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Abstract. MicroRNAs (miRs) are an emerging class of 
non-coding, endogenous and small RNA molecules that 
serve important functions in tumorigenesis and development. 
The present study investigated the expression, functions and 
molecular mechanism underlying miR-205 in hepatocellular 
carcinoma. miR-205 was downregulated in hepatocellular 
carcinoma tissues and cell lines. Ectopic miR-205 expression 
suppressed hepatocellular carcinoma cell proliferation, migra-
tion and invasion in vitro. In addition, vascular endothelial 
growth factor A (VEGFA) was identified as a functional 
downstream target of miR-205 in hepatocellular carcinoma. 
Furthermore, knockdown of VEGFA revealed the same 
functions with miR-205 overexpression in hepatocellular 
carcinoma cells. These results provided evidence that miR-205 
served important functions in the inhibition of hepatocellular 
carcinoma cells growth and metastasis via directly targeting 
VEGFA, which indicated that miR-205 may have therapeutic 
value for hepatocellular carcinoma.

Introduction

Hepatocellular carcinoma (HCC), a major subtype of primary 
liver cancer, represents the sixth most prevalent malignancy 
and the third most common cause of cancer-associated 
mortalities globally (1,2). According to statistics, in 2015, 
35,660 new HCC cases and 24,550 mortalities due to HCC 
were predicted in the USA (3). HCC initiation and progression 
involves a variety of risk factors, including chronic infection 
with hepatitis C virus or hepatitis B virus (HBV), alcohol or 
drug abuse and a high-fat or high-sugar diet (4). Among these 

risk factors, infection with HBV is the most prevalent cause 
of the disease worldwide, and is responsible for the increasing 
incidence of HCC (1,4). Developments have been made in 
improving diagnosis and therapeutic treatments for HCC, but 
due to difficulties in diagnosis, a high frequency of recurrence 
and resistance to common chemotherapy and radiotherapy 
agents, the prognosis for patients with HCC remains poor (5-7). 
The 5-year survival rate is <5% for patients with HCC and 
intra-hepatic or extra-hepatic metastasis (8). Therefore, it 
is urgent to elucidate the molecular mechanisms underlying 
HCC carcinogenesis and progression, and to develop effective 
strategies for the diagnosis, treatment and prognosis of HCC.

Previously, numerous studies have suggested that the 
abnormal expression of microRNAs (miRNAs/miRs) is 
associated with the carcinogenesis, progression, metastasis 
and recurrence of HCC (9,10). miRNAs are an emerging class 
of non-coding, endogenous, small RNA molecules, ~19-25 
nucleotides in length, that negatively regulate the protein 
production of target mRNAs at the post-transcriptional level 
by interacting with the 3'untranslated regions (3'UTR) of 
target mRNAs (11,12). In this manner, miRNAs were involved 
in various biological processes, including differentiation, 
proliferation, angiogenesis, metabolism, apoptosis, cell cycle 
and metastasis (13,14). Accumulated evidence has suggested 
that miRNAs may act as a novel group of oncogenes or tumor 
suppressors, and the deregulation of miRNA and target mRNA 
expression levels may contribute to carcinogenesis and cancer 
development in a substantial number of human malignan-
cies, including HCC (15-17). Therefore, further investigation 
concerning the expression levels, functions and molecular 
mechanisms underlying the effects of miRNAs in HCC will 
provide insight into the carcinogenesis and progression of 
HCC.

The aim of the present study was to investigate the expres-
sion levels, functions and molecular mechanisms underlying 
the effect of miR-205 in HCC. Initially, the expression levels of 
miR-205 in HCC tissues and cell lines were evaluated. Secondly, 
the effects of miR-205 on the proliferation and metastasis of 
HCC cells were determined by MTT assay, migration and 
invasion assays. Finally, vascular endothelial growth factor A 
(VEGFA) was identified as a functional downstream target of 
miR-205 in HCC. These results indicated that miR-205 may 
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function as a tumor suppressor in HCC by directly targeting 
VEGFA, suggesting a potential targeted therapy for patients 
with HCC.

