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Background: Accumulative evidence indicated that microRNAs (miRNAs) play a critical 

role in carcinogenesis and biological behaviors of glioma. Further bio-molecular mechanisms 

of miRNAs in glioma cells remain largely unknown, which can contribute to novel therapeutic 

strategy. 

Methods: In the present study, we detected the expression level of miR-384 by RT-PCR and West-

ern blot. Meanwhile, Gain and loss function assay of miR-384 by transfection of miR-384 mimics 

and inhibitor. Moreover, wild and mutant psiCHECK-2-CDC42-3’-UTR luciferase reporter vec-

tors were constructed and transfected into glioma cells with miR-384 mimics or miR-NC.

Results: miR-384 was dramatically down-regulated in human glioma tissues. It was also dem-

onstrated that miR-384 significantly inhibited proliferation, migration and invasion of glioma 

cells. Cell division cycle 42 (Cdc42) was a direct target of miR-384 according to results of 

RT-PCR and Western blotting.

Conclusion: Our research demonstrated that miR-384 exerted an inhibitory effect on prolifera-

tion, migration and invasion of glioma via suppressing the expression of CDC42, meaning that 

miR-384 may be regarded as a potential target in the treatment of glioma.

Keywords: miR-384, CDC42, glioma, proliferation, invasion

Introduction
Glioma is the most common primary malignant tumor of the central nervous system in 

adults with high morbidity and mortality, which causes serious harm to human health.1 

Despite a significant therapeutic improvement over the past few decades, the prog-

nosis and survival of patients with gliomas are still unfavorable, and the high aggres-

siveness of glioma dramatically limits its overall therapeutic efficacy. Specifically, 

glioblastoma multiforme is the most malignant glioma.2 Therefore, investigations on 

a further molecular mechanism of glioma invasion and more appropriate therapeutic 

target are of great significance.

MicroRNAs (miRNAs) are a group of cytoplasmic non-coding RNAs that con-

tain between 19 and 24 nucleotides in length.3 It was found that miRNAs play an 

important role in many biological behaviors such as cell proliferation, differentia-

tion, apoptosis, tumorigenesis, migration, invasion and neuronal development. They 

function as negative regulators of gene expression by binding to the 3′-untranslated 

region (3′-UTR) of miRNAs of the target gene, resulting in miRNA degradation and 

inhibition of protein translation.4 Depending on the target gene, miRNAs can func-

tion as a tumor suppressor or oncogenes, inhibiting translation of proteins primarily 

by complementarily combining with miRNAs, thereby exerting their regulatory role 

at the post-transcriptional level. In recent years, miRNAs have become important 
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regulators of human cancer. The expression of miRNA has 

been used as an indicator of diagnosis, progression, prog-

nosis and therapeutic efficacy of cancer.5 More and more 

studies have shown that miRNAs play an important role 

in the development of neurological tumors.6–8 MiR-384 is 

abnormally expressed in many malignant tumors such as 

thyroid cancer, pancreatic cancer, hepatocellular carcinoma 

(HCC) and colorectal cancer.9–12

Cell division cycle 42 (CDC42), as a member of the Rho 

protein family, is a guanosine triphosphatase and responds 

to extracellular signals.13 CDC42 plays a switch function 

to activate or inactive downstream molecules by interact-

ing with GTP or GDP, respectively.14 However, abnormal 

activation or mutants of CDC42, such as the constitutively 

active mutants CDC42Q61L and CDC42G12V, exist in many 

cancers. CDC42F28L, a spontaneous accelerated circulating 

mutant of GDP-GTP binding state, was capable of inducing 

colony formation or non-anchoring dependent growth of 

immortalized fibroblasts.15–17 Among other Rho proteins, 

CDC42 promotes malignant transformation by altering 

cellular metabolism.18

Previous studies19–21 have shown that CDC42 also plays 

a critical role in the development of glioma. Tang et al22 

revealed that LRRC4 in glioma cell lines positively regulates 

the expression of miR-185, while miR-185 participates in 

tumor growth and metastasis by negatively regulating the 

expression of CDC42. This study will explore the role of 

miR-384 in proliferation, migration and invasion of glioma 

by regulating the downstream gene CDC42.

