traditional Chinese Medicine.

An animal model of hepatitis B infection was established according
to a previously reported method(Han et al., 2011). In brief, C57BL/6
mouse was co-injected with pAAV/HBV1.2 vector and miR-3613-3p
mimics or negative control mimics (miR-NC) through tail-vein injec-
tion. After four weeks, the animals were sacrificed and HBV DNA, he-
patitis B surface antigen including Hepatitis B surface antigen (HBsAg),
Hepatitis B e antigen (HBeAg), and cytokines including interferon
(IFN)-a and IFN- were determined.

2.4. Quantitative Diagnostic Kit for Hepatitis B Virus DNA

HBV DNA in serum and cell supernatant were determined using
qRT-PCR, according to the document of Quantitative Diagnostic Kit for
Hepatitis B Virus DNA (Kaijie Biology, Shenzhen, China).

2.5. Isolation of total RNA and quantitative polymerase chain reaction
(gPCR)

Isolation of total RNA was performed using a trizol reagent, ac-
cording to the document of manufacturer (Takara, Japan). RNase-free
DNase I was used to avoiding DNA contamination. Primers for miR-
3613-3p, IFN-a, IFN-B, Cytidine/uridine monophosphate kinase 1
(CMPK1), and internal control including U6 and GADPH were used for
amplification of these genes. The sequences are designed according to a
previous literature (Fricke et al., 2018). The sequences are as follows.
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miR-3613-3p forward: 5-TGA ACA AAA AAA AAA GCC CAA -3, and
reverse: 5-GGA ACG CTT CAC GAA TTT G-3’; IFN-a forward: 5’- GAA
CTC TAC CAG CAG CT-3’, and reverse: 5-CAG ATA GAG AGT GAT TC-
3’; IFN-P forward: 5-AAG GCC AAG GAG TAC AGT C-3’, and reverse:
5’-AGT TTC GGA GGT AAC CTG-3’; CMPK1 forward: 5’-GGA AGG CAG
ATG TAT CTT TCG TT-3’, and reverse: 5-TGT TGA CTG AAG GTA GGT
CTG A-3’; U6 forward: 5’-ATT GGA ACG ATA CAG AGA AGA TT -3/,
and reverse: 5-GGA ACG CTT CAC GAA TTT G-3’; GADPH forward: 5’-
GAA GGT GAA GGT CGG AGT C-3’, and reverse: 5-GAA GAT GGT GAT
GGG ATT TC-3".

To analyze the accuracy of the PCR reaction, the Melt curves were
used. To evaluate the expressions of genes, 2-22Ct values were cal-
culated. The mRNA expression values of IFN-a, IFN-,, CMPK1 were
normalized to that of GADPH.

2.6. Enzyme-linked Immunosorbent Assay (ELISA)

ELISA was used to detect levels of hepatitis B surface antigen
HBsAg, HBeAg, and cytokines including IFN-a and IFN-f in cell su-
pernatant and serum according to the instruction of manufacturer (Cell
Biolabs, Inc., San Diego, CA, USA).

2.7. Luciferase reporter assay

The possible target sites between miR-3613-3p with CMPK1 were
analyzed using Targetsan website. Luciferase reporter assay was per-
formed according to the instruction of manufacturer (Promega,
Madison, MA, United States). The generation of CMPK1 wild-type
(CMPK1 WT) was according to a previously reported method (Li et al.,
2019). The primers used for amplification of CMPK1 WT are as follows:
CMPK1 WT forward: 5-CTA CTC GAG TTC TAA ACC TGA AGG CA-3’,
and reverse: 5- CTA GCG GCC GCT AGC AAA GGC CAC AGC ACA AAA
TT-3’; The CMPK1 WT was then being sequenced to ensure the se-
quence is correct. After that, dual luciferase vector was incorporated
with CMPK1 wild-type (CMPK1 WT) and the miR-3613-3p-binding-site
mutated-type (CMPK1 MT). Next, the pHBV-transfected cell line was
then co-transfected with dual luciferase vector and miR-3613-3p or
miR-NC mimics.

