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Abstract. - OBJECTIVE: Increasing evidence
has suggested that microRNAs (miRNAs) played
critical roles in cancer development by acting as
a tumor suppressor or tumor-promoting genes.
However, the role of microRNA-330-3p (miR-
330-3p) in hepatocellular carcinoma (HCC) is
still unknown. This study aimed to investigate
the expression and role of miR-330-3p in hepa-
tocarcinogenesis.

PATIENTS AND METHODS: A total of 30 hu-
man hepatocellular carcinoma tissues and ad-
jacent normal tissues were obtained from 30
hepatocellular carcinoma patients. Quantitative
Real Time-Polymerase Chain Reaction (qRT-
PCR) assay was carried out to measure the ex-
pression of miR-330-3p in HCC tissues and cell
lines. The relation between B-cell transloca-
tion gene 1 (BTG1) and miR-330-3p was predict-
ed by TargetScan and confirmed by dual-lucif-
erase reporter assay. Cell Counting Kit-8 (CCK-
8), flow cytometry analysis, and transwell assay
were used to determine cell viability, apoptosis,
cell migration, and invasion, respectively. In ad-
dition, the mRNA and protein expression of Cy-
clin D1, Bcl-2, Bax, and matrix metalloprotein-
ase (MMP)9 were detected using gRT-PCR and
Western blotting.

RESULTS: We found that miR-330-3p expres-
sion was up-regulated in HCC tissues and cell
lines. BTG1 was a direct target of miR-330-3p
and it was down-regulated in HCC tissues and
cell lines. Moreover, down-regulation of miR-
330-3p suppressed HCCLM3 cell viability, mi-
gration, invasion, and enhanced cell apoptosis,
while the tumor-suppressive effects were re-
versed by BTG1-siRNA. In addition, miR-330-3p
inhibitor decreased the expression of Cyclin D1,
Bcl-2, and MMP9 while enhanced the expression
of Bax. Meanwhile, BTG1-siRNA led to the oppo-
site effects.

CONCLUSIONS: The data suggested that miR-
330-3p acted as a tumor gene in HCC by target-
ing BTG1 and it might be a potential therapeutic
target for the HCC treatment.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth
most common malignancy worldwide'. Also, it is
the second leading cause of cancer-related death
with high morbidity and mortality**. In addition,
the dysregulation of multiple genes results in the
development and progression of HCC, making it
become a complicated and intractable disease®”’.
Although extensive research efforts have been
made, the prognosis of HCC is still poor and the
overall five-year survival rate worldwide is only
about 3%?®. Hence, understanding the pathogen-
esis of HCC development urgently needs to be
defined. Therefore, exploring new biomarkers
or therapeutic targets is essential for improving
HCC diagnosis, treatment, and prevention.

MicroRNAs (miRNAs), endogenous and
non-coding RNAs with 20-24 nucleotides in
length, can regulate gene expression by binding
to the 3’-untranslated region (3'-UTR) of target
genes”!!. Increasing evidence has indicated that
miRNAs may act as oncogenes or tumor suppres-
sors in various cancers'>3. As we all know, miR-
NAs play important roles in many cancers, in-
cluding gallbladder cancer, cutaneous squamous
cell carcinoma, osteosarcoma, bladder cancer,
breast cancer, and ovarian carcinoma'*'8, More-
over, evidence has demonstrated that miRNAs
are involved in various biological processes such
as cell development, proliferation, apoptosis, dif-
ferentiation, migration, invasion, and differentia-
tion'”?. Thus, concentrating on nuclear miRNAs
can be a new insight into cancer therapy. Previous
studies®*?® have suggested that miR-330-3p is
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abnormally expressed in a variety of tumors, and
it may act as a tumor-suppressor or a tumor-pro-
motor in different types of cancers. However, as
far as we know, the expression and regulatory
function of miR-330-3p in HCC are still unclear.
Therefore, in this study, we will investigate the
expression and role of miR-330-3p in HCC.

B-cell translocation gene 1 (BTG1), belongs to
the BTG anti-proliferative protein family, is ini-
tially identified as a transfer partner of the c-Myc
gene in B-cell chronic lymphocytic leukemia®”®.
Additionally, BTG1 is involved in the progression
of several diseases by regulating various biologi-
cal and cellular processes including cell prolifera-
tion, differentiation, apoptosis, angiogenesis, and
survival?33, However, the underlying regulatory
mechanism of BTGI in HCC remains poorly un-
known.