Materials and methods
clinical samples and cell culture
This study was carried out in accordance with the recommen-

dations of institutional review board of Affiliated Hospital 

of Jining Medical University with written informed consent 

from all subjects. All donors signed the informed consent in 

accordance with the Declaration of Helsinki. The protocol 

was approved by the institutional review board of Affiliated 

Hospital of Jining Medical University.

A total of 48 glioma samples were obtained from 

patients undergoing surgical resection for diffuse gliomas at 

Department of Neurosurgery of Affiliated Hospital of Jin-

ing Medical University from December 2014 to September 

2015. Clinical and pathological materials were collected and 

statistically analyzed (Table 1). In total, 24 non-neoplastic 

brain samples were obtained from patients with traumatic 

brain injury. These samples were immediately kept in liquid 

nitrogen right after resected for subsequent investigations, 

none of which had been dealt with pre-operational radio-

therapy or chemotherapy. Diagnoses were made by an expe-

rienced neuropathologist according to 2016 World Health 

Organization (WHO) classification of central nervous system 

(CNS) tumor.23 Grades I and II were defined as low grade, 

and grades III and IV were defined as high grade.

The glioma cell lines including U251, U87, T98G, SNB19, 

U373, A172 and normal human astrocytes (NHAs) were 

obtained from the Cell Bank of Shanghai Life Academy of 

Science. These cells were cultured with DMEM containing 

100 U/mL penicillin, 100 μg/mL streptomycin and 10% 

fetal bovine serum (FBS) in a 5% CO
2
 atmosphere at 37°C.

real-time quantitative polymerase chain 
reaction (rT-qPcr)
According to manufacturer’s instructions, total RNA 

was extracted using Trizol reagent (Invitrogen, Thermo 

Fisher Scientific, Waltham, MA, USA) for both cell lines 

and patients’ samples. The expression of miR-384 and 

CDC42 was detected by SYBR Premix Ex Taq system 

(Takara, Madison, WI, USA) according to the manufac-

turer’s instructions. RT-PCR reactions were performed in 

triplicates using the following cycling parameters: initial 

denaturation at 95°C for 30 s, 40 cycles of denaturation at 

95°C for 5 s and annealing at 60°C for 34 s. We assessed 

the RNA expression according to relative quantification 

using the 2−ΔΔCt method described previously to determine 

the fold change in the expression.24 The U6 small nuclear 

RNA and GAPDH mRNA were used as internal controls for 

miR-384 and CDC42 mRNA, respectively. The sequences 

of primers for RT-PCR were as follows: CDC42 forward 

Table 1 association between mir-384 expression and clinical 
and pathological parameters in 48 patients with glioma

Clinical and pathological 
parameters

Total (n) miR-384 expression

Low High p-value

Total 48 24 24
sex 0.6236 (ns)

Male 21 14 7
Female 27 10 17

age, years 0.7355 (ns)
,50 23 13 10
.50 25 11 14

clinical stage 0.0018
low (i–ii) 24 6 18
high (iii–iV) 24 18 6

Tumor diameter, cm 0.0245
,3 19 8 11
.3 29 16 13

Abbreviation: NS, not significant.
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primer: 5′-GAAGGCTGTCAAGTATGTGG-3′, reverse 

primer: 5′-CTCTTCTTCGGTTCTGGAGG-3′, GAPDH 

forward primer: 5′-ACCCAGAAGACTGTGGATGG-3′, 
reverse primer: 5′-CACATTGGGGGTAGGAACAC-3′, U6 

small nuclear RNA forward primer: 5′-GTGCTCGCTTCG

GCAGCACATATAC-3′, reverse primer: 5′-AAAAATAT

GGAACGCTCACGAATTTG-3′. All data were expressed 

as mean ± SD and as representative of an average of three 

measurements.