2.8. Biotin pull-down assay

Biotin pull-down assay was performed under RNase free conditions
according to a previously reported method(Yamamoto et al., 2015).
Biotin-labeled double-stranded RNA of miR-3613-3p (Biotin-miR-3613-
3p) or control random RNA (Biotin-miR-NC) was incubated with cell
lysates. Next, agarose beads conjugated with streptavidin were added to
collect the streptavidin/biotinylated-miRNA/target mRNA complex.
Biotinylated miRNA/target mRNA complex was then eluted and mRNA
expressions of CMPK1 were determined using qRT-PCR.

2.9. Western Blotting

Protein was extracted according to a previously reported method
(Liu et al, 2016). In brief, cells were lysed in Radio-
immunoprecipitation assay buffer. After that, cell lysates were cen-
trifuged at 13000g to remove insoluble material. Next, a bicinchoninic
acid protein assay kit was used for quantification of protein con-
centrations.

Equal amounts of each cell lysates were separated by 10% SDS-
PAGE. Next, the gel was transferred onto the PVDF membrane and
blocked with 5% non-fat milk. After binding with primary antibodies
against CMPK1 (Abcam, 1:1000) overnight and actin HRP conjugated
secondary antibody (Abcam, 1:2000) was added and incubated at room
temperature for 2h. Chemiluminescence was determined using the
ChemiDoc MP imaging system (Bio-Rad, Hercules, CA, USA). The ex-
pressions of CMPK1 were normalized to the internal control actin.
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Fig. 1. MiR-3613-3p was upregulated in chronic hepatitis B.
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(A-B) qRT-PCR analysis of miR-3613-3p in the liver tissues and plasma from chronic hepatitis B-infected patients (CHB) and healthy donors (HD). (C) The miR-3613-
3p expressions in HBV-transfected Huh7 (pHBV1.3) and parental Huh7 (control) cells were detected. (D) The miR-3613-3p expressions in HepG2.2.15 cells and

HepG2 cells were detected. *P < .05; **P < .01.

2.10. Statistical analysis

SPSS (SPSS, Chicago, IL, USA) was used for statistical analysis All
Data were expressed as mean *+ S.D. One-way ANOVA analysis and
Student-Newman-Keuls (SNK) test were performed to calculate the
significance among the groups. All P-value < .05 were considered as
statistical significance.

3. Results
3.1. MiR-3613-3p was upregulated in chronic hepatitis B

First, we explored miR-3613-3p expression patterns in chronic he-
patitis B patients. The miR-3613-3p expressions in serum and liver
tissue from CHB and HD were detected. We observed that miR-3613-3p
expressions were significantly increased in the liver tissue and plasma
in CHB when compared with those in the HD (Fig. 1A and B). These
results are supportive with a previous report in which miR-3613-3p is
upregulated in the liver biopsy samples from patients with hepatitis B.

Next, HBV-infected stable cell lines including Huh7 and HepG2
were constructed and the miR-3613-3p expressions were determined.
Interestingly, we found that miR-3613-3p expressions were sig-
nificantly enhanced in HBV-infected cells including HepG2.2.15 and
Huh 7 + pHBV1.3 (Fig. 1C and D), supporting miR-3613-3p positively
correlated with the development of chronic hepatitis B.

3.2. MiR-3613-3p suppressed anti-HBV efficiency of IFN in vitro

We then explored the roles of miR-3613-3p in the anti-HBV effi-
ciency of IFN in vitro. First, miR-3613-3p was successfully knocked
down in HBV-infected Huh7 cells (Fig. 2A). Interestingly, we found the
IFN-a and IFN-P expressions were increased in miR-3613-3p knock-
down cells (Fig. 2B and C). Apart from IFNs, HBsAg and HBeAg levels
were also significantly decreased in miR-3613-3p knockdown cells
(Fig. 2D). HBV DNA copies were significantly decreased in miR-3613-
3p knockdown cells (Fig. 2E).

Next, miR-3613-3p overexpressed cells were constructed as shown
in Fig. 2F. Interestingly, when we examined the levels of IFNs, the re-
sults showed that IFN-a and IFN-f} expressions were significantly de-
creased in miR-3613-3p overexpression cells (Fig. 2G and H). Con-
sistently, HBsAg and HBeAg levels were also significantly increased in
miR-3613-3p overexpression cells (Fig. I). HBV DNA copies were sig-
nificantly increased in miR-3613-3p overexpression cells (Fig. 2J). All
of these demonstrated that miR-3613-3p suppressed anti-HBV effi-
ciency of IFN in vitro.

