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by regulating target gene VEGFA
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Abstract

Objective: The objective of this research is to determine the role of miR-34a-5p in the occurrence 
and development of HCC by targeting VEGFA. Methods: The expression of miR-34a-5p in HCC cell 
lines and tumour tissue was detected by qRT-PCR; the effect of miR-34a-5p on the invasive ability 
of HCC cells (SMMC7721 and MHCC97H) were detected by Transwell invasion assay; VEGFA is 
predicted as a potential target gene of miR-34a-5p by TargetScan, and validated with dual-luciferase 
reporter gene assay, qRT-PCR and western blot. VEGFA expression in HCC cell lines and tumour 
tissue was detected using qRT-PCR; the regulation and influence of miR-34a-5p and VEGFA on 
the proliferation, invasion, migration and the S-phase cell of HCC cells with different invasive 
abilities were detected by CCK8, Transwell assay, wound healing assay, and flow cytometry. The 
effect of miR-34a-5p on the growth of tumour was detected by constructing a xenograft model of 
nude mice with HCC. Results: It was found that the expression of miR-34a-5p in HCC cells and 
tumour tissue was significantly decreased. Up-regulating miR-34a-5p expression could reduce the 
invasion ability of HCC cells. MiR-34a-5p could inhibit the mRNA and protein expression level of 
VEGFA via combining with the 3’-UTR of VEGFA. VEGFA was highly expressed in HCC cells 
and tumour tissues. The miR-34a-5p inhibited the proliferation, invasion, migration and S-phase 
arrest of HCC cells, but this inhibition effect could be neutralised by VEGFA; miR-34a-5p exerted 
the inhibitory effect on HCC cell proliferation and tumour growth in the HCC xenograft model of 
nude mice. Conclusion: These results suggest that miR-34a-5p could inhibit the occurrence and 
development of HCC by targeting VEGFA.
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INTRODUCTION

As one of the malignant tumours around the 
world, hepatocellular carcinoma (HCC) threatens 
the health of humans.1 In China, the death rate of 
HCC ranks second place among various types of 
tumours, and still keeps rising in recent years.2 
Although relevant researchers have made some 
progress in traditional HCC treatments, the 
overall therapeutic effect is still unsatisfactory. 
There into, invasion, metastasis and recurrence 
of HCC serve as the key elements to affect the 
overall therapeutic effect of HCC.3

 The growth, invasion and metastasis 
of malignant tumours are quite complex 
pathological processes. Due to neoplasm 
angiogenesis, tumour cells can obtain more 
oxygen, nutrition and survival chances, and 
tumour metastasis can be triggered.4 Thus, it is 
quite promising to inhibit cancer’s occurrence 
by controlling neoplasm angiogenesis. Vascular 
endothelial growth factor A (VEGFA) is a dimeric 
glycoprotein that belongs to VEGF family, 
also including VEGFB, VEGFC, VEGFD and 
PIGF.5 VEGFA is secreted by endothelial cells 
and tumour cells, which is considered to be 
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the main endothelial growth factor and a key 
regulator of vascular permeability.6 Serving as 
the dominant inducer to the growth of blood 
vessels, VEGFA has become a hotspot research in 
new tumour therapies.7 VEGFA over-expression 
relates to the invasiveness of tumour and 
prognosis for patients.8 Chiang DY et al. found 
that overexpression VEGFA via 6p21 gain in 
HCC provided a novel, non-cell-autonomous 
mechanism of oncogene activation, which could 
be involved in HCC development.9