Therefore, we aimed to investigate the effects
and the potential mechanism of miR-330-3p and
BTGI in the progression of HCC. Our results
showed vital roles for miR-330-3p in the devel-
opment of HCC and provided new insights into
the mechanisms by which miR-330-3p or BTGl
regulated the development of HCC.

Patients and Methods

Clinical Specimens Collection

A total of 30 human hepatocellular carcinoma
tissues and adjacent normal tissues (>2 cm away
from the edge of the tumors) were obtained from
30 hepatocellular carcinoma patients (age range:
28-69 years old; 20 male, 10 female; TNM stage
II: 19, TNM stage III+IV: 11; all no alcoholism
history) in Ming Zhou Hospital of Zhejiang Uni-
versity during surgical resection. None of these
patients had received chemotherapy or radiother-
apy before surgery. All specimens were rapidly
frozen and stored in liquid nitrogen or at —80°C
for subsequent experiments. Written consent was
achieved from each patient approving the use of
their specimens in this research. The investiga-
tion was approved by the Ethics Committee at
Ming Zhou Hospital of Zhejiang University.

Cell Culture

HCC cell lines (MHCC-LM3, Huh7, MH-
CC97-L, HCCLM3) and the human normal liver
cell line (LO2) were obtained from American
Type Culture Collection (ATCC; Manassas, VA,
USA). All cell lines were cultured in Roswell
Park Memorial Institute-1640 medium (RP-

MI-1640; Gibco, Rockville, MD, USA), supple-
mented with heat-inactivated 10% fetal bovine
serum (FBS; Gibco, Rockville, MD, USA), 1%
penicillin/streptomycin and were incubated at
37°C in humidified atmosphere with 5% CO,.

Cell Transfection and Reagents

The miR-330-3p inhibitor (5-UCUCUG-
CAGGCCGUGUGCUUUGC-3;  GenePharma,
Shanghai, China), inhibitor control (5’-CAGUA-
CUUUUGUGUAGUACAA-3’; GenePharma,
Shanghai, China), BTGI1-siRNA (Cat No. sc-
43644; Santa Cruz Biotechnology, Santa Cruz,
CA, USA), control-siRNA (Cat No. sc-36869;
Santa Cruz Biotechnology, Santa Cruz, CA,
USA), or miR-330-3p inhibitor+BTGI-siRNA
were transfected into HCCLM3 cells for 48 h
using Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA) following the manufacturer’s protocol.
QRT-PCR and/or Western blot assay was used to
measure the transfection efficiency.

CCK-8 Assay

Cell Counting Kit-8 (CCK-8; Sigma-Aldrich,
St. Louis, MO, USA) was used to detect the cell
viability according to the manufacturer’s instruc-
tions. Cells were seeded in 96-well plates (1x10*
cells/well) and then incubated for 24 h at 37°C.
Next, HCCLM3 cells were transfected with miR-
330-3p inhibitor, inhibitor control, or miR-330-3p
inhibitor+BTG1-siRNA for 48 h. Subsequently,
the CCK-8 solution was added to each well and
the cells were incubated for another 1 h. Finally,
the micro-plate reader (Eon; BioTek, Winooski,
VT, USA) was performed to measure the optical
density (OD) at 450 nm.

Dual-Luciferase Reporter Assay

We used TargetScan Release7.2 (www.target-
scan.org/vert_72) to predict the binding sites be-
tween miR-330-3p and BTG1. The BTGI 3’-UTR
DNA segments were amplified by PCR and in-
serted into a pmirGLO vector (Promega, Mad-
ison, WI, USA) to construct the reporter vector
BTG1-wild-type (BTGI-WT). Also, the mutant
3’-UTRs were cloned into a luciferase reporter
vector (pmiR-REPORT; Promega, Madison, WI,
USA) to form BTGl-mutated-type (BTG1-MUT)
constructs. Then, HCCLM3 cells (5x10* cells per
well) were co-transfected with mimic control
(sence: 5-UUCUCCGAACGUGUCACGUTT-3’
and anti-sence: 5’-ACGUGACACGUUCG-
GAGAATT-3"; GenePharma, Shanghai, China)
or miR-330-3p mimic (sence: 5-GCAAAGCA-
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CACGGCCUGCAGAGA-3* and anti-sence:
5’-UCUGCAGGCCGUGUGCUUUGCUU-3’;
GenePharma, Shanghai, China) and BTGI-WT
or BTGI-MUT using Lipofectamine-2000 (In-
vitrogen, Carlsbad, CA, USA). 48 h later, the
dual-luciferase reporter assay system (Promega,
Madison, WI, USA) was performed to measure
the luciferase activity.

