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Glioma is a commonly diagnosed brain tumor that shows high mortality rate. Despite the great advancement of 
cancer therapy in recent years, chemotherapy is still an important approach for treatment of glioma. However, 
long-term chemotherapy usually causes serious  side effects or complications. It is desirable to take strategies 
to enhance the efficacy of current chemotherapy. In the present study, we observed obvious upregulation of 
miR-374a in glioma cells. More importantly, we found that knockdown of miR-374a was able to enhance the 
etoposide-induced cytotoxicity against glioma cells. Mechanically, we demonstrated that FOXO1 was the tar-
get of miR-374a in glioma. Treatment with miR-374a inhibitor induced overexpression of FOXO1, and thus 
promoted the expression of Bim and Noxa. Since Bim and Noxa act as key proapoptotic proteins in mitochon-
drial apoptosis, miR-374a inhibitor was able to enhance the etoposide-induced apoptosis pathway in glioma.
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INTRODUCTION

Glioma is a commonly diagnosed malignant cancer that 
shows poor prognosis and low survival rate. Nowadays, 
surgery resection and chemotherapy are still the domi-
nant strategy for treatment of glioma1–3. However, long-
term chemotherapy usually causes serious side effects or 
complications. It is urgent to inhibit the chemoresistance 
of glioma cells against chemotherapeutic drugs to obtain 
an efficient chemotherapy.

Etoposide (VP-16) is one kind of DNA topoisomerase 
II inhibitor that induces DNA damage and apoptosis. 
As a broad-spectrum antitumor chemotherapeutic drug, 
VP-16 is used for treatment of various cancers including 
glioma4,5. However, under the stress of continuous expo-
sure to VP-16, glioma cells usually develop some mecha-
nisms to survive under glioma treatment6,7. Some novel 
adjunctive therapies are required to reduce the chemore-
sistance to VP-16 and enhance the efficacy of current 
chemotherapy.

Recently, studies demonstrated that expression profile 
of microRNAs (miRNAs) is associated with chemosensi-
tivity in cancers8,9. miRNAs are a class of endogenously 
expressed and noncoding small RNAs that suppress 
gene expression by binding to the 3¢-untranslated region 

(3¢-UTR) of targeted mRNAs. Therefore, miRNAs par-
ticipate in various biological processes such as cell pro-
liferation, differentiation, metabolism, and apoptosis in 
cancer cells10–12. Moreover, it has been reported that dys-
regulation of miRNAs in cancer cells may induce serious 
chemoresistance. Correction of miRNA disorder can be 
used as a powerful approach to improve the efficiency of 
chemotherapy13–15. In the present study, we investigated 
the expression profile of miR-374a in glioma. We then 
studied the potential role of miR-374a in the VP-16 treat-
ment for glioma.

MATERIALS AND METHODS

Cell Lines and Patients’ Specimens

Human glioma cell lines A172, U118-MG, and LN-18 
were purchased from American Type Culture Collection 
(ATCC, Manassas, VA, USA) and cultured at 37°C in 
Dulbecco’s modified Eagle’s Medium (DMEM; Gibco, 
Waltham, MA, USA) supplemented with 10% fetal bovine 
serum (FBS; Gibco) in a humidified 5% CO2 incubator. 
To investigate the role of miR-374a in the required resis-
tance of VP-16 in glioma cells, we pretreated the A172 
cells with 0.1 μM VP-16 (Sigma-Aldrich, Darmstadt, 
Germany) for 2 weeks, 4 weeks, or 6 weeks before  
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detection of cell viability. These VP-16 pretreated A172 
cells were named as A172-2W, A172-4W, and A172-6W, 
respectively. Human glioma tissues and their corres-
ponding paracancerous tissues were obtained from 25 
primary glioma patients (age range from 41–81 years, 
average age is 62 years) and collected at The Third 
Affiliated Hospital of Kunming Medical University 
between March 2016 and October 2017. We obtained 
informed consent from all patients. The experimental 
protocols were approved by the ethics committee of The  
Third Affiliated Hospital of Kunming Medical University.

