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Abstract. – OBJECTIVE: The aim of this study 
was to explore whether miR-650 could inhibit 
the proliferation of glioma by regulating FAM83F 
and to investigate the specific role of miR-650 in 
glioma occurrence.

PATIENTS AND METHODS: The expression of 
FAM83F in tumor or para-cancerous tissues of 
24 glioma patients was detected by quantitative 
real-time polymerase chain reaction (qRT-PCR). 
Meanwhile, FAM83F expression in 6 glioma cell 
lines (LN229, U87, U251, LN308, SNB19 and H4) 
was also detected. Subsequently, the prolifer-
ation of glioma cells transfected with miR-650 
mimics was evaluated by cell counting kit-8 
(CCK-8) and EDU (5-ethynyl-2’-deoxyuridine) as-
say, respectively. In addition, Luciferase report-
er gene assay and rescue experiment were ap-
plied to verify the relationship between miR-650 
and FAM83F.

RESULTS: MiR-650 expression in glioma tis-
sues was significantly decreased, while the ex-
pression of FAM83F was remarkably upregulat-
ed. This indicated that the level of miR-650 was 
negatively correlated with that of FAM83F. Sim-
ilar results were obtained in glioma cells. We 
then transfected miR-650 mimics into LN229 
and U251 cells, and found that the expression 
of miR-650 was significantly upregulated. Mean-
while, the viability of cells significantly de-
creased. In addition, the interaction between 
miR-650 and FAM83F was verified by Lucifer-
ase reporter gene assay. Rescue experiments 
showed that miR-650 could inhibit cell prolifer-
ation by targeting FAM83F.

CONCLUSIONS: MiR-650 was lowly expressed 
in glioma tissues, which could promote cell pro-
liferation through up-regulating the expression 
of FAM83F.
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Introduction

Glioma, which is the most common malignan-
cy in the central nervous system, originates from 

glial cells. According to statistics, glioma ac-
counts for about 26.9% of all primary intracranial 
tumors in the United States. Around 84% of all 
intracranial malignant tumors are gliomas. Cha-
racteristics of glioma include high aggressive-
ness, recurrence rate and mortality1,2. The main 
reason for high mortality is high invasiveness3,4. 
This may eventually lead to the lack of clear 
boundaries with normal brain tissue and difficul-
ty in being completely removed. Besides, glioma 
is also insensitive to radiotherapy and chemothe-
rapy, resulting in high relapse and low survival 
rate. In addition to individual and treatment diffe-
rences, inherent biological differences in glioma 
bring about distinct prognosis of glioma, even if 
the patients have the same pathology and WHO 
classification5,6. However, the underlying me-
chanism of the occurrence and development of 
glioma has not been fully elucidated. Therefore, 
it is particularly urgent and important to explore 
the pathogenesis of glioma and to make effecti-
ve treatment at the molecular level (gene/protein 
expression).

Micro-ribonucleic acids (miRNAs) are endoge-
nous non-coding RNAs with 20-24 nucleotides in 
length. MiRNAs can degrade mRNA or inhibit 
its translation by binding to the 3’UTR of target 
genes, thereby regulate their biological activity7,8. 
Many studies have reported that miRNA partici-
pates in the regulation of the occurrence and de-
velopment of various human diseases, including 
multiple malignant tumors9,10. By regulating the 
expression of genes related to cell progression and 
tumor development, miRNAs can affect a variety 
of biological behaviors, such as cell proliferation, 
metastasis, invasion and cell cycle11,12.

Abnormal expression of miR-650 in gastric 
cancer promotes the proliferation of cancer cells 
by targeting ING413. Meanwhile, it has been re-
ported to regulate the expression of NDRG2 in 
colon cancer14. In addition, miR-650 can inhibit 
cell proliferation and thereby alleviate rheumatoid 
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arthritis via targeting AKT215. However, the exact 
role of miR-650 in glioma still remains unclear.

