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Abstract: A high hepatitis B virus (HBV) load and chronic hepatitis B infection are well-recognized risk factors for the 
development of hepatocellular carcinoma (HCC), highlighting the need for research into the mechanisms underlying 
the role of HBV infection in HCC. Because phosphatase and tensin homolog (PTEN) has been implicated in HCC de-
velopment, we explored whether PTEN has a role in HBV-related hepatocarcinogenesis. We found that PTEN expres-
sion was correlated with advanced clinicopathological features and that HBV infection exacerbates PTEN defects in 
HCC. Using an integrated approach, we then investigated if miRNAs linked HBV infection to PTEN downregulation in 
HCC and found that PTEN was a target of miR-181a/382/362/19a. We also show that miR-181a/382/362/19a-
mediated inhibition of PTEN led to an enhanced malignant phenotype and stimulation of AKT signaling in HCC cells. 
Collectively, our results indicate that HBV infection exacerbates PTEN defects in hepatocellular carcinoma through 
upregulation of miR-181a/362/382/19a. Our work implicates miR-181a/362/382/19a and PTEN as potential 
biomarkers and targets for novel prognostic, diagnostic, and therapeutic strategies targeting HBV-related HCC.

Keywords: HBV, phosphatase and tensin homolog deleted on chromosome 10, microRNA, hepatocellular carci-
noma

Introduction

The etiology of hepatocellular carcinoma (HCC) 
involves multiple factors, including multiple 
viral infections, chronic inflammation, obesity, 
chronic alcohol abuse, and diabetes [1]. Of 
these, hepatitis B virus (HBV) infection is the 
most common cause, with 50%~55% of cases 
of primary liver cancer being attributable to 
persistent HBV infection [2-4]. HBV causes  
HCC by both direct and indirect pathways. It 
can integrate its DNA into the host cells and  
act as a mutagenic agent, thereby increasing 
genomic instability [5]. Nevertheless, the pre-
cise mechanisms underlying the role of HBV 
infection in the development and progression 
of HCC require further investigation.

Phosphatase and tensin homolog (PTEN, also 
known as MMAC1 or TEP1), is one of the most 

frequently mutated tumor suppressor genes in 
human cancers [6]. The PTEN protein functions 
primarily as a lipid phosphatase in the mainte-
nance of homeostasis in the phosphatidylino- 
sitol 3 kinase (PI3K)/serine-threonine protein 
kinase (AKT) signaling cascade, thereby regu-
lating crucial cell processes, such as growth, 
adhesion, genomic stability, stem cell self-
renewal, migration and the tumor microenviron-
ment [7]. PTEN activity can be modulated by 
mutations, epigenetic silencing, transcriptional 
repression, aberrant protein localization, and 
posttranslational modifications [8]. Studies 
have shown that reduced PTEN expression is a 
frequent event in HCC and is correlated with 
disease stage, tumor grade, tumor size, and 
increased expression of tumor markers [9-11]. 
However, the precise role that PTEN plays in the 
development and progression of HBV-related 
HCC remains unclear. To address this, we exam-
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ined the expression of PTEN in HBV-infected 
HCC tissues and assessed whether miRNAs 
might link HBV infection to reduced PTEN  
levels in HCC. We present evidence that HBV 
infection exacerbates PTEN defects in HCC  
and that PTEN is a target of miR-181a/382/ 
362/19a. Furthermore, we show that miR-
181a/382/362/19a-mediated PTEN downreg-
ulation enhanced the malignant phenotype  
and stimulated AKT signaling in HCC cells. Our 
work implicates miR-181a/362/382/19a and 
PTEN as potential biomarkers and targets in 
novel prognostic, diagnostic, and therapeutic 
strategies targeting HBV-related HCC.

Materials and methods

Immunohistochemistry

HBV-infected and non-HBV infected liver tissue 
specimens were obtained from patients at the 
Department of Hepatobiliary Surgery at Tongji 
Hospital (affiliated with Huazhong University of 
Science and Technology, Wuhan, Hubei, China). 
Informed consent was obtained from all the 
subjects in accordance with the Declaration of 
Helsinki. Diagnosis was based on World Health 
Organization criteria. The samples were snap-
frozen in liquid nitrogen and stored at -80°C  
for subsequent RNA extraction or formalin- 
fixed and paraffin-embedded for immunohis- 
tochemistry (IHC). The IHC protocol was as pre-
viously described [12].