Quantitative Reverse Transcriptase Real-Time 
PCR (qRT-PCR)

Total RNAs were extracted from patients’ tissues and 
human glioma cell lines A172, U118-MG, and LN-18 
using TRIzol® reagent (Invitrogen, Waltham, MA, USA).  
For analysis of miR-374a and forkhead box O 1 (FOXO1) 
expression, total RNAs were reverse transcribed using 
stem-loop RT primers and the PrimeScript RT reagent 
kit according to the manufacturer’s instruction (Takara 
Bio, Inc., Otsu, Japan). The stem-loop RT primer of 
miR-374a is as follows: 5¢-CTCAACTGGTGTCGT 
GGAGTCGGCAATTCAGTTGAGCACTTAGC-3¢. 
SYBR® Premix Ex Taq II reagent (Takara Bio, Inc.) was 
used for PCR amplification of miR-374a and FOXO1 on 
an Applied Biosystems 7900HT thermocycler (Thermo 
Fisher Scientific, Waltham, MA, USA). Expression of 
miR-374a and FOXO1 was normalized to U6 snRNA 
and GAPDH, respectively. The relative expression was 
determined according to the 2−DDCt analysis16.

Transfection

For knockdown of FOXO1, FOXO1 siRNA was pur-
chased from Santa Cruz Biotechnology (Santa Cruz, CA, 
USA). For enforced expression of FOXO1, the recombi-
nant pcDNA3.1 plasmid (Invitrogen) containing FOXO1  
open reading frame was conducted. For transfection, 2 μg/
ml of FOXO1 plasmid, 50 pmol/ml of FOXO1 siRNA, 
50 pmol/ml of miR-374a mimic (5¢-AUAUAAUACAA 
CCUGCUAAGUG-3¢; GenePharma Co., Ltd., Shanghai, 
P.R. China), 50 pmol/ml of miR-374a antisense oligo-
nucleotide (miR-374a inhibitor; 5¢-CACUUAGCAGG 
UUGUAUUAUAU-3¢; GenePharma Co., Ltd.), and 
50 pmol/ml of negative control oligonucleotide (NCO;  
5¢-UAAGUACAAUAUAUGCGCCAAU-3¢; GenePharma 
Co., Ltd.) were transfected into the glioma cell lines  
using Lipofectamine™ 2000 (Invitrogen) according to 
the manufacturer’s instruction.

Cell Viability Assay

Transfected A172 glioma cells were seeded in 
96-well plates at a density of 5 × 103 per well over-
night at 37°C. Subsequently, the cells were treated with 

different concentrations of VP-16 for 48 h. Cell viability  
was evaluated using 3-(4, 5-dimethylthiazol-2-yl)-2, 5- 
diphenyltetrazolium bromide (MTT; Sigma-Aldrich) assay  
as previously described17. The absorbance was read at  
570 nm using a microplate reader. The half-maximal 
inhibitory concentration (IC50) of VP-16 was calculated 
according to the cell viability curve of A172 cells.

Luciferase Reporter Assay

FOXO1 3¢-UTR containing putative miR-374a binding 
site was cloned into the downstream of firefly luciferase 
gene in the pMIR-REPORT™ miRNA Expression Re-
porter Vector (Thermo Fisher Scientific, Inc) and named 
as pMIR-WT FOXO1. The mutant FOXO1 reporter 
was created by mutating the seed region of the miR-
374a binding site of pMIR-WT FOXO1 using the site-
directed mutagenesis kit (Takara Bio, Inc.) and named as 
pMIR-MT FOXO1. To perform the luciferase reporter  
assay, A172 cells were incubated in 48-well plates over-
night at 37°C. Subsequently, the cells were cotrans-
fected with luciferase pMIR-REPORT, Renilla luciferase  
pRL-TK vectors (Promega Corporation, Madison, WI,  
USA), and miR-374a mimic/inhibitor by using Lipo-
fectamine 2000. After 48 h of transfection, the luciferase 
activities were measured using the Dual Luciferase 
Reporter Assay System (Promega Corporation) accord-
ing to the manufacturer’s instruction.