3.3. MiR-3613-3p enhanced HBV-induced immune suppression in vivo

We then evaluated the effects of miR-3613-3p on a HBV-infected
animal model. Mice infected with HBV were injected with miR-3613-3p
or miR-NC. After four weeks, we found that levels of HBV DNA in serum
were significantly increased in the miR-3613-3p group (Fig. 3A). Si-
milarly, HBsAg and HBeAg levels were also increased in miR-3613-3p
group (Fig. 3B and C). Secretion of IFNs including IFN-a and IFN-f in
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Fig. 3. MiR-3613-3p enhanced HBV-induced immune suppression in vivo. HBV-carrying BALB/c mice were injected with miR-3613-3p mimics (miR-3613-3p) or
negative control mimics (miR-NC) by tail-vein injection. Four weeks later, (A) serum HBV DNA levels were measured. (B—C) Levels of HBsAg and HBeAg in serum
were measured. (D-E) The IFN-a and IFN-( expressions in liver sample were evaluated. *P < .05; **P < .01; ***P < .001.

serum was also reduced in miR-3613-3p group (Fig. 3D and E). Overall,
these results supported that miR-3613-3p enhanced HBV-induced im-
mune suppression in vivo.

3.4. CMPK1 was recognized to be a target for miR-3613-3p

Furthermore, we analyzed the possible targets of miR-3613-3p for
the regulation of chronic hepatitis B. CMPK1 was identified as a direct
target of miR-3613-3p using Targetsan. Fig. 4A showed the binding
sites between miR-3613-3p and CMPK1 WT and CMPK1 MT.

To confirm the interactions between CMPK1 and miR-3613-3p, a
luciferase reporter assay was performed in two HBV-infected cell lines.
We found that luciferase activities of CMPK1 WT were significantly
decreased in HBV-infected cell lines including Huh 7 + pHBV1.3
(Fig. 4B) and HepG2.2.15 cells (Fig. 4C). Additionally, biotin pull-down
assay demonstrated that mRNA levels of CMPK1 were significantly
enriched by using bio-miR-3613-3p in both Huh 7 + pHBV1.3 and
HepG2.2.15 cells (Fig. 4D), indicating the interactions between miR-
3613-3p and CMPK1 WT.

Moreover, the cells were transfected with miR-3613-3p mimics or
miR-3613-3p inhibitors and the expressions of CMPK1 were de-
termined. MiR-3613-3p mimics significantly reduced mRNA and pro-
tein levels of CMPK1 in HBV-infected cell lines including Huh
7 + pHBV1.3 and HepG2.2.15 cells (Fig. 4E and G). Contrarily, miR-
3613-3p inhibitor significantly enhanced mRNA and protein levels of
CMPK1 in HBV-infected cell lines including Huh 7 + pHBV1.3 and
HepG2.2.15 cells (Fig. 4F and G). Taken together, all of these implied
that CMPK1 is a direct target of miR-3613-3p.

3.5. CMPK1 mediated the regulation of miR-3613-3p on anti-HBV
efficiency of IFN

To further elucidate CMPK1 mediated regulation of miR-3613-3p on
anti-HBV efficiency of IFN, miR-3613-3p inhibitors and CMPK1 siRNA
were used in the pHBV-transfected Huh7 cells. First, CMPK1 expres-
sions were successfully enhanced in HBV-infected Huh7 cells co-trans-
fected with miR-3613-3p inhibitors. Additionally, mRNA and protein
levels of CMPK1 were successfully decreased in HBV-infected Huh7
cells co-transfected with miR-3613-3p inhibitors and CMPK1 siRNA
(Fig. 5A and B). These results demonstrated CMPK1 expressions were
regulated.

Besides, we found that IFN-a and IFN-B expressions were sig-
nificantly increased when miR-3613-3p inhibitors were applied (Fig. 5C
and D). Interestingly, when CMPK1 was silenced, IFN-a and IFN-f ex-
pressions were significantly decreased. In addition to IFNs, the results
demonstrated that levels of HBsAg, HBeAg, and HBV DNA copies were
significantly reduced in miR-3613-3p inhibitors group, whereas CMPK1
silencing reversed these changes (Fig. 5E and F). Overall, these results
supported that CMPK1 regulated the effects of miR-3613-3p on anti-
HBV efficiency of IFN.

