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Background: MiRNA can be involved in regulating tumor genesis and development by 
regulating the expression of specific genes and regulating corresponding signaling pathways. 
In this study, we explored the function and mechanisms of miR-302e in glioma progression.
Methods: Experimental methods include the following: real-time quantitative PCR, Western 
Blot Analysis, CCK8 assay and detection of apoptosis.
Results: MiR-302e was down-regulated in cancer tissues and cell lines, and the expression 
of miR-302e was negatively correlated with the tumor grade, which indicated poor prognosis 
in glioma patients. Followed functional analysis showed overexpression of miR-302e inhib-
ited proliferation, migration and invasion but promoted apoptosis of glioma cells, while 
silencing miR-302e showed the opposite effects. Mechanistic studies have shown that 
VEGFA was a directed target of miR-302e. Forced expression of VEGFA removed the 
inhibiting impact of miR-302e on glioma development. In vivo tumorigenesis experiments 
showed that miR-302e suppressed glioma development by targeting VEGFA.
Conclusion: Present study emphasized miR-302e suppressed glioma development by tar-
geting VEGFA, which might be a valuable target for glioma treatment.
Keywords: glioma, miR-302e, proliferation, migration, VEGFA

Introduction
Glioma is a common primary central nervous system tumor.1 The biological 
characteristics of glioma, such as abundant blood vessels, invasive growth, and 
high recurrence rate, make the prognosis of glioma patients poor, which is also a 
significant problem that affects long-term neurosurgery. The higher the pathological 
grade of glioma, the stronger its invasion, the more blurred the boundary between 
tumor tissue and healthy brain tissue, significantly increasing the difficulty of 
surgical resection and chemoradiotherapy resistance.2 Although in recent years, 
glioma surgery, chemoradiotherapy and other treatment technology have made 
significant progress. However, the five-year survival rate for glioma patients is 
still less than 3%.3 It is found that glioma belongs to a polygenic lesion in nature, 
and its occurrence and development are regulated by multiple genes.4 Therefore, it 
has become a novel breakthrough point in glioma treatment to study the relation-
ship between related factors at gene regulation level and to seek new molecular 
gene targets.

MiRNAs are a class of endogenous non-coding small RNA with a length of 
18–24 nucleotides.5 MiRNAs are ubiquitous in viruses and eukaryotes, and their 
sequences are highly conserved.6 According to statistics, up to 50% of protein- 
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coding genes in all humans are regulated by miRNAs.7 

Each miRNA regulates up to hundreds of different RNAs 
and is associated with tissue specificity and disease condi-
tions. In gliomas, miRNA expression can be altered 
through a variety of mechanisms, including chromosomal 
changes, epigenetic defects, and mutations.8 Because of 
the unique biological properties of miRNAs and the 
importance of their roles, they can be used as diagnostic 
biomarkers. In malignant tumors, miRNA s can be used to 
assess trends in cancer invasion, metastasis, or drug resis-
tance as prognostic indicators.9–11 Therefore, miRNA can 
be involved in regulating tumor genesis and development 
by regulating the expression of certain genes and regulat-
ing corresponding signaling pathways, which provides a 
new way for the diagnosis, treatment and prognosis of 
tumors.

Cancerous cells are abnormally enhanced in prolifera-
tion, invasion, metastasis and angiogenesis, which changes 
the standard expression regulation mechanism of cells.12,13 

The genesis and development of the tumor is a multi-stage 
complex process, which usually includes unlimited prolif-
eration, decreased apoptosis and angiogenesis. Tumor cells 
have a strong ability to survive in the body, but the living 
body itself cannot carry out adequate immune clearance. 
Early researchers tried to find miRNAs with differential 
expression in tumor samples and normal samples, so as to 
find new target indicators for tumor treatment.14,15 The 
microarray results showed that 30 miRNAs were differen-
tially expressed, some of which were involved in the 
formation and metastasis of glioma.16

MiR-302e is a broadly conservative miRNA,17 which 
has been reported to play an essential function in color-
ectal cancer, ovarian cancer and non-small cell lung 
cancer.18–20 And it was shown that miR-302e targeted 
VEGFA in ovarian cancer.19 However, the role of miR- 
302e in glioma still remains indistinct. In this study, we 
focused on the functions of miR-302e and the possible 
mechanisms in glioma, which might contribute to a poten-
tial drug target for glioma treatment.