ORT-PCR

Total RNA was extracted from cells or HCC
tissue samples using TRIzol reagent (Invitro-
gen, Carlsbad, CA, USA) following the man-
ufacturer’s protocol. Then, 200 ng of total
RNA was reversely transcribed to cDNA. Gene
expressions were quantified by SYBR-Green
quantitative real-time PCR using an ABI 7500
Real-Time PCR system (Applied Biosystems,
Shanghai, China). GAPDH and U6 were per-
formed as endogenous controls for mRNA
and miR-330-3p respectively. The amplifica-
tion conditions were as follows: 35 cycles of
denaturing at 94°C for 1 min, annealing at
60°C for 1 min, chain extension at 72°C for
1 min, and final extension step at 72°C for 10
min. Primers were provided by Sangon Biotech
(Shanghai, China) and listed as follows: U6,
forward 5-GCTTCGGCAGCACATATACTA-
AAAT-3’;M reverse 5-CGCTTCACGAATTTG-
CGTGTCAT-3’; GAPDH, forward 5-CTTTG-
GTATCGTGGAAGGACTC-3’; reverse
5’-GTAGAGGCAGGGATGATGTTCT-3;
BTGI, forward 5-CATCTCCAAGTTTCTC-
CGCACC-3; reverse 5-GCGAATACAAC-
GGTAACCCGATC-3; miR-330-3p, forward
5-GCAGAGATTCCGTTGTCGT-3; reverse
5-GCGAGCACAGAATTAATACGAC-3’; Cy-

clin DI, forward 5-GTCTTCCCGCTGGC-
CATGAACTAC-3; reverse 5-GGAAGCGT-
GTGAGGCGGTAGTAGG-3; Bcl-2, forward

5" TGGCGGTTTGCGGTGGAC-3" reverse
5'-CCAGTGCAGGGTCCGAGGT-3’; Bax, for-
ward  5-ATCCAGAGACAAGACATGTAC-3;
reverse S“TTCAGATGTTCTAAGCCTACGG-3';
MMP9, forward 5-GATCATTCCTCAGTGC-
CGGA-3; reverse 5-TTCAGGGCGAGGAC-
CATAGA-3". The relative expression level was
calculated by the 2744 method. The results were
repeated 3 times.

Western Blot Analysis

Total protein was extracted from cells using
Radio Immunoprecipitation Assay (RIPA) buf-
fer (Beyotime Biotechnology, Shanghai, Chi-

na). Bicinchoninic acid (BCA) protein assay kit
(Pierce; Thermo Fisher Scientific Inc., Waltham,
MA, USA) was used to determine the protein
concentrations. Then, the extracted protein sam-
ples were mixed with 5x loading buffer, boiled
at 100°C for 5 min, loaded onto 10% sodium do-
decyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) and then transferred onto poly-
vinylidene difluoride (PVDF) membranes. The
membranes were blocked in Phosphate Buffered
Solution and Tween-20 (PBST) containing 5%
non-fat dry milk for 1 h at room temperature
and incubated with the primary antibody: BTG1
(1:1,000; cat. no. ab151740; Abcam, Cambridge,
MA, USA), Cyclin D1 (1:1,000; Cat. No. 2978;
Cell Signaling Technology Inc., Danvers, MA,
USA), Bcel-2 (1:1,000; cat. no. 4223; Cell Signal-
ing Technology Inc., Danvers, MA, USA), Bax
(1:1,000; cat. no. 5023; Cell Signaling Technol-
ogy Inc., Danvers, MA, USA), MMP9 (1:1,000;
cat. no. 13667; Cell Signaling Technology Inc.,
Danvers, MA, USA) and B-actin (1:1,000; cat.
no. 4970; Cell Signaling Technology Inc., Dan-
vers, MA, USA), at 4°C overnight respectively.
After that, the membranes were washed with
PBST and incubated with horseradish peroxi-
dase (HRP)-conjugated anti-rabbit IgG second-
ary antibody (1:2,000; cat. no. 7074; Cell Signal-
ing Technology Inc., Danvers, MA, USA) for 1 h
at room temperature. Finally, the target proteins
were visualized using SignalFire™ enhanced
chemiluminescence reagent (Cat. No. 6883; Cell
Signaling Technology Inc., Danvers, MA, USA)
according to the manufacturer’s instructions.
The results were repeated 3 times.