4. Discussion

This study explored the roles of miR-3613-3p in the development of
chronic hepatitis B. We found upregulated miR-3613-3p in chronic
hepatitis B. In addition to its inhibitory effects on anti-HBV efficiency of
IFN in vitro, miR-3613-3p also enhanced HBV-induced immune sup-
pression in vivo. Furthermore, for the first time, we identified that
CMPK1 is a direct target of miR-3613-3p and revealed the underlying
molecular mechanisms of miR-3613-3p, which is to impair IFN-induced
immune response by targeting CMPK1 in chronic hepatitis B. These
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results confirmed that miR-3613-3p has regulatory effects for HBV
biology and thereby providing therapeutic strategies for chronic hepa-
titis B.

In the previous studies, miR-3613-3p has been identified to be as-
sociated with neuroblastoma, dedifferentiated liposarcoma, hepatocel-
lular carcinoma, and chronic hepatitis B (Fricke et al., 2018; Singh
et al., 2018; Zhang et al., 2017). MiR-3613-3p is able to regulate cell
proliferation and cell cycle in hepatoma cancer tissues as well as cell
lines including HepG2 cells (Zhang et al., 2017). Interestingly, miR-
3613-3p is associated with several cancer biomarkers including bacu-
loviral IAP repeat containing 5, kinetochore protein Nuf2, and NDC80
kinetochore complex component (Nowak et al., 2018). More recently, a
liver based global microRNA expression profiling was performed on
hepatitis B patients. Expressions of miR-3613-3p in liver are upregu-
lated and thereby regulating liver cell proliferation in hepatitis B pa-
tients (Singh et al., 2018). It is interesting to further explore the roles of
miR-3613-3p and its underlying mechanisms in chronic hepatitis B.

Thus, the current study is aimed to explore the effects and underlying
mechanisms of miR-3613-3p on the regulation of chronic hepatitis B.

First, we determined the expression patterns of miR-3613-3p in
plasma and liver tissue in chronic hepatitis B, indicating that liver and
plasma miR-3613-3p mRNA expressions were enhanced in CHB, which
are in agreement with a previous study in which liver miR-3613-3p is
upregulated in hepatitis B patients (Singh et al., 2018). We further in-
vestigated the expression patterns of miR-3613-3p in the cells infected
with HBV. Again, mRNA expressions of miR-3613-3p were also sig-
nificantly increased in HBV-infected cells, indicating miR-3613-3p po-
sitively correlated with chronic hepatitis B.

After the expression patterns of miR-3613-3p were identified, we
then regulated the expressions of miR-3613-3p and verified its effects
on anti-HBV efficiency of IFN. In the current study, we first examined
expressions of IFNs, which are soluble glycoproteins with potent anti-
viral activities. IFN-a has been widely used in hepatitis B therapy for
many years (Lau et al., 1993; Pramoolsinsup, 2002). IFN-} has also
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Fig. 5. CMPK1 mediated the regulation of miR-3613-3p on anti-HBV efficiency of IFN.

The pHBV-transfected Huh7 was co-transfected with inhibitor negative control and siRNA negative control (NC-inhibitor +si-NC), miR-3613-3p inhibitor and siRNA
negative control (miR-3613-3p-inhibitor +si-NC) or miR-3613-3p inhibitor and CMPK1 siRNA (miR-3613-3p-inhibitor + si-CMPK1). (A-B) The CMPK1 expressions
were measured. (C-D) IFN-a and IFN-f expressions were determined in the pHBV1.3-transfected cells co-transfected with 1) negative control inhibitor and negative
control siRNA (NC-inhibitor +si-NC), 2) miR-3613-3p inhibitor and negative control siRNA (miR-3613-3p-inhibitor +si-NC), 3) miR-3613-3p inhibitor and CMPK1
siRNA (miR-3613-3p-inhibitor +si-CMPK1). (E-F) HBsAg and HBeAg secretions, and HBV DNA copied were determined. *P < .05; **P < .01.

been identified with antiviral properties for chronic hepatitis B therapy
(Pramoolsinsup, 2002; Twu et al., 1988). Additionally, IFN-f} is able to
suppress HBV replication with higher efficiency than IFN-a
(Pramoolsinsup, 2002; Seto et al., 2018). In the present study, when
miR-3613-3p was knocked down, the expressions of IFN-a and IFN-f3
were significantly increased. Contrarily, the expressions of IFN-a and
IFN-P were significantly decreased with overexpression of miR-3613-
3p. These results suggested that anti-HBV efficiency of IFN was sup-
pressed by miR-3613-3p.