Materials and methods

Tissue specimens, cell culture and cell transfection. The present 
study was approved by the Ethics Committee of Guizhou 
Cancer Hospital (Guiyang, China). Written informed consent 
was obtained from all patients with HCC prior to enrollment in 
the present study. None of the patients had received antitumor 
treatment prior to surgery. HCC tissues and matched adjacent 
non-cancerous liver tissues were obtained from 32 patients (19 
male; 13 female; age range, 46-74 years; mean age, 62 years) 
who underwent surgery at Guizhou Cancer Hospital between 
August 2013 and January 2015. All tissue specimens were 
immediately frozen and stored in liquid nitrogen.

HepG2, HuH-7, SMMC-7721 and BEL-7402 human HCC 
cell lines and L02 and HEK293T normal hepatic cell lines 
were purchased from the American Type Culture Collection 
(Manassas, VA, USA). All cell lines were maintained in 
Dulbecco's modified Eagle's medium supplemented with 
10% fetal bovine serum (FBS), 100 IU/ml penicillin and 
0.1 mg/ml streptomycin (all Gibco; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) at 37˚C with 5% CO2.

An miR-205 mimic and a negative control (NC) were 
purchased from Genepharm, Inc. (Sunnyvale, CA, USA); the 
miR‑205 mimic sequence was 5'‑UCC UUC AUU CCA CCG 
GAG UCU G‑3' and the NC sequence was 5'‑UUC UCC GAA 
CGU GUC ACG UTT-3'. VEGFA small interfering (si)RNA 
and NC siRNA were also purchased from Genepharm, Inc. 
The sequence for VEGFA siRNA and NC siRNA were as 
follows: VEGFA siRNA sense, 5'-GGC AGA AUC AUC ACG 
AAG UTT-3' and antisense, 5'-ACU UCG UGA UGA UUC UGC 
CTT-3'; NC siRNA sense, 5'-UUC UCC GAA CGU GUC ACG 
UTT-3' and antisense, 5'-ACG UGA CAC GUU CGG AGA ATT 
-3'. miRNA and siRNA transfection was performed using 
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.), according to the manufacturer's protocol.

RNA isolation and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). Total RNA from 
tissues (1 g) or cells (2x106) was extracted using TRIzol 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's protocol. A TaqMan miRNA assay 
(Applied Biosystems; Thermo Fisher Scientific, Inc.) was used 
for quantification of miR‑205 expression levels, according to 
the manufacturer's protocol. For quantification of VEGFA 
mRNA expression levels, reverse transcription was performed 
using the M-MLV Reverse Transcription system (Promega 
Corporation, Madison, WI, USA). The temperature protocol 
for reverse transcription was as follows: 95˚C for 2 min; 
20 cycles of 94˚C for 1 min, 55˚C for 1 min and 72˚C for 
2 min; then 72˚C for 5 min. qPCR was performed using the 
SYBR-Green Master Mix (Takara Biotechnology Co., Ltd., 
Dalian, China). The thermocycling conditions for qPCR were 
as follows: 95˚C for 10 min, followed by 40 cycles of 95˚C 
for 15 sec and 60˚C for 1 min. U6 and β-actin were used as 
internal controls for miR-205 and VEGFA expression levels, 
respectively. The primers were as follows: miR-205, 5'-GCT 

CCT TCA TTC CAC CGG-3' (forward) and 5'-CAG TGC AGG 
GTC CGA GGT -3' (reverse); U6, 5'-GCT TCG GCA GCA CAT 
ATA CTA AAA T-3' (forward) and 5'-CGC TTC ACG AAT TTG 
CGT GTC AT-3' (reverse); VEGFA, 5'-AAC TTT CTG CTG TCT 
TGG GT-3' (forward) and 5'-TCT CGA TTG GAT GGC AGT A-3' 
(reverse); and β-actin, 5'-GGG ACC TGA CTG ACT ACC TC-3' 
(forward) and 5'-TCA TAC TCC TGC TTG CTG AT-3' (reverse). 
Each sample was analyzed in triplicate. Relative expression 
levels were calculated using the 2‑∆∆Cq method (18).

