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MicroRNA-126 acts as a tumor suppressor in glioma 
cells by targeting insulin receptor substrate 1 (IRS-1)
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Abstract: MicroRNA (miR-126) was reported to be downregulated and to act as a tumor suppressor in cancers 
of the lung, cervix, bladder, breast, liver and prostate. However, the precise roles and underling mechanisms of 
miR-126 in glioma remain largely unknown. This study is aimed to study the role of miR-126 in the progression of 
glioma and to elucidate underlying miR-126-mediated mechanisms in glioma. Our results revealed that miR-126 
was downregulated in the collected glioma specimen, compared with non-cancerous brain tissues. Restored miR-
126 expression inhibited cell proliferation, colony formation, migration and invasion, and induced cell cycle arrest at 
G0/G1 phase and cell apoptosis of U-87 MG glioma cells. Overexpression of miR-126 was also able to suppress the 
growth of U-87 MG glioma xenografts in mice. Furthermore, insulin receptor substrate 1 (IRS-1) were identified as a 
target of miR-126, and showed that it was negatively regulated by miR-126 in glioma cells. We also demonstrated 
that overexpression of miR-126 suppressed PI3K and AKT activation, which contribute to suppress tumor growth 
of glioma. Taken together, these findings showed that miR-126 functions as a tumor suppressor in glioma cells by 
targeting IRS-1 expression via the PI3K/AKT signaling pathways, suggesting that miR-126 might be a novel target 
for therapeutic strategies in glioma.
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Introduction

Malignant gliomas are the most common pri-
mary tumors of the central nervous system 
with high morbidity and mortality [1, 2]. The 
high lethality of the disease is mainly because 
of the highly invasive/migratory nature of glio-
ma cells, which are capable of diffusely infiltrat-
ing and widely migrating in the surrounding 
brain tissue [3, 4]. Although treating with com-
binations of surgery, radiotherapy and chemo-
therapy, the prognosis and tumor recurrence in 
glioma patients have not been significantly 
improved [5, 6], especially, the most malignant 
glioma, glioblastoma multiform (GBM), is only 
15 months average life expectancy due to diffi-
culties in complete resection and the low sensi-
tivity to radio-/chemo- therapeutic agents [7]. 
Thus, it is quite urgent to reveal the molecular 
mechanisms by which glioma initiates, pro-
gresses, invades, and recurs to develop novel 
and effective therapeutic strategies.

MicroRNAs (miRNAs) are a large family of 
endogenous small non-coding RNAs (19-24 
net) that regulate gene expression by antisense 
complementarity to specific mRNA [8]. It has 
been firmly confirmed that miRNAs played criti-
cal role in the regulation of diverse physiologi-
cal and pathological processes [9], especially in 
tumorigenesis [10, 11]. Growing evidences 
show that miRNAs modulate cell proliferation, 
cell cycle, apoptosis, migration, invasion, and 
metastasis in human cancers [12, 13]. Among 
them, miR-126 has been demonstrated to func-
tion as a tumor suppressor, and loss of miR-
126 expression has been reported in many 
cancer types, such as renal cell carcinoma [14], 
hepatocellular carcinoma [15], osteosarcoma 
[16], gastric cancer [17], non-small cell lung 
cancer [18], colorectal tumors [19], cervix [20] 
and colon cancer [21], restoration of miRNA-
126 reduced cell proliferation, decreased cell 
invasive capacity and increased apoptosis in 
several human cancers [22]. However, to our 
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knowledge, the precise roles and mechanisms 
of miR-126 in glioma have not been determined 
until now.

In the present study, we investigated miR-126 
expression level in glioma tissue and adjacent 
noncancerous brain tissues, and found that the 
expression of miR-126 was significantly down-
regulated in glioma tissues than those in the 
adjacent normal tissues (P < 0.01). We also 
investigated the functional role of miR-126 in 
glioma, both in vitro and in vivo. We found that 
that in glioma cell lines miR-126 functioned as 
a tumor suppressor and overexpression of miR-
126 reduced cell proliferation, decreased cell 
migration and invasive capacity and increased 
apoptosis and cell arrest at G0/G1 phase in 
vitro, and suppressed tumor growth in vivo. 
Furthermore, we showed that miR-126 directly 
targets the 3’UTR IRS-1 of to regulate its expres-
sion and downstream signaling proteins. Our 
findings provide the first evidence of a role for 
miR-126 as a tumor suppressor in glioma medi-
ated by targeting IRS-1, suggesting that miR-
126 might be a novel target for therapeutic 
strategies in glioma.