Immunoprecipitation

Cells were collected and lysed with cold RIPA lysis 
buffer (Cell Signaling Technologies, Danvers, MA, USA) 
for 15 min at 4°C. Supernatant was then collected after 
centrifugation at 12,000 × g for 15 min. Next, primary 
antibodies were added into the protein supernatant and 
slowly shaken on a rotating shaker at 4°C overnight. 
Subsequently, protein A/G plus-Agarose beads (Santa 
Cruz Biotechnology) were added into the protein lysates 
for 1 h at 4°C. Immunoprecipitated pellets were then 
mixed with the SDS loading buffer and boiled for use  
in Western blot analysis.

Western Blot Analysis

Cells were lysed in the RIPA lysis buffer. Subsequently, 
50 μg of total proteins were separated by 12.5% SDS-PAGE 
and transferred to a polyvinylidene fluoride membrane 
(EMD Millipore, Billerica, MA, USA). The membranes 
were then incubated with the primary antibodies [anti-
FOXO1, GAPDH, Bim, Noxa, MCL-1, Bax, cytochrome 
c (cyto c), apoptosis-inducing factor (AIF), Cox IV, cas-
pase 9, and caspase 3; Cell Signaling Technology] over-
night at 4°C. Next, the membranes were incubated with 
horseradish peroxidase-conjugated secondary antibodies 
for 2 h followed by detection with an enhanced chemilu-
minescence detection kit (Pierce, Rockford, IL, USA). In 
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addition, to evaluate the release of cyto c and AIF from 
the mitochondria into the cytoplasm, cellular mitochon-
dria were separated using Mitochondria/Cytosol Fraction 
Kit (BioVision, Milpitas, CA, USA) according to the 
manufacturer’s instruction. The remaining cell lysate was 
used as the cytoplasm fraction.

Flow Cytometry

For detection of mitochondrial membrane potential 
(MMP), A172 cells were collected and stained with JC-1  
(Molecular Probes, Waltham, MA, USA) as an indica-
tor18 before analysis of MMP on flow cytometry (Becton 
Dickinson, Franklin Lakes, NJ, USA) according to the 
manufacturer’s instruction. For measurement of apo-
ptotic rate, A172 cells were collected and stained with 
Annexin-V/propidium iodide (PI; Sigma-Aldrich). Sub-
sequently, cell apoptosis was analyzed by flow cytometry, 
and the annexin V+ cells were considered as the apoptotic 
cells.

Statistical Analysis

Data are represented as mean ± standard deviation (SD)  
and obtained from three independent experiments. For 
comparison analysis, two-tailed Student’s t-tests were 
used to estimate the statistical differences between two 
groups. In addition, one-way ANOVA and Bonferroni 
post hoc test were used to determine the differences. 
Statistical analysis was performed using SPSS 14.0 soft-
ware. A value of p < 0.05 was considered to indicate a  
statistically significant difference.

RESULTS

miR-374a Is Overexpressed in Glioma Cells

To investigate the potential role of miR-374a in glioma, 
25 primary glioma patients’ tumor tissues and their para-
cancerous tissues were collected and analyzed. We found 

that expression level of miR-374a in glioma tissues was 
significantly higher than that in paracancerous tissues 
(Fig. 1A). We then analyzed the miR-374a expression in 
glioma cell lines. Our results showed obvious upregula-
tion of miR-374a in A172, U118-MG, and LN-18 glioma 
cell lines in vitro (Fig. 1B). Taken together, we demon-
strated that miR-374a was overexpressed in glioma cells.