Patients and Methods

Collection of Samples
From 2015 to 2017, totally 24 glioma patients 

with surgical excision in Central People’s Hospi-
tal of Zhanjiang were enrolled in this study. Me-
anwhile, glioma tissues were collected. After rou-
tine postoperative pathological staining analysis, 
the classification was conducted according to the 
WHO pathological diagnostic criteria for central 
nervous system tumors (2007 edition). Obtained 
specimen tissues were stored in liquid nitrogen 
until use. All enrolled 24 patients included 18 
males and 6 females, and the average age of all 
patients was 36±17 years. This study was appro-
ved by the Medical Ethics Committee of Central 
People’s Hospital of Zhanjiang. Informed consent 
was obtained from each patient before the study.

Cell Culture and Transfection
The glioma cell lines (LN229, U87, U251, 

LN308, SNB19) and H4 cells were cultured in 
high glucose Dulbecco’s modified eagle medium 
(DMEM) (Gibco, Rockville, MD, USA) contai-
ning 10% fetal bovine serum (FBS) (Gibco, Rock-
ville, MD, USA) at a 37°C, 5% CO2 incubator. 

Cells in the logarithmic phase were first col-
lected and seeded into culture plates. Subsequent-
ly, cell transfection was performed according to 
the instructions of Lipofectamine 2000 (Invi-
trogen, Carlsbad, CA, USA). Briefly, when the 
adherent cells reached 80%, the culture medium 
was replaced with serum-free DMEM. MiR-650 
mimics/siRNA and Lipofectamine 2000 were 
added to Eppendorf (EP) tubes with Opti-MEM, 
respectively. Then, the two solutions were mixed 
and added to cells. After incubation for 6 h, the 
complete culture medium was added to replace 
the transfection solution. Transfection efficiency 
was observed under a fluorescence microscope 
24 h after transfection. The mimics and siRNAs 
were purchased from Gema Gene (Shanghai, Chi-
na). 

RNA Extraction
1 mL TRIzol (Invitrogen, Carlsbad, CA, USA) 

was added to 50-100 mg tissues. After homogeni-
zation, the tissue suspension was transferred to 1.5 
mL EP tubes. Then 0.2 mL chloroform was added 
and the tubes were shaken up and down for 15 

seconds, followed by centrifugation at 4°C, 12000 
rpm for 15 min. The supernatant was transferred 
to new centrifuge tubes, and 0.5 of mL isopro-
panol was added. After centrifugation, 1 mL of 
75% ethanol was added. Subsequently, the super-
natant was discarded after centrifugation. Dried 
RNA was dissolved with diethyl pyrocarbonate 
(DEPC) water (Beyotime, Shanghai, China) and 
stored at -80°C for subsequent experiments.

Quantitative Real-Time Polymerase Chain 
Reaction (RT-PCR)

Total RNA in tissue samples and treated cel-
ls was extracted according to the instructions of 
TRIzol reagent (Invitrogen, Carlsbad, CA, USA). 
Subsequently, extracted RNA was reversely tran-
scribed into complementary deoxyribonucleic 
acid (cDNA) in accordance with PrimeScript RT 
reagent Kit (TaKaRa, Otsu, Shiga, Japan). RNA 
concentration was detected by using a spectro-
meter, and those with A260/A280 ratio of 1.8-2.0 
were selected. QRT-PCR was then performed 
based on the instructions of SYBR® Premix Ex 
TaqTM (Perfect Real Time) kit (TaKaRa, Otsu, 
Shiga, Japan). The PCR reaction conditions were: 
95°C for 10 s, 95°C for 5 s, 60°C for 20 s, for a to-
tal of 40 cycles. Primers used in this study were as 
follows: MiR-650: F: AGGAGGCAGCGCTCTC; 
R: CTGCCCCAGGTGCTGCT; FAM83: F: 
CGTCGGCTTCTACATGCCC; R: GCTCTAC-
GTTCTGTCCTGTCA. U6: F: 5’-GCTTCG-
GCAGCACATATACTAAAAT-3’, R: 5’-CGCT-
TCAGAATTTGCGTGTCAT-3’; GAPDH: F: 
5’-CGCTCTCTGCTCCTCCTGTTC-3’, R: 
5’-ATCCGTTGACTCCGACCTTCAC-3’.