 In addition, the invasion and metastasis 
of tumours involve many factors, including 
epigenetics, genomic instability as well as tumour 
microenvironment.10,11 Though in recent years the 
research on the invasion and metastasis of tumour 
was reported, a few metastasis-related factors 
were rarely found. Thus, the various aspects of 
HCC metastasis cannot be fully explained.12,13 It 
is proved that there is still a research gap in HCC 
invasion and metastasis. Previously researchers 
always focused on protein-coding genes.14,15 In 
recent years the role of non-coding RNA in 
invasion and metastasis of HCC attracts more 
and more attention. It can control the changes 
of DNA conformation, transcription of RNA 
and the translation of proteins, and participates 
in various pathophysiological processes of the 
body to affect the occurrence of many diseases 
including malignant tumours.16,17 
 miRNA is considered as the expression 
product of regulator gene transcription at 
epigenetics level. In recent years, the effect 
of miRNAs on tumour receives much more 
attention.18 According to the basic research and 
clinical observation, it is found that miRNAs 
may participate in the development, progression, 
treatment, outcome, prognosis and other links of 
all tumours including HCC.19,20 miRNA could 
modulate target gene expression via completely 
or incompletely complementary pairing with the 
3’UTR of target gene mRNA, and TargetScan 
of our research revealed that VEGFA was a 
potential target gene of miR-34a-5p. Belonging to 
a member of miR-34 family, miR-34a could play 
a part in resisting multiple cancer development, 
such as gastric cancer21 and pancreatic cancer.22 A 
previous study showed that miR-34a expression 
was reduced in HCC specimens, suggesting 
miR-34a could serve as a potential therapeutic 
target.23 However, the detailed mechanism of 
HCC is rarely reported, which triggers our great 
interest. Thus, this research aims to determine 
the role of miR-34a-5p in the occurrence and 
development of HCC by targeting VEGFA, 

thus providing a new research direction for the 
diagnosis and treatment of the HCC.

MATERIALS AND METHODS

Collection of research samples
Tissues were obtained from 91 patients (65 males 
and 26 females; mean age, 63.47±12.32 years) 
who received treatment at The Fifth Affiliated 
Hospital of Zunyi Medical University from 
June 2015 to February 2018. All these patients 
have never been given radiation therapy or 
chemotherapy. When collected, all tissue samples 
were cut into small pieces first, and then quickly 
put into cryopreservation tubes for liquid nitrogen 
storage. After 6 hours, they were moved into the 
refrigerator at -80°C for further analysis. The 
patients gave written informed consent. The 
study was approved by the Ethics Committee of 
The Fifth Affiliated (Zhuhai) Hospital of Zunyi 
Medical University (NO.[2018] K27).

Cell culture and transfection 
Normal human hepatocytes cell line, THLE-3 
and HCC cell line (SMMC7721, LM3, Hep3B, 
MHCC97H) was purchased from Shanghai 
Institute of Cellular Biology of Chinese 
Academy of Sciences. The cells were cultured 
in Dulbecco’s modified Eagle’s medium (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) 
containing supplemented with 10% fetal calf 
serum (Gibco; Thermo Fisher Scientific, Inc.) 
and l00u/ml penicillin-streptomycin (Gibco; 
Thermo Fisher Scientific, Inc.) in the 37°C 
with 5% CO2. SMMC7721 or MHCC97H cells 
in the good growth state were seeded into a 
six-well plate (5×105/well), when cells grew 
to 70% confluence, the cells were transfected 
with miR-NC or miR-34a-5p mimics (both 
Thermo Fisher Scientific, Inc.) respectively, 
and co-transfected with miR-34a-5p mimics and 
VEGFA (both, Thermo Fisher Scientific, Inc.) 
using Lipofectamine® 2000 reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.), according to the 
manufacturer’s protocol.

qRT-PCR
Total RNA of tissue and cells was extracted 
according to TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the 
manufacturer’s protocol. Reaction conditions are 
as follows: 95°C for 30 s; 40 cycles of 95°C 
for 5 s and 60°C for 30 s. Expression level of 
miR-34a-5p was obtained with U6 as internal 
control, and mRNA level of VEGFA was obtained 
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with GAPDH asthe internal control. Relative 
expression levels of miRNA and other indicators 
were calculated using the 2-∆∆Ct method. The 
primers sequences are shown below:
miR-34a-5p-F: 
5’-GTGCAGGGTCCGAGGT-3’ 
miR-34a-5p-R: 
5’-GCCGCTGGCAGTGTCTTAGCTG-3’
U6-F: 5’-CTCGCTTCGGCAGCACA-3’ 
U6-R: 5’-AACGCTTCACGA ATTTGCGT-3’
VEGFA-F: 
5’-AGGGCAGAATCATCACGAAGT-3’
VEGFA-R: 
5’-AGGGTCTCGATTGGATGGCA-3’
GAPDH-F: 
5’-AGAAGGCTGGGGCTCArTTG-3’ 
GAPDH-R: 
5’-AGGGGCCATCCACAGTCTTC-3’  

Dual-luciferase assays
Possible action sites of miR-34a-5p and VEGFA 
were predicted by TargetScan (http://www.
targetscan.org). VEGFA wild-type 3’-UTR 
luciferase reporter gene plasmid WT-VEGFA and 
mutant plasmid Mut-VEGFA were constructed. 
MHCC97H cells were co-transfected with WT-
VEGFA or Mut-VEGFA, together with miR-34a-
5p mimics or miR-NC. Following transfection 
for 24h, reporter activity was analysed using 
the Dual-Luciferase Reporter assay system 
according to the manufacturer’s instruction. 
Relative luciferase activity equals firefly 
luciferase activity/renilla luciferase activity.

