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Introduction

Among malignant tumors, hepatocellular carcinoma 
(HCC) is the sixth most common in terms of occurrence 
and cancer-related death (1,2). Typically, HCC treatment 
involves surgery-based comprehensive therapies. However, 
the HCC prognosis remains poor, even following surgical 
resection, as there is a high frequency of recurrence and 
cancer cell migration into adjunct normal tissues (3,4). The 

5-year postoperative recurrence rate of HCC is >60%, 
mainly due to recurrence and chemoresistance (5,6). 
Therefore, novel molecular mechanisms must be developed 
to treat tumor growth and migration.

Micro-ribonucleic acids (miRNAs) are 19–22 nucleotides 
long and noncoding, and induce mRNA degradation 
by binding of the target mRNA 3’-untranslated region 
(UTR) or inhibiting translation (7). Studies have found 
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that miRNAs have key functions in many physiological and 
pathological processes, and miRNAs act as oncogenes or 
tumor-suppressive genes to regulate cancer progression (8). 
Accumulating evidence shows that in liver cancer, miRNAs 
have possible applications as tissue-specific biomarkers. 
Fang et al. found that miR-188-5p directly targeted 
fibroblast growth factor 5 (FGF5) to suppress HCC tumor 
cell proliferation and metastasis (9). In human HCC, 
miR-1180 promotes resistance to apoptosis via nuclear 
factor (NF)-κB signaling pathway activation (10). Other 
miRNAs, including miR-345, miR-487a, and miR-613, 
are abnormally expressed and promote or suppress HCC 
incidence and development (11-13). Therefore, the unique 
expression features of miRNA may form a basis for novel 
markers for diagnostic and therapeutic targets in HCC.

miR-378a-5p is obtained from miR-378, which has 
oncogenic properties and is expressed in many cancers 
(14,15). Kooistra et al. found that miR-378a-5p negatively 
regulates oncogene-induced senescence (16). miR-378a-
5p has been reported to suppress proliferation in some 
tumor cells, including renal cell carcinoma (17), triple-
negative breast cancer (18), and colorectal cancer (15). Guo  
et al. found that high miR-378 levels decreased vascular 
endothelial growth factor (VEGF) production, which 
correlates with the most aggressive and poorly differentiated 
form of gastric cancer (19). Interestingly, studies found 
that the VEGF pathway is more highly expressed in 
HCC, which may promote HCC migration, invasion, and 
angiogenesis (20,21). Nevertheless, miR-378a-5p’s effects in 
regulating HCC biology by targeting the VEGF pathway 
remain unclear.

Here, we hypothesized that miR-378a-5p suppresses 
HCC progression by targeting VEGF, and we investigated 
the potential molecular mechanism of miR-378a-5p and its 
correlation with the VEGF pathway in HCC progression. 
We investigated miR-378a-5p expression in HCC cell lines 
and tissues from human patients, analyzed miR-378a-5p 
cellular functions, namely invasion, cell viability, colony 
formation, and migration, in HCC cells, and examined the 
fundamental mechanisms of miR-378a-5p functions in liver 
cancer.

Methods

Patients and samples

Fifty primary liver cancer samples and their adjacent normal 
tissue samples from liver cancer patients who underwent 
surgical treatment at the Sichuan Academy of Medical 

Sciences and Sichuan Provincial People’s Hospital (Sichuan, 
China) between 2015 and 2017 were used in this study. The 
patients’ clinicopathological parameters, including sex, age, 
serum alpha-fetoprotein (AFP), lymph node metastasis, 
tumor size, tumor-node-metastasis (TNM) stage, vascular 
invasion, and distant metastasis, were recorded. The 
Sichuan Academy of Medical Sciences and Sichuan 
Provincial People’s Hospital Ethics Committee approved all 
study protocols.

