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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 qRT-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.

Key Words:
MiR-330-3p, BTG1, Hepatocellular carcinoma.

Introduction

Hepatocellular carcinoma (HCC) is the fifth 
most common malignancy worldwide1. Also, it is 
the second leading cause of cancer-related death 
with high morbidity and mortality2-4. In addition, 
the dysregulation of multiple genes results in the 
development and progression of HCC, making it 
become a complicated and intractable disease5-7. 
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%8. 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 
genes9-11. Increasing evidence has indicated that 
miRNAs may act as oncogenes or tumor suppres-
sors in various cancers12,13. 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 carcinoma14-18. 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-
tion19-21. Thus, concentrating on nuclear miRNAs 
can be a new insight into cancer therapy. Previous 
studies22-26 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 leukemia27,28. 
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 
survival29-33. However, the underlying regulatory 
mechanism of BTG1 in HCC remains poorly un-
known.

Therefore, we aimed to investigate the effects 
and the potential mechanism of miR-330-3p and 
BTG1 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 BTG1 
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% CO2.

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), BTG1-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+BTG1-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 (1x104 
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 BTG1 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 (BTG1-WT). Also, the mutant 
3’-UTRs were cloned into a luciferase reporter 
vector (pmiR-REPORT; Promega, Madison, WI, 
USA) to form BTG1-mutated-type (BTG1-MUT) 
constructs. Then, HCCLM3 cells (5×104 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 BTG1-WT 
or BTG1-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. 

QRT-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’; 
BTG1, forward 5′-CATCTCCAAGTTTCTC-
CGCACC-3′; reverse 5′-GCGAATACAAC-
GGTAACCCGATC-3′; miR-330-3p, forward 
5’-GCAGAGATTCCGTTGTCGT-3’; reverse 
5’-GCGAGCACAGAATTAATACGAC-3’; Cy-
clin D1, 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 5′-TTCAGATGTTCTAAGCCTACGG-3′; 
MMP9, forward 5′-GATCATTCCTCAGTGC-
CGGA-3′; reverse 5′-TTCAGGGCGAGGAC-
CATAGA-3′. The relative expression level was 
calculated by the 2−ΔΔCt 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 5× 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), Bcl-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 β-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 
(1x106 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 μm; 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+BTG1-siRNA for 48 h. After 
transfection, 1x105 HCCLM3 cells were incubat-
ed in serum-free medium for starvation and seed-
ed into the upper chamber of transwell chambers. 
Then, 600μl RPMI-1640 culture medium with 
20% FBS were added to the lower chambers. 48 
h after incubation (37°C, 5% CO2), 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 IX51; 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 t-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-Regulated 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 BTG1 (Figure 2A). BTG1 belongs to the 
BTG/Tob anti-proliferation gene family29,30, and 
it plays critical roles in regulating various biolog-
ical and cellular processes including cell cycle, 

Figure 1. Expression of miR-330-3p in HCC tissues and cells. A, 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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cell proliferation, and cell apoptosis31-34. Besides, 
the study has revealed that BTG1  plays an im-
portant role in apoptosis and negatively regulates 
cell proliferation, and it was down-regulated in 
HCC35. However, until now, the relationship be-
tween miR-330-3p and BTG1 in HCC remains 
unknown. Therefore, we choose BTG1 for further 
study, and we speculated that BTG1 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 BTG1 
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 BTG1 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 
BTG1 was a target of miR-330-3p and the expres-
sion level of BTG1 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 
BTG1 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+BTG1-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 BTG1 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, 
BTG1-siRNA could partially restore the effects 
of miR-330-3p inhibitor on BTG1 expression in 
HCCLM3 cells (Figure 4C and D). Taken to-
gether, we concluded that BTG1 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, 
BTG1-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-BTG1 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.

