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Tumour vascular mimicry (VM) is the process by which new blood vessels are formed by tumour cells rather than endothelial
cells. An increasing number of studies have revealed that the VM process is associated with cancer progression and metastasis.
MiR-138-5p has been reported to act as a tumour suppressor in many cancers. However, the role and underlying mechanism
of miR-138-5p in hepatocellular carcinoma (HCC) VM remain unclear. In this study, VM density was detected by CD31/
periodic acid-Schiff double staining in HCC clinical specimens. We found that miR-138-5p expression correlated strongly and
negatively with microvessel density. Additionally, the miR-138-5p mimic or inhibitor decreased or increased, respectively, tube
formation capacity in HepG2 and Hep3B cells. Consistent with this finding, miR-138-5p repressed vessel density in vivo.
Moreover, miR-138-5p targeted hypoxia-inducible factor 1α (HIF-1α) and regulated the expression of HIF-1α and vascular
endothelial growth factor A (VEGFA), which are established classical master regulators for angiogenesis. Consistent with these
findings, the HIF-1α inhibitor CAY10585 effectively blocked HCC cell VM and VEGFA expression. In conclusion, miR-138-5p
inhibits HepG2 and Hep3B cell VM by blocking the HIF-1α/VEGFA pathway. Therefore, miR-138-5p may serve as a useful
therapeutic target for miRNA-based HCC therapy.

1. Introduction

Hepatocellular carcinoma (HCC) is the most common pri-
mary liver malignancy and is the third leading cause of
cancer-related death worldwide [1, 2]. Accumulated evi-
dence indicates that vascular invasion and metastasis play
important roles in the high mortality rate of patients with
HCC [3, 4]. Tumour growth and metastasis require an ade-
quate blood supply to transport nutrients and oxygen and
remove metabolic waste, providing a pathway for tumour
metastasis and stimulating growth of the tumour mass.

Along with endothelial vessels (EVs), tumour vascular mim-
icry (VM) occurs via the generation of a de novo vascular
network by tumour cells to supply nutrients for sustaining
tumour growth. EVs and VM are both important processes
in the tumorigenicity and metastasis of HCC.

MicroRNAs (miRNAs) are noncoding RNAs approxi-
mately 22 nucleotides in length that have an important func-
tion in many essential physiological and pathological
processes. miRNAs regulate target genes at the posttran-
scriptional level by binding to their 3′-UTR [5, 6]. It has
been reported that miR-138-5p acts as a tumour suppressor
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to inhibit HCC growth, metastasis, glycolysis, and oxali-
platin resistance in vivo and in vitro [7–9]. Moreover,
miR-138-5p inhibits HCC progression by inhibiting hepati-
tis B virus replication and expression. However, the roles of
miR-138-5p in HCC VM remain largely unknown.

Recent reports have demonstrated that miR-138-5p
inhibits endothelial progenitor cell proliferation by inhibit-
ing hypoxia-inducible factor 1α (HIF-1α) [10, 11]. HIF-1α
is an important molecule for EVs and VM. Given that
miR-138-5p affects both tumour cells and endothelial cells
and regulates the expression level of HIF-1α in endothelial
cells, we hypothesized that miR-138-5p might suppress
tumour growth by blocking blood nutrient supply. The
effects of miR-138-5p on VM have not been reported in
any type of cancer. In this study, we found that miR-138-
5p inhibited VM and regulated HIF-1α/vascular endothelial
growth factor A (VEGFA) expression by targeting HIF-1α in
HCC cells.

2. Materials and Methods

2.1. Tissue Specimens. Fresh human HCC and corresponding
paratumour tissues were obtained from surgical specimens
immediately after their resection from patients who under-
went routine surgery at Qingyuan Hospital, The Six Affili-
ated Hospital of Guangzhou Medical University
(Qingyuan, China). Patients who received preoperative irra-
diation, chemotherapy, immunotherapy, or targeted therapy
were excluded. All patients were confirmed to have HCC by
postoperative pathology. Finally, 23 pairs of fresh human
HCC and corresponding paratumour tissues were included
in the study. The research protocol was approved by the
Ethics Committee of The Six Affiliated Hospital of Guang-
zhou Medical University (No. QPH-IRB-A0153). All exper-
iments were carried out in accordance with the international
ethical guidelines for biomedical research involving human
subjects.