Western Blot
Cellular proteins were extracted using RIPA Lysis 
Buffer.  Protein concentration was determined 
using BCA Protein Assays (Thermo Fisher 
Scientific, Inc.). The proteins (50µg/well) were 
separated by 10% SDS-PAGE and transferred 
to a polyvinylidene difluoride membrane. The 
membranes were blocked with 5% defatted 
milk for 1h at 37°C. The primary antibodies 
(rabbit anti-VEGFA, ab46154, 1:1000; GAPDH, 
ab181602, 1:2000; both Abcam, Cambridge, 
UK) were incubated at 4˚C overnight. And the 
secondary antibody Horseradish peroxidase-
labeled goat anti-rabbit secondary antibody 
(ab6721,1:5000, Abcam, Cambridge, UK) was 
incubated at room temperature for 1h. An ECL 
chemiluminescence detection kit (Kangwei 
Century Biotechnology Co., Ltd., Beijing, China) 
was used to visualise the protein bands. 

Immunohistochemical analysis
Tissue  spec imens  were  dehydra ted , 
transparentised and immersed in wax after 
being fixed in 4% paraformaldehyde for 48 
h. Afterward, they were embedded in paraffin 
and then continually cut into paraffin sections 
(5μm thick) by the microtome. Paraffin sections 
were placed in an oven at 65°C overnight, 
and then dewaxed and hydrated in decreasing 
concentrations of ethanol. After hydration, 3% 
H2O2 solution was added to the tissue sections 
which were incubated at room temperature for 
15 min to block the activity of endogenous 
peroxidase. The sections were placed in citrate 
buffer, and antigen retrieval was performed 
using a microwave heating method. After that, 
the sections were blocked with 5% normal sheep 
serum and incubated at room temperature for 20 
min. The sections were kept overnight at 4°C 
after the rabbit anti-VEGFA primary antibody 
(1:100) and Ki67 antibody (1:100) were added. 
Next, the goat anti-rabbit secondary antibody 
(1:200) labeled with horseradish peroxidase was 
added before the sections were incubated at 37°C 
for 30min. Afterward, horseradish-peroxidase-
labeled streptavidin working solution was added 
to the sections which were incubated at 37°C 
for 30min. After colourimetric reaction using 
DAB as a substrate, sections were stained with 
haematoxylin at room temperature for 2 min, 
and then dehydrated and sealed with neutral 
resins. Finally, a positive signal of sections was 
observed with the upright microscope.

Transwell assay
Migration experiment: Cells in all groups in 
the good cell growth state were digested with 
trypsin and resuspended in a culture medium 
containing 10% BSA, and the cell density was 
adjusted to 1×106/ml. Transwell chamber with 
8μm filter membrane pore diameter was placed 
in the 24-well plate; 600μl of culture medium 
containing 10% serum was added outside the 
chamber; 100μl cell suspension was added 
inside the chamber; the cells were cultured for 
24-48 h after the culture plate was placed into 
the incubator. The chamber was taken out and 
washed with PBS 3 times; the chamber was fixed 
in 95% ethanol for 5 min; the staining solution 
of unbound cells was removed through rinsing 
by PBS after the cells were stained with 0.5% 
crystal violet for 10 min. Cells on the upper layer 
of the chamber filter membrane were lightly 
removed with a cotton swab, and the cells on the 
lower layer of the filter membrane were observed 
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under a microscope. For each sample, 10 fields 
were randomly selected to be photographed and 
counted.Invasion assay: Matrigel gel was placed 
at 4℃ overnight; on the next day, the liquefied 
Matrigel was diluted with the culture medium 
at a ratio of 1:6. Transwell chamber with 8 μm 
filter membrane pore diameter was placed in the 
24-well plate; 50μl Matrigel diluent was added 
to the chamber for coating the filter membrane; 
the culture plate was placed in the incubator for 
4 h so that the coating liquid was dried. The 
remaining steps are the same as the Transwell 
cell migration experiment.