Cells and transfection

The hepatoma cell lines HepG2 and Hep- 
G2.215 (a derivative of the HepG2 line that  
has been stably transfected with a head-to- 
tail dimer of HBV DNA) were cultured in DMEM 
while the human normal liver cell line LO2  
was cultured in RPMI1640 (Gibco-BRL, Invi- 
trogen, Carlsbad, CA, USA). Transfections were 
performed using the jetPRIME kit (Polyplus-
transfection, Strasbourg, France) according to 
the manufacturer’s instructions. Mimics or in- 
hibitors of miR-181a/362/382/19a and their 
corresponding negative control RNAs (Gene- 
Pharma, Shanghai, China) were synthesized 
and introduced into cells at a final concentra-
tion of 200 nM.

Dual-luciferase reporter assay

Wild-type (WT) or mutant (MUT) PTEN 3’ 
untranslated region (UTR) sequences were 

inserted into the XbaI and XbaI sites of the 
GV272 vector. HepG2 cells were cotransfected 
with miR-181a/362/382/19a mimics and the 
PTEN 3’UTR (800 ng) according to the manu-
facturer’s protocol (Promega, Madison, WI, 
USA). Firefly and Renilla luciferase activity were 
detected using Dual-Luciferase Reporter Assay 
Kits (Promega, Madison, WI, USA) on a Lumat 
LB 9507 Tube Luminometer machine (Berthold, 
Dettenheim, Germany).

HBV cccDNA quantification

Liver tissue DNA was extracted using a QIAamp 
DNA Mini Kit (Qiagen, Dusseldorf, Germany) 
and HBV cccDNA was detected with a HBV 
cccDNA Probe Detection Kit (Fuxing, Shanghai, 
China) using a LightCycler® (Bio-Rad Labora- 
tories, Hercules, CA, USA).

Quantitative real-time PCR 

Total RNA was extracted with TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA). First-strand 
complementary DNA was synthesized using a 
HiFiScript cDNA Synthesis Kit (Cwbiotech, Bei- 
jing, China). Stem-loop reverse transcription 
and real-time PCR for miR-181a/362/382/ 
19a and U6 were performed with a Hairpin- 
itTM miRNAs RT-PCR Quantitation Kit (Gene- 
Pharma, Shanghai, China) on a real-time PCR 
detection machine Mx3000P (Stratagene, La 
Jolla, CA, USA) using U6 RNA as a miRNA  
internal control. Real-time PCR was carried  
out using a standard SYBR-Green real-time 
PCR kit and protocol. GAPDH was used as an 
endogenous control to normalize the amount  
of total mRNA in each sample. The 2-ΔΔC(T)  
method was used to analyze the relative  
changes in gene expression.

Western blot analysis

Equimolar amounts of extracted protein were 
fractionated by 10% SDS-PAGE, blotted, and 
probed with antibodies specific for PTEN, phos-
phorylated AKT, total AKT or β-actin (Cell 
Signaling Technology, Danvers, MA, USA). After 
incubation with goat anti-rabbit or anti-mouse 
secondary antibody, the blots were visualized 
with enhanced chemiluminescence. Expression 
intensities were determined with the Chemi- 
Scope Analysis software (Clinx, Shanghai, 
China).
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Cell Counting Kit 8 assay

The in vitro proliferation potential of HCC cells 
was measured using the Cell Counting Kit 8 
(CCK-8) assay. A total of 1 × 104 HCC cells 
cotransfected with miR-181a/362/382/19a 
mimics or inhibitors plus PTEN, shPTEN or con-
trol vectors were treated by CCK-8 solution at 
37°C for 1 h. The absorbance was then mea-
sured at 450 nm with a microplate reader 
(Tecan, Männedorf, Switzerland).

Transwell migration assay

HCC cells were synchronized by serum depri- 
vation for 24 h. A total of 5 × 104 synchronized 
HCC cells were seeded into the upper chamber 
of a 24-well plate, while medium containing 
10% fetal bovine serum (FBS) was added into 
the lower chamber. After incubation at 37°C for 
24 h (for HepG2 cells) or 48 h (for HepG2.215 
cells), the cells in the upper chamber were  
carefully removed. Then cells adhering to the 
underside of the membrane were fixed in 4% 
paraformaldehyde and stained with Hoechst 
33342 (Abcam, Cambridge, UK). Cells were 
counted under a fluorescence microscope 
(Olympus, Tokyo, Japan).