mirna transfection, cDc42 silencing 
and overexpression
The miR-384 mimics, miR-384 inhibitor, miR negative con-

trol (miR-NC) and inhibitor-NC, as the relative controls, were 

designed and provided by GenePharma (Shanghai, People’s 

Republic of China). The following sequences were used: miR-

384: 5′-AUUCCUAGAAAUUGUUCAUA-3′, miR-NC: 

5′-UUCUCCGAACGUGUCACGU-3′, miR-384 inhibitor: 

5′-UAUGAACAAUUUCUAGGAAU-3′ and inhibitor-NC: 

5′-CAGUACUUUUGUGUAGUACAA-3′. The miR-384 

inhibitor, a single-stranded RNA nucleotide chain, can 

specifically target at miR-384 to degrade it. Lipofectamine 

2000 (Invitrogen, Thermo Fisher Scientific) was used to 

transfect cells with miR-384 mimics and inhibitor accord-

ing to the manufacturer’s protocols. Transfection efficiency 

was detected by RT-qPCR and Western blot analysis. siRNA 

(5′-GACTACGACCGCTAAGTTA-3′) targeting at CDC42 

was designed and purchased from Shanghai Sangon Co., Ltd. 

(Shanghai, People’s Republic of China) and transfection were 

performed using Lipofectamine 2000 (Invitrogen, Thermo 

Fisher Scientific) according to manufacturer’s instructions 

to transfect U251 cells with siRNA. Additionally, we trans-

fected U251 cells with pcDNA3.1-Cdc42 provided by Youbo 

Biological Technology Co., Ltd. (Beijing, People’s Republic 

of China) to overexpress CDC42. Afterward, proliferation 

and invasion of both wild-type (wt) and CDC42 overex-

pressed glioma cells transfected with miR-NC or miR-384 

were investigated by cell counting kit-8 (CCK-8; Dojindo, 

Kumamoto, Japan) assay and transwell assay, respectively.

cell proliferation assay by ccK-8
Cell proliferation assay was performed using CCK-8 

(Dojindo) according to manufacturer’s instruction. Briefly, 

1×104 cells/well of U251, U87, T98G and A172 were seeded 

into 96-well plates. Overnight culture after cell adhesion, 

miR-384 mimics or miR-NC was added into culture media 

to transfect cells at a final concentration of 50 nM/uL. Then 

0, 24, 48, 72 and 96 h after transfection, CCK-8 was added 

into culture media at a final concentration of 10 uL/100 uL 

followed by incubation at 37°C for 2 h. The absorbance was 

immediately detected at a wavelength of 450 nm (630 nm 

as reference) on a micro-plate analyzer (Bio-Rad, Hercules, 

CA, USA).

colony formation assay
The colony formation assay was conducted as previously 

described.25 Briefly, 6-well plate was covered with 2 mL 1:1 

mixed 1.2% agar and 2× dulbecco’s modified eagle medium 

(DEME) at room temperature for solidification. Then, 2 mL 

mixture of 0.7% agar and 2× DEME (1:1 mixed) containing 

100 uL 5×104/mL U251 cells that were transfected with miR-

384 mimics, miR-NC, miR-384 inhibitor or inhibitor-NC for 

48 h was added into wells. After incubation in 5% CO
2
 and 

37°C for 14 days, they were fixed with 10% formaldehyde 

and stained with 0.1% crystal violet (Sigma-Aldrich Co.). 

Colony number was counted under a microscope and pre-

sented as a histogram. The average number of colonies was 

calculated at 5 randomly views in three replicative wells. The 

experiment was repeated for three independent times.