Detection of cell proliferation by CCK8
Cells were digested with trypsin containing EDTA 
and then resuspended through centrifugation. 
Next, they were counted. Cells in each group 
were adjusted to 1.5× 104 cells/ml. Cells of 
all groups were evenly spread on a 96-well 
plate, with 100μl cell suspension per well. 
Subsequently, cells were cultured in the incubator 
at 37℃. Following transfection for 24h, 10μl 
CCK8 solution was added to each well. 96-well 
plate was placed on a full-wavelength microplate 
reader with the wavelength set as 450 nm for 
absorbance detection. The experiment was 
repeated three times.

Detection of cell migration by wound healing 
assay
Cells of all groups in the good cell growth state, 
with 2×105 cells/ml, were inoculated into a 
6-well plate with 2 ml per well. When the cells 
grew to about 80 % confluence, one cell-free 
fine scratch was drawn by a 200μl tip. After 
12h, the changes of cell movement at the cell 
scratch were observed.

Detection of cell cycle by flow cytometry
Cells in all groups were inoculated in a 
6-well plate with 5×105 cells per well. After 
transfection for 48 h, cells were collected and 
washed once with pre-cooled PBS. Next, cells 
were centrifuged at 1200RPM for 5min, and 
resuspended with pre-cooled PBS. The cell 
suspension was added to pre-cooled 70% ethanol 
and fixed at 4℃ overnight. After removing 
ethanol, the cells were washed twice with PBS 
and 100μl RNase A was added. Afterward, the 
cells were transferred to a 37℃ water bath for 
30 min. Next, they were stained with 400μl and 
mixed. After that, they were sheltered from the 
light at 4℃ for 30 min. Finally, the cell cycle 
was detected by flow cytometry. 

Construction of mouse xenograft models of 
HCC tumours
All animal experimental protocols were 
approved by the Ethics Committee of Zunyi 
Medical University (No. [2021] 2-068). Our 
study was reported in accordance with ARRIVE 
guidelines. Twelve BALB/c male nude mice were 
purchased from the Model Animal Research 
Center of Nanjing University, aged 5-6 weeks, 
weighing 15-18 g. The mice were kept in a 
specific pathogen-free environment under 
isothermal conditions with regular photoperiods 
(12h light/dark). The feeding, drinking water 
and cages were all used after sterilisation by 
high-pressure steam. All nude mice were divided 
into control group (n=6) and miR-34a-5p mimics 
group (n=6). MHCC97H cells transfected with 
miR-34a-5p mimics or miR-NC were cultivated 
and the cell concentration was adjusted to 
2×107 cells/mL. 0.2mL of cell suspension was 
inoculated at the axilla of the left anterior upper 
limb of each nude mouse. After inoculation, 
nude mice in each group were weighed every 3 
days. The maximum diameter (a) and minimum 
diameter (b) of the transplanted tumour of each 
nude mouse were measured with vernier to 
calculate the tumour volume. The calculation 
formula was: V=1/2×a×b2. All nude mice were 
killed after 3 weeks. The tumour body was 
stripped, weighed, photographed and fixed with 
formaldehyde.

Statistical analyses
The data were presented as means ± SD 
(standard deviation). The student’s t-test was 
used to compare mean values between two 
groups; one-way ANOVA was used to compare 
mean values among three or more groups. 
Bonferroni’s correction was used as the post-
hoc test for one-way ANOVA. The experiments 
were repeated three times. All statistical analyses 
were performed by SPSS 17.0 software (SPSS, 
Chicago, IL, USA). P<0.05 was considered 
statistically significant. 

RESULTS

Expression of miR-34a-5p in HCC cells and 
tumour tissue and its influence on invasive 
ability of cells
After the expression of miR-34a-5p in four 
HCC cell lines and the normal hepatic cell 
THLE-3 was detected by qRT-PCR, it was 
found that expression of miR-34a-5p in 
SMMC7721, LM3, Hep3B and MHCC97H 
were all significantly lower than that in THLE-3
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FIG. 1: Expression of miR-34a-5p in HCC cells and tumour tissue and its influence on invasive ability of cells.
(A) The expression level of miR-34a-5p in HCC cell lines and the normal hepatic cell THLE-3 is detected 
by qRT-PCR. (B) The expression level of miR-34a-5p in tumour tissue in HCC and normal tissue besides 
the cancer is detected by qRT-PCR. (C) Transwell invasion assay (scale bar=25μm). (D) miR-34a-5p 
mimics is transfected to up-regulate the expression level of endogenous miR-34a-5p in HCC cells. (E) 
The effect of miR-34a-5p on the invasion ability of HCC cells is detected by Transwell invasion assay 
(scale bar=25μm). ** P < 0.01.

