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Abstract: miR-21 shares a potential oncogenic function. The overexpression of miR-21 was common in glioblasto-
ma, which is the most common lethal primary intracranial tumor. The study aimed at miR-21 effect on Glioblastoma 
cell line A172 of proliferation, apoptosis, and chemosensitivity and its definite mechanism of target gene FOXO1. 
Effect and mechanism were evaluated by colony forming cell assay, annexin V-FITC/PI apoptosis assay, TUNEL 
apoptosis assay, luciferase-reporter activities assay, RNA interference, western-blot and Real-Time PCR. The statis-
tics revealed miR-21 promoted A172 cell proliferation and suppressed the chemosensitivity, and also showed that 
miR-21 could bind with FOXO1 mRNA and prevent FOXO1 translation via its 3’UTR to regulate the function. These 
findings suggest that miR-21 plays an important role in cell proliferation and chemosensitivity by inhibiting FOXO1, 
and show much more significance for exploring miR-21 inhibitor in A172 therapy.
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Introduction 

Glioma is the most common primary intracra-
nial tumor, affecting approximately 1 case per  
10,000 population annually, and most of which 
belongs to malignant tumor, which is among 
the most lethal of human cancers [1-3]. Notably, 
the rising tendency of the incidence rate is the 
most fearful [2, 3]. However, the treatment of 
glioma do not yet make a breakthrough in the 
past 30 years, and the median survival time of 
which is about 1 year [1-3]. Recently, the miRNA 
expression studies come to the general con-
sensus that miR-21 is overexpressed in glioma 
and glioma cell lines relative to normal tissue 
[4-7]. It is indicated that miR-21 can regulate 
glioma as a potential oncogenic factor [4, 5]. 
However, the effect of miR-21 on glioblastoma 
cell line A172 cells of proliferation, apoptosis, 
and chemosensitivity and its definite mecha-
nism has not been exploited [5, 8, 9]. Colony 
forming cell assay, annexin V-FITC/PI apoptosis 
assay and TUNEL apoptosis assay were devel-

oped and indicated that miR-21 promoted A172 
cell proliferation and suppressed the chemo-
sensitivity to cisplatin. On the other side, miR-
21 inhibitor can suppress A172 cell prolifera-
tion, promote the cisplatin induced apoptosis 
and enhance the chemosensitivity of A172 
cells.

Bioinformatics analysis was performed to pre-
dict the target gene, and FOXO1 was adopted. 
FOXO1 is a transcription factor and it can regu-
late some gene expression, such as P27, P21, 
Bim and FASL. Dual-luciferase-reporter activi-
ties assay, mutation assay and RNA interfer-
ence were applied to illuminate the relationship 
between miR-21 and FOXO1 and its target 
sequence. Western-blot and qRT-PCR were per-
formed to detect the expression of FOXO1 and 
its signaling pathway. And the result suggested 
miR-21 could bind with FOXO1 mRNA and pre-
vent FOXO1 protein translation via its 3’UTR 
ranged from 1975th base site to 1996th base 
site to regulate the cell function.
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Materials and methods

Cell culture and microRNA transfection

Cell line A172 which came from human glio-
blastoma multiforme (A172) tissue was con-
served in Neurosurgery Laboratory of Sun Yat-
Sen Memorial Hospital, Sun Yat-Sen University, 
and was cultured in DMEM medium (High glu-
cose) (Gibico, USA) containing 10% fetal calf 
serum (Hyclone, USA), 100 U/ml penicillin 
(Gibico, USA), and 100 μg/ml streptomycin 
(Gibco, USA), under humidified conditions in 
95% air and 5% CO2 at 37°C. The cells were col-
lected during the logarithmic growth phase. 
miR-21 mimics the extrinsic mature double-
stranded micro RNA, which can imitate the 
endogenous miR-21. And miR-21 inhibitor is 
the extrinsic mature complementary single-
stranded micro RNA, which can inhibit the 
endogenous miR-21. All the sequences includ-
ing negative control of miR-21 have been 
respectively synthesized by Gene Pharma Co., 
Ltd in China. The sequences contained are as 
follows: 

miR-21 mimic: 5’-UAGCUUAUCAGACUGAUGUU- 
GA-3’, miR-21 inhibitor: 5’-UCAACAUCAGUCUG- 
AUAAGCUA-3’, NC: 5’-UUGUACUACACAAAAGUA- 
AUG-3’. 