Apart from IFNs, HBsAg and HBeAg expressions, HBV DNA copies
were also determined. High expressions of HBsAg indicate hepatitis B
infection and decreasing the expressions of HBsAg are thought to be an
important goal for chronic hepatitis B therapy (Lau et al., 1993; Seto
et al., 2018). HBeAg is an antigen located in the outer layer of the
hepatitis B virus and its presence in the plasma of patients can be served
as an indicator of active viral replication (Lindh et al., 2000; Seto et al.,
2018). In the present study, miR-3613-3p knockdown resulted in an
increase of levels of HBsAg and HBeAg, whereas miR-3613-3p
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Fig. 6. Schematic figure demonstrating the model of miR-3613-3p/CMPK1 axis
regulating chronic hepatitis B infection.

overexpression resulted in a decrease of levels of HBsAg and HBeAg.
Furthermore, we also detected HBV DNA copies, a strong predictor for
hepatitis B infection independent of HBeAg. The results demonstrated
that HBV DNA copies were negatively associated with the expressions
of miR-3613-3p in vitro and in vivo. All of these implied that miR-3613-
3p suppressed anti-HBV efficiency of IFN in vitro and enhanced HBV-
induced immune suppression in vivo.

We further predicted the possible targets of miR-3613-3p. CMPK1
was identified as the target of miR-3613-3p. Previous study has been
reported that CMPK1 is responsible for nucleic acid biosynthesis (Zhou
et al., 2017). CMPK knockdown affects DNA repair in UV-induced cell
damage by the local change of deoxycytidine triphosphate at the da-
mage sites (Tsao et al., 2015). In this study, luciferase reporter and
biotin pull-down assays demonstrated the interactions between miR-
3613-3p and CMPK1 WT. However, apart from CMPK1, some other
possible targets should be investigated in further study. This is a lim-
itation for this study. As we know, we can predict other targets for
miRNA, but mechanistic insight of the potential targets in a particular
cellular context could hardly be satisfied without systematic study.

We then explored whether CMPK1 could regulate the effects of miR-
3613-3p on anti-HBV efficiency of IFN. Interestingly, after CMPK1 was
silenced, IFN-a and IFN-f expressions were significantly decreased. In
addition to IFNs, levels of HBsAg, HBeAg, and HBV DNA copies were
significantly increased in CMPK1 knockdown group. Overall, these data
supported that CMPK1 regulates anti-HBV efficiency of IFN mediated
by miR-3613-3p. However, the underlying molecular mechanisms of
CMPK1 on the regulation of chronic hepatitis B should be explored in
further studies. Considering the roles of CMPK1 in the nucleic acid
biosynthesis, it is interesting to explore its regulatory effects on the
process of HBV replication in the development of chronic hepatitis B.

In conclusion, we verified the roles of miR-3613-3p in chronic he-
patitis B. First, miR-3613-3p is upregulated in chronic hepatitis B.
Second, CMPK1 was identified as a direct target of miR-3613-3p. We
then revealed the underlying molecular mechanisms of miR-3613-3p,
which is to impair IFN-induced immune response by targeting CMPK1
in chronic hepatitis B (Fig. 6). These results confirmed that miR-3613-
3p has regulatory effects for HBV biology and thereby providing ther-
apeutic strategies for chronic hepatitis B.

Acknowledgement
None.
Funding
This work was supported by the Project of the Natural Science

Foundation of Zhejiang Province of China wunder Grant
(LQ14H290005).

Infection, Genetics and Evolution 74 (2019) 103919

Disclosure of potential conflicts of interest
None.
References

Alexander, G.J., 1990. Immunology of hepatitis B virus infection. Br. Med. Bull. 46,
354-367.

Bhayani, M.K., Calin, G.A., Lai, S.Y., 2012. Functional relevance of miRNA sequences in
human disease. Mutat. Res. 731, 14-19.