Knockdown of miR-374a Increases the Sensitivity  
of Glioma Cells to VP-16 Treatment

As miR-374a expression was found to be upregu-
lated in glioma cells, we transfected the A172 cells with 
miR-374a inhibitor to knockdown the miR-374a level 
(Fig. 2A). Interestingly, we found that miR-374a inhibi-
tor treatment significantly promoted the VP-16-induced 
cell death in A172 cells (Fig. 2B). The IC50 of VP-16 to 
A172 cells was reduced by 85.1% due to the transfection 
with miR-374a inhibitor (Fig. 2C). These results indi-
cated that adjunctive treatment with miR-374a inhibitor 
can enhance the cytotoxicity of VP-16 against glioma 
cells.

miR-374a Inhibitor Increases the Expression  
of FOXO1 in Glioma

To explore the mechanism by which miR-374a inhibi-
tor enhanced the cytotoxicity of VP-16 against glioma 
cells, three miRNA databases (TargetScan, miRanda, and  
PicTar) were used to predict miR-374a binding sites in 
human mRNA transcripts. These databases showed that 
FOXO1, a reported tumor suppressor in multiple can-
cers19–21, contains a putative binding site paired with miR-
374a (Fig. 3A). Results of qRT-PCR (Fig. 3B) and Western 
blot analysis (Fig. 3C) showed that glioma cell lines 
expressed an obviously lower level of FOXO1 compared 
to the paracancerous cells, in contrast to the upregulation 
of miR-374a in glioma cells. These results suggested that 

Figure 1. Overexpression of miR-374a in glioma. (A) Quantitative reverse transcriptase real-time PCR (qRT-PCR) analysis was per-
formed to evaluate the expression profile of miR-374a in glioma patients’ tumor tissues and paracancerous tissues (n = 25). *p < 0.05 
versus paracancerous tissues. (B) Comparison of miR-374a expression between glioma cell lines and paracancerous tissues. *p < 0.05 
versus paracancerous tissues.
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Figure 2. Effect of miR-374a inhibitor adjunctive treatment on etoposide (VP-16)-induced cytotoxicity against glioma. (A) After 
transfection with miR-374a inhibitor, relative expression level of miR-374a in A172 cells was detected by qRT-PCR analysis.  
*p < 0.05 versus negative control oligonucleotide (NCO) group. (B) miR-374a inhibitor-transfected A172 cells were treated with dif-
ferent concentrations of VP-16 (0~8 μM). Cell viability was measured using 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 
bromide (MTT) assays. (C) Effect of miR-374a inhibitor on changing the IC50 of VP-16 to A172 was calculated according to the  
cell viability curve. *p < 0.05 versus NCO group.

Figure 3. Effect of miR-374a inhibitor on regulating the forkhead box O 1 (FOXO1) expression in glioma. (A) Putative binding 
site paired with miR-374a at the 3¢-untranslated region (3¢-UTR) of FOXO1 mRNA. (B) qRT-PCR analysis was performed to detect 
the expression of FOXO1 in glioma cell lines and paracancerous cells at the mRNA level. *p < 0.05 versus paracancerous tissues. 
(C) Protein level of FOXO1 in glioma cell lines and paracancerous cells was analyzed by Western blot assay. (D) Effect of miR-374a 
(50 pmol/ml) and miR-374a inhibitor (50 pmol/ml) on regulating the expression level of FOXO1 in A172 cells. (E) After cotransfec-
tion with miR-374a mimic/inhibitor and pMIR plasmid carrying FOXO1 3¢-UTR in A172 cells, luciferase activities were measured 
using Dual-Luciferase Reporter Assay System according to the manufacturer’s instruction. *p < 0.05 versus NCO group.
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decrease in FOXO1 expression may be induced by over-
expression of miR-374a in glioma. We therefore trans-
fected the A172 cells with miR-374a mimic or inhibitor 
before detection of FOXO1 expression. We found that 
transfection with miR-374a mimic decreased the protein 
level of FOXO1, whereas the miR-374a inhibitor treat-
ment was able to increase the expression of FOXO1  
(Fig. 3D). To confirm the miR-374a/FOXO1 axis in 
glioma, we inserted the wild-type or mutant 3¢-UTR of 
FOXO1 into the pMIR reporter followed by performance 
of dual-luciferase reporter assays. The results showed  
that miR-374a inhibitor significantly increased the luci-
ferase activities of pMIR reporter containing wild-type  
FOXO1 3¢-UTR but not the mutant pMIR reporter  
(Fig. 3E). Taken together, we proved that FOXO1 was  
the target of miR-374a, and miR-374a inhibitor treatment 
can increase the expression of FOXO1 in glioma.