All the transfection was mediated by Lipofe- 
ctamine 2000 (Invitrogen, USA) as recom-
mended by the manufacturer. The cell models 
were divided into 3 groups, miR21 mimic cells, 
miR21 inhibitor cells, and NC cells.

Colony forming cell assay

Briefly, A172 cells with the logarithmic growth 
phase were respectively digested with 0.25% 
trypsin and dispersed into single-cell suspen-
sion, and then were suspended in DMEM medi-
um containing 10% fetal calf serum. Dispersed 
cells were inoculated into 6-well plates, 200 
cells per well, and incubated in 5% CO2 and 
saturated humidity incubator with 37°C for 24 
hours. Subsequently, cells transfection with 
miR-21 mimic, inhibitor and NC was performed. 
Cell culture for 1 week was ended when visible 
clones appeared and the supernatant was dis-
carded. A172 cells were washed with PBS for 2 
times carefully, and then fixed with 4% parafor-
maldehyde for 15 minutes, subsequently wa- 
shed with distilled water for 2 minutes, and fi- 
nally stained with 0.1% crystal violet for 10 min-

utes. A172 cells in each group were photogr- 
aphed and counted respectively. The colonies 
that had 50 cells per colony were counted.

Annexin V-FITC/PI apoptosis assay

After transfection with microRNA, apoptosis 
was measured by Annexin V-FITC and PI double 
staining (Beyotime, China). Cells subjected to 
cisplatin (20 μM) were cultured for another 24 
hours and then detached by 0.25% trypsin, 
washed twice with PBS, and stained by 5 μl of 
annexin V-FITC and 10 μl PI (10 μg/ml) for 10 
min at room temperature according to the man-
ufacturer’s instructions. Subsequently, flow cyt- 
ometric analysis was performed and annexin 
V-positive/PI-negative (A+/P-) cells were apop-
totic cells.

TUNEL apoptosis assay

Transfected cells subjected to cisplatin (20 μM) 
for 36 hours were performed to detect apopto-
sis using a TUNEL kit according to manufactur-
er’s instructions. The treated cells were first 
washed with PBS, subsequently fixed with 4% 
paraformaldehyde for 1 h, then washed with 
PBS once again, incubated with 0.1% Triton 
X-100 for 2 min on ice, and washed with PBS 
twice. After that, cells were stained with TUNEL 
detecting liquid for 1 h and PI (10 μg/ml) for 10 
min shielded from light at 37°C. After being 
treated with antifade mounting medium, cells 
were detected by a confocal laser scanning 
microscope at 488 nm excitation and 530 nm 
emission.

Luciferase-reporter activities assay

Luciferase-reporters were successfully constr- 
ucted using molecular cloning method. 3 sequ- 
ences were inserted into pGL3-Basic vector (Pr- 
omega, USA) respectively to obtain pGL3-IRS, 
pGL3-FOXO1-3’UTR and pGL3-FOXO1-3’UTR- 
mut. 

pGL3-IRS contained the FOXO1 binding seq- 
uence (IRS-insulin-responsive sequence) as fol-
lows: 5’-GCAAAACAAACTTATTTTGAAGCAAAAC- 
AAACTTATTTTGAAGCAAAACAAACTTATTTTGAA- 
3’.

pGL3-FOXO1-3’UTR contained the miR-21 bind-
ing sequence (FOXO1-3’UTR sequence) as fol-
lows: AAGCCAGCUCUAUUGUAAGCUU.
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pGL3-FOXO1-3’UTR-mut contained 2 mutated 
nucleotides in 3’UTR of FOXO1 (FOXO1-3’UTR-
mut) for comparative analysis as follows: AAGC- 
CAGCUCUAUUGUAAGGAU. 

A172 cells were seeded in 24-well plates for 24 
hours, then transfected with 1 μg of Luciferase-
reporter plasmids per well using PEI Transfection 
Reagent. 50 ng of pRL-TK plasmids were co-
transfected to normalize the transfection effi-
ciency. 24 hours after transfection, A172 cells 
were transfected with microRNA. Then lucifer-
ase activities were measured using the dual-
luciferase reporter gene assay kit (Promega, 
USA) according to the manufacturer’s instru- 
ctions. 

RNA interference

To downregulate FOXO1, RNA interference was 
developed in miR-21 inhibitor transfected A172 
cells. In the exponential growth phase, cells in 
6-well plate were transfected with gene-specif-
ic siRNA and negative control siRNA purchased 
from GenePharma (Shanghai, China) according 
to the manufacturer’s protocol. The siRNA seq- 
uence used is listed as: GCUCAAAUGCUAGUA- 
CUAUTT (sense), AUAGUACUAGCAUUUGAGCTA 
(antisense).