Fricke, A., Cimniak, A.F.V., Ullrich, P.V., Becherer, C., Bickert, C., Pfeifer, D., Heinz, J.,
Stark, G.B., Bannasch, H., Braig, D., Eisenhardt, S.U., 2018. Whole blood miRNA
expression analysis reveals miR-3613-3p as a potential biomarker for dedifferentiated
liposarcoma. Cancer Biomark 22, 199-207.

Guo, H., Qi, R.Q., Sheng, J., Liu, C., Ma, H., Wang, H.X., Li, J.H., Gao, X.H., Wan, Y.S.,
Chen, H.D., 2018. MiR-155, a potential serum marker of extramammary Paget's
disease. BMC Cancer 18, 1078.

Han, Q., Zhang, C., Zhang, J., Tian, Z., 2011. Reversal of hepatitis B virus-induced im-
mune tolerance by an immunostimulatory 3p-HBx-siRNAs in a retinoic acid inducible
gene I-dependent manner. Hepatology 54, 1179-1189.

Ji, F., Yang, B., Peng, X., Ding, H., You, H., Tien, P., 2011a. Circulating microRNAs in
hepatitis B virus-infected patients. J. Viral Hepat. 18, e242-e251.

Ji, F., Yang, B., Peng, X., Ding, H., You, H., Tien, P., 2011b. Circulating microRNAs in
hepatitis B virus-infected patients. J. Viral Hepat. 18, e242-e251.

Kane, M., 1995. Global programme for control of hepatitis B infection. Vaccine 13 (Suppl.
1), S47-S49.

Lau, J.Y., King, R., Tibbs, C.J., Catterall, A.P., Smith, H.M., Portmann, B.C., Alexander,
G.J., Williams, R., 1993. Loss of HBsAg with interferon-alpha therapy in chronic
hepatitis D virus infection. J. Med. Virol. 39, 292-296.

Li, W., Wang, Q., Feng, Q., Wang, F., Yan, Q., Gao, S.-J., Lu, C., 2019. Oncogenic KSHV-
encoded interferon regulatory factor upregulates HMGB2 and CMPK1 expression to
promote cell invasion by disrupting a complex IncRNA-OIP5-AS1/miR-218-5p net-
work. PLoS Pathog. 15, e1007578.

Lindh, M., Horal, P., Dhillon, A.P., Norkrans, G., 2000. Hepatitis B virus DNA levels,
precore mutations, genotypes and histological activity in chronic hepatitis B. J. Viral
Hepat. 7, 258-267.

Liu, C., Zhao, J., Liu, Y., Huang, Y., Shen, Y., Wang, J., Sun, W., Sun, Y., 2016. A novel
pentacyclic triterpenoid, Ilexgenin A, shows reduction of atherosclerosis in apolipo-
protein E deficient mice. Int. Inmunopharmacol. 40, 115-124.

Milazzo, L., Antinori, S., 2009. Hepatitis B virus infection. N. Engl. J. Med. 360, 305
(author reply 305-306).

Nowak, L., Boratyn, E., Durbas, M., Horwacik, I., Rokita, H., 2018. Exogenous expression
of miRNA-3613-3p causes APAF1 downregulation and affects several proteins in-
volved in apoptosis in BE(2)-C human neuroblastoma cells. Int. J. Oncol. 53,
1787-1799.

ott, J.J., Stevens, G.A., Groeger, J., Wiersma, S.T., 2012. Global epidemiology of hepatitis
B virus infection: new estimates of age-specific HBsAg seroprevalence and en-
demicity. Vaccine 30, 2212-2219.

Pramoolsinsup, C., 2002. Management of viral hepatitis B. J. Gastroenterol. Hepatol. 17,
$125-S145 Suppl.

Reddy, K.B., 2015. MicroRNA (miRNA) in cancer. Cancer Cell Int. 15, 38.

Rehermann, B., Nascimbeni, M., 2005. Immunology of hepatitis B virus and hepatitis C
virus infection. Nat. Rev. Immunol. 5, 215-229.

Seto, W.K., Lo, Y.R., Pawlotsky, J.M., Yuen, M.F., 2018. Chronic hepatitis B virus infec-
tion. Lancet 392, 2313-2324.