Wound-healing assay
In total, 8×104 U251 cells were seeded onto 6-well plates 

and incubated for 24 h until adhesion, and then cells were 

transfected with miR-384 or miR-NC using Lipofectamine 

2000 (Invitrogen, Thermo Fisher Scientific). When cells 

reached 90% confluence after transfection for about 48 h, 

wounds were scratched in the center of confluent cells with a 

pipette tip. Then, the healing was observed and photographed 

under microscope, and cell migration distances were also 

calculated at 12 and 24 h after scratching. Each experiment 

was repeated for at least three times.

Transwell invasion assay
For invasion assay of glioma cells, 24-well transwell inserts 

(Corning Costar, Cambridge, MA, USA) were coated on 

their bottom by Matrigel Basement Membrane Matrix (BD 

Biosciences, San Jose, CA, USA). After transfecting with 

miR-384, miR-NC, miR-384 inhibitor or inhibitor-NC for 

48 h, 5×104 U251 cells were seeded onto upper chamber 

within 200 uL serum-free DEME, while 500 uL DEME 

with 10% FBS as chemoattractants were added into lower 

chambers. After incubation for 48 h, the non-invasive cells on 

upper side were washed away with PBS for three times. The 

membranes were fixed with 4% paraformaldehyde and then 

stained with 0.1% crystal violet (Sigma-Aldrich Co.).  

The average number of invasive cells were observed and 
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counted under a microscope from 5 random views of each 

three replicate wells.

Western blot analysis
For extraction of total proteins, 1×106 U251 and U87 cells 

were seeded onto 6-well plates; transfected with miR-384, 

miR-NC, miR-384 inhibitor or inhibitor-NC; and then incu-

bated for 48 h until about 90% confluence. Then, cells were 

lysed by radioimmunoprecipitation assay (RIPA) buffer with 

phenylmethylsulfonyl fluoride (PMSF), a protease inhibitor, 

and supernatants were extracted after centrifugation. Concen-

trations of protein were detected using a bicinchoninic acid 

(BCA) kit (Thermo Fisher Scientific). Protein extracts were 

separated on sodium dodecyl sulfate-polyacrylamide gels and 

transferred onto polyvinylidene difluoride membranes (Mil-

lipore, Bedford, MA, USA). After blocking with 5% non-fat 

milk, the membrane was incubated with anti-CDC42 and 

anti-GAPDH antibodies (Cell Signaling Technology, Dan-

vers, MA, USA) at 4°C overnight. The membrane was then 

blotted with secondary antibodies for 1 h at room temperature 

and visualized by a chemiluminescence system (Millipore).

luciferase reporter assay
The miR-384 binding site located at 1329–1334 bp in CDC42 

3′-UTR. The cDNA of wide-type or mutant CDC42 was syn-

thesized and integrated into a psiCHECK-2 dual-luciferase 

vector to form the psiCHECK-2-CDC42-3′-UTR-wild type 

(CDC42-wt) or psiCHECK-2-CDC42-3′-UTR-mutant 

(CDC42-mut) reporter vector. For luciferase reporter assay, 

1×105 U251, U87 and T98G cells/well were seeded onto 

24-well plates and incubated for 24 h. The luciferase reporter 

gene plasmids, including wide-type or mutant psiCHECK-

2-CDC42-3′-UTR, were transfected into cells using Lipo-

fectamine 2000 (Invitrogen, Thermo Fisher Scientific) 

according to the manufacturer’s instruction. Specifically, 

800 ng psiCHECK-2-CDC42-3′-UTR vectors were co-

transfected with 50 pmol miR-384 mimics, miR-384 inhibi-

tors, inhibitor-NC or miR-NC respectively. After 24 h of 

incubation following transfection, the luciferase activity was 

measured using a dual luciferase reporter assay kit (Promega, 

Madison, WI, USA) according to the manufacturer’s protocol. 