2.2. Antibodies and Inhibitor. Antibodies against CD31
(Abcam, ab182981, Cambridge, UK), HIF-1α (Abcam,
ab51608, Cambridge, UK), and VEGFA (ABclonal,
A12303, Wuhan, China) were used for western blotting
and immunohistochemistry (IHC). CAY10585 (Abcam,
ab144422, Cambridge, UK) was used to inhibit HIF-1α.

2.3. Cell Culture. Human HCC cell lines, including HepG2
(hepatoblastoma cell line), Hep3B, MHCC97H, MHCC97L,
Huh7, SK-Hep1, and MIHA, were purchased from the Chi-
nese Academy of Sciences. MIHA human immortalized nor-
mal hepatocytes were used as normal control cells. The cells
were cultured in Dulbecco’s modified Eagle’s medium
(DMEM, Gibco, Bengjing, China) supplemented with 10%
foetal bovine serum (Corning, Australia) and 1% penicil-
lin–streptomycin (Gibco, Gaithersburg, MD, USA) and
incubated at 37°C in a humidified atmosphere containing
5% CO2. Under hypoxic conditions, cells were cultured in
an atmosphere of 1% O2.

2.4. RNA Extraction and Quantitative Real-Time Polymerase
Chain Reaction (qRT–PCR). Total RNA was extracted from

cultured cells or human tissues by using TRIzol reagent
(Takara, Dalian, China). qRT–PCR assays were conducted
to determine the mRNA levels by using a SYBR Green
PCR Master Mix kit (Takara, Dalian, China). β-Actin was
used as an internal control to analyse HIF-1α and VEGFA
mRNA levels. U6 expression was used as an internal control
for analysing miR-138-5p levels in HCC tissue and HCC cell
lines. The 2-ΔΔCT method was used to assess the relative
levels of HIF-1α and VEGFA mRNA levels. All assays were
evaluated in at least three repeats, and all the results are
shown as the mean ± standard deviation (SD) for analysis.
The primers are shown in Supplemental Table 1.The
median expression level was used as the cut-off. Low
expression was classified as values below the 50th
percentile. High miR-138-5p expression was classified as
values at or above the 50th percentile.

2.5. RNA Interference and Transfection. Hep3B and HepG2
cells were seeded into a 6-well plate at 30-50% confluence.
Twenty-four hours later, the cells were transfected with the
HIF-1α inhibitor CAY10585 or transfected with a miR-
138-5p mimic (Sangon Biotech, Shanghai, China) or a
miR-138-5p inhibitor (Sangon Biotech, Shanghai, China)
using Lipofectamine 2000 reagent (Invitrogen, Carlsbad,
USA) according to the manufacturer’s instructions. Cells
transfected with a scramble control siRNA (NC) were used
as controls. The cells were harvested 48h after transfection.
The sequences of the siRNA against HIF-1α, miR-138-5p
mimic, and miR-138-5p inhibitor are listed in Supplemental
Table 1.

2.6. Luciferase Assay. To test the direct binding of miR-138-
5p to the target gene HIF-1α, a luciferase reporter assay was
performed as previously described. The fragment of HIF-1α
3′UTR containing miR-138-5p binding sites or mutated
sites was inserted into the pmirGLO vector (Promega, Mad-
ison, USA) to generate HIF-1α 3′UTR-WT or HIF-1α3′
UTR-MUT. Then, the constructed plasmids were trans-
fected into HepG2 cells together with miR-NC or miR-
138-5p. Luciferase activity was measured 48 h posttransfec-
tion using a dual-luciferase assay kit (Promega, Madison,
USA).

2.7. Immunohistochemistry. We performed IHC assays by
using an IHC kit (Boster Bio-Engineering Company,
Wuhan, China) to detect the protein levels of VEGFA and
HIF-1α. Tumour tissue was embedded in paraffin and cut
into 4μm sections. Sections were deparaffinized with xylene
and rehydrated with graded ethanol then immersed in cit-
rate and boiled at 126°C for 1-2min to recover antigen.
Endogenous peroxidase was blocked with H2O2 (3%) for
20min. Each section was first incubated with 50μL of goat
serum (16210064, Thermo Fisher, Waltham, MA, USA) for
15min at room temperature, followed by 50μL of primary
antibody against VEGFA (1 : 200) or HIF-1α (1 : 200) in a
humidified chamber at 4°C. After removing the primary
antibody, each section was incubated with 50μL of the sec-
ondary antibody goat anti-rabbit IgG H&L (HRP)
(ab205718, 1 : 2000, Abcam, UK). Positively stained cells
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Figure 1: Continued.
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were stained with 1mL of 0.05% DAB solution
(11718096001, Sigma–Aldrich, USA) followed by haematox-
ylin (H9627, Sigma–Aldrich, USA) for 3min. We also used
CD31/periodic acid-Schiff (PAS) double staining to detect
VM density. The staining intensity was represented by
scores as follows: 0, negative; 1, weak; 2, medium; and 3,
strong. The staining extent scores were as follows: 0 repre-
sents <10%, 1 represents 11-25%, 2 represents 26-50%, 3
represents 51-75%, and 4 represents 76-100%. The final pro-
tein expression score was calculated as the intensity score
× extent score and ranged from 0 to 12.

