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Background: Hepatocellular carcinoma (HCC) is one of the most common malignant
tumors in human worldwide. Evidence indicated that upregulation of microRNA-3651
(miR-3651) was observed in human HCC tissues. In this study, we explored the mechanisms
by which miR-3651 regulated the proliferation, apoptosis and invasion of HCC.

Methods: The levels of miR-3651 in human HCC tissues were detected using qRT-PCR
assay. In addition, transwell invasion and Western blot assay were conducted to detect cell
invasion and apoptosis, respectively. Meanwhile, the dual-luciferase reporter assay was used
to explore the interaction of miR-3651 and phosphate and tension homology deleted on
chromsome ten (PTEN) in HCC.

Results: The levels of miR-3651 were upregulated in HCC tissues in comparison with the
matched normal tissues. Overexpression of miR-3651 significantly promoted the prolifera-
tion and invasion of Huh-7 cells. In contrast, inhibition of miR-3651 markedly inhibited the
proliferation and invasion of Huh-7 cells via promoting apoptosis. Moreover, downregulation
of miR-3651 markedly inhibited tumor growth in vivo. Furthermore, bioinformatics analysis
and luciferase reporter assay identified that PTEN was the directly binding target of miR-
3651 in Huh-7 cells. Meanwhile, overexpression of miR-3651 obviously decreased the level
of PTEN, and increased the expressions of p-p85 and p-Akt in Huh-7 cells.

Conclusion: These results indicated that miR-3651 might act as a potential oncogene in
HCC by targeting PTEN. Therefore, miR-3651 might be a novel therapeutic target for the
treatment of HCC.
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Introduction
Hepatocellular carcinoma (HCC) is one of the most common primary malignant
human tumors worldwide.' Hepatitis B virus and hepatitis C virus are the vital
etiological factors, which could lead to cirrhosis, hepatic failure and HCC.>* HCC is
characterized by rapid development of metastasis and fast progression.” Surgical
resection, regional ablation and liver transplantation are available for HCC treatment,
whereas these therapeutic methods generally lead to poor prognosis of patients with
HCC.% In addition, a large rate of patients have a high recurrence rate and a poor
5-year survival rate after surgical resection.® Although several therapies options have
been applied in the clinical practice, the prognosis of HCC has obviously not
improved.” Therefore, it is important to search novel therapeutic target for HCC.
MicroRNAs (miRNAs), a small non-coding RNAs, which could bind to the
3" untranslated regions (3’UTRs) of target mRNAs.'® It has been shown that
miRNAs were involved in multiple biological processes, such as cell growth,
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apoptosis, metabolism and differentiation.'’ Currently,
miRNAs have been identified to be associated with the
development and progression of HCC.'*'* Recent reports
indicated that miR-3651 played vital roles in tumorigenesis

and cancer progression.'*!?

miRNA microarray analysis
revealed that the level of miR-3651 was significantly upre-
gulated in HCC.'® Therefore, it was interesting that whether
miR-3651 could be the key factor in HCC tumorigenesis.
Nevertheless, the biological effect of miR-3651 in HCC
remains unclear. Therefore, this study aimed to investigate

the function of miR-3651 in HCC tumorigenesis.

Materials and methods

Cell culture

Human HCC cell line Huh-7 was purchased from American
Type Culture Collection (Rockville, MD, USA). Human
HCC cell line Bel-7402 was obtained from Shanghai
Institutes for Biological Sciences, CAS (Shanghai,
People’s Republic of China). Huh-7 and Bel-7402 cells
were cultured in RPMI 1640 medium (Gibco, People’s
Republic of China) supplemented with 10% fetal bovine
serum (Thermo Fisher Scientific, Waltham, MA, USA), 100
U/mL penicillin and 100 U/mL streptomycin in an incuba-
tor with 5% CO, at 37°C.