All experiments were conducted for at least three times.

statistical analysis
Data in the present study were shown as mean ± SD from 

three independent replicative assays and analyzed using SPSS 

18.0 software (SPSS Inc., Chicago, IL, USA) and GraphPad 

Prism 6 (GraphPad Software Inc., San Diego, CA, USA). 

A value of p,0.05 means statistically significant.

Results
Mir-384 was downregulated in glioma 
cell lines and human glioma tissues
The role of miR-384 in tumorigenesis of glioma was inves-

tigated in both normal and glioma cell lines and tissues by 

quantitative RT-PCR. Results showed that the expression 

level of miR-384 was significantly downregulated in glioma 

cell lines, including U251, U87, T98G, SNB19, U373 and 

A172, in comparison to that of NHAs (p,0.05, Figure 1C). 

Meanwhile, the expression of miR-384 was remarkably 

decreased in human glioma tissue compared with that in 

normal human brain tissue in a grade-dependent manner, 

which demonstrated that high-grade glioma tissue, classi-

fied according to 2016 WHO classification of CNS tumor, 

manifested much lower level of miR-384 than low-grade 

glioma tissue (p,0.05, Figure 1A). Then, we reviewed and 

analyzed clinical materials, and investigated the correlation 

between miR-384 level in glioma tissue of patients and 

overall survival using the Kaplan-Meier survival curve. 

Patients were separated into the low miR-384 group and the 

high miR-384 group referring to median level in all patients. 

The results revealed that patients with the high miR-384 

level obviously had a significant good prognosis than the 

low miR-384 group (p,0.01, Figure 1B). We detected the 

expression of CDC42 in several glioma cell lines as well 

as NHAs by RT-PCR and Western blot analysis. It turns 

out that mRNA and protein of CDC42 were significantly 

higher in glioma cells than in the control group (Figure 1D 

and E). In addition, immunohistochemistry assay was per-

formed to investigate the expression of CDC42 in glioma 

tissue and normal brain tissue. In line with the results of 

cell lines, normal brain tissues exhibited remarkably lower 

expression level of CDC42 compared with glioma tissues 

(Figure 1F and G).

inhibiting proliferation of glioma cell lines 
by mir-384
The expressions of miR-384 in NHAs, U251 and U87 

transfected with miR-NC, miR-384 mimics, inhibitor-NC 

or miR-384 inhibitor were detected by RT-PCR. As a result, 

the expression level of miR-384 significantly increased in 

all miR-384 mimics-transfected cells (Figure 2A). Further 

investigations about the role of miR-384 in the proliferation 

of glioma cells were carried out. MiR-384 mimics and inhibi-

tor and their controls were transfected into glioma cells for 

upregulating and downregulating its expression. First, the 

results of CCK-8 assay indicated that miR-384 remarkably 

inhibited the proliferation of U251, U87, T98G and A172 
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(Figure 2B). Additionally, colony formation assay of U251 

was performed. Expression of miR-384 was increased and 

decreased by transfecting with miR-384 mimics and inhibitor. 

The results demonstrated that the number of formed colonies 

of miR-384 mimics group was significantly less than that 

of the miR-NC group. Correspondingly, miR-384 inhibitor 

not only degraded miR-384 in U251 cells but also greatly 

promoted formation of colonies manifested by crystal violet 

stain in comparison to that of inhibitor-NC group (p,0.05, 

Figure 2C and D).

inhibiting migration and invasion of 
glioma cells by mir-384
After transfection of miR-384 mimics for 48 h, migration 

of U251 cells was investigated by wound-scratch assay, in 

which the widths of wound between cells were observed and 

recorded over time. According to the results, it was observed 

that miR-384 significantly inhibited migration of U251 cells 

at 24 and 48 h compared with the miR-NC group (p,0.05, 

Figure 3A and B). Moreover, invasive capacities of glioma 

cells transfected with miR-384 mimics or miR-384 inhibitor 

were studied by transwell assay in which membranes were 

stained with crystal violet. According to the results, it was 

suggested that U251 cells transfected with miR-384 mimics 

exhibited a remarkable reduction in the number of positively 

stained cells that traversed the membrane in comparison to 

those with miR-NC (p,0.05). Furthermore, the number of 

positive stain U251 cells that were transfected with miR-384 

inhibitor manifested significant increase compared with the 

control group (p,0.05, Figure 3C and D).