2.8. Protein Extraction and Western Blotting. Protein extrac-
tion kits (Keygen Biotech, Nanjing, China) were used to
extract protein from HepG2 and Hep3B cells. The protein
concentrations were determined by a bicinchoninic acid
protein assay kit (Keygen Biotech, Nanjing, China). WB
was conducted according to the literature. Proteins were sep-
arated by 8–12% sodium dodecyl sulfate–polyacrylamide gel
electrophoresis (SDS–PAGE) and transferred to a polyviny-
lidene difluoride (PVDF) membrane. Membranes were incu-
bated with antibodies against VEGFA (1 : 1000) or HIF-1α
(1 : 1000) and horseradish peroxidase- (HRP-) conjugated

(n = 41)

(n = 125)

60 800 20 40
0.0

0.2

0.4

0.6

0.8

1.0

Time (months)

Pr
ob

ab
ili

ty

HR = 0.53 (0.33−0.86)
logrank P = 0.0083

Expression
Low
High

miR-138-5p

(g)

(n = 178)

(n = 186)
0.0

0.2

0.4

0.6

0.8

1.0

Pr
ob

ab
ili

ty

Expression
Low
High

0 20 40 60 80 100 120

HIF-1α 

Time (months)

HR = 1.46 (1.03−2.08)
logrank P = 0.033

(h)

(n = 268)

(n = 96)
0.0

0.2

0.4

0.6

0.8

1.0

Pr
ob

ab
ili

ty

Expression
Low
High

1200 20 40 60 80 100

VEGFA 

Time (months)

HR = 1.74 (1.21−2.5)
logrank P = 0.0025

(i)

Figure 1: miR-138-5p is frequently downregulated in HCC tissues and HCC cell lines compared to control, and low miR-138-5p expression
is associated with a high VM density and high HIF-1α and VEGFA levels and indicates a poor prognosis in HCC patients. (a) and (b) RT–
PCR analysis showed that miR-138-5p was more highly expressed in HCC tissues than in paratumour tissues. (c) RT–PCR analysis showed
that miR-138-5p was expressed at lower levels in HCC cell lines than in human normal hepatocytes (MIHA cells).(d) CD31/PAS double
staining was used to assess VM formation (red arrow). Immunohistochemical staining was used to assess HIF-1α and VEGFA
expression. The results showed that miR-138-5p expression was related to VM density and HIF-1α and VEGFA levels. (e) The
correlation between miR-138-5p and HIF-1α mRNA levels in 23 HCC tissues. The ΔCt values were subjected to Pearson correlation
analysis. (f) The correlation between miR-138-5p and HIF-1α mRNA levels in the HepG2 cell line (9 repeats). The ΔCt values were
subjected to Pearson correlation analysis. (g)–(i) The log-rank (Mantel–Cox) test showed that HCC patients with low miR-138-5p levels
and high HIF-1α and VEGFA levels demonstrated worse OS than other patients from the KM-Plotter database. Statistical significance
was set as follows: ∗represents P < 0:05, ∗∗represents P < 0:01, and ∗∗∗represents P < 0:001.
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secondary antibodies (1 : 10000). Quantification was per-
formed using ImageJ software.

2.9. Bioinformatics Analysis. TargetScan 3.1 online software
(https://www.targetscan.org/) was used to predict the puta-
tive target genes of miR-138-5p. The species was “human,”
and “miR-138-5p” was entered as the miRNA name.

2.10. Tube Formation Assay. We chose the HepG2 and
Hep3B cell lines to carry outgain- and loss-of-function
experiments according to the basic expression level of miR-
138-5p and the basic tube formation ability. We used Matri-
gel (BD Biosciences, San Jose, USA) to perform the tube for-

mation assay. first, we add 50 ul Matrigel ploymerization
into a 96-well plate, keeping in 37 degrees for 30 minutes,
and then put the HepG2 and Hep3B cell treated with miR-
138-5p mimic and inhibitor in to the 96-well plate. After
6 h of incubation (37°C, 5% CO2), tube numbers were
counted under an IX71 inverted microscope.