Clinical specimens

A total of 30 paired HCC tissues and matched adjacent
noncancerous tissues were obtained from 30 patients diag-
nosed with HCC. The patients included 20 males and 10
females, the median age of 51, range 45—64 years. None of
the HCC patients received preoperative interventional
therapy. This study was approved by the Institutional
Ethics Committee of the Central Hospital of Wuhan,
Tongji Medical College, Huazhong University of Science
and Technology. Written informed consent was obtained
from all the patients. This study was conducted in accor-
dance with the Declaration of Helsinki.

Lentiviral construction and cell

transfection

The PTEN-shRNA plasmid was obtained from Thermo
Fisher Scientific. 293T cells were infected with PTEN-
shRNA lentivirus. After 72 hrs of infection, the super-
natant containing the retroviral particles was collected.
Huh7 cells were infected with lenti-vector (NC), or
PTEN-shRNA supernatant for 24 hrs, and then cells were

treated with puromycin (2.5 pg/mL, Thermo Fisher
Scientific) to select stable Huh7 cells for another 48 hrs.
Huh-7 cells were transfected with miR-3651 mimics,
miR-3651-inhibitor, miR-3651 negative control (miR-NC)
for 24 hrs, using lipofectamine 2000 transfection reagent
(Invitrogen, Carlsbad, CA, USA) following the manufac-
ture’s instruction. In addition, Bel-7402 cells were trans-
fected with miR-3651-inhibitor or miR-NC for 24 hrs using
lipofectamine 2000 transfection reagent. MiR-3651 mimics,
miR-3651 inhibitor and miR-NC were purchased from
GenePharma (Shanghai, People’s Republic of China).

Real-time reverse transcriptase

quantitative PCR (RT-gPCR)

Total RNAs in HCC tissues and Huh-7 cells were isolated
using RNAiso Plus (Takara Biotechnology, Co. Ltd. Dalian,
People’s Republic of China). Then, complementary DNA
was reverse transcribed using a PrimeScript™ RT Master
Mix Kit (Takara Biotechnology). Later on, real-time PCR
was performed using a SYBR Green™ Premix Ex Taq™
(Takara Biotechnology) with a LightCycler 96 System
(Roche Diagnostics Corporation, Indianapolis, IN, USA).
U6 and B-actin were used as the internal control of the
miR-3651 and PTEN. The primer sequences are as follows:
miR-3651 forward: 5’-CCGGTCGCTGGTACATGAC-3’;
reverse: 5’-CTCAACTGGTGTCGTGGAGTC-3’, U6 for-
ward: 5’- CTCGCTTCGGCAGCACAT-3’; reverse: 5’-AA
CGCTTCACGAATTTGCGT-3’, PTEN forward: 5’-ATTC
CCAGTCAGAGGCGCTAT-3’; reverse: 5°- GAACTTGTC
TTCCCGTCGTGT-3’, B-actin forward: 5’- GTCCACCGC
AAATGCTTCTA-3’; reverse: 5’-TGCTGTCACCTTCACC
GTTC-3’. Classic 2 **“* method was used to analyze data.

Cell counting kit-8 (CCK-8) assay

CCK-8 assay was used to determine the cell viability.
Huh-7 or Bel-7402 cells (5x10° cells per well) were plated
into a 96-well plate and incubated at 37°C overnight,
respectively. Then, the cells were transfected with miR-
3651 mimics, miR-3651 inhibitor or miR-NC for 24 hrs.
After another 48 hrs of incubation, 10 pL of the CCK8
reagent was added to each well for 2 hrs. The OD was
detected using an enzyme-linked immunosorbent assay
reader at a wavelength of 450 nm.

Immunofluorescence staining
Huh-7 cells were transfected with miR-3651 mimics, miR-
3651 inhibitor or miR-NC for 24 hrs and the cells were
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incubated for another 48 hrs. Then, cells were prefixed in
4% paraformaldehyde for 15 mins, and permeabilized with
100% methanol for 20 mins. After that, cells were stained
with primary antibodies at 4°C overnight: anti-Ki67
(Abcam Cambridge, MA, USA; abl15580) (1:1000),
DAPI (Abcam; ab104139), followed by goat anti-rabbit
IgG H&L (Alexa Fluor® 488) (1:5000, Abcam,;
ab150077) for 1 hr. Later on, the samples were observed
using a Nikon Eclipse TE2000 fluorescent microscope
(Japan, Tokyo).