(Fig. 1A). Furthermore, the expression of miR-
34a-5p in tumour tissue in HCC and adjacent 
normal tissue was detected, and the results 
showed the expression of miR-34a-5p in tumour 
tissue was remarkably lower than that in adjacent 
normal tissue (Fig. 1B). By means of Transwell 
assay, the invasion ability of HCC cell lines 
(SMMC772 and MHCC97H) was detected. It 

was found that the invasion ability of MHCC97H 
was obviously stronger than that of SMMC7721 
(Fig. 1C). Thus, MHCC97H was selected as the 
HCC cell model with strong invasive ability and 
SMMC7721 as the HCC cell model with weak 
invasive ability. Next, miR-34a-5p mimics was 
respectively transfected into these two cells to 
enhance the expression of endogenous miR-34a-
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5p (Fig. 1D), and then the effect of up-regulating 
the expression of miR-34a-5p on two kinds of 
HCC cells with different invasive abilities was 
detected. The results showed that the invasive 
abilities of MHCC97H and SMMC7721 cells 
transfected with miR-34a-5p mimics were both 
considerably reduced (Fig. 1E). The results 
above indicate that miR-34a-5p may negatively 
regulate the invasive ability of HCC cells, and 
its abnormal expression may be closely related 
to HCC.

miR-34a-5p inhibits the expression of VEGFA
The potential target genes of miR-34a-5p were 
screened and predicted with TargetScan. The 
results showed that there were sites which miR-
34a-5p may combine with 3’UTR of VEGFA 
(Fig. 2A). The VEGFA wild-type 3’-UTR 

luciferase reporter gene plasmid WT-VEGFA 
or mutant reporter gene plasmid Mut-VEGFA 
were co-transfected into MHCC97H cells 
together with miR-34a-5p mimics or miR-NC, 
and dual-luciferase detection results showed 
that up-regulating the expression level of miR-
34a-5pmimics could significantly inhibit the 
luciferase activity of WT-VEGFA plasmid but 
had no effect on the luciferase activity of Mut-
VEGFA plasmid (Fig. 2B). This indicates that 
miR-34a-5p can indeed combine with the 3’-UTR 
of VEGFA. The expression level of VEGFA 
protein in the group transfected with miR-34a-
5p mimics and the group transfected with miR-
NC was further detected by Western blot. The 
results showed that up-regulating the expression 
of miR-34a-5p could inhibit the expression of 
VEGFA protein (Fig. 2C). qRT-PCR detection 

FIG. 2: miR-34a-5p inhibits the expression of VEGFA. (A) VEGFA is predicted as the potential target gene of 
miR-34a-5p by TargetScan. (B) Luciferase activity is detected by dual-luciferase assays. (C) Expression 
level of VEGFA protein is detected by Western Blot. (D) The mRNA level of VEGFA is detected by 
qRT-PCR experiment. ** P < 0.01.
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results also showed that compared with the 
control group, the mRNA level of VEGFA in 
the group transfected with miR-34a-5p mimics 
was decreased obviously (Fig. 2D). The results 
above indicated that miR-34a-5p could regulate 
the expression level of the mRNA and protein 
of VEGFA.

Expression of VEGFA in HCC cell lines and 
tumour tissue
The expression level of VEGFA mRNA in 
HCC cell lines SMMC7721, MHCC97H, LM3, 
Hep3B and the normal hepatic cell THLE-3 was 
detected by qRT-PCR. The results showed that 
expression levels of VEGFA mRNA in various 
HCC cell lines were all significantly higher 
than that in THLE-3 (Fig. 3A). In addition, the 

expression level of VEGFA mRNA in HCC 
tumour tissue was notably higher than that in 
adjacent normal tissue (Fig. 3B). Subsequently, 
the immunohistochemical experiment and 
western blot results showed that the expression 
level of VEGFA in tumour tissue was evidently 
increased (Fig. 3C, D). From the results above, 
we can know that VEGFA is closely associated 
with the development of HCC.

