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Background: This study was designed to improve our understanding of the role of miR-18a and its target (connective tissue
growth factor (CTGF), which are mediators in HBX-induced hepatocellular carcinoma (HCC).
Material/Methods: We first investigated the expression of several candidate microRNAs (miRNAs) reported to have been aberrant-
ly expressed between HepG2 and HepG2.2.15, which is characterized by stable HBV infection, while the CTGF
is identified as a target of miR-18a. Furthermore, the expression of CTGF evaluated in HepG2 was transfected
with HBX, while the HepG2.2.15 was transfected with miR-18a and CTGF siRNA. We examined the cell cycle at
the same time.

Results: We found that the expression of miR-18a was abnormally reduced in the HBV-positive HCC tissue samples
compared with HBV-negative HCC samples. Through the use of a luciferase reporter system, we also identi-
fied CTGF 3’UTR (1046-1052 bp) as the exact binding site for miR-18a. We also observed a clear increase in
CTGF mRNA and protein expression levels in HBV-positive HCC human tissue samples in comparison with the
HBV-negative controls, indicating a possible negatively associated relationship between miR-18a and CTGF.
Furthermore, we investigated the effect of HBX overexpression on miR-18a and CTGF, as well as the viability
and cell cycle status of HepG2 cells. In addition, we found that HBX introduction downregulated miR-18a, up-
regulated CTGF, elevated the viability, and promoted cell cycle progression. We transfected HepG2.2.15 with
miR-18a mimics and CTGF siRNA, finding that upregulated miR-18a and downregulated CTGF suppress the vi-
ability and cause cell cycle arrest.

Conclusions: Our study shows the role of the CTGF gene as a target of miR-18a, and identifies the function of HBV/HBX/
miR-18a/CTGF as a key signaling pathway mediating HBV infection-induced HCC.
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Background

Hepatocellular carcinoma (HCC) ranks among the most com-
mon malignancies all over the world. As the major etiological
factor for HCC, chronic infection with hepatitis B virus (HBV)
contributes to 80% of all HCC cases in sub-Saharan Africa and
Asia; moreover, it contributes 55% of the global incidence [1].
Despite the strong correlation between HCC and HBV infection,
which has been supported by epidemiological evidence [1], the
mechanisms through which HBV leads to carcinogenesis re-
main largely unknown.

Critical for replication of hepatitis B virus in vivo, hepatitis B
virus-encoded X (HBX) protein has been shown by molecu-
lar studies to play an important role in hepatocarcinogene-
sis [2,3]. The increasing evidence suggests that the HBx pro-
tein interrupts the normal physiological mechanisms of host
cells, thereby promoting hepatocarcinogenesis. For instance,
the HBx protein can modulate the p53’s transcriptional acti-
vation to disrupt repair mechanism of DNA and the apoptotic
process of liver cells [4,5]. Moreover, HBx protein can reduce
the expression level of mitochondrial enzymes that transport
electrons for oxidative phosphorylation; after that, it upreg-
ulates the production of lipid peroxide and oxygen species,
which are harmful at high levels; consequently, mitochondri-
al injury may be caused [6,7].

MicroRNAs (miRNAs) are a group of small noncoding RNA
molecules that can bind the 3’-untranslated regions (3’-UTRs)
of target mRNAs preferentially so as to inhibit gene expres-
sion [8]. These interactions may lead to either degradation of
the targeted mRNAs or inhibition of their translation. MiRNAs
can also regulate numerous cellular processes, such as apop-
tosis, differentiation, and proliferation [9]. Working as either
tumor suppressors or oncogenes, miRNAs can suppress the
gene expression of key proteins engaged in the progression
and development of cancer [10]. Thus, miRNAs may be func-
tionally involved in the control of many cancer-related signal-
ing pathways, such as the mTOR signaling pathway [11]. In
terms of viral infections, it causes approximately 10-15% of
malignancies [12]. Cervical cancer is believed to be caused by
human papilloma virus (HPV) and hepatocellular carcinoma
(HCC), which resulted from the persistent infection with hep-
atitis C virus (HCV) or hepatitis B virus (HBV) (12). Recently,
the expression level of miRNA has been reported to be inter-
rupted by virus infection [13]. For instance, Zhang et al. re-
ported that miRNA expression profile was altered in patients
with HBV-positive HCC [14]. Patients with chronic HBV infec-
tion share a similar miRNA expression profile with patients in-
fected with HCC, while patients infected with acute HBV have
a different miRNA expression profile. This indicates that al-
tered miRNAs in chronic HBV infection can contribute to HCC
tumorigenesis [14].