Flow Cytometry

HCCLM3 cells were transfected with miR-
330-3p inhibitor, inhibitor control, or miR-330-3p
inhibitor+BTG1-siRNA for 48 h in 24-well plates
(1x10° cells/well). After 48 h incubation, the cells
double-stained with fluorescein isothiocyanate
(FITC)-Annexin V and propidium iodide (PI)
(cat. no. 70-AP101-100; MultiSciences Biotech,
Co., Ltd., Hangzhou, China). Cell apoptosis was
analyzed using a FACScan flow cytometer (Bec-
ton Dickinson; Billerica, MA, USA) according
to the manufacturer’s instructions. Data were
analyzed with the ModFitLT V2.0 software (Bec-
ton Dickinson, Billerica, MA, USA). The results
were repeated for 3 times. Cell apoptosis rate was
calculated as early apoptosis + late apoptosis (the
right quadrant).
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Cell Migration and Invasion Assay

The un-coated transwell chambers (pore size,
8 um; Costar; Corning, Corning, NY, USA) was
used for cell migration detection, and Matri-
gel-coated (Sigma-Aldrich, St. Louis, MO, USA)
transwell chambers were used for cell invasion
analysis. HCCLM3 cells were transfected with
miR-330-3p inhibitor, inhibitor control, or miR-
330-3p inhibitor+BTGI1-siRNA for 48 h. After
transfection, 1x10° HCCLM3 cells were incubat-
ed in serum-free medium for starvation and seed-
ed into the upper chamber of transwell chambers.
Then, 600ul RPMI-1640 culture medium with
20% FBS were added to the lower chambers. 48
h after incubation (37°C, 5% CO,), the remaining
cells on the upper chamber were removed with
a cotton swab. Then, cells adhering to the under
the surface of the membrane were fixed with 4%
paraformaldehyde and stained with 0.1% crys-
tal violet for 10 min at room temperature. The
migratory and invasive cells were counted from
5 random fields using an inverted microscope
(Olympus 1X51; magnification, 40x).

Statistical Analysis

Data were expressed as the mean + stan-
dard deviation (SD). Statistical analysis was mea-
sured using SPSS 19.0 software (SPSS, Inc.,
Chicago, IL, USA). The differences between the
groups were estimated by Student’s #-test or
one-way ANOVA followed by Tukey’s test. All
experiments were performed at least three times.
*p<0.05 indicated a significant difference.

Results

MR-330-3p Expression Was
Up-Regulated in Hepatocellular
Carcinoma Tissues

The qRT-PCR assay was adopted to evaluate
the expression level of miR-330-3p in 30 human
hepatocellular carcinoma tissues and adjacent
normal tissues from 30 hepatocellular carcinoma
patients. Our results indicated that miR-330-3p
expression was much higher in HCC tissues com-
pared with adjacent normal tissues (Figure 1A).
Compared with the human normal hepatocellular
cells LO2, the miR-330-3p expression was also
remarkably increased in hepatocellular carcino-
ma cell lines (MHCC-LM3, Huh7, MHCC97-L,
and HCCLM3) (Figure 1B). HCCLM3 was cho-
sen for the following experiments. Taken togeth-
er, these results demonstrated that miR-330-3p
was up-regulated in hepatocellular carcinoma
tissues and cell lines.