Methods
Clinical Samples
The surgical specimens of 30 glioma patients from our hos-
pital were collected, which were used for follow-up experi-
mental detection. The experiment was permitted by the 
Ethics Committee of Chengde Medical College Affiliated 
Hospital, and the patients signed informed consent.

Cell Culture
Cell lines (normal human astrocytes, SHG44, U251, U87 
and SHG139) were purchased from CHI Scientific, Inc 
(Jiangsu, China). The cells were cultured with complete 
medium including 89% 1640 and 10% FBS, both were 
purchased from Biological Industries (Beit-Haemek, 
Israel), and maintained in incubator with 37°C and 5% of 
CO2 saturated humidity.

Cell Transfection and Treatment
The cells were plated until the cell density reached 80% con-
fluency of dishes to transfect. AgomiR-302e, miR-302e inhi-
bitor, VEGFA plasmid or NC were constructed by Genechem 
(Shanghai, China). The RNAs or plasmids are transfected with 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA).

qRT-PCR
RNA extraction was performed using trizol reagent. 
NanoDrop 8000 (Thermo Scientific, Waltham, MA, 
USA) was used to detect the concentration and purity of 
RNA. The single-stranded cDNAs were synthesized from 
1 μg of RNA. The expression of mRNAs and miRNAs 
were quantified by RT-PCR with SYBR Green I (Thermo 
Fisher Scientific, Inc). Primer list: miR-302e (F: 5′- 
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCAC-
TGGATACGACAAGCAT −3′, R: 5′-ATACTCGTAAGT 
GCTTCCATGCTT −3′), VEGFA (F: 5′- TATTCAGCGG 
ACTCACCAGC −3′, R: 5′- AACCAACCTCCTCA 
AACCGT −3′), U6 (F: 5′-TCGCCCTTGGCA CAGCA- 
3′, R: 5′-CGAACCATTCAAGTGTTGCT-3′), GADPH (F: 
5′- CTCCTGCACCACCAACTGCT −3′, R: 5′-GGG 
CCATCCACAGTCTTCTG −3′).

Protein Isolation and Western Blot
After RIPA cleavage, we extracted total protein and mea-
sured with BCA method. After quantitative denaturation, 
protein electrophoresis membrane transfer and blocked. 
The first incubation and second incubation were carried 
out according to the operation steps. The expression of the 
protein was expressed by the gray value. Primary antibo-
dies list: VEGFA (66,828-1-Ig, Proteintech), Bcl2 
(ab182858, Abcam), Bax (ab32503, Abcam), Caspase3 
(ab13847, Abcam), GADPH (60,004-1-Ig, Proteintech).

CCK8 Assay
Cells were plated in 96-well plates and we used CCK8 
assay to detect the cell viability. CCK8 (10 nmol/L; 
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Beyotime Biotechnology, China) was added after curcu-
min treatment and incubated at 37°C. We measured the 
absorbance of 450 nm at 24, 48 and 72 h.

Detection of Apoptosis
The Annexin V-FITC/PI apoptosis kit was purchased from 
Solebao Company (Beijing, China), and an appropriate 
amount of logarithmic growth phase cells were washed twice 
with pre-cooled PBS. The MKN-45 cells were suspended with 
500 ul of bound buffer, mixed with 5 µl of annexin V-FITC and 
PI, respectively, and placed at 25°C for 15 min.

Animals
Animal experiments were permitted by the Animal 
Protection and Ethics Committee of Chengde Medical 
College Affiliated Hospital. BALB/c nude mice (6–8 
weeks) were purchased from Beijing Weitong Lihua 
Experimental Animal Technology Co., Ltd. (Beijing, 
China). For the experiment of Xenograft, SHG44 cell 
cells (5 × 106) were suspended in 200 μL normal saline 
and subcutaneously injected or through tail vein. 
Tumor volume (mm3): V (Mm3) = S2 (Mm2) × L 
(Mm)/2. All animal experiments were performed in 
compliance with institutional guidelines and had been 
approved by SJTUSM Institutional Animal Care 
and Use Committee (Protocol Registry Number: 
A-2018-014).