MOLECULAR BIOLOGY

Peng et al. determined and compared HepG2 (HBV-negative
tumor cell line) and HepG2.2.15 (HBV-positive tumor cell line)
in terms of the expression profiling. They identified the differ-
ential expression of several miRNAs by using miRNA microar-
ray analysis [15]. In this study, we collected 32 HBV-positive
HCC samples and 28 HBV-negative samples. We measured
the candidate miRNAs in those samples, finding that miR-18a
is differentially expressed in those samples. HBV/HBX/miR-
18a/CTGF was identified as a key signaling pathway promot-
ing HBV-induced HCC tumorigenesis.

Material and Methods

Tumor specimens and cell lines

We collected the tissues from 60 hepatocellular carcinoma pa-
tients provided by surgical resection (32 HBV-positive cases
and 28 HBV-negative cases) at the Department of Hepatobiliary
Surgery, Affiliated Hospital of Henan Medical College (Luoyang,
China). Before the surgery, no patient received any medi-
cal treatment. As for the HBV surface antigen, HBsAg, it was
tested and found to be positive. However, human immunode-
ficiency virus (HIV) was tested to be negative in all patients.
This work was approved by the Ethics Committee of Henan
Medical College. We strictly obeyed the Declaration of Helsinki
(2000) of the World Medical Association in this work, and re-
ceived informed consent from all patients prior to recruitment.

Cell culture, synthetic miRNAs and siRNA, oligo transfection miR-
18a mimics, and CTGF siRNA were synthesized by Genepharma
(Shanghai, China). Supplemented with 1% streptomycin/ penicillin
and 10% fetal bovine serum (FBS), Dulbecco’s modified Eagle’s
medium (DMEM, Invitrogen, California, USA) was used to cul-
ture HepG2.2.15 and HepG2 cell lines purchased from American
Type Culture Collection (Manassas, VA, USA). A humidified incu-
bator (Thermo Fisher Scientific Inc., Rockford, IL) with 5% CO? was
used to keep the cells at 37°C. We seeded the cells into growth
medium without antibiotic in 6-well plates at a density of 3x10°
cells/well 24 h before the transfection. When the confluence
reached 80%, we transfected the cells with Lipofectamine 2000
(Invitrogen, Carlsbad, CA) in accordance with the protocol of the
manufacturer. Four hours later, we changed the growth medium
and isolated the total cellular protein or RNA for further exper-
iments. PEGFP-HBx was used to transfect the HepG2 cells, and
pEGFP empty vector was used as a control. Western blot analy-
sis was used to verify the overexpression of HBX.

miRNA extraction and quantitative RT-PCR
The miRNeasy Mini kit (Qiagen, Hamburg, German) was used to

extract total RNA, including miRNA from cell lines or tissues. The
miScript Reverse Transcription kit (Qiagen, Hamburg, German)
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was used to reversely transcribe target miRNA (miR-122,
miR-143, miR-124, miR-210, miR-345, miR-148a, and miR-18a)
while CTGF mRNA was used to reversely transcribe target cDNA.
A MiScript SYBR Green PCR kit (Qiagen, Hamburg, Germany)
was used to determine the miRNAs or the mRNA expression of
cell lines or tissues with the ABI 7000 Real-Time PCR System
(Applied Biosystems, Foster city, CA) following the instruction
provided by the manufacturer. Comparative threshold meth-
ods (2722%) were utilized to calculate the relative quantifica-
tion value of the target miRNAs or mRNA, which was then nor-
malized to a control.