Flow cytometric analysis of cell apoptosis
Cell apoptosis of HCC cells were analyzed by staining
with Annexin V-FITC (BD Bioscience, Franklin Lake,
NJ, USA) by a flow cytometer. Huh-7 cells were trans-
fected with miR-3651 mimics, miR-3651 inhibitor or miR-
NC for 24 hrs and the cells were incubated for another 48
hrs. After that, the cells were collected and washed twice
in PBS. Then, the cells were stained with Annexin V-FITC
and PI (BD Bioscience) for 30 mins at 37°C in the dark.
Apoptotic cells were quantified with a Beckman Coulter
(Fullerton, CA, USA) and calculated using FCS Express
software (De Novo Software, Los Angeles, CA, USA).

Wound healing assay

Huh-7 cells (4x10° cells per well) were seeded into 6-well
plate overnight. At 80% confluent cells, a “scratch” was
made in the cell monolayer to create a wound. Then, cells
were transfected with miR-3651 mimics or miR-3651 inhi-
bitor for 24 hrs at 37°C. Images were observed at 0 and 24 hrs
by fluorescence microscope (Olympus CX23 Tokyo, Japan).
The initial wound width (Wi  ;,) and the final wound width
(W) at 24 hrs after scratching were photographed. Migration
distance (Md 4 ,)=Wi o 1, — WT 54 1, wound healing rate
(100%)=Md 24 1, mir-3651 mimics’ Md 24 1, nc X 100%.

Transwell migration and invasion assays

Cell migration and invasion assays were performed using
24-well plates inserted with filters (8-mm pore size,
Falcon, BD Biosciences). Huh-7 cells were seed into the
upper chamber with serum-free medium, and the lower
compartment of each well was added with RPMI 1640
containing with 20% FBS. After 24 hrs of incubation,
cells on the upper surface were removed. The migrated
or invaded cells on the lower surface were fixed with 4%
paraformaldehyde and then stained with 0.5% crystal vio-
let. After that, the numbers of migrated or invaded cells in
five random fields were visualized (magnification, x200)

and counted. For invasion assay, the upper chambers were
pre-treated with 100 uL of Matrigel (BD Bioscience).

Western blotting

Cells were lysed in RIPA Lysis Buffer and a BCA Protein
Assay kit (Thermo Fisher Scientific) was used to deter-
mine the protein concentration. Proteins of each sample
were separated by SDS-PAGE gel. Then, the proteins were
transferred onto a polyvinylidene fluoride membrane
(Millipore, Billerica, MA, USA). After that, the mem-
branes were blocked with 5% non-fat milk, followed by
the incubation with primary antibodies at 4°C overnight:
anti-Bax (Abcam; ab32503) (1:1000), anti-active caspase
3 (Abcam; ab2302) (1:1000), anti-Bcl-2 (Abcam;
ab32124) (1:1000), anti-B-actin  (Abcam; ab8227)
(1:1000), anti-PTEN (Abcam; ab32199) (1:1000), anti-p-
PI3K p85 (p-p85, Abcam; ab182651) (1:1000), anti-p-Akt
(Abcam; ab38449) (1:1000). The membranes were washed
in TBST three times then incubated with secondary anti-
bodies for 1 hr at room temperature. Chemiluminescence
(Millipore Corporation, Billerica, MA, USA) were applied
to measure protein expression using densitometry analysis
(Imagel software).