Western blot

A172 cells were collected and lysed for prepa-
ration of protein with RIPA containing PMSF. 20 
μg of protein were separated by polyacrylamide 
gel electrophoresis and subsequently electro-
transferred to PVDF membrane. After blocking 
the nonspecific antibody binding sites by incu-
bating in 5% BSA, membranes were incubated 
with the following primary antibodies and dilu-
tions: polyclonal rabbit anti-FOXO1 antibody 
diluted at 1:2500 (Abcam, USA), polyclonal rab-
bit anti-P27 antibody diluted at 1:1000 (Abcam, 
USA), polyclonal rabbit anti-P21 antibody dilut-
ed at 1:2500 (Abcam, USA), polyclonal rabbit 
anti-FASL antibody at 1:1000 (Abcam, USA), 
polyclonal rabbit anti-Bim antibody at 1:1000 
(Abcam, USA), polyclonal rabbit anti-GAPDH 
antibody diluted at 1:2500 (Abcam, USA). After 
washing with PBS/T, membranes were incubat-
ed with peroxidase conjugated goat anti-rabbit 
antibody (Abcam, USA) for 1 h. Proteins were 
visualized using the enhanced chemilumines-
cence detection system (ECL, UK).

Real-Time PCR

Total RNA was extracted from the A172 cells 
using Trizol (TAKARA, Japan). Quantification of 

Figure 1. Upregulation of miR-21 promotes cell proliferation and enhances the chemosensitivity of glioma cell 
line A172 to cisplatin. A: Representative micrographs (left) and quantification (right) of crystal violet stained cell 
colonies, indicating that up regulation of miR-21 promoted cell growth of glioma cell line A172. B: Annexin V-FITC/
PI staining of indicated A172 cells treated with cisplatin (20 μM) for 24 h. C: Representative micrographs (left) and 
quantification of TUNEL positive cells in indicated A172 cells treated with cisplatin (20 μM) for 36 h. *P < 0.05.
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P27, P21, Bim and FASL mRNAs was performed 
using the Quantitect SYBR Green PCR kit (TA- 
KARA, Japan) with ABI 7500 (TAKARA, Japan) 
quantitative PCR system according to the man-
ufactures instructions. GAPDH mRNA was used 
as an internal control for determining the rela-
tive mRNA. All primers used are purchased fr- 
om Gene Pharma (Shanghai, China). All experi-
ments were performed in triplicate independ- 
ently according to the manufacturer’s instruc- 
tions.

Statistical analysis

All the former experiments were repeated at 
least three times. And data are considered to 
be objective and described as means ± stan-
dard error of the mean (SEM). Student’s t-test 
was developed to analysis the group means. P 
value < 0.05 was considered to be statistically 
significant, and two sided tests were essential 
for all statistics. All statistical analyses were 
performed with the Statistical Package of the 
Social Sciences software version 16.0.

Results

miR-21 promoted cell proliferation and inhib-
ited apoptosis

The effects on cell proliferation in the former 3 
groups were investigated using colony forma-

tion assay respectively. The overexpression of 
miR-21 significantly promoted not only the 
growth but also colony formation of A172 cells 
in 1 week (the group of miR-21 mimic relative to 
NC, P < 0.05), as shown in Figure 1A. On the 
contrary, the inhibitor of miR-21 significantly 
suppressed the growth and colony formation of 
A172 cells in 1 week (the group of 1miR-21 
inhibitor relative to NC, P < 0.05), as shown in 
Figure 2A. 

miR-21 reduced the chemosensitivity of A172 
cells to cisplatin

To determine whether miR-21 regulated the che- 
mosensitivity of A172 cells to cisplatin, Annexin 
V-FITC/PI apoptosis assay and TUNEL apopto-
sis assay were performed. After being treated 
with cisplatin (20 μM) for all the former 3 groups 
in 24 hours, the percentage of apoptosis in 
miR-21 mimic group is lower than NC group, 
and NC group is lower than miR-21 inhibitor 
group using Annexin V-FITC/PI apoptosis assay 
with flow cytometry detection, the differences 
of which are significant (P < 0.05) (Figures 1B 
and 2B). According to the same thought, all 
groups were treated with cisplatin (20 μM) for 
36 hours, following by TUNEL apoptosis assay 
with fluorescent microscope detection indicat-
ed that differences of the number of TUNEL 
positive cells are as follow: miR-21 inhibitor 