Protein preparation and Western blot analyses

The cells and tissues were lysed in lysis buffer (Biosharp, Hefei,
China) containing 5 g/l sodium deoxycholate, 10 ml/l NP-40,
1 ug/ml aprotinin, 100 pg/ml phenylmethylsulfonyl fluoride,
0.1 g/ISDS, 0.2 g/l NaN3, 150 mmol NaCl, and 50 mmol Tris-
HCl (pH 8.5). Lysates were cleared of cell debris by centrifuga-
tion at 20 800xg for 15 min at 4°. The Bradford method was
used to determine the concentrations of protein, while at the
same time a total of 30-50 pg proteins were loaded on a 12%
polyacrylamide gel (SDS-PAGE) and electrophoresed. Proteins
were then blotted onto polyvinylidene fluoride membranes
(Millipore, Billerica, MA). To avoid unspecific binding, the mem-
brane was blocked with 5% non-fat milk (Merck, Darmstadt,
Germany) in Tris-buffered saline /Tween-20 (0.1%, Bioeasy,
Shanghai, China) at room temperature for 2 h. Subsequently,
the membrane was incubated with mouse anti-B-actin anti-
body (Santa Cruz Biotechnology; sc-47778; 1:2,000) and pri-
mary mouse monoclonal antibodies against CTGF (Santa Cruz
Biotechnology; sc-57760; 1:400) in PBS/Tween containing 2%
non-fat milk at 4°C for 4 h. After the washing with TBST buf-
fer, membranes were incubated with horseradish peroxidase-
conjugated secondary goat-anti-mouse antibodies (Santa Cruz
Biotechnology, diluted 1:10,000). An enhanced chemilumines-
cence (ECL) detection system (Thermo Fisher Scientific Inc.,
Rockford, IL) was used to visualize the bands.

Reporter gene constructs

With pGL3L (+) as a parental plasmid, the vector containing
wild-type CTGF 3'UTR (pGL3L-WT-CTGF) was constructed. A
site-directed mutagenesis kit (Stratagene, La Jolla, CA) was
used to introduce the mutations so as to replace the putative
binding site in the 3’UTR of CTGF.

Luciferase assay

HepG2 cells were seeded 24 h before the transfection. The cells
were transfected with a 50 nM concentration of miR-18a mim-
ics through the use of Lipofectamine 2000 (Invitrogen, CA), fol-
lowed by cell culturing for 8 h. After replacing the medium, 50
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ng of pRL-TK control (Promega, Madison, WI) and 500 ng of a
reporter construct were used to co-transfect the cells with the
existence of FUGENE 6 (Roche, Basel, Switzerland). We changed
the medium 24 h later; at 48 h after the reporter transfection,
the cells were lysed in a passive lysis buffer (Promega, Fitchburg,
WI). The Dual Luciferase Assay System (Promega, Fitchburg,
WI) was used to analyze the cell lysate directly.

Flow cytometry

Two milliliters of 1x10°/mL HepG2 and HepG2.2.15 cells were
seeded in 6-well plates with 12% FBS-DMEM and incubated
for 12 h. After that, 0.25% trypsin was used to trypsinize the
cells before washing in PBS. PBS was used to resuspend the
cells at 1x106 cells/mL. After fixing the cells with 75% etha-
nol overnight, a solution containing 0.2 mg/mL RNAse, 0.1%
Triton X-100/0.1% sodium citrate, and 0.1 mg/mL propidium
iodide was used to stain the cells in the dark at room temper-
ature for 30 min. Flow cytometry was performed at an excita-
tion wavelength of 488 nm to analyze the cellular DNA content
after cells were stained with propidium iodide (Sigma-Aldrich,
St. Louis, MO). Cell Quest software (BD Biosciences, San Jose,
CA, USA) was used to analyzing the cells distributed in the 3
major phases of the cell cycle (G2/M, S, GO/G1).

CCK-8 assay

Cell proliferation was measured by the Cell Counting Kit-8
(CCK-8) assay. Briefly, 24 h after seeding equal numbers of
HepG2.2.15 or HepG2, the cells were transfected with the miR-
18a mimics, CTGF siRNA, HBX-overexpressing vector, or the con-
trol. After transfection, DMEM was used to incubate the cells,
and 10 pl of the CCK-8 solution was added to each well, and
the cells were cultured for 2 h at the end of the treatment. After
that, measurement was conducted on the absorbance value at
450 nm with a microplate (Bio-Tek Instruments Inc, Winooski,
VT) absorbance reader to confirm the number of viable cells.

Statistical analysis
Mann-Whitney U test, 2-tailed Student’s t test, or ? analysis
was used to assess different variables between groups. SPSS

13.0 (SPSS, Chicago, IL) was used to perform statistical anal-
ysis, and P<0.05 was considered to be statistical significance.