Dual-luciferase reporter assay

Huh-7 cells (4 x 10* cells per well) were seeded into 24-well
plates overnight, then wild-type PTEN 3'-UTR (WT-PTEN
3’-UTR) or mutant PTEN 3'-UTR (MT-PTEN 3'-UTR) was
co-transfected with miR-3651 mimics or miR-3651 inhibi-
tor, respectively using Lipofectamine 2000 (Invitrogen).
Forty-eight hours later, the luciferase activities were
detected using a Dual-Luciferase Reporter Assay System
(Promega Corporation, Fitchburg, WI, USA). The data
were normalized to Renilla luciferase.

Animal study

Five-week-old male nude mice (n=9) was purchased from
the Shanghai SLAC Animal Center (Shanghai, People’s
Republic of China Animals were divided into three groups
(n=3 in the blank group, n=3 in the NC group and n=3 in the
miR-3651 inhibitor group). Huh-7 cells (5x10° cells, in 100
pL of PBS) were injected subcutaneously into the right
armpit area of each mouse. When the tumors reach 180
mm,” animals were received an intratumor injection of 50
nM miR-3651 inhibitor or miR-NC twice a week. The
volume of the tumors in each group was measured every
week following formula: volume (mm’=lengthx(width?)/2).
After 21 days of treatment, the entire tumors were removed
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from mice and weighted. National Institutes of Health guide
for the care and use of laboratory animals was followed in
this study. All animal experiments protocol was approved by
the Ethics Committees of the Central Hospital of Wuhan,
Tongji Medical College, Huazhong University of Science
and Technology.

Statistical analysis

All data were shown as the mean+SD. The data were ana-
lyzed with GraphPad Prism version 7 (GraphPad Software,
version 7.0, La Jolla, CA, USA). The comparison between
two groups was conducted by Student’s t-test. All experi-
ments were performed at least three independent experi-
ments. P<0.05 was considered statistically significant.

Results
Levels of miR-3651 were upregulated in
HCC tissues

To investigate the role of miR-3651 in HCC tumorigen-
esis, the levels of miR-3651 in 30 samples of HCC tissues
and adjacent normal tissues were assessed using qRT-PCR.
As is shown in Figure 1A, high expression of miR-3651
was observed in HCC tissues compared to the adjacent
normal tissues. In addition, clinic-pathological parameters
displayed that higher miR-3651 level was positively cor-
related with tumor volume and lymph node metastasis in
patients with HCC (Table 1). To investigate the biological
role of miR-3651 in HCC, the level of miR-3651 was
significantly increased following transfection with miR-
3651 mimics (Figure 1B). In addition, a CCK-8 assay
demonstrated that overexpression of miR-3651 markedly
promoted the proliferation of Huh-7 cells (Figure 1C).
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Therefore, these results suggested that miR-3651 might
be an oncogene in HCC.

Overexpression of miR-3651 promoted
the proliferation and migration of HCC

cells

Next, Ki67 immunofluorescence assay was performed to
validate the proliferation of Huh-7 cells following transfec-
tion with miR-3651 mimics. As revealed in Figure 2A and
B, overexpression of miR-3651 obviously promoted prolif-
eration ability of Huh-7 cells compared with NC group. In
addition, the apoptosis rate of Huh-7 cells was not affected
by transfection with miR-3651 mimics (Figure 2C and D).
Moreover, wound healing and transwell migration assays
were conducted to explore the effect of miR-3651 mimics
on HCC cell migration. The results indicated that overex-
pression of miR-3651 obviously increased migration ability
of Huc-7 cells (Figure 2E-H). Meanwhile, overexpression
of miR-3651 markedly increased invasion ability of Huc-7
cells (Figure 21 and J). Thus, our results revealed that over-
expression of miR-3651 could promote proliferation,
migration and invasion in HCC cells.