Wound healing assay

A total of 1 × 106 synchronized HCC cells were 
seeded into a 6-well plate and cultured until 
almost 100% confluence. A scraped line was 
created with a 200-ul pipette tip. The speed of 
wound closure was imaged with a fluorescence 
microscope (Olympus, Tokyo, Japan) and the 
rate of closure was calculated.

Transwell invasion assay

A total of 5 × 104 synchronized HCC cells were 
added into the upper chamber on a Matrigel 
(BD Biosciences, Franklin Lakes, NJ, USA)-
coated Transwell membrane, while medium 
containing 10% FBS was added into the lower 
chamber. After incubation at 37°C for 24 h (for 
HepG2 cells) or 48 h (for HepG2.215 cells), the 
cells in the upper chamber were carefully 
removed. Then cells adhering to the underside 
of the membrane were fixed in 4% parafor- 
maldehyde and stained with Hoechst 33342 
(Abcam, Cambridge, UK). Cells were counted 
under a fluorescence microscope (Olympus, 
Tokyo, Japan).

Statistical analysis

Data were expressed as the means ± standard 
deviation (SD) of at least three independent 
experiments. Differences between two groups 
were analyzed by the Student’s t-test while  
one-way analysis of variance (ANOVA) was us- 
ed for comparisons between more than two 
groups. Differences in miRNA expression in  
tissue specimens from HCC patients were  
evaluated by the chi-squared test. A two-tailed 
P-value < 0.05 obtained with the SPSS 20.0 
software package (SPSS, Chicago, IL, USA)  
was considered significant. *P < 0.05, **P < 
0.01, and ***P < 0.001 were assumed.

Results 

HBV infection exacerbated PTEN defects in 
hepatocellular carcinoma

To investigate the possible role of PTEN in 
hepatocarcinogenesis, PTEN expression was 
compared between cancerous and correspond-
ing paracancerous tissues from HCC patients 
by IHC. The results indicated that PTEN expres-
sion was markedly reduced in cancerous tis-
sues when compared with that of paracancer-
ous tissues and liver hemangioma tissues 
(Figure 1A). Furthermore, PTEN levels gradually 
decreased with decreasing levels of HCC tissue 
differentiation (Figure 1B). As HBV infection is a 
major risk factor for HCC [13], we next investi-
gated whether HBV infection exacerbated PTEN 
defects. For this, the above specimens were 
classified into HBV+ and HBV- subgroups and 
again evaluated for PTEN expression. We found 
that PTEN expression was markedly lower in 
HBV+ tissue than in HBV- tissue, irrespective of 
whether the tissue was cancerous or paracan-
cerous (Figure 1C). Accordingly, PTEN expres-
sion was also decreased in HBsAg+ HCC tissue, 
as well as in tissue with a heavy HBV cccDNA 
load (Figure 1D and 1E). Consistent with the 
data from human tissue specimens, PTEN 
expression was also lower in HepG2.215 cells 
than in HepG2 cells (Figure 1F). Together, our 
data suggest that PTEN expression is downreg-
ulated in HCC and HBV infection exacerbates 
PTEN defects.

Expression of miR-181a/362/382/19a was 
aberrant in HBV-infected HCC

Next, we elucidated the mechanisms by which 
HBV affects PTEN expression in HCC. As miRNA 
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dysregulation is causal in many types of cancer 
and miRNAs can target tumor suppressors  
and act as oncogenes [14], we profiled miRNA 
expression in the HepG2 and HepG2.215 cell 
lines and referred to miRNA prediction data- 
bases. Among the predicted miRNAs, miR-
181a/362/382/19a seemed to be of particu-
lar interest. To test whether these miRNAs 
could link HBV infection to PTEN downregula-
tion, we analyzed the expression of these miR-
NAs by quantitative real-time PCR in HCC cell 
lines and tissues. The expression levels of miR-
181a/362/382/19a were higher in HepG2 
cells than in LO2 cells, and were also higher in 
HepG2.215 cells than in HepG2 cells (Figure 
2A). Similar differences and trends were found 
between HBV+ and HBV- hepatocellular carci-