Results

Expression of miR-18a decreased in HBV-positive HCC
samples

To identify the miRNA and its target gene(s) that mediate
the oncogenic effect of HBV in the development of HCC, we
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performed real-time PCR in tumor tissue samples collected from
HBV-positive and HBV-negative patients to screen the candi-
date miRNAs. These miRNAs were previously reported to be
differentially expressed between HepG2 and HepG2.2.15, in-
cluding miR-122, miR-143, miR-124, miR-210, miR-345, miR-
148a, and miR-18a (R1). As shown in Figure 1, miR-18a was
significantly upregulated in HBV-negative HCC samples com-
pared with the HBV-positive HCC samples, and all other miR-
NAs showed comparable expression between the 2 groups.

CTGF was a target of miR-18a

Because of the substantial down-regulation of miR-18a in HBV-
positive HCC human tissue samples, we hypothesized that miR-
18a might interfere with the development of HCC via targeting
1 or more oncogenes. To test this, we used publicly available
miRNA target prediction tools and established CTGF as a po-
tential target of miR-18a for the optimal matching between
mature miR-18a and 3’UTR of the gene (Figure 2A).

To verify CTGF as the direct target of miR-18a, we used lucif-
erase reporter assay among miR-18a-treated cells transfect-
ed with wild-type CTGF 3’UTR constructs and mutant CTGF
3'UTR constructs, respectively. Results (Figure 2B) showed that
the relative luciferase activity of cells transfected with wild-
type CTGF 3’UTR constructs was significantly lower than that
of the scramble controls, while cells transfected with mutant
CTGF 3'UTR constructs showed more difference compared with
scramble controls. The results showed that CTGF is the direct
target of miR-18a, and site 1046-1052 is the exact binding
site of miR-18a.

MOLECULAR BIOLOGY

Possible negatively related association between miR-18a
and CTGF

To investigate the effect of miR-18a upon CTGF in HCC tissue
samples, we also examined the mRNA and protein expression
level of CTGF via gRT-PCR and Western blot analysis among HBV-
negative and HBV-positive HCC samples. As shown in Figure 3A,
the CTGF mRNA expression level of HBV-negative HCC samples
was significantly lower than that of HBV-positive HCC sam-
ples. The CTGF protein expression level of HBV-negative HCC
samples also exhibited similar downregulation in comparison
with the HBV-positive HCC samples (Figure 3B).

HBX introduction reduced the expression of miR-18a/CTGF
and enhanced cell proliferation by promoting cell cycle
progression in HepG2 cells

To evaluate the effect of HBX upon the expression of miR-18a
and CTGF, we transfected HepG2 cells with constructs carry-
ing HBX or the empty vector. Subsequently, the mRNA or pro-
tein expression levels of miR-18a and CTGF were determined
with the presence of HBX. As shown in Figure 4, expression of
miR-18a (Figure 4A) was inhibited in HepG2 cells overexpress-
ing HBX (Figure 4B) compared with the controls. Subsequently,
protein and mRNA expression levels of CTGF all showed a
clear increase in the presence of HBX compared with controls.

Additionally, we investigated cell viability and cell cycle sta-
tus of HBX over-expressing HepG2 cells as compared with the
empty vector-transfected control cells. In comparison with the
controls, relative cell viability of the HepG2 cells transfected
with constructs carrying HBX showed a substantial decrease in
viability (Figure 5A). To further explore the underlying molec-
ular mechanism, flow cytometry analysis was conducted and
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Figure 1. Expression of miR-18a was downregulated in HBV-positive tissue samples compared with HBV-negative tissue samples,

while other miRNAs, including miR-122, miR-143, miR-122, miR-210, miR-345 and miR-148a, showed no apparent
differences.
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Figure 2. (A) CTGF was identified as the target of miR-18a, with its possible binding region CTGF 3’UTR and its mutant. (B) Relative
luciferase activity of cells treated with constructs containing wild-type CTGF 3’UTR segments was significantly lower
compared with the negative controls, while that of cells treated with constructs containing mutant CTGF 3’UTR segments

was merely different compared with the negative controls.
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Figure 3. (A) Expression level of CTGF mRNA in HBV-positive HCC tissue samples was upregulated compared with the HBV-negative
tissue samples. (B) Expression level of CTGF protein in HBV-positive HCC tissue samples was upregulated compared with the

HBV-negative tissue samples.

the G2/M and S phase fraction were found to increase from
13.18% to 19.91%, and from 32.09% to 40.09%, respectively.
GO/G1 decreased from 54.73% to 41% with the overexpres-
sion of HBX (Figure 5B). These findings indicate that the in-
troduction of HBX expression can enhance the proliferation of
the HepG2 cells by promoting cell cycle progression.