Cell Counting Kit-8 (CCK-8) Assay
24 h after transfection, the cells were digested 

and collected. Then the cells were seeded into 
96-well plates at a density of 2×103 cells/well. 6 
replicates were set in each group. After the cells 
adhered to the wall, cell viability was measured 
by CCK-8 assay (Dojindo, Kumamoto, Japan). 
Briefly, 10 μL of CCK-8 solution was added in 
each well, followed by incubation at 37°C for 2 h 
in the dark. Optical density (OD) value at the wa-
velength of 450 nm was measured using a micro-
plate spectrophotometer (Thermo Fisher Scienti-
fic, Waltham, MA, USA).

EDU (5-Ethynyl-2’-Deoxyuridine) Analysis
Transfected cells were seeded into 96-well pla-

tes at a density of 1×105 cells/mL. A cover glass 
slide was placed in the plate, and the cells were 
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cultured for 1 day. After incubation with EDU 
(Sigma-Aldrich, St. Louis, MO, USA) solution for 
4 h, the cells were fixed with methanol/acetic acid 
for 10 min. The specific steps were carried out in 
accordance with the instructions. Finally, the car-
dinal number was observed under a microscope.

Luciferase Reporter Gene Assay
The binding site of miR-650 to the 3’ UTR of 

target genes was found in Target Scan. Subse-
quently, sequences of the binding site were con-
structed on the dual Luciferase reporter plasmid. 
Wild-type (WT) and mutant (Mut) reporter pla-
smids were constructed as shown in the figure. 
Glioma cells were seeded into 96-well plates with 
approximately 50000 cells/well. When the con-
fluence reached 60%, the cells were randomly 
divided into 4 groups, including the control WT 
group, the miR-650 WT group, the control Mut 
group and the miR-650 Mut group. Each group 
had 5 replicates (n=5). Luciferase activity was 
assessed by the Dual-Luciferase Reporter Assay 
System (Promega Corporation, Madison, WI, 
USA) 48 h after transfection.

Western Blot 
Transfected cells were lysed with cell lysis buf-

fer. The concentration of extracted protein was 
detected by the bicinchoninic acid (BCA) protein 
assay kit (Pierce Biotechnology, Rockford, IL, 
USA). Subsequently, total proteins were separated 
by 10% sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred 
to polyvinylidene difluoride (PVDF) membranes 
(Roche, Basel, Switzerland). After blocking with 
5% skimmed milk, the membranes were incu-
bated with primary antibodies at 4°C overnight. 
After washing with Phosphate-Buffered Sali-
ne-Tween (PBST), the membranes incubated with 
corresponding secondary antibody at room tem-
perature for 1 h. Finally, immunoreactive bands 
were exposed by the enhanced chemiluminescen-
ce (ECL) method (Thermo Fisher Scientific, Wal-
tham, MA, USA).

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 16.0 (SPSS Inc., Chicago, IL, USA) and 
Graphpad prism 5 software (La Jolla, CA, USA) 
were used for all statistical analysis. Measure-
ment data were expressed as mean ± SEM (x̅±s). 
The t-test was applied to compare the differences 
between the two groups. p<0.05 was considered 
statistically significant.

Results

MiR-650 Was Lowly Expressed in Glioma 
We first detected the expression of miR-650 

and FAM83F in glioma tissues and paracan-
cerous tissues. QRT-PCR revealed that miR-
650 was lowly expressed, while FAM83F was 
highly expressed in 24 glioma tissues (Figure 
1A). Bioinformatics predicted that FAM83F 
could be the potential target gene of miR-650. 
Meanwhile, the expression of the two molecu-
les displayed a negative correlation (R=-0.806) 
(Figure 1D). Same results were obtained at the 
cellular level (LN229, U251, LN308 and SNB19 
cell lines) (Figure 1B, 1C). Among these cell 
lines, the expression of miR-650 was relatively 
lower in LN229 and U251 cells. Therefore, the-
se two cell lines were selected for subsequent 
experiments.