MTT assay. The cell proliferation rate was evaluated using 
the MTT assay (5 mg/ml; Sigma-Aldrich; Merck KGaA, 
Darmstadt, Germany). HepG2 and HuH-7 cells were seeded 
into 96-well plates at a density of 3,000 cells per well. 
Following overnight incubation, miRNA or siRNA transfec-
tion was performed as aforementioned. MTT assays were 
performed following transfection at room temperature for 24, 
48, 72 and 96 h. In brief, 20 µl MTT solution was added to 
each well. Following incubation with MTT solution at 37˚C for 
an additional 4 h, 200 µl dimethyl sulfoxide (Sigma-Aldrich; 
Merck KGaA) was added to dissolve the formazan at 37˚C for 
10 min. Finally, the absorbance at 490 nm was detected using 
an ELISA reader (BioTek Instruments, Inc., Winooski, VT, 
USA). Each sample was analyzed in triplicate.

Cell migration and invasion assays. Cell migration and 
invasion were evaluated using Transwell chambers (Corning 
Incorporated, Corning, NY, USA) with 8 µm pore-size 
polycarbonate membranes. For the invasion assay, Transwell 
chambers were pre-coated with Matrigel (BD Biosciences, 
Franklin Lakes, NJ, USA). For the migration and invasion 
assays, 3x104 transfected HepG2 and HuH-7 cells suspended in 
300 µl serum-free DMEM were added to the upper chamber. 
DMEM (500 µl) supplemented with 20% FBS was added to 
the low chamber as a chemoattractant. Following incubation 
at 37˚C for 48 h, cells that had not migrated or invaded to 
the bottom surface of the Transwell chambers were care-
fully removed with cotton wool. The migrated and invaded 
cells were fixed with 100% methanol at room temperature for 
10 min, stained with 0.5% crystal violet for 10 min and imaged 
with a light microscope (magnification, x200).

Western blotting. Total protein was isolated from HepG2 
and HuH-7 cells (2x106) using RIPA lysis buffer (Bioteke 
Corporation, Beijing, China) supplemented with 0.1 mg/ml 
phenylmethylsulfonyl fluoride, 1 mM sodium orthovanadate 
and 1 mg/ml aprotinin. Protein concentration was determined 
using a bicinchoninic acid assay kit (Bioteke Instuments, Inc.). 
Total protein (20 µg) was fractionated by 10% SDS-PAGE 
(Beyotime Institute of Biotechnology, Haimen, China), 
followed by transference to polyvinylidene (PVDF) 
membranes (Millipore, Bedford, MA). Non‑specific binding 
sites of PVDF membranes were blocked using 10% non-fat 
milk in Tris-buffered saline with 0.1% Tween (TBST) solution 
at room temperature for 1 h. Subsequently, the membranes 
were probed with mouse anti-human VEGFA monoclonal 
primary antibody (dilution, 1:1,000; cat. no., ab155944;) and 
mouse anti-human GADPH monoclonal primary antibody 
(dilution, 1:1,000; cat. no., ab9484; both Abcam, Cambridge, 
UK). Following incubation overnight at 4˚C, membranes were 
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washed with TBST three times and incubated with goat anti 
mouse IgG horseradish peroxidase-conjugated secondary 
antibody (1:3,000 dilution; ab6789; Abcam) for 2 h at room 
temperature. Following washing three times with TBST, the 
membranes were visualized using enhanced chemilumines-
cence solution (Pierce; Thermo Fisher Scientific, Inc.).

Dual‑luciferase reporter assay. The target genes of 
miR-205 were assessed using the miRNA target prediction 
tool TargetScan (version 6.0; http://www.targetscan.
org/vert_60/) (19). In order to explore whether VEGFA was a 
direct target gene of miR-205, a dual-luciferase reporter assay 
was performed. HEK293T cells were co-transfected with 

Figure 1. miR-205 expression levels were decreased in HCC tissues and cell lines. (A) Expression levels of miR-205 in HCC tissues and matched adjacent 
non‑cancerous liver tissues were determined by reverse transcription‑quantitative polymerase chain reaction. (B) Expression levels of miR‑205 in HepG2, 
HuH-7, SMMC-7721 and BEL-7402 HCC cell lines and the L02 normal hepatic cell line. *P<0.05 vs. respective controls. HCC, hepatocellular carcinoma; 
miR, microRNA.