Transfection of miR-18a inhibited the expression of CTGF
and suppressed the proliferation of HepG2.2.15 cells

We conducted gRT-PCR and Western blot analysis to investigate
the mRNA and protein expression of CTGF in HepG2.2.15 cells
transfected with miR-18a mimics or CTGF siRNA. As shown in
Figure 6A, compared with the scramble controls, protein ex-
pression of miR-18a mimics-treated cells and CTGF siRNA-treat-
ed cells similarly decreased, and a similar change in the mRNA
expression of CTGF was detected in those cells (Figure 6B). The
above findings validate that miR-18a can inhibit the mRNA and
protein expression of CTGF.

To further explore the underlying mechanism, we also in-
vestigated the cell viability of cell cycle fraction in treatment
groups. Cell viability of both treatment groups was much low-
er in HepG2.2.15 cells transfected with miR-18a mimics or
CTGF siRNA compared with the scramble controls (Figure 7A).
Moreover, the cell cycle distribution analysis results (Figure 7B)
showed a boost in GO phase of the miR-18a mimics-treated
group from 44.76% to 57.66%, along with a decreased pro-
portion of G2/M and S phase cells from 19.12% to 12.09%
and 36.12% to 30.25%, respectively. Similarly, transfection of
CTGF siRNA also inhibited the G2/M and S fraction (19.12% to
13.54% and 36.12% to 31.23%, respectively) and GO/G1 frac-
tion increased from 44.76% to 55.23%.

Discussion

In this study we found that the expression of miR-18a was abnor-
mally reduced in the HBV-positive HCC tissue samples compared
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Figure 4. (A) Western blot analysis of HBX in HBX-expressing cells compared with the controls. (B) Expression level of miR-18a was
inhibited by the presence of HBX compared with the controls. (C) Protein expression level of CTGF was higher among HBX-
expressing cells compared with the controls. (D) The mRNA expression of CTGF was upregulated in the presence of HBX

compared with the controls.
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Figure 5. (A) Viability of HBX-expressing cells increased when compared with the controls. (B) Cell cycle status of HBX-expressing cells

in phase GO, S, and G2/M compared with the controls.

with that in HBV-negative HCC samples. Using the luciferase re-
porter system, we also identified CTGF 3’UTR (1046-1052 bp) as
the exact binding site for miR-18a. There was a clear increase in
CTGF mRNA and protein expression levels in HBV-positive HCC
human tissue samples compared to the HBV-negative controls,
suggesting negatively associated relationship between miR-18a
and CTGF. A relevant investigation was conducted on the effect
of HBX overexpression on miR-18a and CTGF, as well as the via-
bility and cell cycle status of HepG2 cells. We found that HBX in-
troduction downregulated miR-18a, upregulated CTGF, elevated
the viability, and promoted cell cycle progression. Furthermore,
we transfected HepG2.2.15 with miR-18a mimics and CTGF siR-
NA, finding that they can upregulate miR-18a, downregulate
CTGF, suppress viability, and cause cell cycle arrest.

Influencing target gene expression in an inheritable way, non-
coding RNAs include long RNAs (IncRNAs) with more than 200
nucleotides and short microRNAs(miRNAs), in which less than
22 nucleotides have been regarded as an epigenetic regulator.
Alterations in some host miRNA profiles have been noticed to
be associated with HBx expression. MiRNAs whose expression
could be induced were upregulated by HBX, including miRNA
602 (miR-602), miR-143, miRNA-29a, and miR-148a. As a pu-
tative tumor suppressor, miR-602 targets RASSF1A, [16]. miR-
143 can promote metastasis, migration, and invasion of hep-
atoma cells by targeting fibronectin type Il domain-containing
3B (FNDC3B) [17]. miR-148a and miRNA-29a can enhance mi-
gration of hepatoma cells by targeting tensin homolog and
phosphatase (PTEN) [18,19]. MiRNAs whose expression can
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Figure 6. (A) CTGF protein expression level of cells treated with miR-18a mimics and CTGF siRNA were equally low when compared
with the scramble controls. (B) CTGF mRNA expression level of cells treated with miR-18a mimics and CTGF siRNA were

equally low when compared with the scramble controls.
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Figure 7. (A) Viability of cells treated with miR-18a mimics and CTGF siRNA showed similar low levels compared with the scramble
controls. (B) Cell cycle status of cells treated with miR-18a mimics and CTGF siRNA in phase GO, S, and G2/M compared with

the scramble controls.