miR-374a Inhibitor Sensitizes Glioma Cells to VP-16-
Induced Apoptosis Through Upregulation of FOXO1

Since miR-374a inhibitor increased the expression 
of FOXO1 in glioma, we next investigated whether the 

sensitization of miR-374a inhibitor on VP-16-induced 
cytotoxicity to glioma cells was dependent on the FOXO1  
pathway. As shown in Figure 4A, transfection with 
FOXO1 eukaryotic expression vector obviously over-
expressed FOXO1 in A172 cells. FOXO1 siRNA was 
found to abolish the effect of miR-374a inhibitor on 
increasing FOXO1 expression. Results of cell viability 
assays showed that the FOXO1 siRNA partially “res-
cued” the A172 cells cotreated with VP-16 and miR-
374a inhibitor. On the contrary, enforced expression of 
FOXO1 directly through the FOXO1 plasmid transfec-
tion was observed to increase the cytotoxicity of VP-16 
against A172 cells, similar to the miR-374a inhibitor 
(Fig. 4B). Furthermore, the results of flow cytometry 
showed that FOXO1 plasmid transfection enhanced the 
VP-16-induced apoptosis, similar to the miR-374a inhibi-
tor. However, knockdown of FOXO1 using its specific  
siRNA was found to inhibit the miR-374a inhibitor-
promoted apoptosis induced by VP-16 in A172 cells 
(Fig. 4C). Taken together, we demonstrated that miR-
374a inhibitor sensitizes glioma cells to VP-16-induced 
apoptosis through upregulation of FOXO1.

Figure 4. miR-374a inhibitor sensitizes glioma cells to VP-16-induced apoptosis through upregulation of FOXO1. (A) Expression 
level of FOXO1 in A172 cells was detected using Western blot analysis after treatment with miR-374a inhibitor, VP-16 (1 μM), 
FOXO1 siRNA, and FOXO1 plasmid. (B) Cell viability of A172 was detected using MTT assays after treatment with miR-374a inhibi-
tor, VP-16 (1 μM), FOXO1 siRNA, and FOXO1 plasmid. *p < 0.05 versus VP-16 + NCO group. #p < 0.05 versus VP-16 + miR-374a 
inhibitor group. (C) Cell apoptotic rate of A172 was detected using flow cytometry after treatment with miR-374a inhibitor, VP-16 
(1 μM), FOXO1 siRNA, and FOXO1 plasmid. *p < 0.05 versus VP-16 + NCO group. #p < 0.05 versus VP-16 + miR-374a inhibitor 
group.
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miR-374a Inhibitor Promotes Bim and Noxa 
Expression in VP-16-Treated Glioma Cells

Bim and Noxa expression is directly transactivated by 
FOXO122,23. We therefore investigated the effect of miR-
374a inhibitor on regulating the Bim and Noxa expres-
sion in VP-16-treated A172 cells. As shown in Figure 5A, 
cotreatment with miR-374a inhibitor obviously promoted 
the expression level of Bim and Noxa in VP-16-treated 
A172 cells, whereas FOXO1 siRNA inhibited the effect 
of miR-374a inhibitor. Results of coimmunoprecipitation  
showed that miR-374a inhibitor promoted interaction 
with Noxa and MCL-1 (Fig. 5B). In addition, interaction  
with Bim and Bax also could be enhanced due to the  
miR-374a inhibitor transfection in VP-16-treated A172 
cells (Fig. 5C). However, cotransfection with FOXO1 
siRNA was found to inhibit the activities of Bim and 
Noxa in miR-374a and VP-16 cotreated A172 cells. 
Taken together, we demonstrated that miR-374a inhibitor 
increased the expression of FOXO1, and thus promoted the 
function of Bim and Noxa in VP-16-treated glioma cells.