noma tissues (high miR-181a subgroup: 8/13 
(62%) vs 2/6 (33%), χ2 = 16.68, df = 1, P < 
0.0001; high miR-362 subgroup: 7/13 (54%)  
vs 1/6 (17%), χ2 = 29.89, df = 1, P < 0.0001; 
high miR-382 subgroup: 9/13 (69%) vs 2/6 
(33%), χ2 = 25.93, df = 1, P < 0.0001; high  
miR-19a subgroup: 8/13 (62%) vs 1/6 (17%),  
χ2 = 42.37, df = 1, P < 0.0001) (Figure 2B). 
Taken together, these data imply that the 
expression levels of miR-181a/362/382/19a 
are upregulated in HCC and HBV infection 
enhances this upregulation.

PTEN is a target of miR-181a/362/382/19a

To verify whether PTEN is a target of miR-
181a/362/382/19a, we constructed wild-type 

Figure 1. HBV infection decreased PTEN expression in HCC tissues and cell lines. A. PTEN expression in cancerous 
(Ca) and paracancerous (CaP) tissues from HCC patients was detected by immunohistochemistry (IHC). Hepatic 
hemangioma tissues were used as controls. Images were obtained using a microscope at × 400 magnification. 
Three random fields of view were used to calculate mean densities of PTEN-positive areas with Image-Pro Plus 
software. B. PTEN expression in poorly differentiated (PD), moderately differentiated (MD), and well differentiated 
(WD) cancerous tissues and hepatic hemangioma tissues (control) detected by IHC. C. PTEN expression in Ca and 
CaP tissues with HBV infection (HBV+) or without HBV infection (HBV-) detected by IHC. D. PTEN expression in HB-
sAg+ and HBsAg- cancerous tissues detected by IHC. E. PTEN expression in the cancerous tissues with a high HBV 
cccDNA load (> 1 × 104) or low HBV cccDNA load (< 1 × 104) detected by IHC. F. PTEN expression in LO2, HepG2, and 
HepG2.215 cells was detected by quantitative real-time PCR (left) and western blot (middle and right). The mRNA 
expression was normalized to that of GAPDH and protein expression was normalized to that of β-actin. PTEN expres-
sion values in LO2 cells were designated as 1 and data were expressed as fold changes. Data represent means ± 
standard deviation from triplicate experiments. *P < 0.05; **P < 0.01; ***P < 0.001.
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or mutant PTEN 3’UTR dual-luciferase reporter 
vectors and cotransfected the vectors into 
HepG2 cells with miR-181a/362/382/19a 
mimics. The dual-luciferase reporter assay 
showed that cells cotransfected with wild- 
type PTEN 3’UTR and miR-181a/362/382/ 
19a mimics displayed significantly lower lucif-
erase activity than the controls, whereas cells 
cotransfected with mutant PTEN 3’UTR and 
miR-181a/362/382/19a mimics showed lucif-
erase activity comparable with that of the con-
trols (Figure 3A-D). These results were corrobo-

that observed with miR-181a/362/382/19a 
inhibitors. Nevertheless, these effects were 
reversed by PTEN silencing (Figure 5A). The 
wound-healing and Transwell (with or without 
Matrigel) assays also confirmed that overex-
pression of PTEN blocked the effect of miR-
181a/362/382/19a mimics, while PTEN sil- 
encing rescued the suppression of HCC cell 
migration and invasion induced by miR-181a/ 
362/382/19a inhibitors (Figure 5B-D). In sum-
mary, our data demonstrated that miR-181a/ 
382/362/19a-mediated inhibition of PTEN 