Statistical Analysis
Significant differences were calculated using two-tailed t-test 
through Graphpad 7.0 and SPSS 22.0. The results were 
presented in form of mean ± standard deviation (SD). 
Comparison between the 2 sets of data was performed 
using Student’s t-test, and differences between the 3 or 
more groups of data were compared by one-way ANOVA. 
All experiments were carried repeatedly for 3 times. P < 0.05 
signified a statistical significance (*p<0.05, **p<0.01).

Results
MiR-302e is Decreased in Glioma Tissues 
and Associated with Poor Prognosis in 
Patients
We collected normal and cancer tissues from 30 glioma 
patients (Table 1), and microarray was used to determine 
differential expression of miRNAs. And we found miR- 
302e was a differential expressed miRNA with a lower 
level in glioma tissues (Figure 1A). Followed qRT-PCR 
data showed that miR-302e increased in cancer tissues 
than normal tissues (Figure 1B). We then analyzed the 
expression of miR-302e in patients with different grades 
of glioma and found that the miR-302e was negatively 
correlated with the tumor grade (Figure 1C). According 
to the median expression level of miR-302e, the level of 
miR-302e in glioma tissues was divided into low expres-
sion and high expression. Kaplan-Meier curves indicated 
that 5-year survival rate high expression of miR-302e was 
significantly lower than low expression patients 
(Figure 1D). Also, miR-302e was decreased in glioma 
cell lines (SHG44, U251, U87 and SHG139) comparing 
with human astrocytes (Figure 1E). The results indicated 
that miR-302e may play a key role in glioma progression.

MiR-302e Suppresses Proliferation and 
Promotes Apoptosis of Glioma Cells
As shown in Figure 1D, SHG44 cells own the lowest 
expression of miR-302e, and we chose SHG44 to perform 
the following experiments. We constructed agomiR-302e 
to force expression of miR-302e in SHG44 cells 
(Figure 2A). CCK-8 assay manifested that miR-302e 
inhibited SHG44 cell ability (Figure 2B). Edu staining 
showed that miR-302e significantly inhibited proliferation 
of SHG44 cells (Figure 2C). Flow cytometry revealed that 
miR-302e accelerated glioma cell apoptosis (Figure 2D). 
In addition, miR-302e remarkably induced Bax and cas-
pase3 expression, but reduced Bcl2 level (Figure 2E).

Table 1 Clinical Characteristics of Glioma Patients

Characteristics N (30) %

Age (median; min-max) 35.66 (25–50)

Gender

Male 11 36.67

Female 19 63.33

Race

Black 4 13.33
White 23 76.67

Mixed 1 3.33

Other 2 6.67

WHO grade

I/II 12 40.00
III/IV 18 60.00

Tumor size (cm)
<4.5 cm 20 66.67

≥4.5 cm 10 33.33
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MiR-302e Inhibits Migration and Invasion 
of Glioma Cells
Considering the importance of migration and invasion in 
cancer progression, we performed wound healing and 
transwell assay, and found that miR-302e decreased the 
wound healing area and invasive cell numbers (Figure 3A 
and B).

Inhibition of miR-302e Promotes Glioma 
Progression
Furthermore, we inhibited miR-302e in U251 cells to 
evaluate its effect comprehensively. We constructed miR- 
302e inhibitor and transfected into U251 cells to suppress 
miR-302e expression (Figure 4A and B). The data of 
CCK8 showed that inhibition of miR-302e significantly 
promoted glioma cell growth. And Edu staining also 
exhibited a remarkable increase of proliferative cells 

number in miR-302e transfected cells (Figure 4C). 
Meanwhile, miR-302e inhibitor decreased the apoptotic 
cells number in flow cytometry assay (Figure 4D). The 
wound healing analysis showed that loss of miR-302e 
elevated glioma migratory ability (Figure 4E). Transwell 
assay suggested showed that deficiency of miR-302e sig-
nificantly promoted cell invasion in U251 cells 
(Figure 4F).