Downregulation of miR-3651 inhibited
the proliferation and migration of HCC

cells

To further explore the function of miR-3651 in HCC,
miR-3651 inhibitor was transfected into Huh-7 cells.
QRT-PCR illustrated that the level of miR-3651 in cells
was markedly decreased following transfection with
miR-3651
(Figure 3A). CCK-8 and immunofluorescence assay

inhibitor compared with the NC group
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Figure | miR-3651 were upregulated in HCC tissues. (A) The levels of miR-3651 in HCC tissues from 30 pairs of patients of HCC were detected using qRT-PCR. (B) Huh-
7 cells were transfected with 10 nM miR-3651 mimics or miR-NC for 24 hrs. The level of miR-3651 in Huh-7 cells was detected using qRT-PCR. (C) Cell viability was
determined using CCK-8 assay in Huh-7 cells following transfected with 10 nM miR-3651 mimics or miR-NC. *P<0.01 vs NC group.

Abbreviations: miR-3651, microRNA-3651; HCC, hepatocellular carcinoma; NC, negative control; CCK-8, cell counting kit-8.
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Table | Level of miR-3651 and clinic-pathological parameters of
patients with hepatoma

Parameters Number | miR-3651 P-value

Age 0.210
<50 12 1.708+0.570
>50 18 2.061+0.828

Tumor volume
<2 cm 13 1.401£0.539 | 0.001**
>2 cm 17 2.266+0.666

Lymph node metastasis 0.049*
NO 8 1.766+0.722
NI-N3 22 2.361+0.660

Distant metastasis 0.191
MO 14 1.73240.722
MI 16 2.085+0.775

TNM stage 0.389
11l Il 1.764+0.681
- 1Iv 19 2.010+0.806

Notes: Student’s t-test, *P<0.05, **P<0.01.

displayed that inhibition of miR-3651 significantly sup-
pressed the viability and proliferation of Huh-7 cells,
the NC group (Figure 3B-D).
Meanwhile, we found that inhibition of miR-3651
obviously suppressed the viability of Bel-7402 cells
(Figure S1A and B), which were consistent with the
data from the Huh-7 cells. As expected, downregulation
of miR-3651 markedly inhibited the ability of migration
in Huh-7 cells (Figure 3E-H). Similarly, silencing of
miR-3651 markedly attenuated the ability of invasion in
Huh-7 cells (Figure 31 and J). These data revealed that
downregulation of miR-3651 could inhibit proliferation,

compared with

migration and invasion in HCC cells.

Downregulation of miR-3651 induced
apoptosis in HCC cells

Next, flow cytometric assay was applied to assess the
effect of miR-3651 inhibitor on HCC cell apoptosis. As

Abbreviation: miR-3651, microRNA-3651. shown in Figure 4A and B, miR-3651 inhibitor
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Figure 2 Overexpression of miR-3651 promoted proliferation and migration in HCC cells. (A, B) Huh-7 cells were transfected with 10 nM miR-3651 mimics or miR-NC for 24 hrs
and the cells were incubated for another 48 hrs. Relative fluorescence expressions were quantified by Kié7 and DAPI staining. (C, D) Apoptotic cells were detected with Annexin V/PI
double staining. (E, F) Huh-7 cells were transfected with 10 nM miR-3651 mimics or miR-NC for 24 hrs. Cell migration was detected with wound healing assay. (G, H) Cell migration
was detected with transwell migration assay. (I, J) Cell invasion was detected using transwell invasion assay. *P<0.01 vs NC group.

Abbreviations: miR-3651, microRNA-3651; HCC, hepatocellular carcinoma; NC, negative control.
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Figure 3 Downregulation of miR-3651 inhibited proliferation and migration in HCC cells. (A) Huh-7 cells were transfected with 10 nM miR-3651 inhibitor or miR-NC for 24
hrs. The levels of miR-3651 in Huh-7 cells were detected using qRT-PCR. (B) Huh-7 cells were transfected with miR-3651 inhibitor or miR-NC for 24 hrs and the cells were
incubated for another 48 hrs. Cell viability was determined using CCK-8 assay. (C, D) Relative fluorescence expressions were quantified by Kié7 and DAPI staining. (E, F) Huh-7
cells were transfected with 10 nM miR-3651 inhibitor or miR-NC for 24 hrs. Cell migration was detected with wound healing assay. (G, H) Cell migration was detected with
transwell migration assay. (I, J) Cell invasion was detected using transwell invasion assay. **P<0.01 vs NC group.