MiR-650 Inhibited the Proliferation of 
Glioma Cells

To clarify its biological function, we tran-
sfected miR-650 mimics in cells by liposomes. 
As shown, the expression of miR-650 in LN229 
and U251 cells was significantly up-regulated 
after transfection (Figure 2A). CCK8 assay in-
dicated that miR-650 up-regulation significantly 
inhibited the proliferation capacity of LN229 and 
U251 cells (Figure 2B, 2C). Moreover, EDU assay 
obtained the same results (Figure 2D).

MiR-650 Downregulated the Level of 
FAM83F

Bioinformatics revealed the binding site of 
miR-650 to the 3’ UTR of target genes (Figure 
3A), which was confirmed by Luciferase repor-
ter gene assay (Figure 3B, 3C). QRT-PCR re-
sults showed that the upregulation of miR-650 
significantly decreased the mRNA and protein 
expression levels of FAM83F (Figure 3D, 3E). 
The above results all demonstrated that miR-650 
could bind to FAM83F and inhibit its expression. 

FAM83F Reversed the Inhibitory Effect 
of MiR-650 on Glioma

To verify whether miR-650 exerted its function 
through targeting FAM83F, we simultaneously 
overexpressed FAM83F and miR-650. Results in-
dicated that the overexpression of FAM83F could 
reverse the inhibitory effect of highly-expressed 
miR-650 both on the mRNA and protein level 
(Figure 4A, 4E, 4F). CCK8 results revealed that 
upregulated FAM83F reversed the inhibitory ef-



L. Xu, Q.-W. Yu, S.-Q. Fang, Y.-K. Zheng, J.-C. Qi

8394

Figure 1. The expression of miR-
650 and FAM83F in glioma. A, In 24 
gliomas, the expression of miR-650 
was significantly lower in glioma 
tissues than that of para-cancerous 
tissues. However, the expression of 
FAM83F was the opposite. B, Com-
pared with H4 cells, the expression 
of FAM83F was significantly higher 
in glioma cells (LN229, U87, U251, 
LN308 and SNB19). C, Compared 
with H4 cells, the expression of 
miR-650 was significantly lower 
in glioma cells (LN229, U87, U251, 
LN308 and SNB19). D, The expres-
sion of miR-650 in glioma was ne-
gatively correlated with FAM83F.

Figure 2. MiR-650 inhibited 
the proliferation of glioma cel-
ls. A, The expression of miR-
650 was significantly increa-
sed after mimics transfection. 
B, CCK8 results showed that 
the activity of LN229 cells 
was significantly decreased 
after miR-650 overexpression. 
C, Cell activity remarkably 
decreased in U251 cells after 
miR-650 overexpression. D, 
EDU experiment showed that 
the proliferation of glioma cel-
ls decreased significantly after 
miR-650 overexpression.
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fect of miR-650 on the proliferation of glioma 
cells in vitro (Figure 4B). Moreover, EDU stai-
ning also showed that the proliferation ability of 
cells in the FAM83F and miR-650 overexpres-
sion group was significantly higher than that of 
the miR-650 mimics treatment group (Figure 4C, 
4D). These results suggested that miR-650 inhibi-

ted cell proliferation by inhibiting the expression 
of FAM83F.

Discussion

Glioma, as the most common primary tumor 
of the central nervous system, has the characteri-

Figure 3. MiR-650 downregulated its target gene FAM83F. A, FAM83F-WT and FAM83F-Mut were constructed. B, 
After overexpression of miR-650, the expression of FAM83F in glioma cells was significantly decreased. C, Lucifera-
se reporter gene results showed that the fluorescence activity of the miR-650 mimics+FAM83F-WT group significant-
ly decreased in U251 cells. D, The fluorescence activity of the miR-650 mimics+FAM83F-WT group was significant-
ly descended in LN229 cells. E, Overexpression of miR-650 inhibited the protein expression of FAM83F in glioma cells. 