Cell cultures and transfection

We purchased human HCC Hep3B and SNU-449 cells 
from American Type Culture Collection (Manassas, VA, 
USA). We authenticated the Hep3B and SNU-449 cells 
with short tandem repeat profiling. High-resolution 
screening and interspecies cross-contamination detection 
were performed using the AmpFLSTR™ Identifiler™ 
Plus PCR Amplification Kit. Dulbecco’s modified Eagle’s 
medium (DMEM; Invitrogen, Carlsbad, CA, USA) was 
used to culture the HCC cells. The culture medium was 
incubated at 37 ℃ in 5% CO2 and humidified air and 
was supplemented with 10% fetal bovine serum and 1% 
streptomycin/penicillin (Gibco). The HCC cells were 
transfected with miR-378a-5p mimics and negative control 
(NC) mimics (ZoonBio Biotechnology Co., Ltd., Nanjing, 
Jiangsu, China) using Lipofectamine™ 2000 (Invitrogen, 
Carlsbad, CA, USA).

Western blot analysis

We prepared human HCC tissue samples and cell lysates in 
a buffer mixture containing 1 mL radioimmunoprecipitation 
assay (Beyotime, Shanghai, China). Sodium dodecyl sulfate-
polyacrylamide gel was used to separate the total protein, 
which was shifted to polyvinylidene difluoride membranes 
(EMD Millipore, Billerica, MA, USA) at 320 mA at 4 ℃ for 
2 h. Non-fat milk (10%) was used to block the membranes, 
which were next incubated with the primary antibodies 
(anti-VEGF-A: 1:1,000 dilutions, Abcam, Eugene, OR, 
USA) overnight. Horseradish peroxidase-conjugated 
secondary antibody [Peroxidase-AffiniPure Goat Anti-
Rabbit IgG (H + L), 1:200 dilution, ZSGB-Bio, Nanjing, 
Jiangsu, China] was used to probe the membranes at room 
temperature for 2 h. The protein bands were visualized with 
electrochemiluminescence (Millipore, Billerica, MA, USA) 
following the manufacturer’s instructions and quantified 
using ImageJ 1.8.0.
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Quantitative real-time polymerase chain reaction (qRT-
PCR)

We extracted HCC tissue samples and total RNA from 
HCC cells using TRIzol (Invitrogen). miR-378a-5p 
expression was measured with the TaqMan MicroRNA 
Reverse Transcription Kit (TaKaRa, Otsu, Shiga, Japan) 
and miRNA-specific TaqMan microRNA assays (Applied 
Biosystems, San Diego, CA, USA). The qRT-PCR assays 
for miR-378a-5p detection were conducted on a SLAN-
96P RT-PCR instrument (Sansure Biotech, Changsha, 
Hunan, China). miR-378a-5p expression levels were 
expressed as fold differences relative to that of RNU6B 
(RNA, U6 small nuclear 6, pseudogene, an internal 
control) using the comparative threshold cycle (2−ΔΔCt) 
method. The RNU6B- and miR-378a-5p-specific forward 
primers were 5’-ACGCAAATTCGTGAAGCGTT-3’ and 
5’-CTGACTCCAGGTCCTGTGTA-3’, respectively. The 
corresponding reverse primers were Uni-miR qRT-PCR 
primers (TaKaRa, Otsu, Shiga, Japan).

Cell proliferation assay

HCC cell proliferative ability was determined using Cell 
Counting Kit-8 (Dojindo, Kyoto, Japan). Cells (3×105 per 
well) were seeded in 6-well plates and maintained in an 
incubator. After transfection for 24 h, 5×103 cells per well 
were incubated in Dulbecco’s modified eagle medium in 96-
well plates. The absorbance values of the experimental wells 
were read at 450 nm after 24, 48, 72, and 96 h of incubation 
using a microplate reader.

Colony formation assays

Hep3B or SNU-449 cell lines were transfected for 48 h. 
Next, we seeded and scattered the Hep3B or SNU-449 
cells equally in 6-well tissue culture plates and cultured the 
cells in complete medium (2 mL). The culture medium was 
refreshed every 4 days with 1× phosphate buffer solution. 
At the end of the experiment, methanol was used to fix the 
surviving colonies, and crystal violet (1.25%) was used to 
stain them. We counted colonies with at least 50 cells under 
a light microscope.

Wound-healing assays

We seeded HCC cells (3×105 per well, 12-well plates) 

and incubated them for 24 h to form a monolayer of 
approximately 80% confluence. A scratch wound was gently 
made in each well using a pipette tip (100 μL). Phase-
contrast images of the same field were obtained at the 0 and 
48 h under 100× magnification.