Figure 2. miR-205 inhibited the proliferation of HCC cells. (A) Expression levels of miR-205 in HepG2 and HuH-7 cells following transfection with miR-205 
mimics or NC. (B) MTT assays were performed to determine the effect of miR-205 on the proliferation of HepG2 and HuH-7 cells. *P<0.05 vs. NC. HCC, 
hepatocellular carcinoma. miR, microRNA; NC, negative control.
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VEGFA-3'UTR wild-type (Wt) or VEGFA-3'UTR mutant 
(Mut), miR-205 mimics or NC using Lipofectamine 2000 
according to the manufacturer's protocol. Luciferase 
activities were evaluated 48 h following transfection using 
a Dual-Luciferase Reporter System (Promega Corporation, 
Madison, WI, USA). Renilla luciferase activity was detected as 
an internal control for firefly luciferase activity. Each sample 
was analyzed in triplicate.

Statistical analysis. Data were presented as the mean ± stan-
dard deviation. Statistical analyses were performed using 
SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). All 
statistical analyses were two-tailed. Data were analyzed 
using Student's t-tests and one-way analysis of variance, with 
Student-Newman-Keuls tests used to compare two groups 
in analyses with multiple groups. P<0.05 was considered to 
indicate a statistically significant difference.

Results

miR‑205 expression level was decreased in HCC tissues and 
cell lines. In order to determine miR-205 expression levels 
and its function in HCC, expression levels of miR-205 were 
detected in HCC tissues and matched adjacent non-cancerous 
liver tissues using RT‑qPCR. As presented in Fig. 1A, miR-205 
was significantly downregulated in HCC tissues compared 
with in matched adjacent non-cancerous liver tissues. In 
addition, miR-205 expression levels in HCC cell lines and a 
normal hepatic cell line were also determined. As presented 

in Fig. 1B, the expression levels of miR-205 were decreased 
in the four HCC cell lines compared with the L02 normal 
hepatic cell line. These results indicated that the downregu-
lation of miR-205 may serve an important function in HCC 
carcinogene sis and progression.

miR‑205 inhibited the proliferation of HCC cells. In order 
to investigate the functions of miR-205 in HCC, miR-205 
mimics or NC were transfected into HepG2 and HuH-7 cells. 
As presented in Fig. 2A, miR-205 was upregulated in HepG2 
and HuH-7 cells following transfection with miR-205 mimics 
compared with NC, suggesting that HepG2 and HuH-7 cells 
were effective and adjustable models for the functional studies 
of miR-205.

Cell proliferation was evaluated using the MTT assay. 
miR‑205 significantly reduced HepG2 and HuH‑7 cell prolife‑
ration (Fig. 2B). These results indicated that overexpression of 
miR-205 inhibited the proliferation of HepG2 and HuH-7 cells.

MiR‑205 inhibited migration and invasion of HCC cells. In 
order to investigate the function of miR-205 in metastasis, 
Transwell migration and invasion assays were performed. 
As presented in Fig. 3, upregulation of miR-205 induced the 
suppression of tumor cell migration and invasion in HepG2 and 
HuH-7 cells compared with NC controls. These results indi-
cated that miR-205 suppressed HCC cell metastasis in vitro.

miR‑205 directly targets the 3'UTR of VEGFA. In order to 
explore the molecular mechanism underlying the function of 