Materials and methods

Clinical glioma samples 

Human glioma samples were collected from 
the Department of Neurosurgery, the first hos-
pital of Jilin University (Changchun, China) from 
30 adult patients, freshly resected during sur-
gery. All samples were immediately frozen in 
liquid nitrogen and stored at -80°C until use. 
There were 12 low-grade (5 from WHO grades I 
and 7 from WHO grades II) and 18 high-grade 
tumors (8 from WHO grades III and 10 from 
WHO grades IV). Normal brain tissues adjacent 
to the tumor were taken from 3 cm away from 
the tumor cells. None of patients had received 
chemotherapy, immunotherapy and radiothera-
py prior to surgery. All patients gave written 
informed consent according to a study protocol 
were approved by the ethics committee of the 
first the first hospital of Jilin University 
(Changchun, China).

Cell line and culture

Four human glioma cell lines, including U251, 
U87, U118 and LN18 and primary normal 
human astrocytes (NHA) were purchased from 

the Type Culture Collection of the Chinese 
Academy of Sciences (Shanghai, China), and 
were cultured at 37°C with 5% CO2 in DMEM 
(Gibson, Gaithersburg, USA) supplemented 
with 10% fetal bovine serum (FBS, Gibson BRL, 
Gaithersburg, MD, USA), 100 units/ml penicillin 
and 100 mg/ml streptomycin.

Real time quantitative RT-PCR

RNA was isolated from harvested cells or 
human tissues with Tirol reagent according to 
the manufacturer’s instruction (Invitrogen, CA, 
USA). Total RNA (3 μg) was reverse transcribed 
into cDNA using M-MLV reverse transcriptase 
(Promega, USA) with the specific primers 
according to the manufacturer’s instructions. 
Then miR-126 expression level was quantified 
as described by Liu et al [23]. Expression of U6 
was used as an endogenous control. To deter-
mine the mRNA levels of IRS-1, total RNAs were 
reversely transcribed by oligo dT primer using 
PrimeScript RT Reagent Kit (Takara, Dalian, 
China). Housekeeping gene β-actin was used 
as internal control, primers of IRS-1 and β-actin 
were used as described previously [24]. The 
cDNAs were amplified by qRT-PCR using SYBR 
Premix DimerEraser (Takara, Dalian, China) on 
an ABI PRISM 7000 Sequence Detection 
System (Applied Biosystems, Foster City, CA, 
USA). The comparative 2-∆∆Ct method was used 
for relative quantification and statistical 
analysis.

Transfection of cells with miR-126

miR-126 mimic or corresponding negative con-
trol (miR-NC) were purchased from GenePharma 
(Shanghai, China). U87 cells were transfected 
with either miR-126 mimic or miR-NC at final 
concentration 50 nM using Lipofectamine 
2000 (Invitrogen, USA) according to the manu-
facturer’s protocol. At 48 h post-transfection, 
Transfection efficiencies were evaluated in 
every experiment by qRT-PCR.

Cell proliferation

To determine the effects of miR-126 on growth 
of glioma cells, 2 × 103 transfected cells/well 
were seeded in 96-well plates. The absorptions 
of the cells were measured at a wavelength of 
450 nm by an enzyme-linked immunosorbent 
assay reader (Thermo Labsystems, Finland) 
using a CCK8 kit (Dojindo Laboratories, 
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Kumamoto, Japan) according to the manufac-
turer’s instruction at different indicated time 
points. Data were from at least three separate 
experiments with three replications each time.

Cell cycle and apoptosis analysis

Cells cycle and apoptosis analysis was per-
formed on U87 cells 48 h after transfection. 
Transfected cells were harvested, washed 
twice with cold PBS, fixed in ice-cold 70% et- 
hanol, incubated with RNase A (Sigma, USA) at 
37°C for 30 min and then stained with propidi-
um iodide (PI, Sigma, USA) at 4°C for 30 min in 
the dark, and were analyzed by fluorescence-
activated cell sorting (FACS) (BD Biosciences, 
Mansfield, MA, USA). 

For analysis of apoptosis, transfected cells 
were incubated with PE Annexin-V and 7AAD fol-
lowing the PE Annexin-V Apoptosis Detection 
Kit I (BD Pharmingen, CA, USA) protocol, and 
then analyzed by FACS. The apoptotic rate and 
cycle distribution and were analyzed using 
CellQuest software (BD Biosciences San Jose, 
CA, USA). All experiments were run in triplicate.

Migration and invasion assays

For the transwell migration assay, 5 × 104 
transfected cells were placed in the upper 
chamber of each insert (Corning, Cambridge, 
USA). For the invasion assay, 5 × 104 transfe- 
cted cells were placed on the upper chamber of 
each insert coated with 150 mg Matrigel (BD 
Biosciences, Bedford, MD). The lower chamber 
of the transwell was filled with the DMEM medi-
um supplemented with 20% FBS. After 24 h or 
48 h of incubation (24 h for migration assays; 
48 h for invasion assays), the upper surface of 
the membrane was wiped with a cotton tip and 
cells attached to the lower surface were stained 
with crystal violet for 20 min. The invaded or 
migrated cells were photographed and were 
counted in five random fields of view at 100 × 
magnification and expressed as the average 
number of cells per field of view.