be induced were downregulated by HBx, including miR-661,
miR-373, and let-7a. miR-661 is related to tumor metastasis
by targeting MTA1 [20]; miR-373 mediates proper adhesion
of cell to cell by targeting CDH1 [21]; and let-7a supports pro-
liferation of cells by targeting signal transducer and activator
of transcription 3 (STAT3) [22]. The correlation between miR-
NAs and HBx involves the process by which HBx regulates ex-
pression of genes, possibly through mechanisms of epigene-
tic control related to miRNA [23].

MiR-18a is a member of the miR-17~92 cluster. It is general-
ly accepted that the miR-17~92 cluster functions as an onco-
gene in its own right [24,25] or as a key downstream effec-
tor of the Myc family of onco-proteins, such as c- and N-Myc
[26,27]. miR-17~92 contributes to various aspects of cancer
initiation and progression [28]. For example, our laboratory
has demonstrated that miR-17~92 augments tumor angiogen-
esis in the KRAS-driven colon carcinoma model [27], despite
the fact that it has a cell-intrinsic anti-angiogenic function in
endothelial cells [29]. In the colon cancer model, induction of
angiogenesis is accompanied by down-regulation of several

anti-angiogenic members of the TSR super family, including
thrombospondin-1 and clusterin [30]. TSR proteins in solid tu-
mors are targeted by both miR-18 and miR-19. In B-lymphoid
malignancies, the key oncogenic component of miR-17~92 is
miR-19 [31], acting primarily through the PTEN pathway. In
this study we found that miR-18a was significantly upregu-
lated in HBV-negative HCC samples compared with the HBV-
positive HCC samples, and we validated CTGF as a target of
miR-18a by using luciferase assay. In line with this, we also
found that CTGF mRNA and protein expression level of HBV-
negative HCC samples was significantly lower than that of
HBV-positive HCC samples.

As a member of the CCN family, CTGF acts as a growth factor
through binding with integrins expressed on the surface of cells.
CTGF demonstrates a large range of functions in vivo, such as
angiogenesis, migration, and proliferation [32]. Interestingly, in
a variety of cancer types, CTGF works as an oncogene while in
other cancer types it is identified as a tumor-suppressor gene.
The overexpression of CTGF has been shown to be related to
the progression of adult acute lymphoblastic leukemia [33],
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glioblastoma [34], esophageal adenocarcinoma [35], pancreatic
cancer [36], and HCC [37]. The suppression of metastasis is also
related to overexpression of CTGF. In colorectal cancer [38], lung
adenocarcinoma [39], and gallbladder cancer [40], CTGF act as
the favorable prognostic marker. We found that downregula-
tion of miRNA in HCC patients was related to overexpression
of intratumoral CTGF. We also found evidence corresponding
to previous studies showing that differential expression miR-
NA in breast cancer patients is related to overexpression of
CTGF, and CTGF might be a biomarker specific to BM [41]. In
this study, we found that the expression of miR-18a was in-
hibited in HepG2 cells overexpressing HBX in comparison with
the controls. The G2/M and S phase fraction were found to be
increased from 13.18% to 19.91% and 32.09% to 40.09%, re-
spectively, while GO/G1 decreased from 54.73% to 41% with
the overexpression of HBX. In HepG2.2.15 cells, protein expres-
sion of miR-18a mimics-treated cells and CTGF siRNA-treated
cells were similarly decreased compared with the scramble
controls. Along with a boost in GO phase of miR-18a mimics
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treatment group from 44.76% to 57.66%, there was a decreased
proportion of G2/M and S phase cells from 19.12% to 12.09%
and 36.12% to 30.25%, respectively. Similarly, transfection of
CTGF siRNA also inhibited the G2/M and S fraction (19.12% to
13.54% and 36.12% to 31.23%, respectively), while the GO/G1
fraction increased from 44.76% to 55.23%.

Conclusions

Taken together, we discovered that HBx down-regulated Gld2,
which led to reduced expression level of miR-122 in cells infect-
ed by HBV. This process is part of post-transcriptional regula-
tion. Therefore, a new mechanism is put forward in this study
to explain how HBV affects miRNA expression.
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