Influence of miR-34a-5p and VEGFA on the 
proliferation, invasion, migration as well as cell 
cycle of HCC cells
miR-NC, miR-34a-5p mimics or VEGFA were 
transfected into SMMC7721 cells. The ability 
of cell proliferation of the control group, the 
group transfected with miR-34a-5p mimics 

FIG. 3: Expression of VEGFA in HCC cell lines and tumour tissue. (A) The expression level of VEGFA mRNA 
in HCC cells and THLE-3 cells is detected by qRT-PCR. (B) The expression level of VEGFA mRNA 
in HCC tumour tissue and adjacent normal tissue is detected by qRT-PCR. (C) The expression level of 
VEGFA in HCC tumour tissue and adjacent normal tissue is detected by immunohistochemical experiment 
(scale bar=50μm). (D) VEGFA protein expression in HCC tumour tissue and adjacent normal tissue is 
detected by western blot. ** P < 0.01.
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and the group transfected with miR-34a-5p 
mimics plus VEGFA was detected by the CCK8 
method. It was found that the OD value of the 
group transfected with miR-34a-5p mimics 
was significantly lower than that of the control 
group. Meanwhile, the OD value of the group 
transfected with miR-34a-5p mimics plus 
VEGFA was significantly higher than that of the 
group transfected with miR-34a-5p mimics (Fig. 
4A). After detection by flow cytometry, it was 
found that the fraction of cells in the S phase in 
the group transfected with miR-34a-5p mimics 
was significantly lower than that of the control 
group while the fraction of cells in the S phase 
in the group transfected with miR-34a-5p mimics 

plus VEGFA was significantly higher than that of 
the group transfected with miR-34a-5p mimics 
(Fig. 4B). Transwell detection results showed 
after up-regulating the expression level of miR-
34a-5p, the number of invasive and migrating 
cells both decreased significantly, while after cells 
were co-transfected with miR-34a-5pmimics and 
VEGFA, the ability of invasion and migration 
of cells both increased obviously (Fig. 4C). The 
results of the wound healing assay showed that 
the high expression of miR-34a-5p could reduce 
the migration ability of cells, while up-regulation 
of the expression of VEGFA could cause the 
significant rising of migration ability of cells (Fig. 
4D). In addition, through the experiment above, 

FIG. 4: Influence of miR-34a-5p and VEGFA on the proliferation, invasion, migration as well as cell cycle of 
SMMC7721 cells. (A) SMMC7721 cells proliferation ability is detected by the CCK8 method. (B) The 
fraction of cells in the S phase of SMMC7721 cells is detected by flow cytometry. (C) Invasion/migration 
ability of SMMC7721 cells is detected by Transwell assay (scale bar=25μm). (D) The migration ability 
of SMMC7721 cells is detected by wound healing assay (scale bar=50μm). ** P < 0.01.
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we also found that miR-34a-5p can also inhibit 
the proliferation, invasion, migration and S-phase 
arrest of MHCC97H cells, but such inhibition 
effect can be reversed by VEGFA (Fig. 5A-D). 
The above results showed that miR-34a-5p may 
inhibit the biological behaviour of HCC cells 
by down-regulating the expression of VEGFA.

miR-34a-5p plays the role in inhibiting cancer 
in xenograft model of nude mice with HCC
Xenograft model of HCC in nude mice was 
constructed by using MHCC97H cells transfected 
with miR-34a-5p mimics or miR-NC. After 
21 days, the detection results showed that the 
tumour volume and weight of the group treated 
with miR-34a-5p mimics were both significantly 

lower than those of the NC control group 
(Fig. 6A, B). Ki67 and H&E staining results 
showed that compared with the control group, 
the cell proliferation ability of the group treated 
with miR-34a-5p mimics was obviously reduced
(Fig. 6C). These results showed that 
overexpression of miR-34a-5p may inhibit the 
growth of tumour, in the xenograft model of 
nude mice with HCC.

DISCUSSION

As one major malignant tumour of the liver, 
hepatocellular carcinoma (HCC) is the third 
leading cause of cancer-related death in the 
world. Although over the past decade great 