VEGFA is a Direct Target of miR-302e in 
Glioma Progression
We used 4 databases to identify the target of miR-302e, 
and their common intersection showed VEGFA was the 
most potential target (Figure 5A), which showed that the 
3ʹUTR of VEGFA possessed directed target site for miR- 
302e (Figure 5B). And luciferase activity of WT VEGFA, 
but not mutant VEGFA, was decreased in the miR-302e 
group compared with NC group (Figure 5C). Furthermore, 

Figure 1 Expression of miR-302e in glioma tissue and cells. (A) miRNA expression profiles. (B) The expression of miR-302e in clinical glioma tissues (n = 30) and adjacent 
normal tissues (n = 30) determined by qRT-PCR (**p<0.01). (C) The expression of miR-302e in glioma tissues from patients with tumor grade I (n = 8), grade II (n = 7), grade 
III (n = 6), and grade IV (n = 4) was measured by qRT-PCR, and the relative expression of miR-302e to grade IV was showed (*p<0.05). (D) The overall survival of glioma 
patients with low or high expression of miR-302e in glioma tissues were assessed by Kaplan-Meier survival analysis. (E) qRT-PCR assay analyzed the expression of miR-302e 
in human astrocytes and glioma cell lines SHG44, U251, U87 and SHG139 (*p<0.05 vs astrocytes). All experiments were carried repeatedly for 3 times.
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qRT-PCR analysis showed that agomiR-302e significantly 
inhibited the expression of VEGFA, while miR-302e inhi-
bitor increased their expression level in SHG44 cells 
(Figure 5D). In accordance with PCR data, Western blot 
results exhibited a decrease of VEGFA in miR-302e 

upregulation cells, and an increase in miR-302e down-
regulation cells (Figure 5E). These data suggested that 
VEGFA might be the targets of miR-302e in glioma mod-
ification. What’s more, we detected VEGFA expression in 
clinical glioma tissues and glioma cells. As expected, the 
protein level of VEGFA was significantly increased in 
glioma tissue and cells compared with normal tissues and 
cells (Figure 5F and G).

We then forced expression of VEGFA in SHG44 cells 
(Figure 6A and B). Functionally, VEGFA removed the 
inhibitory role of miR-302e on glioma progression 
(Figure 6C–F).

MiR-302e Inhibits in vivo Tumor Growth 
and Metastasis in the Nude Mice
For further explore the function of miR-302e on glioma, 
we set up xenograft nude mice model. Stable miR-302e 
transfected SHG44 cell lines were constructed, and were 
injected into nude mice. And we found miR-302e inhibited 
the growth of glioma (Figure 7A), miR-302e significantly 
decreased tumors weight (Figure 7B). The expression of 
miR-302 was increased in the isolated tumors of injected 
with SHG44 cell stable transfected miR-302e (Figure 7C). 

Figure 2 Forced expression of miR-302e inhibits proliferation, but promotes apoptosis in SHG44 cells. (A) The expression of miR-302e was determined by qRT-PCR 
(**p<0.01). (B) CKK-8 assay was used to examine the cell growth at 0, 24, 48 and 72 h in SHG44 cells (*p<0.05). (C) Edu was used to examine the proliferation of SHG44 
cells. Scale bar, 50 μm (**p<0.01). (D) The apoptosis of cells was calculated by flow cytometry (**p<0.01). (E) Western blot was performed to detected the expression of 
apoptosis related protein Bcl 2, Bax and caspase3 (*p<0.05). All experiments were carried repeatedly for 3 times.

Figure 3 MiR-302e suppresses migration and invasion in glioma cells. MiR-302e its 
NC was transfected into SHG44 cells. (A) Wound healing assay was used to detect 
cell migration (*p<0.05). (B) Transwell assay was performed to check cell invasive 
ability (*p<0.05). All experiments were carried repeatedly for 3 times.
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Moreover, miR-302e decreased the mRNA level of 
VEGFA in tumor tissues (Figure 7D). And then, we set 
up another xenograft nude mouse model. We injected with 
SHG44 cell lines firstly. Seven days later, we injected 
agomiR-302e and its NC into tumors directly. 
Interestingly, we got the same results. MiR-302e reduced 
the tumor volume and inhibited tumor growth rate 
(Figure 7E), miR-302e also significantly decreased tumors 
weight (Figure 7F).