2.11. Xenograft Tumours In Vivo. All experimental proce-
dures involving animals were performed in accordance with
the “Guide for the Care and Use of Laboratory Animals”
prepared by the National Academy of Sciences and pub-
lished by the National Institutes of Health (NIH publication
86–23 revised 1985). Our animal investigations were
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Figure 2: miR-138-5p reduces HepG2/Hep3B tumour cell tube formation. (a) and (b) Transfection efficiencies of the miR-138-5p mimic
(A) and miR-138-5p inhibitor (B) in HCC cells. (c) Compared with the control, the miR-138-5p mimic reduced HepG2/Hep3B tumour
cell tube formation. (d) The miR-138-5p inhibitor enhanced HepG2/Hep3B tumour cell tube formation. All experiments were repeated 3
times. Data are shown as the mean ± SD. ∗Represents P < 0:05.
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performed in accordance with the institutional guidelines
and were approved by the Animal Experimental Committee
of The Sixth Affiliated Hospital of Guangzhou Medical Uni-
versity. Four-week-old male BALB/c nude mice were pur-
chased from the Guangdong Experimental Animal Center
of the Chinese Academy of Sciences and were bred and
maintained in specific pathogen-free conditions. All mice
were housed in a pathogen-free barrier facility with food
and water ad libitum. Cells from each group were resus-
pended in serum-free DMEM at a density of 5 × 107 cells
per mL, and then, 0.1mL of the suspension was injected into
the backs of the nude mice. At the end of the treatment cycle
(4 weeks later), all mice were euthanized by CO2 asphyxia-
tion. Tumour tissues were obtained for CD31/periodic
acid-Schiff (PAS) double staining.

2.12. Survival Analysis. We performed Kaplan-Meir survival
analysis on “The Cancer Genome Atlas (TCGA)” publicly
available datasets using the ‘Kaplan-Meir Plotter’ database
(https://kmplot.com/analysis/). The miR-138-5p data were
based on the miRNA subset. The HIF-1α and VEGFAmRNA
cohorts were based on the RNA-seq subset. We also split the
dataset by autoselecting the best cut-off in the system.

2.13. Statistical Analysis. Data were shown as χ ± SD, and all
data were obtained from at least three replicates. Data were
analysed by SPSS 13.0 (SPSS, Inc.) and GraphPad Prism
(GraphPad Software, Inc.). The chi-square test was used to
examine the difference in miR-138-5p expression between
paratumour and tumour tissues. Student’s t test or one-way
ANOVAwas used to assess the differences among groups. Sta-
tistical significance was set as follows: ∗represents P < 0:05, ∗∗
represents P < 0:01, and ∗∗∗represents P < 0:001.

3. Results

3.1. miR-138-5p Was Negatively Associated with VM Density
and Poor Prognosis in HCC Patients. To determine the rela-
tionship between miR-138-5p expression and HCC, we con-
ducted qRT–PCR to examine miR-138-5p expression levels.
The median expression level was used as the cut-off. Low
expression of miR-138-5p in 21 tissues (4 paratumour and

17 tumour tissues) was classified as values below the 50th
percentile. High miR-138-5p expression in 25 tissues (19
paratumour and 6 tumour tissue) was classified as values
at or above the 50th percentile. As shown in Figures 1(a)
and 1(b), the expression level of miR-138-5p in HCC tissues
was lower than that in paratumour tissues. Similarly, miR-
138-5p was expressed at lower levels in HCC cell lines than
in the human normal hepatocyte cell line (MIHA)
(Figure 1(c)). Furthermore, we found that low expression
of miR-138-5p was associated with a high VM density and
high HIF-1α and VEGFA levels (Figure 1(d)), and the
expression of miR-138-5p was negatively correlated with
HIF-1α mRNA levels (Figures 1(e) and 1(f)). Furthermore,
the survival results from the Online Kaplan–Meier Plotter
database indicated that low miR-138-5p and high HIF-1α
and VEGFA mRNA levels were associated with a poor prog-
nosis in HCC patients (Figures 1(g)–1(i)). Together, these
data suggested that downregulation of miR-138-5p was asso-
ciated with a high VM density and high HIF-1α and VEGFA
levels and might be associated with HCC progression.