FIG. 5:  Influence of miR-34a-5p and VEGFA on the proliferation, invasion, migration as well as cell cycle of 
MHCC97H cells. (A) MHCC97H cells proliferation ability is detected by the CCK8 method. (B) The 
fraction of cells in the S phase of MHCC97H cells is detected by flow cytometry. (C) Invasion/migration 
ability of MHCC97H cells is detected by Transwell assay (scale bar=25μm). (D) The migration ability 
of MHCC97H cells is detected by wound healing assay (scale bar=50μm). ** P < 0.01.
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progress has been made in the screening and 
treatment of HCC, sustained remission has 
not been realised.24 Besides, high invasion and 
metastasis potential have become a big challenge 
toward HCC treatment. Thus, it is essential to find 
the new biomarker of HCC metastasis.25 It not 
only help to recognise HCC or metastatic HCC 
at the clinical early-stage, benefiting clinical 
treatment, but also improve the results caused 
by this malignant disease.26,27 
 As new bioinformatics methods and 
technology are generated, miRNA has become a 
new hot spot of genetic diagnosis and treatment. 
MircroRNAs (miRNA) is a kind of highly 
conserved non-coding single-stranded tiny RNA 
in eucaryon with regulating effect. It broadly 
participates in cell proliferation, differentiation 
and apoptosis by regulating the translation and 
expression of target genes.28 The expression 
of miRNA has specificity. According to more 
and more research, it is found that miRNAs 
could regulate over 50% of the coding genes 

and participate in the occurrence, development 
and prognosis of various tumour diseases. 
In addition, the expression of miRNAs in 
tumours often decreases, playing a role as 
tumour suppressor.29-30 Scholars such as Braconi 
transfected the HCV gene group into HCC cell 
line HepG and compared the expression profile 
of the miRNA of the transfected strain with that 
of the un-transfected one. The results showed 
that HCV infection led to 10-miRNA-molecule 
up-regulation and 23-miRNA-molecule down-
regulation. Among them, the up-regulation 
amplitude of miR-193b was the most obvious.31 
Others like Ladeiro also reported the specific up-
regulation of miR-96 expression in HBV-positive 
HCC tissue.32 In this research, we found that the 
expression levels of miR-34a-5p in HCC cell 
lines SMMC7721, LM3, Hep3B and MHCC97H 
were all significantly lower than that in THLE-3. 
In addition, the expression level of miR-34a-5p in 
HCC tumour tissue was also significantly lower 
than that in normal tissue besides the HCC. It 

FIG. 6:  miR-34a-5p plays the role in inhibiting cancer in xenograft model of nude mice with HCC. (A) Tumour 
volume. (B) Tumour weight. (C) The influence of miR-34a-5p mimics on the proliferation ability of 
MHCC97H cells in nude mice is observed by the staining of Ki67 and H&E (scale bar=50μm). ** P < 
0.01.
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suggests that the abnormal expression of miR-
34a-5p is closely related to HCC.
 Some microRNA molecules can inhibit the 
invasion and metastasis of HCC cells. For 
example, the specificity of miR-122 was down-
regulated in HCC,33 especially in HCC which had 
intrahepatic metastasis. Therefore, the recovery 
of the expression of miR-122 in Mahlavu cells 
and SK-Hepl cells could remarkably inhibit cell 
growth without depending on support as well 
as invasive and metastatic ability, remarkably 
reducing the volume of tumours inside the mice 
in the xenograft model of HCC and further inhibit 
the metastasis of tumour cells in vivo by reducing 
the angiogenesis. In Tranwell invasion assay, we 
found that the invasive ability of MHCC97H cells 
was obviously stronger than that of SMMC7721, 
so MHCC97H was taken as the HCC cell model 
with high invasion ability, and SMMC7721 was 
taken as the HCC cell model with low invasion 
ability. After miR-34a-5p mimics was transfected 
into these two kinds of HCC cells with different 
invasive abilities respectively, we found that 
up-regulation of expression of miR-34a-5p can 
inhibit the invasive ability of these two kinds of 
cells. These results suggest that miR-34a-5p may 
be involved in regulating the invasive ability of 
HCC cells.
 The regulation of miRNA on genes depends 
on the partial complementation of base sequence, 
resulting in the degradation of mRNA and 
the blocking of proteins’ translation. This 
regulation mainly plays its role in the post-
transcriptional level. The miRNA in general 
regulates the expression of target genes as a 
post-transcriptional level. When combining with 
target genes, mature miRNA usually combines 
with the target gene 3’ UTR, directly inhibiting 
or degrading target genes. Therefore, their 
expression is reduced.34,35 One major problem 
in research of the correlation between miRNA 
and diseases is that it is difficult to find the 
target genes miRNA really regulates.36 In this 
research, we predicted that VEGFA is the 
potential target gene of miR-34a-5p by means 
of TargetScan, and confirmed that miR-34a-5p 
can indeed complement and combine with the 
mRNA 3’UTR of VEGFA by using the dual-
luciferase reporter gene experiment. A previous 
report showed that the miR-34a-5p up-regulation 
could inhibit endometrial-derived stem cell 
proliferation via targeting VEGFA.37 Another 
study indicated that VEGFA was a direct target 
of miR-34a-5p; miR-34a-5p behaved as an 
inhibitor of oncogene and VEGFA served as a 