Figure 2. HBV infection increased miR-181a/362/382/19a levels in HCC 
tissues and cell lines. A. The expression levels of miR-181a/362/382/19a 
in LO2, HepG2, and HepG2.215 cells were determined by quantitative real-
time PCR and normalized to that of U6. Data represent means ± standard 
deviation from triplicate experiments. *P < 0.05; **P < 0.01; ***P < 0.001. 
B. The expression levels of miR-181a/362/382/19a in cancerous tissues 
with HBV infection (HBV+) or without HBV infection (HBV-) were determined 
by quantitative real-time PCR and normalized to that of U6. The median 
of relative miR-181a/362/382/19a values was included for subgroup 
separation for both HBV+ and HBV- cancerous tissues. Differences in miR-
181a/362/382/19a expression levels were evaluated by the chi-squared 
test. (miR-181a: χ2 = 16.68, df = 1, P < 0.0001; miR-362: χ2 = 29.89, df = 1, 
P < 0.0001; miR-382: χ2 = 25.93, df = 1, P < 0.0001; miR-19a: χ2 = 42.37, 
df = 1, P < 0.0001).

rated by quantitative real- 
time PCR and western blot, 
showing that miR-181a/362/ 
382/19a inhibited both the 
mRNA and protein expressi- 
on of PTEN in HepG2 cells 
(Figure 4A-D). Therefore, our 
data indicate that miR-181a/ 
362/382/19a negatively regu-
late PTEN expression by dir- 
ectly targeting its 3’UTR.

MiR-181a/382/362/19a-
mediated inhibition of PTEN 
enhanced the malignant phe-
notype of HCC cells

As we found an association 
between miR-181a/362/38- 
2/19a and PTEN expression in 
HCC, we then functionally 
characterized the effects of 
miR-181a/362/382/19a on 
the behaviors of HCC cells. To 
examine whether miR-181a/ 
362/382/19a exerted their 
effects on HCC through PTEN, 
we overexpressed PTEN in 
HepG2.215 cells and silenc- 
ed its expression in HepG2 
cells. CCK-8 assays showed 
that silencing of PTEN incr- 
eased the proliferative ability 
of HepG2 cells when com-
pared with that of untreated 
controls, and a similar result 
was observed with miR-181a/ 
362/382/19a mimics. How- 
ever, the increased prolife- 
ration was abrogated when 
PTEN was overexpressed in 
HepG2.215 cells, similar to 
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enhances the malignant phenotype of HCC 
cells.

MiR-181a/362/382/19a inhibited PTEN-
mediated deactivation of AKT signaling

PTEN can reduce the phosphorylation status  
of AKT and inhibit signaling downstream of  
AKT, which plays an important role in regulat- 
ing multiple biological processes [15]. To  
examine whether miR-181a/362/382/19a-
mediated PTEN downregulation could affect 
AKT signaling, we used western blot to assess 
the influence of these miRNAs on AKT phos-
phorylation. In HepG2 cells, transfection of 
miR-181a/362/382/19a mimics suppressed 
PTEN expression while increasing AKT phos-
phorylation, and these effects were antago-
nized by overexpression of PTEN. In contrast,  
in HepG2.215 cells, transfection of miR-181a/ 
362/382/19a inhibitors enhanced PTEN ex- 
pression while decreasing AKT phosphoryla-

tion, and these effects were antagonized  
by PTEN silencing (Figure 6A-D). Collectively, 
these findings indicate that miR-181a/362/ 
382/19a inhibited PTEN-mediated deactiva-
tion of AKT signaling.

Discussion

A high HBV load and chronic HBV infection are 
well-recognized risk factors for developing HCC, 
highlighting the need for research into the 
mechanisms underlying the role of HBV infec-
tion in HCC [16]. PTEN is a potent and widely 
expressed tumor suppressor, and PTEN dys-
regulation is a well-documented key event in 
the pathogenesis and progression of several 
human cancers. Consequently, in this study, we 
focused on evaluating the role of PTEN in HBV-
related HCC.

In agreement with previous studies [17, 18], we 
found that PTEN expression was markedly 