Abbreviations: miR-3651, microRNA-3651; HCC, hepatocellular carcinoma; NC, negative control; CCK-8, cell counting kit-8.

significantly induced apoptosis of Huh-7 cells compared
with the NC. Similarly, downregulation of miR-3651
obviously induced apoptosis of Bel-7402 cells (Figure
S1C and D). In addition, Western blotting assay revealed
that downregulation of miR-3651 markedly decreased the
level of Bcl-2 and increased the expressions of Bax and
active caspase 3 in cells (Figure 4C—F). All these data
suggested that downregulation of miR-3651 could induce

apoptosis of HCC cells.

PTEN was a direct binding target of
miR-3651

Online bioinformatics tools TargetScan, miRDB, and
miRNA were used to search target genes of miR-
3651. The data indicated that PTEN might be a poten-
tial target of miR-3651 (Figure 5A). In addition, we

conducted dual-luciferase reporter assay to confirm
whether PTEN was a binding target for miR-3651.
The results demonstrated that miR-3651 mimics inhib-
ited the luciferase activity of psiCHECK-2-PTEN-WT,
but it did not affect the luciferase activity of
psiCHECK-2-PTEN-MT (Figure 5B).
miR-3651 inhibitor enhanced the luciferase activity of
psiCHECK-2-PTEN-WT (Figure 5C). Moreover, qRT-
PCR assay showed that the level of PTEN was
decreased in Huh-7 cells following transfection with
miR-3651 mimics (Figure 5D). Meanwhile, the results
of Western blot indicated that the expression of PTEN
was markedly decreased, whereas p-p85 and p-Akt

In contrast,

were notably increased following transfection with
miR-3651 mimics compared with NC group (Figure
SE-H). All these data suggested that PTEN was a
direct binding target of miR-3651.

submit your manuscript

7050

Dove

OncoTargets and Therapy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove Zhao et al

>
w

S
(¢}

Blank miR-3651 inhibitor

Bax
@ " - e e—

@ o @
Toar o7

o1 Toes azs

g
2 .
. s . Active caspase 3
—| 2. 2 10
o 3
g — ey -~ Bcl2
o
pilEa i T GED GED aED ;-
A 0
. & < £ + N
Annexin V & A & & & S &
Q ~ & o
& Q9
AV S &
5 &$
>
&
D 0.4 Bax E 0.3 Active caspase 3 F o8 Bcl-2
*%
£ 03 £ £ 06 —_
S e L <92 e
o0 oo™ o9
o9
a9 a? a®
o 202 ©a © 04
20 ] 29
= = - -
s X 8 504 53
e ® —— s ° g o2
x 01 4 © - *%
0.0 0.0 0.0 (, B
& <O $ & S
> © & 2 &
& N 38 <
L2 & A4 &
N N
& o
& &

Figure 4 Downregulation of miR-3651 induced apoptosis of HCC cells. Huh-7 cells were transfected with 10 nM miR-3651 inhibitor or miR-NC for 24 hrs and the cells
were incubated for another 48 hrs. (A, B) Apoptotic cells were detected with Annexin V/PI double staining. (C) Expression levels of Bax, active caspase 3 and Bcl-2 in Huh-7

cells were detected with Western blotting. B-actin was used as an internal control. (D-F) The relative expressions of Bax, active caspase 3 and Bcl-2 were quantified via
normalization to B-actin. **P<0.01 vs NC group.