Transwell assays

We used a Transwell assay to measure the HCC cell 
migration and invasive ability using 24-well Transwell 
chambers. After 24 h of transfection, the upper chamber was 
filled with the cell suspensions, and the bottom chamber was 
filled with 10% FBS-containing medium. Next, we cultured 
the cells in a humidified incubator (24 h, 5% CO2, 37 ℃). 
Subsequently, we fixed, stained by crystal violet (1.25%), 
photographed, and counted the cells that had migrated or 
invaded and that had adhered to the surface on the bottom. 
Finally, the number of stained cells was determined under a 
microscope at 200×.

Dual-luciferase reporter gene analysis

The has-miR-378a-5p target was identified by TargetScan 
online software (http://www.targetscan.org). VEGF 
oligonucleotides (positions 2088–2094) in which miR-
378a-5p binding sites were present (WT) or deleted 
(MUT) were inserted in the pGL3-control vector to 
create recombinant plasmids according to the protocols. 
Luciferase activity was detected using Hep3B or SNU-
449 cells. After 48 h of incubation, the cells were lysed 
in cell culture luciferase lysis buffer, and the luciferase 
activity was analyzed using the Dual-Luciferase Reporter 
Assay System (Promega, USA). The relative activity of the 
luciferase was determined by the activity ratio of firefly 
luciferase to Renilla luciferase.

Statistical analysis

The data obtained from three separate experiments are 
expressed as the mean ± standard error (SE). We analyzed 
the data with repeated-measures analysis of variance 
(ANOVA). Comparison between two groups was made 
using Student’s t-tests. Correlations between two variables 
were analyzed with Pearson correlation analysis. The 
data were analyzed using GraphPad Prism 5 (GraphPad 
Software, San Diego, CA, USA) and SPSS 22.0 (SPSS Inc., 
Chicago, IL, USA).
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Results
 

Clinicopathological characteristics of HCC patients
 

Expression of miR-378a-5p in HCC patient tissue was 
related to tumor size (in mm; P<0.05), vascular invasion 
(P<0.001), distant metastasis (P<0.05), and TNM stage 
(P<0.05). The relative miR-378a-5p expression was 
unassociated with age (P>0.05), sex (P>0.05), serum AFP 
(P>0.05), or serum HBsAg (P>0.05; Table 1).

Low expression of miR-378a-5p and VEGF in HCC tissues

The HCC tissues had significantly lower miR-378a-

5p expression than the matched benign tissue samples 
(t=9.776, P<0.001; Figure 1A). The HCC tissue samples had 
significantly increased VEGF protein levels compared with 
the normal tissue samples (t=18.339, P<0.001; Figure 1B).  
Interestingly, Pearson correlation analysis showed that 
miR-378a-5p expression correlated negatively with VEGF 
protein levels (r2=0.6568, P<0.001; Figure 1C). 

miR-378a-5p mimics inhibited proliferation in HCC cell 
lines

The HCC cell lines in the miR-378a-5p mimics group had 
higher miR-378a-5p levels than that in the NC mimics 

Table 1 Association between miR-378a-5p expression and clinicopathological characteristics

Characteristic No. of patients X ± SD t P

Sex

Male 20 0.38±0.13 0.413 0.682

Female 30 0.36±0.14

Age, years

<50 24 0.39±0.12 1.307 0.198

≥50 26 0.35±0.14

Serum AFP, ng/mL

≤20 24 0.38±0.15 0.800 0.427

>20 26 0.35±0.11

Serum HBsAg

Negative 27 0.37±0.14 0.314 0.755

Positive 23 0.36±0.12

Tumor size, mm

≤10 24 0.42±0.14 3.249 0.002

>10 26 0.31±0.10

TNM stage

0 & I & II 27 0.42±0.13 3.563 0.001

III & IV 23 0.30±0.10

Distant metastasis

Negative 28 0.43±0.13 4.700 0.001

Positive 22 0.29±0.07

Vascular invasion

Negative 32 0.41±0.13 4.160 0.001

Positive 18 0.27±0.07
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Figure 1 miR-378a-5p overexpression and VEGF downregulation in HCC tissues. (A) miR-378a-5p expression in HCC tissues was 
determined by RT-PCR; (B) VEGF expression in HCC tissues was detected via western blot assays; (C) correlation between miR-378a-5p 
levels and VEGF in HCC tissues. Data represent the mean ± SE. **, P<0.01 was considered significant. VEGF, vascular endothelial growth 
factor; HCC, hepatocellular carcinoma.