Singh, A.K., Rooge, S.B., Varshney, A., Vasudevan, M., Bhardwaj, A., Venugopal, S.K.,
Trehanpati, N., Kumar, M., Geffers, R., Kumar, V., Sarin, S.K., 2018. Global
microRNA expression profiling in the liver biopsies of hepatitis B virus-infected pa-
tients suggests specific microRNA signatures for viral persistence and hepatocellular
injury. Hepatology 67, 1695-1709.

Tian, H., He, Z., 2018. miR-200c targets nuclear factor IA to suppress HBV replication and
gene expression via repressing HBV enhancer I activity. Biomed. Pharmacother. 99,
774-780.

Tsao, N., Lee, M.H., Zhang, W., Cheng, Y.C., Chang, Z.F., 2015. The contribution of CMP
kinase to the efficiency of DNA repair. Cell Cycle 14, 354-363.

Twu, J.S., Lee, C.H., Lin, P.M., Schloemer, R.H., 1988. Hepatitis B virus suppresses ex-
pression of human beta-interferon. Proc. Natl. Acad. Sci. U. S. A. 85, 252-256.
Wang, S., Zhang, X., Ju, Y., Zhao, B., Yan, X., Hu, J., Shi, L., Yang, L., Ma, Z., Chen, L., Liu,
Y., Duan, Z., Chen, X., Meng, S., 2013. MicroRNA-146a feedback suppresses T cell
immune function by targeting Statl in patients with chronic hepatitis B. J. Immunol.

191, 293-301.

Yamamoto, K., Ito, S., Hanafusa, H., Shimizu, K., Ouchida, M., 2015. Uncovering direct
targets of MiR-19a involved in lung cancer progression. PLoS One 10, e0137887.

Zhang, G.L., Li, Y.X., Zheng, S.Q., Liu, M., Li, X., Tang, H., 2010. Suppression of hepatitis
B virus replication by microRNA-199a-3p and microRNA-210. Antivir. Res. 88,
169-175.

Zhang, D., Liu, E., Kang, J., Yang, X., Liu, H., 2017. MiR-3613-3p affects cell proliferation
and cell cycle in hepatocellular carcinoma. Oncotarget 8, 93014-93028.

Zhou, D., Zhang, L., Lin, Q., Ren, W., Xu, G., 2017. Data on the association of CMPK1 with
clinicopathological features and biological effect in human epithelial ovarian cancer.
Data Brief 13, 77-84.


http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0005
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0005
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0010
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0010
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0015
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0015
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0015
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0015
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0020
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0020
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0020
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0025
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0025
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0025
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0030
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0030
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0035
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0035
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0040
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0040
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0045
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0045
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0045
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0050
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0050
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0050
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0050
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0055
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0055
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0055
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0060
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0060
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0060
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0065
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0065
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0070
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0070
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0070
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0070
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0075
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0075
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0075
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0080
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0080
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0085
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0090
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0090
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0095
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0095
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0100
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0100
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0100
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0100
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0100
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0105
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0105
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0105
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0110
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0110
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0115
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0115
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0120
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0120
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0120
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0120
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0125
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0125
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0130
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0130
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0130
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0135
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0135
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0140
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0140
http://refhub.elsevier.com/S1567-1348(19)30140-6/rf0140

	MiR-3613-3p impairs IFN-induced immune response by targeting CMPK1 in chronic hepatitis B
	Introduction
	Materials and methods
	Clinical samples and cell lines
	Cell culture and transfections
	Animals and protocols
	Quantitative Diagnostic Kit for Hepatitis B Virus DNA
	Isolation of total RNA and quantitative polymerase chain reaction (qPCR)
	Enzyme-linked Immunosorbent Assay (ELISA)
	Luciferase reporter assay
	Biotin pull-down assay
	Western Blotting
	Statistical analysis

	Results
	MiR-3613-3p was upregulated in chronic hepatitis B
	MiR-3613-3p suppressed anti-HBV efficiency of IFN in vitro
	MiR-3613-3p enhanced HBV-induced immune suppression in vivo
	CMPK1 was recognized to be a target for miR-3613-3p
	CMPK1 mediated the regulation of miR-3613-3p on anti-HBV efficiency of IFN

	Discussion
	Acknowledgement
	mk:H1_22
	Funding
	mk:H1_24
	Disclosure of potential conflicts of interest
	mk:H1_26
	References