Figure 3. PTEN is a target of miR-181a/362/382/19a. Diagrams show the putative binding sites (red) for miR-
181a (A), miR-362 (B), miR-382 (C) and miR-19a (D) in PTEN. The wild-type (WT) 3’UTR of PTEN is shown in blue 
and the corresponding mutant (MUT) sites in green. Bar graphs show the relative fluorescence intensity of HepG2 
cells transfected with dual-luciferase reporter vectors containing either the WT or MUT 3’UTR of PTEN plus miR-
181a/362/382/19a mimics (miR-181a/362/382/19a-m) or negative control mimics (NC-m). Data represent 
means ± standard deviation from triplicate experiments. *P < 0.05; **P < 0.01; ***P < 0.001.
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Figure 4. MiR-181a/362/382/19a downregulated PTEN expression in HepG2 cells. The mRNA (left) and protein (middle and right) expression of PTEN in HepG2 
cells transfected with miR-181a (A), miR-362 (B), miR-382 (C), miR-19a (D) mimics or negative control mimics (NC-m) were examined by quantitative real-time PCR 
and western blot. The mRNA expression levels were normalized to that of GAPDH and protein expression levels were normalized to that of β-actin. Values of PTEN 
expression were designated as 1 and data were expressed as fold changes. Data represent means ± standard deviation from triplicate experiments. *P < 0.05; 
**P < 0.01; ***P < 0.001.
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Figure 5. MiR-181a/362/382/19a enhanced the activities of HCC cells, and overexpression/silencing of PTEN antagonized/mimicked their effects. HepG2 cells 
were transfected with miR-181a/362/382/19a mimics (miR-181a/362/382/19a-m) or negative control mimics (NC-m) plus PTEN, shPTEN or control vectors. 
HepG2.215 cells were transfected with miR-181a/362/382/19a inhibitors (miR-181a/362/382/19a-i) or negative control inhibitors (NC-i) plus PTEN, shPTEN or 
control vectors. A. Proliferation of HepG2 (top) and HepG2.215 (bottom) cells was determined by CCK-8 assay. B. Migration of HepG2 (top) and HepG2.215 (bottom) 
cells was assessed by Transwell assay. Representative images and bar graphs are shown. C. Migration of HepG2 (left) and HepG2.215 (right) cells was examined 
by wound-healing assay. Representative images at the indicated time points following scratch initiation and bar graphs are shown. Values at the 0 h-timepoint were 
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downregulated in cancerous tissues when  
compared with that in paracancerous tissues 
or hepatic hemangioma tissues, and was  
correlated with advanced clinicopathological 
characteristics. Furthermore, we also found 
that PTEN defects were exacerbated in HBV-
infected HCC tissues and cell lines when com-
pared with HBV-uninfected ones, suggesting 
that PTEN plays a role in HBV-related hepato- 
carcinogenesis.

HBV causes chronic hepatitis both by synthe-
sizing some of its own proteins (HBx, HBs, HBc, 
and others) and by inducing genetic alterations 
and activating several cell signaling pathways 
(NF-κB, PI3K, and others), which eventually 
leads to HCC. Tumor suppressor genes/onco-

genes are often inactivated/upregulated by 
genetic and epigenetic mechanisms in the ini-
tiation and progression of HCC. However, miR-
NA-mediated silencing is also considered to  
be an important mechanism influencing the 
loss/gain of tumor suppressor gene/oncogene 
function [19-21]. For instance, HBx-induced 
upregulation of miR-21 targets the tumor sup-
pressor PDCD4 and promotes hepatocarcino-
genesis [22, 23], while decreased expression 
of let-7 in the presence of HBx results in the 
upregulation of its target oncogene STAT3 and 
a consequent enhancement of hepatocarcino-
genesis [24].

Short noncoding microRNAs (miRNAs) play cru-
cial roles in numerous diseases [25-28], regu-

designated as 1 and the rate of closure was assessed. D. Invasion of HepG2 (top) and HepG2.215 (bottom) cells 
was determined by Transwell-Matrigel assay. Representative images and bar graphs are shown. Data represent 
means ± standard deviation from triplicate experiments. *P < 0.05; **P < 0.01; ***P < 0.001.