Figure 2 miR-378a-5p overexpression inhibited Hep3B and SNU-449 cell proliferation. (A) miR-378a-5p expression in Hep3B and SNU-
449 cells was determined via RT-PCR; (B,C) cell viability of Hep3B and SNU-449 cells was evaluated via CCK-8 assays; (D,E) clonogenic 
capacity of Hep3B and SNU-449 cells was assessed via cell colony formation assays. Representative images of the Hep3B and SNU-449 cells by 
photomicrographs (200×). Data represent the mean ± SE. **, P<0.01 was considered significant. RT-PCR, real-time polymerase chain reaction.
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Figure 3 miR-378a-5p overexpression inhibited migratory and invasive capacity in Hep3B and SNU-449 cell lines. (A,B) Migratory 
capability of Hep3B and SNU-449 cells was evaluated by wound-healing assays; (C,D) invasion capability of Hep3B and SNU-449 cells 
was evaluated via Transwell invasion assays. Representative images of the Hep3B and SNU-449 cells by photomicrographs (400×). Data 
represent the mean ± SE. **, P<0.01 was considered significant.

(Hep3B: t=9.275, P<0.001; SNU-449: t=10.140, P<0.001; 
Figure 2A). The cell proliferation assay showed that the 
NC mimics had higher cell proliferative capacity than did 
the miR-378a-5p mimics in Hep3B (F=138.776, P<0.001; 
Figure 2B) and SNU-449 (F=156.889, P<0.001; Figure 2C) 
cells. The colony formation assays showed that the miR-
378a-5p mimics had reduced cell colony formation ability 
compared with the NC mimics (Hep3B: t=16.537, P<0.001; 
Figure 2D; SNU-449: t=21.874, P<0.001; Figure 2E).  

miR-378a-5p inhibited HCC cell migration and invasion

In the Transwell cell migration assays, miR-378a-5p 
overexpression in Hep3B (t=6.086, P<0.001; Figure 3A)  

and SNU-449 (t=5.626, P<0.001; Figure 3B) cell lines 
contributed to significantly decreased cell invasion 
compared with that in the NC mimics. In the wound-
healing assays, downregulated miR-378a-5p promoted 
both Hep3B (t=5.394, P<0.001; Figure 3C) and SNU-449 
(t=9.311, P<0.001; Figure 3D) cell migration, while the 
number of invaded cells was markedly lower when miR-
378a-5p mimics were transfected into the cells. 

miR-378a-5p reduced VEGF expression in HCC cell lines

The miR-378a-5p mimics had significantly decreased 
VEGF protein expression compared with the NC mimics 
(Hep3B: t=11.490, P<0.001; Figure 4A and B; SNU-449: 
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Figure 4 miR-378a-5p reduced VEGF expression in HCC cell lines. (A,B,C) VEGF expression in Hep3B and SNU-449 cells was examined 
via western blot assays; (D,E) correlation between miR-378a-5p levels and VEGF in Hep3B and SNU-449 cell lines; (F) wild-type miR-
378a-5p target sequences of VEGF mRNA 3’-UTR; (G,H) miR-378a-5p repressed the activity of pGL3-VEGF-WT but not pGL3-VEGF-
MUT in Hep3B and SNU-449 cells. Data represent the mean ± SE. **, P<0.01 was considered significant. VEGF, vascular endothelial 
growth factor; HCC, hepatocellular carcinoma.

t=10.134, P<0.001; Figure 4A and C). The miR-378a-
5p expression and VEGF protein levels were negatively 
correlated (Hep3B: r2=0.6482, P<0.001; Figure 4D; SNU-
449: r2=0.6014, P<0.001; Figure 4E). TargetScan analysis 
showed that miR-378a-5p targeted VEGF (Figure 4F), and 
luciferase assays revealed that miR-378a-5p repressed the 
activity of pGL3-VEGF-WT but not of pGL3-VEGF-
MUT in Hep3B (t=10.134, P<0.001; Figure 4G) and SNU-
449 (t=10.134, P<0.001; Figure 4H) cells.