Figure 2. Inhibition of miR-21 suppresses cell proliferation and reduces the chemosensitivity of glioma cell line 
A172 cells to cisplatin. A: Representative micrographs (left) and quantification (right) of crystal violet stained cell 
colonies, indicating that inhibition of miR-21 induced apoptosis of glioma cell line A172. B: Annexin V-FITC/PI stain-
ing of indicated A172 cells treated with cisplatin (20 μM) for 24 h. C: Representative micrographs (left) and quanti-
fication of TUNEL positive cells in indicated A172 cells treated with cisplatin (20 μM) for 36 h. *P < 0.05.
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group was the most, NC group occupied the 
second place, and miR-21 mimic group was the 
least, the differences of which are significant (P 
< 0.05) (Figures 1B and 2B). The former tests 
showed that the increased expression of miR-
21 significantly inhibited the cisplatin induced 
apoptosis of A172 cells, and inhibition of miR-
21 promoted the process.

miR-21 inhibits FOXO1 signaling pathway via 
FOXO1 suppression

Based on the bioinformatics analysis between 
miR-21 and its target gene FOXO1, dual-lucifer-
ase-reporter activities assay was performed. 
PGL3-IRS vector containing FOXO1-binding 
insulin-responsive sequence was transfected 
into A172 cells for detecting the expression of 
FOXO1. Figure 3A shows the differences of 
FOXO1 luciferase-reporter activities among the 
3 groups are significant: the luciferase-reporter 
activities in miR-21 inhibitor group was the 
most and miR-21 mimic group was the least, 
relative to NC, P < 0.05. The test indicated that 
miR-21 suppressed the expression of FOXO1, 
which resulted in the inhibition of the expres-
sion of pGL3-IRS. Downstream products in 
FOXO1 signaling pathway were detected by 
Real-Time PCR and Western-blot correspond-
ing to mRNA level and protein level. Figure 3B 
and 3C illustrated the expression of down-
stream products in FOXO1 signaling pathway 
were significantly different. The expression of 
P27, P21, Bim and FASL reduced both in mRNA 
level and protein level in miR-21mimic group, 
but rose in miR-21 inhibitor group. The test sug-

gested that miR-21 inhibits FOXO1 signaling 
pathway via FOXO1 suppression.

miR-21 suppresses FOXO1 expression via di-
rectly targeting FOXO1-3’UTR

FOXO1 expression that reduced in miR-21mim-
ic group, but raised in MiR-21 inhibitor group 
were significantly different using Western blot-
ting analysis, relative to GAPDH, P < 0.05. The 
test suggested that miR-21 inhibits FOXO1 
expression. Bioinformatics analysis of FOXO1 
target sequence indicated that the miR-21 
binding sites in the FOXO1 mRNA sequence 
3’UTR ranged from 1975th base site to 1996th 
base site. Wild oligonucleotide DNA for the-
miR-21 binding sequence (FOXO1-3’UTR sequ- 
ence) and mutant Oligonucleotide DNA contain-
ing 2 mutated nucleotides in 3’UTR of FOXO1 
(FOXO1-3’UTR-mut) were developed to detect 
the precise binding sites. Figure 4C reveals the 
differences of miR-21 luciferase-reporter activ-
ities of pGL3-FOXO1-3’UTR among the 3 groups 
are significant: the luciferase-reporter activities 
in miR-21mimic group was the most and miR-
21 inhibitor group was the least, relative to NC, 
P < 0.05. The test indicated that miR-21 sup-
pressed the expression of FOXO1-3’UTR via 
binding the target sequence. On the contrary, 
miR-21 luciferase-reporter activities of pGL3-
FOXO1-3’UTR-mut among the 3 groups did not 
make significant difference. The test suggested 
that the prediction of miR-21 binding sequence 
is correct and miR-21 inhibited the effect of 
FOXO1 via this sequence. In order to explore 
the effect of miR-21 on proliferation of A172 ce- 

Figure 3. miR-21 inhibits FOXO1 signaling pathway. (A) FOXO1 luciferase-reporter activities were analyzed in miR-
21-tranduced and miR-21-inhibited A172 cells. (B, C) Relative mRNA (B) and protein (C) expression of FOXO1-regu-
lated genes in indicated A172 cells assessed by real-time PCR and western blotting. GAPDH was used as a loading 
control. *P < 0.05.
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lls via FOXO1, FOXO1 RNA interference acting 
on cell colony formation assay was developed. 
After FOXO1-siRNA transfecting MiR-21-inhibi- 
tor group, both the proliferation and colony for-
mation of A172 cells were significantly promot-
ed relative to the control of scramble transfec-
tion, P < 0.05. After being treated with cisplatin 
(200 μM) for miR-21-inhibitor group in 36 hours, 
the percentage of apoptosis in FOXO1-siRNA tr- 
ansfecting group is lower than scramble trans-
fecting group using Annexin V-FITC/PI apopto-
sis assay with flow cytometry detection, the 
differences of which are significant (P < 0.05) 
(Figure 4F).