Abbreviations: miR-3651, microRNA-3651; HCC, hepatocellular carcinoma; NC, negative control.
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Figure 5 PTEN was a direct binding target of miR-365. (A) Gene structure of PTEN at the position of 45814587 indicates the predicted target site of miR-3651 in its 3’UTR, with
a sequence of GGCUAUAG. (B) The luciferase activity was measured after co-transfecting with WT/MT PTEN 3’-UTR plasmid and miR-3651 mimics in Huh-7 cells using the
dual-luciferase reporter assay. (C) The luciferase activity was measured after co-transfecting with WT/MT PTEN 3’-UTR plasmid and miR-365 inhibitor in Huh-7 cells using the
dual-luciferase reporter assay. (D) Huh-7 cells were transfected with 10 nM miR-3651 mimics or miR-NC for 24 hrs and the cells were incubated for another 48 hrs. The level of
miR-3651 in Huh-7 cells was detected using qRT-PCR. (E) Expression levels of PTEN, p-p85 and p-Akt in Huh-7 cells were detected with Western blotting. B-actin was used as an
internal control. (F-H) The relative expressions of PTEN, p-p85 and p-Akt were quantified via normalization to B-actin. *P<0.05, **P<0.01 vs NC group.

Abbreviations: miR-3651, microRNA-3651; 3'UTR, 3’ untranslated regions; NC, negative control.

Downregulation of miR-3651 inhibited downregulated PTEN in Huh-7 cells. As shown in Figure
gl"OWth of HCC cells via upregulating PTEN ©6A, the level of PTEN was significantly downregulated in
To further investigate whether miR-3651 was capable of reg- ~ Huh-7 cells following infection with PTEN-shRNA. In addi-
ulating the growth of HCC cells by targeting PTEN, we tion, the PTEN-shRNA and miR-3651 inhibitor plasmids were
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Figure 6 Downregulation of miR-3651 inhibited growth of HCC cells via upregulating PTEN. (A) Huh-7 cells were transfected with miR-3651 inhibitor or miR-NC for 24
hrs and the cells were incubated for another 48 hrs. The level of PTEN in Huh-7 cells was detected using qRT-PCR. (B) Huh-7 cells were transfected with miR-365 | inhibitor,
or co-transfected with miR-3651 inhibitor and PTEN-shRNA for 72 hrs. Expression levels of PTEN, p-p85 and p-Akt in Huh-7 cells were detected with Western blotting. B-
actin was used as an internal control. (C-E) The relative expressions of PTEN, p-p85 and p-Akt were quantified via normalization to B-actin. **P<0.01 vs NC group;

#P<0.01 vs miR-3651 inhibitor group.

Abbreviations: miR-3651, microRNA-3651; HCC, hepatocellular carcinoma; NC, negative control.

co-transfected into Huh-7 cells. The results indicated that
downregulation of miR-3651 markedly increased the level of
PTEN, and decreased the expressions of p-p85 and p-Akt in
Huh-7 cells. However, these effects were markedly reversed in
Huh-7 cells following infection with PTEN-shRNA, com-
pared with miR-3651 inhibitor group (Figure 6B—E). These
data confirmed that downregulation of miR-3651 inhibited the
growth of HCC cells via upregulating PTEN.

Downregulation of miR-3651 inhibited

HCC tumor growth in vivo

To assess the effect of miR-3651 on HCC tumor growth in
vivo, tumor xenograft model was established. As indicated
in Figure 7A and B, downregulation of miR-3651 mark-
edly repressed tumor growth of xenograft. In addition,
downregulation of miR-3651 significantly reduced the
weight of tumors, compared with the NC group (Figure
7C). As shown in Figure 7D, the level of miR-3561 was
significantly downregulated in tumor tissues after injection
with miR-3651 inhibitor, compared with the NC group.
We next explored the effects of miR-3651 on the expres-

sion of apoptosis-related proteins in tumor tissues. Western

blotting assay indicated that the expression of PTEN was
notably increased and the expression of p-Akt was
obviously decreased in miR-3651 inhibitor group, com-
pared with the NC group (Figure 7E-G). These data
revealed that downregulation of miR-3651 could inhibit
HCC cell growth in vivo.