Figure 2. Relationship between miR-330-3p and BTG1. 
A, Binding sites between miR-330-3p and the 3′-UTR of 
BTG1. 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.
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Down-Regulation of MiR-330-3p 
Regulated Cyclin D1/MMP9/Bcl-2/Bax 
Expression in HCCLM3 Cells

To further explore the molecular mechanism 
of the role of miR-330-3p in regulating HCC, 
the expressions of Cyclin D1, 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 D1, MMP9, 
and Bcl-2, while the mRNA level of Bax was 

increased. These changes were eliminated by 
BTG1-siRNA. Our results clearly indicated that 
down-regulated of BTG1 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 progression34,35. More-
over, many reports36 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 

Figure 3. BTG1 expression in HCC tissues and cells. A, MRNA expression of BTG1 in 30 hepatocellular carcinoma tissues 
and 30 adjacent normal tissues was determined by qRT-PCR. B, Protein expression of BTG1 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 BTG1 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 BTG1 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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or their target genes in oncogenesis37-39. Previ-
ous studies40-42 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 al40 found 

that the miR-330-3p expression was up-regu-
lated in non-small cell  lung  cancer (NSCLC). 
Meng et al41 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 al43 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 

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. A, Expression of miR-330-3p in HCCLM3 cells was detected using qRT-
PCR; B, QRT-PCR assay was performed to detect the BTG1 mRNA expression. C, D, QRT-PCR and Western blot assays were 
used to detect BTG1 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; ##p<0.01 vs. inhibitor.
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(VE2F1) or specificity protein 1 (Sp1)44,45. Then, 
we investigated the potential targets of miR-330-
3p in HCC. Data from luciferase assay suggest-
ed that BTG1 was a direct target of miR-330-3p, 
revealing a possible mechanism of BTG1 with 
HCC oncogenesis. Previous studies have shown 
that BTG1 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 BTG1, Bcl-2, Bax, Cyclin D1, and 
MMP9. We found that the expression of BTG1, 
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 BTG1-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 BTG1. These find-
ings may help to provide new insights into the 
strategy for targeting HCC and identify novel 
molecular of miR-330-3p/ BTG1 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 BTG1 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 

Figure 6. The expression of Cyclin D1, MMP9, Bcl-2, and Bax in response to miR-330-3p down-regulation. A, Cyclin D1, 
MMP9, 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.
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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.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

  1)	 Zhang T, Zhang J, You X, Liu Q, Du Y, Gao Y, Shan 
C, Kong G, Wang Y, Yang X, Ye L, Zhang X. Hepati-
tis B Virus X protein modulates oncogene Yes-as-
sociated protein by CREB to promote growth of 
hepatoma cells. Hepatology 2012; 56: 2051-2059.

  2)	 Sze KM, Chu GK, Lee JM, Ng IO. C-terminal trun-
cated hepatitis B virus x protein is associated with 
metastasis and enhances invasiveness by C-Jun/
matrix metalloproteinase protein 10 activation in 
hepatocellular carcinoma. Hepatology 2013; 57: 
131-139.

  3)	 Sun X, Niu X, Chen R, He W, Chen D, Kang R, Tang 
D. Metallothionein-1G facilitates sorafenib resis-
tance through inhibition of ferroptosis. Hepatolo-
gy 2016; 64: 488-500.

  4)	 Lu ZP, Xiao ZL, Yang Z, Li J, Feng GX, Chen FQ, Li 
YH, Feng JY, Gao YE, Ye LH, Zhang XD. Hepati-
tis B virus X protein promotes human hepatoma 
cell growth via upregulation of transcription factor 
AP2α and sphingosine kinase 1. Acta Pharmacol 
Sin 2015; 36: 1228-1236.

  5)	 Cui DJ, Wu Y, Wen DH. CD34, PCNA and CK19 
expressions in AFP- hepatocellular carcinoma. 
Eur Rev Med Pharmacol Sci 2018; 22: 5200-
5205. 