Discussion

miR-21 has been identified as possessing a po- 
tential oncogenic function involved in cell prolif-
eration, differentiation, apoptosis, and chemo-
sensitivity. Some studies have reported that 

miR-21 overexpression was common in various 
cancers including glioma [4-6]. But the mecha-
nism of miR-21 on cell proliferation, apoptosis, 
and chemosensitivity is still ill-informed. The 
investigation of miR-21 effect on primary cul-
ture A172 cells and its definite mechanism sug-
gests much more significance for exploring new 
study hotspot and developing new A172 thera-
peutic target. Current Statistics further con-
firms that miR-21 plays an important role in cell 
proliferation, apoptosis, and chemosensitivity 
on A172 cells. And miR-21 inhibitor can sup-
press A172 cell proliferation and promote the 
cisplatin induced apoptosis, in other words, 
miR-21 inhibitor can enhance the chemosensi-
tivity of A172 cells. The conclusion agreed with 
the reports of Wong [9] and Zhou [10].

miR-21 exists a potential oncogenic function, 
but it cannot function by itself in glioma, the tar-
get protein of which is essential. According to 

Figure 4. miR-21 Suppresses FOXO1 expression via directly targeting FOXO1-3’UTR. A: Predicted miR-21 target se-
quence in the 3’UTR of FOXO1 (FOXO1-3’UTR) and mutant containing two mutated nucleotides in 3’-UTR of FOXO1 
(FOXO1-3’UTR-mut). B: Western blotting analysis of FOXO1 expression in miR-21-transduced or miR-21-inhibited 
A172 cells. GAPDH served as the loading control. C: Luciferase assays of pGL3-FOXO1-3’UTR reporter in miR-
21-transduced or miR-21-inhibited A172 cells. D: Luciferase assays of pGL3-FOXO1-3’UTR-mut reporter in miR-
21-transduced or miR-21-inhibited cells. E: Representative micrographs (left) and quantification (right) of crystal 
violet stained cell colonies, indicating that down regulation of FOXO1 rescued the inhibitory effect of miR-21 on 
cell growth. F: Representative micrographs (left) and quantification of TUNEL positive cells in indicated A172 cells 
treated with cisplatin (20 μM) for 36 h, indicating that down regulation of FOXO1 rescued the promotion effect of 
miR-21 on cell apoptosis. *P < 0.05.
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the function assay, Bioinformatics analysis of 
the target gene indicated miR-21 could bind 
with FOXO1 mRNA and prevent FOXO1 protein 
translation via its 3’UTR ranged from 1975th 
base site to 1996th base site to regulate the 
former function. Dual-luciferase-reporter activi-
ties assay, Real-Time PCR and Western-blot 
were performed to testify the hypothesis. As 
expected, miR-21 suppressed FOXO1 subse-
quently reduced its effect. The mutation and 
RNA interference of FOXO1 further confirmed 
the key role and key sequence of FOXO1. miR-
21 is more likely to act as an oncogene via bind 
with FOXO1 mRNA and prevention FOXO1 pro-
tein translation. The mechanism can account 
for the relationship between poor prognosis of 
glioma and miR-21 overexpression, may also 
attribute to chemotherapy resistance in glioma 
[11].

As known, FOXO1 belongs to the fork head fam-
ily of transcription factors that are character-
ized by a distinct fork head domain. The gene 
plays important roles in regulation of gluconeo-
genesis and glycogenolysis by insulin signaling, 
and is also central to the decision for a preadi-
pocyte to commit to adipogenesis; however, 
recent study revealed FOXO1 could be a tumor-
inhibiting factor [12, 13]. And our statistics sup-
ported the conclusion. The study establishes a 
link between miR-21 and one of its targets 
FOXO1, which will explore new study hotspot 
and develop new A172 therapeutic target.miR-
21 inhibitor can suppress A172 cell prolifera-
tion and enhance the chemosensitivity of A172 
cells, which suggests that miR-21 inhibitor can 
be treated as a new target therapy in glioma.
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