3.2. miR-138-5p Repressed VM Formation in HCC Cells. Our
data show that the lower level of miR-138-5p in HCC tissues
indicates a possible high VM density and poor prognosis.
We sought to determine whether miR-138-5p participates
in the process of HCC VM. To this end, we conducted a tube
formation assay to assess the effects of miR-138-5p knock-
down/overexpression by a miR-138-5p inhibitor or miR-
138-5p mimic. The expression levels of miR-138-5p after cell
transfection with the miR-138-5p mimic or inhibitor are
shown in Figures 2(a) and 2(b). Compared with the control
group, HCC cells transfected with the miR-138-5p inhibitor
exhibited a significantly enhanced VM formation ability,
whereas this process was significantly repressed in HCC cells
transfected with the miR-138-5p mimic (Figures 2(c) and
2(d)). Our results suggested that the dysregulation of miR-
138-5p expression in HCC cells might play an important
role in HCC VM in vitro.

3.3. miR-138-5p Repressed Vessel Density In Vivo. To deter-
mine the effects of miR-138-5p on HCC VM formation, we
injected HepG2 cells that were treated with miR-138-5p
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inhibitor into the backs of nude mice. Mice injected with cells
treated with miR-138-5p inhibitor had a higher VM density in
the tumour tissue than the control group (Figure 3).

3.4. miR-138-5p Repressed the VM Capacity by Directly
Targeting HIF-1α in HCC Cells. HIF-1α is associated with
VM [4, 12]. Therefore, the effect of miR-138-5p downregu-
lation on HIF-1α expression was investigated. The predicted
structure of miR-138-5p from miRBase (https://mirtarbase
.cuhk.edu.cn/) is shown in Figure 4(a). TargetScan 3.1 online
software predicted that HIF-1α was one of the putative tar-
get genes of miR-138-5p. The predicted results of the bind-
ing site of miR-138-5p with HIF-1α are shown in
Figure 4(b). A luciferase reporter assay showed that HIF-
1α was a direct target of miR-138-5p (Figure 4(c)). As
expected, transfection with the miR-138-5p mimic signifi-
cantly reduced HIF-1α and VEGFA mRNA and protein
expression in HCC cells (Figures 4(d) and 4(f)). Transfec-
tion with the miR-138-5p inhibitor significantly enhanced
HIF-1α and VEGFA mRNA and protein expression in
HCC cells, and the HIF-1α inhibitor reversed the effects of
the miR-138-5p inhibitor on HIF-1α and VEGFA mRNA
and protein expression (Figures 4(e) and 4(f)). The HIF-1α
inhibitor CAY10585 also reversed the effects of the miR-
138-5p inhibitor on HCC cell tube formation (Figure 4(g)).
Therefore, we inferred that miR-138-5p influenced VM, at
least in part, by regulating HIF-1α and VEGFA in HCC cells.

4. Discussion

Angiogenesis is an important hallmark of tumours [13].
Tumours need an adequate blood supply to ensure enough
nutrition for further development. In addition to secreting
angiogenic substances to induce endothelial cells to form tubes
to produce more blood vessels [14], tumour cells can form
new tube structures to increase blood supply, which is called
VM. VM is a recently described mechanism in which a blood
supply is provided by tumour cells rather than endothelial

cells, and it has been observed in certain highly aggressive
tumours. miRNAs, small noncoding RNAs of approximately
22 nucleotides in length, have been suggested to be important
modulatory factors in the process of VM in HCC [15].

It has been reported that a lower miR-138-5p level is
associated with tumour progression and metastasis and that
miR-138-5p acts as a tumour suppressor in most cancers
[16–19]. In HCC research, recent studies have shown that
miR-138-5p is frequently downregulated in HCC compared
to controls and inhibits the occurrence and development of
HCC. For example, Liu et al. [20] indicated that miR-138-
5p could target and inhibit SOX9 expression and thus
repress cell proliferation and invasion in HCC. Lin et al.
[21] found that miR-138-5p suppresses metastasis and
tumorigenesis by enhancing vimentin expression and ubiq-
uitination of cyclin E in HCC. However, the role of miR-
138-5p in HCC VM has not been determined.