Figure 3. miR‑205 overexpression suppressed the migration and invasion of HepG2 and HuH‑7 cells (magnification, x200). *P<0.05 vs. NC. miR, microRNA; 
NC, negative control.
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miR-205 in HCC, TargetScan was used to predict the potential 
target genes of miR-205. As presented in Fig. 4A, VEGFA was 
identified to possess a putative miR‑205 binding site in the 
3'UTR. To verify whether VEGFA was a direct target gene of 
miR-205, a dual-luciferase reporter assay was performed. The 
results revealed that overexpression of miR-205 decreased the 
luciferase activity of VEGFA-3'UTR Wt, but did not decrease 
the luciferase activity of VEGFA-3'UTR Mut (Fig. 4B). 
Furthermore, RT‑qPCR and western blotting was performed 
to investigate the effect of miR-205 on the expression levels of 
VEGFA mRNA and protein. As presented in Fig. 4C and D, 
upregulation of miR‑205 significantly inhibited the expression 
level of VEGFA in HepG2 and HuH-7 cells at the mRNA 
and protein levels, respectively. Taken together, these results 
indicated that VEGFA was a direct target of miR-205 in HCC.

VEGFA is involved in miR‑205‑induced suppression of 
HCC cell proliferation, migration and invasion. To explore 
whether VEGFA acted as a critical mediator of miR-205 
in HCC, VEGFA siRNA was used to knock down VEGFA 
expression. As presented in Fig. 5A, VEGFA was significantly 
downregulated in HepG2 and HuH-7 cells following transfec-
tion with VEGFA siRNA. Furthermore, MTT, migration and 
invasion assays were performed to evaluated the effect of 
VEGFA siRNA on the growth and metastasis of HCC. The 
results demonstrated that knockdown of VEGFA suppressed 
the proliferation, migration and invasion of HepG2 and HuH-7 
cells (Fig. 5B and C). Together, these results suggested that 
miR-205 suppressed growth, migration and invasion of HCC 
by downregulating VEGFA.

Discussion

It is now widely accepted that miRNAs modulate various 
biological processes, including cancer initiation and 

progression. In the present study, miR-205 expression levels 
in HCC tissues and cell lines were determined, and the 
biological functions and molecular mechanisms underlying 
miR-205 in HCC carcinogenesis and progression were also 
investigated. It was revealed that miR-205 was downregulated 
in HCC tissues and cell lines. Overexpression of miR-205 
significantly suppressed the proliferation, migration and 
invasion of HCC cells by directly targeting VEGFA. These 
findings suggested that miR-205 may be a notable tumor 
suppressor in HCC.

Previous studies have demonstrated that miR-205 
functions as an oncogene in numerous types of human 
cancer (20-22). For example, in laryngeal squamous cell carci-
noma, miR-205 was upregulated and enhanced cell growth 
and invasion via negative regulation of CDK2AP1 expression 
level (20). Expression levels of miR-205 were reported to be 
increased in endometrial cancer tissues (21). Kaplan-Meier 
survival analysis revealed that high expression levels of 
miR‑205 were significantly associated with poor prognosis of 
patients with endometrial cancer (21). In addition, miR-205 
promoted proliferation, metastasis and inhibited apoptosis 
of endometrial cancer cells by targeting the protein kinase B 
signaling pathway, phosphatase and tensin homolog (PTEN) 
and estrogen-related receptor γ (23-25). In ovarian cancer, 
miR-205 was upregulated and miR-205 expression levels were 
associated with high pathological grade and advanced clinical 
stage of patients with epithelial ovarian cancer. Ectopic 
miR-205 expression improved migration and invasion abilities 
of ovarian cancer cells by directly targeting zing‑finger E‑box 
binding homeobox 1 (22). Lei et al (26) and Bai et al (27) 
investigated miR-205 expression levels in non-small cell 
lung cancer (NSCLC) tissues and cell lines. Upregulation 
of miR-205 increased the proliferation, migration, invasion 
and chemoresistance of NSCLC cells via regulation of the 
PTEN signaling pathway (26,27). These results suggested 