  6)	 Han CP, Yu YH, Wang AG, Tian Y, Zhang HT, Zheng 
ZM, Liu YS. Desmoglein-2  overexpression  pre-
dicts  poor  prognosis  in  hepatocellular  carcino-
ma  patients. Eur Rev Med Pharmacol Sci 2018; 
22: 5481-5489.

  7)	 Khan FS, Ali I, Afridi UK, Ishtiaq M, Mehmood R. 
Epigenetic mechanisms regulating the devel-
opment of hepatocellular carcinoma and their 
promise for therapeutics. Hepatol Int 2017; 11: 
45-53.

  8)	 Liu J, Wang K, Yan Z, Xia Y, Li J, Shi L, Zou Q, Wan 
X, Jiao B, Wang H, Wu M, Zhang Y, Shen F. Axl ex-
pression stratifies patients with poor prognosis 
after hepatectomy for hepatocellular carcinoma. 
PLoS One 2016; 11: e0154767.

  9)	 Zhang J, Li S, Li L, Li M, Guo C, Yao J, Mi S. Exo-
some and exosomal microRNA: trafficking, sort-
ing, and function. Genomics Proteomics Bioinfor-
matics 2015; 13: 17-24.

10)	 Lai EC. Micro RNAs are complementary to 3’ UTR 
sequence motifs that mediate negative post-tran-
scriptional regulation. Nat Genet 2002; 30: 363-
364.

11)	 Li Z, Yu X, Shen J, Chan MT, Wu WK. MicroRNA in 
intervertebral disc degeneration. Cell Prolif 2015; 
48: 278-283.

12)	 Shen J, Niu W, Zhou M, Zhang H, Ma J, Wang L, 
Zhang H. MicroRNA-410 suppresses migration 
and invasion by targeting MDM2 in gastric can-
cer. PLoS One 2014; 9: e104510.

13)	 Zhu Q, Gong L, Wang J, Tu Q, Yao L, Zhang JR, 
Han XJ, Zhu SJ, Wang SM, Li YH, Zhang W. MiR-
10b exerts oncogenic activity in human hepato-
cellular carcinoma cells by targeting expression 
of CUB and sushi multiple domains 1 (CSMD1). 
BMC Cancer 2016; 16: 806.

14)	 Wang Y, Cui M, Sun BD, Liu FB, Zhang XD, Ye LH. 
MiR-506 suppresses proliferation of hepatoma 
cells through targeting YAP mRNA 3’UTR. Acta 
Pharmacol Sin 2014; 35: 1207-1214.

15)	 Li Z, Yu X, Shen J, Law PT, Chan MT, Wu WK. Mi-
croRNA expression and its implications for diag-
nosis and therapy of gallbladder cancer. Oncotar-
get 2015; 6: 13914-13921.

16)	 Yu X, Li Z. The role of miRNAs in cutaneous squa-
mous cell carcinoma. J Cell Mol Med 2016; 20: 
3-9.

17)	 Majid S, Dar AA, Saini S, Deng G, Chang I, 
Greene K, Tanaka Y, Dahiya R, Yamamura S. MicroR-
NA-23b functions as a tumor suppressor by regu-
lating Zeb1 in bladder cancer. PLoS One 2013; 8: 
e67686.

18)	 Kim M, Chen X, Chin LJ, Paranjape T, Speed WC, Kidd 
KK, Zhao H, Weidhaas JB, Slack FJ. Extensive se-
quence variation in the 3’ untranslated region of 
the KRAS gene in lung and ovarian cancer cas-
es. Cell Cycle 2014; 13: 1030-1040.

19)	 Wang Z, Wang N, Liu P, Chen Q, Situ H, Xie T, Zhang 
J, Peng C, Lin Y, Chen J. MicroRNA-25 regulates 
chemoresistance-associated autophagy in breast 
cancer cells, a process modulated by the natural 
autophagy inducer isoliquiritigenin. Oncotarget 
2014; 5: 7013-7026.