This study represents the first investigation of miR-138-5p
in relation to VM in HCC. In this study, we found that miR-
138-5p was downregulated in HCC tissues, and low miR-
138-5p expression was significantly correlated with a poor
prognosis of patients. Moreover, low miR-138-5p expression
was related to a high EV density. Given the different basic tube
formation abilities in different cell lines, we chose the HepG2
and Hep3B cell lines to carry outgain- or loss-of-function
experiments according to the basic expression level of miR-
138-5p and the basic tube formation ability. Consistently,
in vitro experiments confirmed that miR-138-5p functioned
as a tumour suppressor gene by inhibiting HCC VM.

miRNAs exert biological functions by regulating target
genes via binding to their 3′-UTR. We found that HIF-1α
might be a target gene of miR-138-5p by using bioinformatics
tools. By conducting a dual-luciferase reporter assay, we dem-
onstrated that miR-138-5p directly binds to the 3′-UTR of
HIF-1α mRNA and that miR-138-5p expression is negatively
related to HIF-1α mRNA expression in HCC cell lines. HIF-
1α is a hypoxia-responsive factor that responds to hypoxia
by activating the master regulator of the transcription of many
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Figure 4: miR-138-5p reduces tumour cell tube formation by targeting HIF-1α/VEGFA signalling. (a) The structure of miR-138-5p was
predicted from miRTarBase (http://mirtarbase. http://cuhk.edu.cn/). (b) The predicted binding site of miR-138-5p in the 3′-UTR of HIF-
1α and the mutated 3′-UTR of HIF-1α. (c) A luciferase reporter plasmid containing the wild-type HIF-1α 3′-UTR or the mutant HIF-
1α 3′-UTR was transfected into 293 T cells alone or cotransfected with the NC or miR-138-5p mimic, and luciferase activity was
measured. (d) and (e) qRT–PCR detection of HIF-1α and VEGFA mRNA expression in HCC cells treated with the miR-138-5p mimic
(d) or inhibitor (e). (f) Western blot detection of HIF-1α and VEGFA protein expression in HCC cells transfected with the miR-138-5p
mimic or inhibitor or with the HIF-1α inhibitor CAY10585 under normal oxygen and hypoxic conditions. (g) The HIF-1α inhibitor
CAY10585 reversed the effects of the miR-138-5p inhibitor on tube formation by HCC cells. Data are shown as the mean ± SD. All
experiments were repeated at least 3 times. ∗Represents P < 0:05; ∗∗Represents P < 0:01; ∗∗∗Represents P < 0:001.
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genes and participates in cell energymetabolism, angiogenesis,
proliferation, and apoptosis. HIF-1α is frequently upregulated
in many tumours. Studies have shown that HIF-1α acts as an
oncogene and participates in tumour growth, metastasis [22],
metabolic rewiring, and chemoresistance [23, 24]. In addition,
HIF-1α promotes tumour angiogenesis and VM and may be a
prognostic biomarker for some tumours [25–27]. Similarly,
HIF-1α promotes cell proliferation and migration in HCC
[28]. In this study, we found that the miR-138-5p inhibitor
enhanced HCC cell tube formation. Additionally, miR-138-
5p targeted HIF-1α and downregulated its expression, and
the effects of the miR-138-5p inhibitor on HCC cell tube for-
mation were reversed by the HIF-1α inhibitor CAY10585.
All the results indicated that miR-138-5p suppressed VM in
HCC by targeting HIF-1α and that HIF-1α was a medium
for miR-138-5p in the process of HCC VM. Consistent with
our results, Wang et al., Zhang et al., and Pinyol et al. found
that HIF-1α played an important role in promoting HCC
VM [4, 29, 30].

Increasing evidence demonstrates that VEGFA is an
important downstream factor of HIF-1α. In this study, we
found that when cells were transfected with the miR-138-
5p mimic, HIF-1α and VEGFA expression was significantly
reduced. Accumulating evidence has shown that VEGFA
plays a key role in tumour angiogenesis and VM [12, 31].
Therefore, miR-138-5p partly represses HCC VM by down-
regulating the expression of VEGFA. Considering the above
findings, we demonstrated that miR-138-5p might act as a
tumour suppressor by inhibiting VM by targeting HIF-1α
and downregulating VEGFA and HIF-1α expression.

In conclusion, our studies showed that miR-138-5p was
frequently downregulated in HCC tissues compared to para-
tumour tissues. Lower miR-138-5p expression was related to
a high VM density and high VEGFA and HIF-1α levels in
HCC tissues. In addition, low miR-138-5p expression indi-
cated a poor prognosis in HCC patients. In terms of the
mechanism, miR-138-5p targeted HIF-1α, which is one of
the upstream regulators of VEGFA, and HIF-1α and VEGFA
participated in HCC VM. Thus, the current study links miR-
138-5p, VEGFA, and HIF-1α to VM in HCC, and the role of
miR-138-5p in HCC VM is clearly indicated. MiR-138-5p
may act as a potential therapeutic target in HCC.
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