BTG1 Was a Target of MiR-330-3p and
It Was Down-Requlated in HCC Tissues
and Cells

To identify the potential miR-330-3p tar-
gets, Targetscan 7.2 (http:/www.targetscan.org/
vert_72/) was performed. We found that miR-
330-3p has hundreds of potential targets, in-
cluding BTG (Figure 2A). BTGI belongs to the
BTG/Tob anti-proliferation gene family*°, and
it plays critical roles in regulating various biolog-
ical and cellular processes including cell cycle,
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Figure 1. Expression of miR-330-3p in HCC tissues and cells. 4, Expression of miR-330-3p in 30 hepatocellular carcinoma tissues
and 30 adjacent normal tissues was determined by qRT-PCR. B, QRT-PCR assay was adopted to examine the miR-330-3p expression
in human normal hepatocellular cells LO2 and hepatocellular carcinoma cells (MHCC-LM3, Huh7, MHCC97-L, and HCCLM3).
The data were presented as the mean = SD; #p<0.01 vs. Normal tissues; *p<0.05 vs. LO2 cells; **p<0.01 vs. LO2 cells.
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Figure 2. Relationship between miR-330-3p and BTGI.
A, Binding sites between miR-330-3p and the 3'-UTR of
BTGI1. B, Luciferase activities were detected by Dual-
Luciferase Reporter Assay System in HCCLM3 cells.
The data were shown as the mean + SD; **p<0.01 vs.
mimic control.

cell proliferation, and cell apoptosis®' . Besides,
the study has revealed that BTGI1 plays an im-
portant role in apoptosis and negatively regulates
cell proliferation, and it was down-regulated in
HCC?®. However, until now, the relationship be-
tween miR-330-3p and BTGI1 in HCC remains
unknown. Therefore, we choose BTGI for further
study, and we speculated that BTGl was the di-
rect target gene of miR-330-3p. Then, luciferase
reporter assay was performed to confirm our
prediction, and the data indicated that miR-330-
3p mimic markedly decreased the luciferase ac-
tivity of cells co-transfected with wild type BTGI
3’UTR construct and miR-330-3p mimic, but lu-
ciferase activity had no obvious decrease in cells
co-transfected with BTG1-MUT and miR-330-3p
mimic (Figure 2B).

Moreover, the mRNA and protein levels of
BTG1 were detected in HCC tissues and cell
lines by qRT-PCR and Western blot analysis. We
found that BTGl mRNA and protein expression
was down-regulated in the HCC tissues and cell
lines compared to adjacent normal tissues (Figure
3A and B) or normal hepatocellular cells LO2
(Figure 3C and D). Therefore, we concluded that
BTGI was a target of miR-330-3p and the expres-
sion level of BTGl was down-regulated in the
HCC tissues and cell lines.

BTG1-siRNA Reversed the Effects of
MiR-330-3p Inhibitor in HCC Cells

To investigate the functional relevance of
BTGI in miR-330-3p-mediated effects in HCC
cells, the miR-330-3p inhibitor, inhibitor con-
trol, BTG1-siRNA, control-siRNA, or miR-330-
3p inhibitor+BTGI1-siRNA was transfected into
HCCLM3 cells. As shown in Figure 4A, we
found that the level of miR-330-3p was reduced
in HCCLM3 cells transfected with the miR-330-
3p inhibitor. Meanwhile, BTG1-siRNA signifi-
cantly decreased the mRNA level of BTGI in
HCCLM3 cells (Figure 4B). While down-regu-
lation of miR-330-3p up-regulated BTG1 at both
the mRNA and protein levels, on the contrary,
BTGI1-siRNA could partially restore the effects
of miR-330-3p inhibitor on BTGI expression in
HCCLM3 cells (Figure 4C and D). Taken to-
gether, we concluded that BTGl was negatively
regulated by miR-330-3p in hepatocellular car-
cinoma cells.

MiR-330-3p Inhibitor Efficiently Inhibited
Cell Viability, Migration, Invasion, and
Promoted Apoptosis in HCCLM3 Cells by
Directly Targeting BTG1