Next, we examined the effect of miR-302e on glioma 
metastasis. Stable miR-302e transfected SHG44 cell lines 
were constructed, and were injected into nude mice 
through the abdominal cavity (Figure 8A) and the caudal 
vein (Figure 8B), respectively. And we found that miR- 
302e significantly inhibited pulmonary metastasis of 
glioma compared with miR-NC. Together, miR-302e 
could inhibit glioma growth and metastasis, which may 
improve the prognosis of glioma patients.

Discussion
Glioma is the deadliest brain tumors.21 The etiology that 
causes this disease is not clear, with tumor origin, genetic 
factor, biochemical environment, ionizing radiation, 

nitroso compound, polluted air, bad life habit, infection 
and other factors concerned. Even with current treatments 
that include maximum tumor removal and combined che-
moradiotherapy, the prognosis for glioma patients is very 
poor, with a median survival of only 15 months and only 
3% to 5% of patients likely to survive longer.22 Therefore, 
it is urgent to explore the pathogenesis of glioma and 
provide targeted therapy strategies from the molecular 
perspective.

MiRNAs can be completely or incompletely paired 
with the 3 ‘UTR region of target mRNA,23 and then 
inhibit the transcriptional translation of target mRNA, 
participate in the regulation of biological development 
and cell growth, and are closely related to the occur-
rence and development of human tumors.24 The discov-
ery of miRNA opens a new window for the study of 
tumor gene expression regulation. Studies have con-
firmed the abnormal expression of miRNA in glioma, 
breast cancer, liver cancer and other malignant tumor 
stem cells, which affects the proliferation, differentia-
tion, invasion and metastasis of tumor cells by regulat-
ing target genes and related signaling pathways.25 MiR- 
34c was found to reduce the proliferation rate of breast 

Figure 4 Knockdown of miR-302e promotes proliferation, migration and invasion, but inhibits apoptosis in U251 cells. miR-302e inhibitor or its NC was transfected into 
U251 cell lines. (A) The expression of miR-302e was determined by qRT-PCR (**p<0.01). (B) CKK-8 assay was used to examine the cell growth at 0, 24, 48 and 72 h in 
U251 cells (*p<0.05). (C) Edu was used to examine the proliferation of U251 cells. Scale bar, 50 μm (**p<0.01). (D) The apoptosis of cells was calculated by flow cytometry 
(**p<0.01). (E) Wound healing assay was used to detect cell migration (*p<0.05). (F) Transwell assay was performed to check cell invasive ability (*p<0.05). All experiments 
were carried repeatedly for 3 times.
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cancer cells.26 MiR-105 expression was significantly 
down-regulated in stem cell cancer cell lines and clin-
ical liver cancer tissues, while inhibition of miR-105 
would promote the proliferation of liver cancer cells 
and promote tumor formation.27 Abnormal miRNA 
expression in specific tumors is related to the activation 
pathway of gene expression, and miRNA is highly con-
served. Therefore, miRNAs can be used as high-quality 
markers to provide theoretical basis for the diagnosis, 
treatment and prognosis of tumors. MiR-302e is a 
highly conserved type of RNA.17 However, the role of 
miR-302e in glioma remains unclear. In present study, 
we firstly found a disease of miR-302e in glioma clin-
ical tissues and cell lines. Among glioma cell lines, 
miR-302e was lowest expressed in SHG44 cells, and 
highest expressed in U251 cells. Thus, we forced miR- 
302e in SHG44 cells, and miR-302e promoted apoptosis 
and inhibited the growth, migration and invasion. Then, 
we silenced miR-302e in U251 cells, miR-302e inhibitor 
played the opposite function comparing with agomiR- 
302e. These data suggested that miR-302e was involved 

in glioma development, and miR-302e might be a diag-
nose biomarker of glioma.