cDc42 is a potential target of mir-384 
during its inhibition on glioma cells
According to previous researches, CDC42, as a member 

of the Rho protein family, was a target gene of miR-384 in 

other carcinomas and of many other miRNAs as well.12,26–29 

Figure 1 mir-384 was downregulated in glioma cell lines and human glioma tissues.
Notes: (A) expressions of mir-384 in low- and high-grade human glioma tissues and normal brain tissues were detected by real-time polymerase chain reaction (rT-Pcr). 
(B) Overall survivals of glioma patients with low- or high-level mir-384 were analyzed using the Kaplan–Meier survival curve. (C) expressions of mir-384 in several glioma 
cell lines and normal human astrocytes (nhas) were detected by rT-Pcr. (D and E) mrna and protein of cDc42 in nhas and several glioma cell lines were detected by 
rT-Pcr and Western blot analysis. (F and G) The expression levels of cDc42 in normal brain tissues and glioma tissues were detected by immunohistochemistry (ihc), 
magnification 20×. *Mean p,0.05, **mean p,0.01.
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Therefore, we assumed that CDC42 might be the potential 

target of miR-384 during its inhibitory effects on prolif-

eration, migration and invasion of glioma cells. mRNA 

of CDC42 in U251, U87 and T98G cells transfected with 

miR-384 mimics were significantly downregulated compared 

with transfecting miR-NC groups, while the suppression of 

CDC42 mRNA by miR-384 was abolished in cells transfected 

with miR-384 inhibitor (p,0.05, Figure 4A).

Figure 2 inhibiting proliferation of glioma cells by mir-384.
Notes: (A) The expression of mir-384 in normal human astrocytes (nhas), U251 and U87 transfected with mir-nc, mir-384 mimics, inhibitor-nc or mir-384 inhibitor 
were detected by real-time polymerase chain reaction (rT-Pcr) accordingly. (B) The proliferations of several glioma cell lines, including U251, U87, T98g and a172, were 
measured by cell counting kit-8 (ccK-8) assay after transfection of mir-384 mimics or mir-nc. (C) crystal violet stain of colonies of U251 cells transfected mir-384 mimics, 
mir-384 inhibitor or negative controls in 6-well plates after colony formation assay. (D) number of colonies were counted and analyzed. *Mean p,0.05, **mean p,0.01.
Abbreviation: nc, negative control.
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Luciferase reporter assay was used to further detect the 

influence of miR-384 on the expression of CDC42. As a 

result, in line with the consequence of RT-PCR, upregula-

tion of miR-384 significantly suppressed the activity of 

reporter gene, psiCHECK-2-CDC42-3′-UTR, which was 

dramatically rescued by transfection of miR-384 inhibitor 

(p,0.05, Figure 4B).

Furthermore, proteins of CDC42 in U251 and U87 were 

detected by Western blotting. After transfection of miR-384 

mimics and miR-NC for 48 h, total proteins were extracted 

and expressions of CDC42 were detected. The results showed 

that expressions of CDC42 were downregulated in miR-384 

mimics-transfected group compared with those of miR-NC 

group (p,0.05, Figure 4C and D). On the contrary, CDC42 

was upregulated in the miR-384 inhibitor-transfected group 

(p,0.05, Figure 4E and F). In order to compare the sup-

pressive efficacy of miR-384 on CDC42, CDC42 knockout 

glioma cells were obtained by transfecting siRNA. Total 

proteins were extracted from wt and CDC42−/− and then 

expressions of CDC42 were measured by Western blot 

analysis. As a result, CDC42 was successfully silenced in 

siRNA-transfected group, while CDC42 was not completely 

suppressed by miR-384 in comparison to the silenced group 

(Figure 5A).