To investigate the effect of miR-330-3p inhibi-
tor in HCCLM3 cells, HCCLM3 cells were trans-
fected with miR-330-3p inhibitor, inhibitor con-
trol or miR-330-3p inhibitor+BTG1-siRNA for 48
h. CCK-8 assay demonstrated that cell viability
was decreased when HCCLM3 cells were trans-
fected with miR-330-3p inhibitor, but BTG1-siR-
NA could efficiently block the effects mediated
by miR-330-3p inhibitor in the cells (Figure 5A).
We also examined the influence of miR-330-3p
inhibitor on the migration and invasion ability
of HCCLM3 cells by transwell assay. As pre-
sented in Figure 5B and C, remarkably decreases
of migratory and invasive cells were observed
in HCCLM3 cells transfected with miR-330-3p
inhibitor compared with control cells. Moreover,
BTGI1-siRNA enhanced HCCLM3 cell migration
and invasion. In addition, flow cytometry assay
was performed to evaluate HCCLM3 cell apopto-
sis, and the results demonstrated that miR-330-3p
inhibitor-induced HCCLM3 cell apoptosis, while
inhibition of BTG1 by siRNA-BTGI clearly abol-
ished the effects (Figure 5D and E). These data
indicated that miR-330-3p inhibitor could inhibit
the cell viability, migration, invasion, and induce
cell apoptosis of HCCLM3 cells while BTG1-siR-
NA reversed the effects.
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Figure 3. BTG expression in HCC tissues and cells. 4, MRNA expression of BTG1 in 30 hepatocellular carcinoma tissues
and 30 adjacent normal tissues was determined by qRT-PCR. B, Protein expression of BTGI in the hepatocellular carcinoma
tissues and adjacent normal tissues was determined by Western blot assay. C, QRT-PCR assay was adopted to examine the
mRNA expression of BTG] in human normal hepatocellular cells LO2 and hepatocellular carcinoma cells (MHCC-LM3,
Huh7, MHCC97-L and HCCLM3). D, Western blot assay was used to examine the protein expression of BTGI in human
normal hepatocellular cells LO2 and hepatocellular carcinoma cells (MHCC-LM3, Huh7, MHCC97-L, and HCCLM3). The
data were presented as the mean = SD; **p<0.01 vs. Normal tissues; "p<0.05 vs. LO2 cells; #p<0.01 vs. LO2 cells.

Down-Regulation of MiR-330-3p
Regulated Cyclin D1/MMP9/Bcl-2/Bax
Expression in HCCLM23 Cells

To further explore the molecular mechanism
of the role of miR-330-3p in regulating HCC,
the expressions of Cyclin DI, MMP9, Bcl-2,
and Bax were detected by Western blot assay
(Figure 6A) and qRT-PCR (Figure 6B-E). Our
results demonstrated that miR-330-3p down-reg-
ulation decreased the protein expression of Cy-
clin D1, MMP9, and Bcl-2, and enhanced Bax
protein level in HCCLM3 cells. Besides, miR-
330-3p down-regulation significantly decreased
the mRNA expression of Cyclin DI, MMP9,
and Bcl-2, while the mRNA level of Bax was

increased. These changes were eliminated by
BTGI1-siRNA. Our results clearly indicated that
down-regulated of BTGI successfully abolished
the tumor-suppressive effects of miR-330-3p in-
hibitor in HCC cells.

Discussion

Dysregulation of oncogenes or suppressor
genes is involved in HCC progression**. More-
over, many reports*® have indicated that miR-
NAs serve as oncogenes or tumor suppressors
in various types of cancers. It is necessary to
investigate the roles of cancer-specific miRNAs
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Figure 4. Effect of miR-330-3p inhibitor on BTG1 expression in HCCLM3 cells. HCCLM3 cell was co-transfected with
the miR-330-3p inhibitor or BTG1-siRNA or corresponding control for 48 h. QRT-PCR and Western blotting assays were
performed to evaluate the transfection efficiency. 4, Expression of miR-330-3p in HCCLM3 cells was detected using qRT-
PCR; B, QRT-PCR assay was performed to detect the BTGl mRNA expression. C, D, QRT-PCR and Western blot assays were
used to detect BTGl mRNA and protein expression in HCCLM3 cells transfected with inhibitor control, miR-330-3p inhibitor
or miR-330-3p inhibitor+BTG1-siRNA. Control: cells without any treatment; inhibitor control: cells transfected with inhibitor
control; inhibitor: cells transfected with miR-330-3p inhibitor; control-siRNA: cells transfected with control-siRNA; siRNA:
cells transfected with BTG1-siRNA; inhibitor+siRNA: cells co-transfected with miR-330-3p inhibitor and BTG1-siRNA. All
experiments were performed three times, and representative images are presented. Data were shown as mean + SD. **p<0.01

vs. Control; “p<0.05 vs. Inhibitor; “#»<0.01 vs. inhibitor.

or their target genes in oncogenesis®’®. Previ-
ous studies**** demonstrated that miR-330-3p
exerted important roles in the development of
multiple tumors. In this study, we focused on
investigating the mechanism of miR-330-3p in
hepatocarcinogenesis.