L. Xu, Q.-W. Yu, S.-Q. Fang, Y.-K. Zheng, J.-C. Qi

8396

stics of rapid proliferation, invasive growth, high 
recurrence rate, as well as the difficulty of being 
completely resected. Although chemotherapy and 
radiotherapy have a certain inhibitory effect on 

tumor cells, their targeting ability is relatively 
poor. Besides, such treatments may produce ad-
verse effects on the normal central nervous sy-
stem and other organs of the body, leading to poor 

Figure 4. FAM83F reversed the inhibitory effect of miR-650 on glioma. A and B, In LN229 and U251 cells, cell activity was 
inhibited after overexpression of miR-650, whereas was increased after overexpression of FAM83F. C and D, EDU results 
showed that miR-650 overexpression significantly decreased the proliferation of glioma cells, which could be reversed by 
FAM83F overexpression. E and F, Overexpression of miR-650 decreased the protein expression of FAM83F in glioma cells, 
which could be reversed by FAM83F upregulation.
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life quality of patients16,17. In recent years, some 
researchers have explored immune targeting the-
rapy for gliomas. However, its effect has not been 
clearly defined in clinical application18. Therefore, 
there is still a long way to go for the exploration of 
effective treatments for glioma.

With the development of molecular biology, stu-
dies have shown that miRNAs can function as tumor 
suppressors or oncogenes in many tumors for the 
multiplicity of target genes. Hundreds of miRNAs 
have been found to be closely related to the occurren-
ce and development of tumors. Scholars have demon-
strated that the expression level of miR-21 and miR-
181c has good guiding significance for the diagnosis 
and prognosis of glioma19. Rao et al20 have found that 
23 types of miRNAs can be applied to differentiate 
glioblastoma from interchangeable astrocytoma, with 
diagnostic accuracy exceeding 90%. The expres-
sion levels of miRNAs and mRNAs in 160 glioma 
samples were scanned, and it was found that the 
expressions of miR-524-5p, miR-628-5p, miR-139-
5p and miR-544 were positively correlated with the 
prognosis of patients based on their clinical data21. 
In addition, further studies have shown that miR-21 
can promote cancer development through targeting 
SOX2, β-catenin as well as PDCD4. The applica-
tion of miR-21 inhibitors has been found to have si-
gnificant effects in corresponding experiments22,23. 
Besides, miR-433-3p plays a crucial role in tumor 
inhibition by regulating CREB, which also has an 
impact on drug sensitivity24. Overexpression of miR-
139-5p can inhibit the proliferation, invasion and mi-
gration of glioma cells and enhance the sensitivity of 
tumor cells to temozolomide in vitro25,26. Compared 
with paracancerous tissues, it has been observed that 
miR-34a was significantly down-regulated in glioma 
tissues, thereby regulating the expression of c-MET, 
NOTCH-1, NOTCH-2 and CDK6. In addition, both 
in vitro and in vivo experiments have displayed that 
miR-34a can inhibit the occurrence and development 
of glioma, affect the sensitivity of tumor cells to che-
moradiotherapy, and regulate the stem cell characte-
ristics of glioma27,28.

In this study, we investigated the influence 
of miR-650 on glioma. We first found that the 
expression of miR-650 was significantly lower 
in tumor tissues and cell lines. Meanwhile, ove-
rexpressed miR-650 could inhibit the prolifera-
tion of glioma cells. To explore the possible un-
derlying mechanism, we predicted its potential 
target gene, FAM83F, through bioinformatics 
analysis. Subsequent researches revealed that 
the expression of FAM83F was markedly nega-
tively correlated with miR-650 in human glioma 

tissues. Dual-luciferase reporter gene assay and 
other experiments indicated that FAM83F was in-
deed regulated by miR-650 in vitro. Additionally, 
the overexpression of FAM83F could reverse the 
inhibitory effect of miR-650 on cell proliferation.

Conclusions

We found that miR-650 was lowly expressed in 
glioma, which could promote the proliferation and 
progression of glioma through targeting FAM83F. 
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