Discussion

Previous studies characterized the miRNA expression pro-
files related with growth and metastasis and prognosis of
HCC, and dysregulation of miRNAs plays a vital role in

17,18

hepatic carcinogenesis. miRNAs could act as potential

biomarkers in HCC.'” In the previous study, miR-3651 was
significantly upregulated in nasopharyngeal carcinoma.?’
And it was markedly downregulated in esophageal squa-
mous cell cancer.'* Taken together, miR-3651 might func-
tion as a tumor oncogene or suppressor, depending on the
tumor types. In this study, we found that the level of miR-
3651 was upregulated in HCC tissues. Moreover, high
expression level of miR-3651 was associated with the
tumor volume and lymph node metastasis. These data pre-
liminary indicated that miR-3651 functioned as an onco-
gene in HCC.
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Figure 7 Downregulation of miR-3651 inhibited HCC cell growth in vivo. Huh-7 cells were subcutaneously injected into nude mice to establish tumor xenograft model. 50
nM miR-3651 inhibitor or miR-NC was directly injected into the tumors twice a week. (A) Tumor volumes of mice were measured weekly. (B) Representative photographs
of HCC xenograft tumor were pictured on day 21. (C) Tumor weights in each group were calculated. (D) The level of PTEN in tumor tissues was detected using qRT-PCR.
(E) Expression levels of PTEN and p-Akt were detected with Western blotting. B-actin was used as an internal control. (F, G) The relative expressions of PTEN and p-Akt

were quantified via normalization to B-actin. **P<0.01 vs NC group.

Abbreviations: miR-3651, microRNA-3651; HCC, hepatocellular carcinoma; NC, negative control.

Evidence revealed that miR-3651 acted as a novel bio-
marker in HCC.'® However, the mechanisms by which
miR-3651 regulates the proliferation, apoptosis and inva-
sion in HCC remain unclear. Therefore, to investigate the
function of miR-3651 in HCC, in vitro and in vivo experi-
ments were performed. Our results illustrated that overex-
pression of miR-3651 significantly promoted cell
proliferation and invasion, whereas downregulation of
miR-3651 markedly inhibited cell growth and invasion in
HCC. In addition, downregulation of miR-3651 could
induce apoptosis of Huh-7 cells via upregulating the expres-
sions of pro-apoptotic proteins Bax, active caspase 3 and
downregulating the level of anti-apoptotic protein Bcl-2.

It has been indicated that miRNAs exert their functions
mainly based on their target genes. To investigate the
underlying mechanism of miR-3651 in HCC progression,
bioinformatics analysis and luciferase reporter assay were
applied. We found PTEN was identified as a direct target
of miR-3651 in HCC. PTEN is a tumor suppressor gene,
which could negatively regulate the phosphoinositide 3-
kinase (PI3K) pathway.?' In addition, PTEN could regu-
late proliferation, metastasis and apoptosis of HCC.'*?
Moreover, PTEN silencing was positively associated with
the migration, invasion and proliferation in HCC.** Cui et
al indicated that upregulating PTEN could deactivate the

PI3K/Akt pathway.>* Sun et al revealed that miR-486-5p

inhibited apoptosis in cardiomyocytes via inhibiting the
expression of PTEN, and activating the PI3K/Akt signal-
ing pathway.”” In this study, upregulation of miR-3651
significantly decreased the level of PTEN, and increased
the levels of p-p85 and p-Akt in Huh cells. However,
downregulation of miR-3651 significantly increased the
level of PTEN, and decreased of p-Akt expression in
xenograft model. Our findings were consistent with pre-
vious studies. Collectively, our findings revealed that miR-
3651 exerted oncogenic effect on Huh-7 cells via inhibit-
ing the level of PTEN, and activating the PI3K/Akt
pathway.

Conclusion

This study revealed that high-expressed miR-3651 is an onco-
genic miRNA that facilitates the progression of HCC through
inhibiting PTEN. Therefore, miR-3651 might be a potential
biomarker and therapeutic target for the treatment of HCC.
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