Figure 6. MiR-181a/362/382/19a upregulated AKT phosphorylation, and overexpression/silencing of PTEN an-
tagonized/mimicked their effects. A-D. HepG2 cells were transfected with miR-181a/362/382/19a mimics (miR-
181a/362/382/19a-m) or negative control mimics (NC-m) plus PTEN, shPTEN or control vectors. HepG2.215 cells 
were transfected with miR-181a/362/382/19a inhibitors (miR-181a/362/382/19a-i) or negative control inhibitors 
(NC-i) plus PTEN, shPTEN or control vectors. The expression levels of PTEN, phosphorylated AKT (p-AKT), and total 
AKT were determined by western blot.
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lating essential biological processes [29-31] 
and functioning both as oncogenes and tumor 
suppressor genes [32-35]. MiR-21 was identi-
fied as an endogenously expressed miRNA  
that specifically targets PTEN, and upregulated 
miR-21 expression has been linked to the pro-
motion of tumorigenesis in liver cancer [36, 
37]. Other miRNAs that target PTEN have also 
been identified [38]. Here, we investigated  
how HBV affects PTEN expression from the  
perspective of miRNAs. We employed an inte-
grated approach that involved profiling miRNA 
expression in HepG2 and HepG2.215 cell  
lines and referring to miRNA prediction data-
bases. Among the predicted miRNAs, miR-
181a/362/382/19a gained our interest. Our 
results indicated that miR-181a/362/382/ 
19a expression was upregulated in HCC, and 
HBV infection further increased their ex- 
pression. The inverse correlation observed 
between miR-181a/362/382/19a levels and 
PTEN expression suggested that HBV-mediat- 
ed upregulation of these miRNAs may result in 
the suppression of PTEN expression.

MiRNAs are known to alter target gene ex- 
pression at a posttranscriptional level [39]. 
Using bioinformatics analysis, we identified 
sequence complementarity between miR-
181a/362/382/19a and the 3’UTR of PTEN. 
The data from the dual-luciferase reporter  
and western blot assays confirmed that miR-
181a/362/382/19a negatively regulate PTEN 
expression by directly targeting its 3’UTR. Our 
data were in line with those of previous studies 
showing that miR-382 and miR-19a target 
PTEN [40-44] and revealed for the first time 
that PTEN is a target of miR-181a and miR- 
362.

As we found an association between miR-
181a/362/382/19a and PTEN expression in 
HCC, we then functionally characterized the 
effects of miR-181a/362/382/19a on the 
behaviors of HCC cells. The combined loss-  
and gain-of-function approaches confirmed 
that overexpression of PTEN blocked the 
effects of miR-181a/362/382/19a, whereas 
PTEN silencing rescued the suppression of  
proliferation, migration, and invasion induced 
by miR-181a/362/382/19a inhibitors in HCC 
cells. The results indicated that PTEN is a  
primary functional target of miR-181a/362/ 
382/19a in HCC. The PTEN protein is reported 

to exert its effects by regulating AKT signaling 
[45]. Our data suggest that miR-181a/362/ 
382/19a enhances AKT phosphorylation 
through inhibition of PTEN expression, thereby 
activating AKT signaling in HCC. Combined,  
our data indicate that miR-181a/382/362/ 
19a-mediated inhibition of PTEN leads to an 
enhanced malignant phenotype and stimula-
tion of AKT signaling in HCC cells.

The development of HCC can be considered  
as an end-stage outcome of HBV infection. 
Early prognostic and diagnostic markers are 
needed to allow effective prevention and  
intervention. Our findings indicated that miR-
181a/362/382/19a may serve as potential 
biomarkers and novel targets in HCC prognos- 
is and diagnosis. MiRNAs play important roles 
in tumor development, and miRNA mimics  
(for downregulated miRNAs) or inhibitors (for 
upregulated miRNAs) have potential as a new 
class of molecular therapeutic targets [46]. 
Several studies have confirmed the effective-
ness of mimics and inhibitors as a novel  
method of therapeutic intervention targeting 
disease-specific miRNAs [47-49]. In this study, 
we provided a rationale for the therapeutic  
targeting of miR-181a/362/382/19a using 
synthetic constructs targeting these miRNAs, 
alone or in conjunction with other treatments, 
to activate tumor suppressor genes such as 
PTEN and reverse the malignant phenotype of 
HCC cells.

In summary, we presented evidence that  
HBV infection exacerbates PTEN defects in 
HCC and found that PTEN is a target of miR-
181a/382/362/19a. We further showed that 
miR-181a/382/362/19a-mediated PTEN inhi-
bition led to an enhanced malignant phenotype 
and stimulated AKT signaling in HCC cells. Our 
work provides new insights into the regulatory 
mechanisms underlying the development and 
progression of HBV-related HCC and implicates 
miR-181a/362/382/19a and PTEN as poten-
tial biomarkers and targets for novel prognos-
tic, diagnostic, and therapeutic strategies tar-
geting HBV-related HCC.
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