Discussion

Here, we report that miR-378a-5p expression was 

commonly downregulated in HCC tissues and correlated 
with HCC progression. Upregulation of miR-378a-5p 
expression reduced Hep3B and SNU-449 cell viability, 
proliferation, invasion, and migration. We also found that 
miR-378a-5p targeted and suppressed VEGF signaling, 
and the two were negatively correlated. The present results 
show that miR-378a-5p has a tumor-suppressive role in 
HCC progression by targeting VEGF signaling, which has 
previously been rarely reported.

Evidence has shown that miR-378a-5p is abnormally 
regulated in renal cell carcinoma (17) and stage II colon 
cancer (15). Here, miR-378a-5p expression was low in 
the HCC tissues and was related to TNM stage, distant 
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metastasis, and vascular invasion. Our findings show that 
miR-378a-5p acts as an anti-tumor factor and might play a 
key role in HCC prognosis, metastasis, and progression.

Studies have shown the crucial roles of miR-378a-5p in 
impeding cell viability, invasion, proliferation, and migration 
(17,22). Our results showed that transfection of miR-378a-
5p mimics markedly decreased cell vitality and colony 
formation. Furthermore, miR-378a-5p expression led to 
reduced HCC cell invasion and migration, indicating that 
miR-378a-5p negatively regulated HCC cell progression. 
miR-378a-5p’s antitumor effect in this study is consistent 
with that in Pan et al.’s study, where, in renal cell carcinoma, 
miR-378a-5p was described as playing a tumor-suppressive 
role and was associated with a good prognosis (17). Another 
study showed that miR-378a-5p overexpression promoted 
vascular smooth muscle cell migration and proliferation (23).  
Excess miR-378a-5p has also been correlated with breast 
cancer tumorigenesis in vivo (18). Thus, whether the 
antitumor effects induced by miR-378a-5p are bidirectional 
and concentration-dependent require further study.

Cheng et al. found that the VEGF signaling pathway 
promoted HCC cell invasion, migration, and angiogenesis 
in vitro (24). Here, HCC tissues and cell lines had 
significantly increased VEGF protein levels, and VEGF 
expression in the Hep3B and SNU-449 cells was decreased 
by miR-378a-5p overexpression. Expression of miR-378a-
5p was negatively associated with Hep3B and SNU-449 
HCC cells. Moreover, we confirmed VEGF as the target 
of miR-378a-5p in HCC cells. These data demonstrated 
that miR-378a-5p produced antitumor effects by inhibiting 
VEGF. Research shows that the main mechanism of VEGF 
in tumor invasive and metastatic progression is that VEGF 
directly stimulates vascular endothelial cell differentiation, 
proliferation and migration and degrades vascular basement 
membranes, which promotes shedding of cancer cells into 
blood vessels, then transfers them to the adjacent fibrin 
(25,26). VEGF promotes formation of new lymphatic vessels 
around and inside tumors as well as original lymphangitic 
hyperplasia and increased vessel diameter. VEGF also 
facilitates tumor cells to lymphatic metastasis (27).  
However, cyclin-dependent kinase 6 is also a target 
signaling pathway of the tumor suppressor functions of 
miR-378 (19), which will be explored in future research.

Conclusions

In summary, miR-378a-5p inhibited tumors in HCC and 
in two HCC cell lines, and low expression of miR-378a-

5p is a potential poor prognostic marker in patients with 
HCC. miR-378a-5p affects the migration, invasion, and 
proliferation of HCC cells by targeting the VEGF signaling 
pathway. With biological and clinical implications in HCC, 
miR-378a-5p has potential value in HCC therapy and may 
be a good prognostic and confirmatory diagnostic marker in 
HCC tumorigenesis.
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