VEGFA, a vital gene in angiogenesis, can induce 
endothelial cell proliferation, promote cell migration.28,29 

Some studies have found that VEGFA expression is 
increased in tumors, which is closely related to tumor 
staging and progression.30,31 Furthermore, VEGFA has 
been reported to be a target of miR-302e in ovarian cancer, 
and miR-302e inhibited VEGFA expression.19 In our 
study, we surprisedly found that there were paired bases 
between miR-302e and VEGFA. And further experiments 
revealed that miR-302e directly targeted VEGFA. 
Functional experiments showed that VEGFA removed 
the inhibitory effect of miR-302e on glioma progression. 
Furthermore, we constructed two in vivo tumor formation 
models to examine the role of miR-302e on glioma tumor-
igenesis. And we got the same conclusion, which was that 
miR-302e could significantly inhibit the glioma growth, 
which was conducive to clinical targeted therapy. In addi-
tion, because metastasis is an important part of tumor 
progression, we performed animal experiments to assess 

Figure 5 VEGFA is direct targets of miR-302e. (A) 4 databases was used to identify the target of miR-302e. (B) The paired bases of miR-302e with VEGFA. (C) WT and 
mutant VEGFA luciferase plasmids were transfected into HEK293 cells with miR-NC or miR-302e. The luciferase activity was measured by dual-luciferase reporter assay 
system. miR-302e or miR-302e inhibitor or its NC was transfected into SHG44 cells (*p<0.05). (D) The mRNA level of VEGFA was analyzed by qRT-PCR (*p<0.05). (E) 
Western blot was performed to detect VEGFA protein expression of (*p<0.05). The protein level of VEGFA in glioma tissues (F) and cells (G) was detected by Western blot 
(**p<0.01). All experiments were carried repeatedly for 3 times.
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Figure 6 MiR-302e inhibits proliferation, migration and invasion by targeting VEGFA. VEGFA plasmid or its NC was transfected into SHG44 cells. qRT-PCR (A) and Western blot (B) 
was used to detect the transfection efficiency of VEGFA (*p<0.05, **p<0.01 vs NC). (C) The apoptosis of cells was calculated by flow cytometry in SHG44 cells (*p<0.05 vs agomiR- 
302e). (D) Western blot was performed to detected the expression of apoptosis related protein Bcl 2, Bax and caspase3 (*p<0.05 vs agomiR-302e). (E) Wound healing assay was used to 
detect cell migration (*p<0.05 vs agomiR-302e). (F) Transwell assay was performed to check cell invasive ability (*p<0.05 vs agomiR-302e). All experiments were carried repeatedly for 3 
times.

Figure 7 MiR-302e inhibits in vivo tumor growth in the nude mice. The nude mice were subcutaneously injected with SHG44 cells (5 x 106) stably transfected with miR- 
302e or NC in to the right flanks of the nude mice. (A) The tumor volume was assessed in the nude mice every 5 days (*p<0.05). (B) Tumor weight was determined in the 
isolated tumors from the nude mice (*p<0.05). (C) The relative expression of miR-302e was determined by qRT-PCR in the isolated tumor tissues (*p<0.05). (D) qRT-PCR 
was performed to detect the relative mRNA expression of VEGFA (*p<0.05). The nude mice were subcutaneously injected with SHG44 cells (5 x 106), after 7 days of 
injection, miR-302e or its NC was injected into tumors. (E) The tumor volume was assessed in the nude mice every 5 days (*p<0.05). (F) Tumor weight was determined in 
the isolated tumors from the nude mice (*p<0.05). All experiments were carried repeatedly for 3 times.
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pulmonary metastasis of glioma. We found that miR-302e 
could inhibit glioma metastasis, which may improve the 
prognosis of glioma patients.

Through understanding relevant studies on the involve-
ment of miRNA in the regulation mechanism of glioma, 
the pathological processes such as proliferation, apoptosis, 
invasion and metastasis of glioma cells were deepened. At 
present, studies on the molecular level of glioma are still 
insufficient, so how to make miRNA play a better clinical 
application value in the diagnosis of glioma, evaluation of 
the efficacy of chemotherapy drugs, anti-angiogenesis, 
treatment and prognosis judgment, etc. Whether it can 
provide a new way for the development of cancer treat-
ment drugs, these will be a long way to go. It is believed 
that with the further study of miRNA in the function and 
mechanism of action of glioma, these problems will be 
gradually solved, which will bring new opportunities for 
clinical diagnosis and treatment.

In conclusion, present study revealed that miR-302e 
contributed to the progression of glioma, and miR-302e 
acted as an anti-tumor gene by targeting VEGFA.
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