20)	 Shukla GC, Singh J, Barik S. MicroRNAs: process-
ing, maturation, target recognition and regulatory 
functions. Mol Cell Pharmacol 2011; 3: 83-92.

21)	 Yu X, Li Z, Chen G, Wu WK. MicroRNA-10b induc-
es vascular muscle cell proliferation through Akt 
pathway by targeting TIP30. Curr Vasc Pharma-
col 2015; 13: 679-686.

22)	 Lei R, Tang J, Zhuang X, Deng R, Li G, Yu J, Liang 
Y, Xiao J, Wang HY, Yang Q, Hu G. Suppression of 
MIM by microRNA-182 activates RhoA and pro-
motes breast cancer metastasis. Oncogene 2014; 
33: 1287-1296.

23)	 Mesci A, Huang X, Taeb S, Jahangiri S, Kim Y, Fokas 
E, Bruce J, Leong HS, Liu SK. Targeting of CCBE1 
by miR-330-3p in human breast cancer pro-
motes metastasis. Br J Cancer 2017; 116: 1350-
1357.



X. Zhao, G.-Q. Chen, G.-M. Cao

6898

24)	 Hodzic J, Giovannetti E, Diosdado B, Adema AD, Pe-
ters GJ. Regulation of deoxycytidine kinase ex-
pression and sensitivity to gemcitabine by mi-
cro-RNA 330 and promoter methylation in can-
cer cells. Nucleosides Nucleotides Nucleic Acids 
2011; 30: 1214-1222.

25)	 Kong R, Liu W, Guo Y, Feng J, Cheng C, Zhang X, Ma 
Y, Li S, Jiang J, Zhang J, Qiao Z, Qin J, Lu T, He X. 
Inhibition of NOB1 by microRNA-330-5p overex-
pression represses cell growth of non-small cell 
lung cancer. Oncol Rep 2017; 38: 2572-2580.

26)	 Wei CH, Wu G, Cai Q, Gao XC, Tong F, Zhou R, 
Zhang RG, Dong JH, Hu Y, Dong XR. MicroR-
NA-330-3p promotes cell invasion and metasta-
sis in non-small cell lung cancer through GRIA3 
by activating MAPK/ERK signaling pathway. J 
Hematol Oncol 2018; 11: 6.

27)	 Bibby BA, Reynolds JV, Maher SG. MicroRNA-330-5p 
as a putative modulator of neoadjuvant chemora-
diotherapy sensitivity in oesophageal adenocarci-
noma. PLoS One 2015; 10: e0134180.

28)	 Kanda M, Sugimoto H, Nomoto S, Oya H, Hibino S, 
Shimizu D, Takami H, Hashimoto R, Okamura Y, Yama-
da S, Fujii T, Nakayama G, Koike M, Fujiwara M, Kod-
era Y. B-cell translocation gene 1 serves as a nov-
el prognostic indicator of hepatocellular carcino-
ma. Int J Oncol 2015; 46: 641-648.

29)	 Xiao F, Deng J, Yu J, Guo Y, Chen S, Guo F. A novel 
function of B-cell translocation gene 1 (BTG1) in 
the regulation of hepatic insulin sensitivity in mice 
via c-Jun. FASEB J 2016; 30: 348-359.

30)	 Li W, Zou ST, Zhu R, Wan JM, Xu Y, Wu HR. B-cell 
translocation 1 gene inhibits cellular metasta-
sis-associated behavior in breast cancer. Mol 
Med Rep 2014; 9: 2374-2380.

31)	 Rivera-Gonzalez GC, Droop AP, Rippon HJ, Tiemann 
K, Pellacani D, Georgopoulos LJ, Maitland NJ. Ret-
inoic acid and androgen receptors combine to 
achieve tissue specific control of human prostat-
ic transglutaminase expression: a novel regulato-
ry network with broader significance. Nucleic Ac-
ids Res 2012; 40: 4825-4840.