To further testify miR-384 targeting at CDC42-3′-UTR, 

CDC42-wt and CDC42-mut reporter vectors were con-

structed and used in luciferase reporter assay (Figure 5B). It 

turned out that, as expectedly, the relative luciferase activ-

ity of CDC42-wt with transfection of miR-384 group was 

greatly reduced in comparison to that of CDC42-wt with 

transfection of miR-NC (p,0.05, Figure 5C). However, in 

CDC42-mut cells transfected with miR-384, the luciferase 

activity was not suppressed by overexpression of miR-384 

(p.0.05, Figure 5B). Afterward, proliferation and invasion 
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Figure 3 Migration and invasion of glioma cells were inhibited by mir-384.
Notes: (A and B) after 48 h of post-transfection of mir-384 mimics or mir-nc into U251 cells, wound-scratch assay was performed, and results were observed and 
recorded at 12 and 24 h. (C and D) U251 cells in transwell membrane were stained by crystal violet after transwell invasive assay. *Mean p,0.05. Magnification ×100.
Abbreviation: nc, negative control.
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Figure 4 cDc42 is a potential target of mir-384 during its inhibition on glioma cells.
Notes: (A) mrnas of cDc42 in cells transfected with mir-384 mimics, mir-384 inhibitor or their negative controls were detected by real-time polymerase chain reaction 
(rT-Pcr). (B) luciferase activities of cDc42 were detected in glioma cells transfected with psichecK-2-cDc42-3′-UTr and mir-384 mimics, mir-384 inhibitor or negative 
controls. (C and D) Proteins of cDc42 in U251 and U87 cells transfected with mir-384 mimics or mir-nc were detected by Western blotting, and relative gray intensities 
were calculated. (E and F) Proteins of cDc42 in cells transfected with mir-384 inhibitor or inhibitor-nc were also detected. *Mean p,0.05.
Abbreviation: nc, negative control.

of both wild type and CDC42 overexpressed glioma cells 

transfected with miR-NC or miR-384 were investigated 

by CCK-8 assay and transwell assay, respectively. It turns 

out that overexpression of CDC42 significantly rescued 

inhibitory effect of miR-384 on proliferation and invasion 

of glioma cells (Figure 5D and E).

Discussion
As the most common intracranial malignant tumor, glioma, 

with an incidence of 5/100,000, shows invasive growth. There 

might be tumor cells growing in normal brain tissues within 

2 cm around the tumor. As malignant glioma has a very high 

invasive capacity, so even after resecting the whole tumor in 

an operation, its recurrence still cannot be avoided in the edge 

of the incision.30 Moreover, chemotherapy and radiotherapy 

not only failed to specifically kill glioma cells, leading to a 

poor therapeutic effect, but also may produce central nervous 

system toxicity and serious side effects. So the prognosis and 

the median survival are still far from expectation even with 

combined treatment. Given the abovementioned situation has 

not been fundamentally improved in nearly 30 years of clinical 

practice, gliomas are still the refractory disease in the field of 

neurosurgery.31 Therefore, to clarify its pathogenesis, the search 

for a new and effective therapeutic target remains critical.
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Figure 5 mir-384 binding to cDc42-3′-UTr to inhibit glioma cells.
Notes: (A) Total proteins were extracted from wt and cDc42−/− and then expressions of cDc42 were measured by Western blot. (B) psichecK-2-cDc42-3′-UTr-wt 
(cDc42-wt) and psichecK-2-cDc42-3′-UTr-mut (cDc42-mut) reporter vectors were constructed. (C) luciferase activities in cDc42-wt or cDc42-mut U251 cells 
transfected with mir-384 or mir-nc. (D and E) Proliferation and invasion of both wt and cDc42 overexpressed glioma cells transfected with mir-nc or mir-384 were 
investigated by cell counting kit-8 (ccK-8) assay and transwell assay, respectively. *Mean p,0.05, **mean p,0.01.
Abbreviations: mut, mutant; NC, negative control; NS, not significant; wt, wild type.