Figure 4. miR-205 directly targeted VEGFA by binding to its 3'UTR in hepatocellular carcinoma. (A) The predicted miR-205 binding site within VEGFA 
3'UTR and its mutated version by site mutagenesis are presented. (B) Dual‑luciferase reporter assays were performed to confirm the direct regulation of 
miR-205 in the 3'UTR of VEGFA. miR-205 decreased VEGFA expression at the (C) mRNA and (D) protein levels in HepG2 and HuH-7 cells. *P<0.05 vs. NC. 
miR, microRNA; VEGFA, vascular endothelial growth factor A; 3'UTR, 3'untranslated region; NC, negative control; Wt, wild-type; Mut, mutant.
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that miR-205 may serve important functions in these types of 
cancer, and should be investigated as a potential therapeutic 
target for possible therapeutic strategies.

miR-205 has been reported to be a tumor suppressor in 
various types of cancer, including osteosarcoma (28), thyroid 
cancer (29), breast cancer (30,31), renal cell carcinoma (32), 
oral carcinoma (33) and prostate cancer (34). In accordance 
with these results, the present study indicated that miR-205 
was downregulated in HCC tissues and overexpression of 
miR-205 inhibited HCC cell proliferation, migration and 

invasion in vitro. These conflicting results concerning miR‑205 
expression levels and functions demonstrate that miR-205 
acted as an oncogene in certain types of cancer and as a tumor 
suppressor in others. This contradiction may be explained by 
the ‘imperfect complementarity’ of the interactions between 
miRNAs and target genes (35).

In order to understand the molecular mechanisms under-
lying miR-205-induced suppression of cell proliferation, 
migration and invasion in HCC, TargetScan and dual-luciferase 
reporter assays were performed. VEGFA was verified to be a 

Figure 5. VEGFA was involved in miR-205-induced suppression of hepatocellular carcinoma proliferation, migration and invasion. (A) Protein expression 
levels of VEGFA in HepG2 and HuH-7 cells following transfection with VEGFA siRNA or NC siRNA. (B) MTT assays were performed to determine the effect 
of VEGFA siRNA on the proliferation of HepG2 and HuH-7 cells. (C) Knockdown of VEGFA suppressed migration and invasion of HepG2 and HuH-7 cells 
(magnification, x200). *P<0.05 vs. NC. VEGFA, vascular endothelial growth factor A; miR, microRNA; siRNA, short interfering RNA; NC, negative control.
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direct target gene of miR‑205 in HCC. Furthermore, RT‑qPCR 
and western blotting were preformed to investigate whether 
miR-205 regulated VEGFA mRNA and protein expression 
levels. The results revealed that miR‑205 significantly decreased 
VEGFA expression at the mRNA and protein levels. Taken 
together, miR-205 negatively regulated VEGFA expression by 
directly binding to the 3'UTR of VEGFA in HCC. Identification 
of the target gene of miR-205 is essential for understanding its 
functions in HCC carcinogenesis and progression. It is also 
important for developing novel therapeutic targets for HCC.

VEGFA, a 35-45 kD heparin-binding glycoprotein, is a key 
regulator of angiogenesis which is known to be a fundamental 
factor in the local growth of tumors and progression to metas-
tasis (28). High expression levels of VEGFA have been reported 
in various types of human cancers, including HCC (36,37). 
VEGFA serves an important function in tumor proliferation, 
migration, invasion and angiogenesis (38-40). Therefore, 
anti-VEGFA targeted therapy, including bevacizumab, has 
been widely used to treat cancers in a clinical setting (41). 
Regarding its cancer-associated functions in HCC, VEGFA is 
worth paying attention to as a potential target to treat patients 
with HCC. The present study revealed that miR-205 targeted 
VEGFA to suppress cell proliferation and metastasis in HCC. 
Collectively, miR-205/VEGFA based targeted therapy may be 
a novel therapeutic treatment for HCC.

In conclusion, the present study demonstrated that miR-205 
was significantly downregulated in HCC tissues and cell lines, 
and overexpression of miR-205 inhibited the proliferation, 
migration and invasion of HCC cells by directly targeting 
VEGFA. These results help to further the understanding of 
the molecular mechanisms underlying HCC carcinogenesis 
and progression, and may potentially lead to novel targeted 
therapies for HCC in future studies.
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