32)	 Sheng SH, Zhao CM, Sun GG. BTG1 expression 
correlates with the pathogenesis and progres-
sion of breast carcinomas. Tumour Biol 2014; 35: 
3317-3326.

33)	 Zhu R, Li W, Xu Y, Wan J, Zhang Z. Upregulation 
of BTG1 enhances the radiation sensitivity of hu-
man breast cancer in vitro and in vivo. Oncol Rep 
2015; 34: 3017-3024.

34)	 Sun X, Niu X, Chen R, He W, Chen D, Kang R, Tang 
D. Metallothionein-1G facilitates sorafenib resis-

tance through inhibition of ferroptosis. Hepatolo-
gy 2016; 64: 488-500.

35)	 Han QL, Chen BT, Zhang KJ, Xia ST, Zhong WW, Zhao 
ZM. The  long  non-coding  RNA  AK001796  con-
tributes  to  poor  prognosis  and  tumor  progres-
sion  in  hepatocellular  carcinoma. Eur Rev Med 
Pharmacol Sci 2019; 23: 2013-2019.

36)	 Inukai S, Slack F. MicroRNAs and the genetic net-
work in aging. J Mol Biol 2013; 425: 3601-3608.

37)	 An F, Olaru AV, Mezey E, Xie Q, Li L, Piontek KB, Se-
laru FM. MicroRNA-224 induces G1/S checkpoint 
release in liver cancer. J Clin Med 2015; 4: 1713-
1728.

38)	 Horsham JL, Kalinowski FC, Epis MR, Ganda C, 
Brown RA, Leedman PJ. Clinical potential of mi-
croRNA-7 in cancer. J Clin Med 2015; 4: 1668-
1687.

39)	 Kelly BD, Miller N, Sweeney KJ, Durkan GC, Rog-
ers E, Walsh K, Kerin MJ. A circulating microRNA 
signature as a biomarker for prostate cancer 
in a high risk group. J Clin Med 2015; 4: 1369-
1379.

40)	 Liu X, Shi H, Liu B, Li J, Liu Y, Yu B. MiR-330-
3p controls cell proliferation by targeting early 
growth response 2 in non-small-cell lung cancer. 
Acta Biochim Biophys Sin (Shanghai) 2015; 47: 
431-440.

41)	 Meng H, Wang K, Chen X, Guan X, Hu L, Xiong G, 
Li J, Bai Y. MicroRNA-330-3p functions as an on-
cogene in human esophageal cancer by targeting 
programmed cell death 4. Am J Cancer Res 2015; 
5: 1062-1075.

42)	 Petty RD, McCarthy NE, Le Dieu R, Kerr JR. MicroR-
NAs hsa-miR-99b, hsa-miR-330, hsa-miR-126 
and hsa-miR-30c: potential diagnostic biomark-
ers in natural killer (NK) cells of patients with 
chronic fatigue syndrome (CFS)/myalgic enceph-
alomyelitis (ME). PLoS One 2016; 11: e0150904.

43)	 Qu S, Yao Y, Shang C, Xue Y, Ma J, Li Z, Liu Y. Mi-
croRNA-330 is an oncogenic factor in glioblasto-
ma cells by regulating SH3GL2 gene. PLoS One 
2012; 7: e46010.

44)	 Lee KH, Chen YL, Yeh SD, Hsiao M, Lin JT, Go-
an YG, Lu PJ. MicroRNA-330 acts as tumor sup-
pressor and induces apoptosis of prostate can-
cer cells through E2F1-mediated suppression of 
Akt phosphorylation. Oncogene 2009; 28: 3360-
3370.

45)	 Mao Y, Chen H, Lin Y, Xu X, Hu Z, Zhu Y, Wu J, Xu X, 
Zheng X, Xie L. MicroRNA-330 inhibits cell motili-
ty by downregulating Sp1 in prostate cancer cells. 
Oncol Rep 2013; 30: 327-333.