In recent years, miRNAs have been the focus of research 

in life science. More and more evidence shows that miRNAs, 

as one way of epigenetic regulation of genes, play an impor-

tant role in the development, progression and prognosis of 

human tumors, which have provided a new breakthrough in 

the genetic diagnosis and treatment, especially in the invasion 

and metastasis of tumors. As for the role of miRNAs in glioma, 

it has also been reported that multiple miRNAs, such as miR-

106b-5p, miR-195 and miR-204, can promote glioma tumori-

genesis by targeting multiple tumor suppressor genes.

In the present study, we detected the expression level of 

miR-384 in human glioma tissues and common glioma cell 

lines compared with those in normal human brain tissues 

and NHAs, respectively. As a result, miR-384 was dramati-

cally reduced in glioma cells compared with normal ones, 

which indicated that miR-384 plays an an anti-oncogenic 

role. In addition, overall survivals of patients with low or 

high miR-384 level were followed up and recorded, and sub-

sequently analyzed to investigate the relationship between 

overall survival of patients with glioma and expression level 

of miR-384. According to the results, it was observed that 

patients with high miR-384 showed a significantly longer 

survival than those with low miR-384.

Therefore, the effect of miR-384 on the proliferation 

of glioma cells was detected by CCK-8 at different time 

points, in which cell viabilities of multiple glioma cell lines 

including U251, U87, T98G and A172 were dramatically 

suppressed by transfection of miR-384 mimics in comparison 

to control groups. Correspondingly, Bai et al reported that 

downregulation of miR-384 expression was a common event 

in HCC, especially hepatitis B virus (HBV)-related HCC, 

which promotes proliferation, metastasis and lipogenesis.11 

Likewise, effects of miR-384 mimics and miR-384 inhibitor 

on migration and invasion of glioma cells were investigated 

by wound-scratch assay and transwell assay, respectively; 

as a result, it was found that overexpression of miR-384 

obviously inhibited migration and invasion of glioma cells.

However, miRNA usually works via targeting at down-

stream genes to regulate them. Therefore, according to 

previous researches, we know that CDC42 was a target of 
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miR-384 in colorectal cancer and many other miRNAs.12,26–29 

So, it is reasonable to assume that miR-384 inhibits prolif-

eration, migration and invasion of glioma cells via targeting 

at CDC42. Then the results of RT-PCR and Western blot 

analysis showed that CDC42 was downregulated in glioma 

cells transfected with miR-384 mimics and this inhibition 

was rescued in cells transfected with miR-384 inhibitor. To 

further confirm it, wild and mutant plasmids of luciferase 

reporter vectors were constructed, CDC42-wt or CDC42-

mut, and transfected into U251 cells with miR-384 mimics 

or miR-NC. Luciferase activity of CDC42-wt with trans-

fection of miR-384 mimics group was remarkably reduced 

compared with that of CDC42-wt with miR-NC, which was 

consistent with previous outcomes. However, there was no 

significant difference between luciferase activity of CDC42-

mut with transfection of miR-384 mimics group and that of 

CDC42-mut with transfection of miR-NC, which reversely 

demonstrated that miR-384 plays its role in suppression of 

glioma by targeting at CDC42.

Conclusion
To sum up, the present study demonstrated the inhibitory role 

of miR-384 on proliferation, migration and invasion of glioma 

via downregulating expression CDC42. Our results provided 

a little contribution on elucidating the molecular mechanism 

of proliferation, migration and invasion of glioma cell and a 

new target for therapeutic strategy against glioma.
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