miR-374a Inhibitor Promotes Mitochondrial 
Apoptosis in VP-16-Treated Glioma Cells

Since miR-374a inhibitor/FOXO1 axis enhanced the 
function of Bim and Noxa, which act as the key proapo-
ptotic proteins in the mitochondrial apoptosis pathway24,25, 
we next investigated the effect of miR-374a inhibitor 
on mitochondrial apoptosis in VP-16-treated glioma 
cells. We found that adjunctive treatment with miR-374a 
inhibitor obviously expanded the decrease in mitochon-
drial membrane potential (MMP) in the VP-16-treated 
A172 cells. However, the effect of miR-374a inhibi-
tor can be suppressed through knockdown of FOXO1 
(Fig. 6A). As the downstream of the mitochondria col-
lapses, cotreatment with miR-374a inhibitor and VP-16 
induced drastic release of cyto c and AIF, which are 
the apoptotic inducers26 from the mitochondria into the 
cytoplasm (Fig. 6B). In the presence of these apoptotic 
inducers, caspase 9 and caspase 3, which act as apoptosis 
executors, were triggered in the VP-16 and miR-374a-
cotreated A172 cells (Fig. 6C). These data demonstrated  

Figure 5. Effect of miR-374a inhibitor on regulating the expression of Bim and Noxa in VP-16-induced glioma cells. (A) Expression 
level of Bim and Noxa in A172 cells was detected using Western blot analysis after treatment with miR-374a inhibitor, VP-16 (1 μM), 
and FOXO1 siRNA. (B) Interaction with Noxa and MCL-1 in A172 cells was evaluated using coimmunoprecipitation assay after treat-
ment with miR-374a inhibitor, VP-16 (1 μM), and FOXO1 siRNA. (C) Interaction with Bim and Bax in A172 cells was evaluated using 
coimmunoprecipitation assay after treatment with miR-374a inhibitor, VP-16 (1 μM), and FOXO1 siRNA.
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that miR-374a inhibitor can promote mitochondrial apo-
ptosis in VP-16-treated glioma cells through the upregu-
lation of FOXO1 expression.

miR-374a Inhibitor Attenuates the Required 
Resistance of VP-16 in Glioma Cells

Under the treatment with equal concentration of 
VP-16 (4 μM), we found that these A172-2W, A172-4W, 
and A172-6W cells showed increasing resistance against 
VP-16 (Fig. 7A). Interestingly, we found that these VP-16 
pretreated A172 cells exhibited obviously higher levels 
of miR-374a compared to the A172 cells (Fig. 7B). Next, 
we transfected these VP-16-resistant cells with miR-374a 
inhibitor (the transfection efficiency of miR-374a inhibitor 
is shown in Fig. 7C). As the results, knockdown of miR-
374a was found to increase the sen sitivity of A172-2W, 
A172-4W, and A172-6W cells to VP-16 (4 μM) treatment. 
However, FOXO1 siRNA was found to partially “rescue” 
the A172-2W, A172-4W, and A172-6W cells cotreated with 

VP-16 and miR-374a inhibitor (Fig. 7D). Taken together, 
we demonstrated that miR-374a inhibitor can attenuate 
the required resistance of VP-16 in glioma cells through 
upregulation of FOXO1 expression.