First, we measured the expression of miR-330-
3p in 30 HCC tissues and their adjacent tumor
tissues by qRT-PCR assay. Notably, we found
that miR-330-3p was significantly increased in
HCC tissues compared to the adjacent tumor tis-
sues. This result was further confirmed in HCC
cell lines by qRT-PCR. Our results were in line
with other researches which have indicated that
miR-330-3p was also evidently up-regulated in
various cancers. For example, Liu et al** found

that the miR-330-3p expression was up-regu-
lated in non-small cell lung cancer (NSCLC).
Meng et al*' demonstrated that the expression of
miR-330-3p was increased in esophageal squa-
mous cell carcinoma (ESCC) tissues. Therefore,
aberrant up-regulation of miR-330-3p in multi-
ple cancer cells and tissues, demonstrating that
down-regulated miR-330-3p might could block
tumorigenesis. As we all know, miRNAs could
regulate gene expression by targeting the 3’UTR
of targeted mRNAs. Qu et al** showed that miR-
330-3p acted as an oncogenic in glioblastoma
cells by regulating the SH3 domain-containing
GRB2 like 2 (SH3GL2). Also, it has been report-
ed that miR-330-3p exerted tumor suppressor
roles by targeting E2F transcription factor 1
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Figure 6. The expression of Cyclin D1, MMP9, Bcl-2, and Bax in response to miR-330-3p down-regulation. 4, Cyclin D1,
MMP?9, Bcl-2, and Bax protein levels were detected by Western blotting in HCCLM3 cells. B-E, QRT-PCR was carried out to
evaluate Cyclin D1, MMP9, Bcl-2, and Bax mRNA expression levels. Control: cells without any treatment; inhibitor control:
cells transfected with inhibitor control; inhibitor: cells transfected with miR-330-3p inhibitor; inhibitor+siRNA: cells co-
transfected with miR-330-3p inhibitor and BTG1-siRNA.The data were presented as mean+SD. **p<0.01 vs. Control; *#p<0.01

vs. inhibitor.

(VE2F1) or specificity protein 1 (Spl)***. Then,
we investigated the potential targets of miR-330-
3p in HCC. Data from luciferase assay suggest-
ed that BTGI was a direct target of miR-330-3p,
revealing a possible mechanism of BTG1 with
HCC oncogenesis. Previous studies have shown
that BTGI1 belongs to an anti-proliferative gene
family and plays important roles in many types
of cancers. Then, we focused on investigating
whether BTG1 knock-down could reverse the
effects of the miR-330-3p inhibitor on HCCLM3
cells. Our results suggested that silencing BTG1
reversed the effects of the miR-330-3p inhibitor
on HCC cell viability, apoptosis, migration, and
invasion. Besides, we also detected the relative
genes of cell apoptosis, migration or growth
including BTGI1, Bcl-2, Bax, Cyclin DI, and
MMP9. We found that the expression of BTGI,
Bcl-2, Bax, Cyclin D1, and MMP9 was changed
by miR-330-3p inhibitor and the changes were
reversed by knockdown of BTG1. However, we
did not set up the BTGI-siRNA alone group in
this investigation and this might be a limitation
of our study.

Conclusions

We indicated that miR-330-3p was up-regu-
lated in both HCC cell lines and HCC tissues.
MiR-330-3p down-regulation could inhibit HCC
cell viability, migration, invasion, and induce
cell apoptosis by targeting BTGI1. These find-
ings may help to provide new insights into the
strategy for targeting HCC and identify novel
molecular of miR-330-3p/ BTGI in hepatocar-
cinogenesis. MiR-330-3p may be a potential
diagnostic marker and therapeutic target for
HCC. However, this is only a preliminary study
of the role of miR-330-3p in hepatocellular car-
cinoma. To make the role of miR-330-3p in he-
patocellular carcinoma more convincing, a lot of
in-depth experimental research is still needed.
For example, the relation between miR-330-5p
and BTGI expression and the clinical features
(including tumor size, tumor nodule number,
capsule formation, and Tumor Node Metastasis
(TNM) stage, and survival rate) HCC patients
should be investigated. The role miR-330-5p in
HCC should also be investigated in other HCC
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cell lines and in vivo experimental studies are
necessary. Meanwhile, further functions of miR-
330-3p in HCC, such as functions of miR-330-3p
in HCC cell drug resistance and epithelial-mes-
enchymal transition, need to be explored. We
will perform these issues in the future.
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