promoter in glioma development.38 In further 
research, it was found that up-regulation of the 
expression level of miR-34a-5p in MHCC97H 
cells can inhibit the expression level of mRNA 
and protein of VEGFA, indicating that miR-34a-
5p may regulate the expression of VEGFA.
 Angiogenesis plays a vital role in the growth 
as well as the proliferation and metastasis of 
primary tumours.39 Vascular growth-related 
factors promote the proliferation, differentiation, 
infiltration and migration of endothelial cells 
through combining with the receptors on the 
surface of vascular endothelial cells, and finally 
forming new vessels.40 Previous research had 
confirmed that the VEGF family is the most 
powerful factor to promote tumour angiogenesis 
found to date. Almost all tumours can produce 
VEGF,41 and abnormally increased VEGF can 
be detected in the serum and tumour body of 
tumour patients. Among them, VEGFA, widely 
expressed in tumour or non-tumour pathological 
processes, is the most important member of 
the VEGF family in regulating angiogenesis. 
Some studies showed that FGF2 and VEGFA 
were significantly increased in HCC tissue.42,43 
The silencing of VEGFA in breast cancer can 
significantly inhibit angiogenesis and metastasis 
of cancer. VEGF and VEGFR overexpressed in 
gastric cancer are closely related to angiogenesis 
and the malignant phenotype of gastric cancer. 
Wang et al. found that VEGFA was highly 
expressed in 63% of cancer tissue in 76 cases of 
endometrial carcinoma tissue. In this research, 
we found that the mRNA expression level of 
VEGFA in HCC cells was significantly higher 
than that in THLE-3 cells, and the expression 
level of the mRNA and protein of VEGFA in 
HCC tumour tissue was significantly higher than 
that in normal tissue besidescancer. These results 
suggest that the high expression of VEGFA is 
closely associated with the occurrence of HCC.
 The correlation between miRNA molecules 
and invasion and metastasis of tumour is the 
hotspot of research in recent years.44,45 As one 
important malignant biological behaviour of 
tumours, the invasion and metastasis of tumours 
exacerbate the development of tumours and 
usually influence the final prognosis of tumours. 
However, miRNA molecules can play their role 
by influencing inter-cellular adhesion, matrix 
degradation, epithelial-mesenchymal transition, 
angiogenesis and many other links.46,47 In this 
research, SMMC7721 or MHCC97H cells 
were transfected with miR-34a-5p mimics 
and co-transfected with miR-34a-5p mimics 
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and VEGFA, respectively. A series of cell 
experimental results showed that up-regulation 
of the expression level of miR-34a-5p had an 
inhibition effect on proliferation, invasion, 
migration and S-phase arrest of HCC cells, but 
such inhibition effect can be reversed by the high 
expression of VEGFA. It indicates that miR-34a-
5p inhibits the malignant biological behaviour 
of HCC cells by inhibiting the expression level 
of VEGFA. In order to further study the effect 
of miR-34a-5p on HCC tumour in vivo, we 
up-regulated the expression of miR-34a-5p in 
xenograft model of HCC in nude mice and found 
that high expression of miR-34a-5p can inhibit 
the proliferation of HCC cells, and the volume 
and mass of tumour were significantly reduced. 
This indicates that miR-34a-5p plays the role in 
inhibiting the growth of HCC tumours in nude 
mice.
 In conclusion, this research fully describes the 
expression level of miR-34a-5p and VEGFA in 
HCC cell lines and tumour tissue. miR-34a-5p 
inhibits the proliferation, invasion, migration as 
well as S-phase arrest of HCC cells by targeted 
regulating the expression level of VEGFA. Thus, 
the miR-34a-5p in this research may become 
a new target of the diagnosis and treatment of 
HCC.
 However, several limitations also should 
be noted in our study. First, this study mainly 
focused on bioinformatics analysis between 
miR-34a-5p and VEGFA. Thus, more complex 
interactions among miR-34a-5p, VEGFA and 
their up-stream genes need to be further explored 
at lncRNA and protein levels in our future 
research.
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