DISCUSSION

Previous studies have indicated that formation of 
chemoresistance is usually accompanied with dysregu-
lation of miRNAs in cancers27,28. Among these dysregu-
lated miRNAs, miR-374a is usually overexpressed in 
several cancers. Moreover, the upregulation of miR-374a 
in cancers is found to be responsible for higher prolifera-
tion and metastasis29–31. Overexpression of miR-374a is 
reported to decrease the sensitivity of cisplatin to ovar-
ian cancer cells32. Therefore, miR-374a may represent a 
key target for cancer therapy. In this study, we observed 
a significant increase in miR-374a expression in glioma  
tissues and cell lines. Interestingly, we found that 

Figure 6. miR-374a/FOXO1 axis promotes mitochondrial apoptosis in VP-16-treated glioma cells. (A) Mitochondrial membrane 
potential of A172 cells was measured using flow cytometry after treatment with miR-374a inhibitor, VP-16 (1 μM), and FOXO1 
siRNA. (B) Release of cyto c and AIF from mitochondrial into cytoplasm in A172 cells was evaluated using Western blot after treat-
ment with miR-374a inhibitor, VP-16 (1 μM), and FOXO1 siRNA. (C) Cleavage of caspase 9 and caspase 3 in A172 cells was detected 
using Western blot after treatment with miR-374a inhibitor, VP-16 (1 μM), and FOXO1 siRNA.
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inhibition of miR-374a by using its specific antisense oli-
gonucleotide can increase the sensitivity of glioma cells 
to VP-16 treatment. We demonstrated that combination 
with miR-374a inhibitor can be considered as a poten-
tial approach to sensitize the VP-16-induced cytotoxicity  
against glioma.

FOXO1 is a cellular transcription factor that regulates 
expression of some important genes. In cancer cells, FOXO1 
acts as a tumor suppressor by regulating DNA repair and 
cell cycle transition33–35. FOXO1 facilitates cell apoptosis 
because FOXO1 promotes transcriptional activities of Bim 
and Noxa, which are the key proapoptotic proteins in the 
mitochondrial apoptosis pathway24,25. Previous studies have 
indicated that absence of FOXO1 induces tumorigenesis, 
cancer development, and chemo resistance9,36. Therefore, 
FOXO1 may be a potential target for improving cancer 
therapy.

In the present study, we observed significant downregu-
lation of FOXO1 in glioma cells. However, we found that 
transfection with miR-374a inhibitor can restore the FOXO1 
expression in glioma cells. Furthermore, we showed that the 
promotion of miR-374a inhibitor on VP-16-induced cyto-
toxicity against glioma was dependent on the upregulation 
of FOXO1 expression. In the pathway of apoptosis induced 
by VP-16 and miR-374a-cotreatment, we observed an obvi-
ous overexpression of Bim and Noxa, which are the key 
mediators of mitochondrial apoptosis. As a result, we found 
drastic mitochondria collapse followed by release of cyto c 
and AIF in these VP-16 and miR-374a-cotreated gliomas.

In conclusion, we demonstrated the effect of miR-
374a inhibitor/FOXO1 axis on sensitizing glioma cells  
to VP-16-based chemotherapy. However, whether the 
strategy of miR-374a knockdown can be used in the  
clinic is required to be tested in the future.

Figure 7. miR-374a inhibitor attenuates the required resistance of VP-16 in glioma cells through upregulation of FOXO1 expres-
sion. (A) Cell viability of A172, A172-2W, A172-4W, and A172-6W was detected using MTT assays after treatment with 4 μM 
VP-16. *p < 0.05. (B) Expression level of miR-374a in A172, A172-2W, A172-4W, and A172-6W cells. *p < 0.05 versus A172 cells. 
(C) Transfection efficiency of miR-374a inhibitor in A172-2W, A172-4W, and A172-6W was evaluated by qRT-PCR analysis. *p < 0.05. 
(D) Cell viability of A172-2W, A172-4W, and A172-6W was detected using MTT assays after treatment with miR-374a inhibitor, 
VP-16 (4 μM), and FOXO1 siRNA. *p < 0.05 versus VP-16 +NCO group. #p < 0.05 versus VP-16 + miR-374a inhibitor group.
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