Vector construction and luciferase reporter 
assay

The human IRS-1 3’UTR oligonucleotides har-
boring the wild-type (wt) or mutant (mt) miR-
126 binding site of were cloned into the psi-
CHECK2 vector (Promega, USA) in the XhoI/

NotI sites. For luciferase assay, U87 cells (3 × 
104/well) in 24-well plates were co- transfected 
with 100 ng psiCHECK2-UTR vectors (wt/mt) 
and the miR-126 mimics or miR-NC at a final 
concentration of 50 nM. 48 h after transfec-
tion, cells were lysed and reporter gene expres-
sion was determined using the Dual-luciferase 
reporter assay system (Promega) according to 
the manufacturer’s instructions. The specific 
activity is expressed as the fold changes of the 
experimental group versus the control group. 
Experiments were performed three times in 
triplicates.

Western blot analysis

Protein was extracted from tissues and cells 
using RIPA lysis buffer containing proteinase 
inhibitor (Sigma). Protein concentration was 
determined using the BCA Protein Assay Kit 
(Vigorous Biotechnology Beijing Co. Ltd, Beijing, 
China). Equal amounts of protein lysates (20 μg 
each lane) was separated using 10% SDS-PAGE 
gel and then electroblotted onto nitrocellulose 
membranes (Millipore, Wisconsin, USA). Mem- 
branes were blocked for 2 h with 5% non-fat dry 
milk in Tris-buffered saline containing 0.1% 
Tween-20, and incubated at 4°C overnight with 
following primary antibody: mouse monoclonal 
anti-human IRS-1 (1:1000, Santa Cruz, USA), 
mouse monoclonal anti-human phospho-Akt 
(p-Akt) (Ser473) (1:100, Cell Signaling, US- 
A), mouse monoclonal anti-human anti-Akt 
(1:1000, Cell Signaling, USA), mouse monoclo-
nal anti-human PI3K (1:500, Santa Cruz, USA), 
mouse monoclonal anti-human phosphorylat-
ed (p)-PI3K(Tyr458, 1:1000, Cell Signaling 
Technology) and mouse monoclonal anti-
human β-actin (1:5000, Santa Cruz, USA). 
β-actin was used as an internal control for  
protein loading. The membrane was further in- 
cubated with horseradish peroxidase (HRP)-
conjugated goat anti-mouse IgG (1:5000, Santa 
Cruz, USA) for 1 h at room temperature. The 
immune complexes were detected by enhanced 
chemiluminescence (ECL, Cell Signaling Tec- 
hnology). The integrated density of the band 
was quantified by Quantity One software (Bio-
Rad, USA). 

Tumorigenesis in nude mice

Thirty male BALB/c nude mice (6-weeks-old) 
were purchased from were obtained from 
Experiments Animal Center of Changchun 
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Biological Institute (Changchun, China), and 
maintained in special pathogen-free (SPF) con-
dition for one week. Animal handling and exp- 
erimental procedures were in accordance with 
the Guide for the Care and Use of Laboratory 
Animals, and approved by the Animal Expe- 
rimental Ethics Committee of Jilin University. 

U87 cells and U87 cells stably expressing miR-
126 or miR-NC were injected subcutaneously 
into both flanks of nude mice (2 × 106 cells in 

100 μl). Tumor sizes were 
measured using vernier ca- 
liper every five days and 
tumor volume was calculat-
ed by formula: volume = 
1/2 × Length × Width2. 30 
days after implantation, 
mice were sacrificed and 
tumors were dissected, and 
tumor weight was mea-
sured. Total RNAs of tumor 
tissues were extracted to 
determine miR-126 expres-
sion level by qRT-PCR.

Statistical analysis

All experiments were repe- 
ated at least three times 
independently. Data were 
expressed as the mean ± 
SD (standard deviation) of 
repeated experiments. Sta- 
tistical analysis between 
two samples was per-
formed using Student t- 
test, and more than two 
groups was performed us- 
ing one-way ANOVA fol-
lowed by a Tukey post hoc 
test. The software Grap- 
hpad Prism 5.0 software 
(GraphPad Software, San 
Diego, CA, USA) was used 
for statistical analyses. P 
values < 0.05 were consid-
ered significant.

Results

miR-126 expression was 
downregulated in glioma 
tissue and cell lines

To determine whether miR-126 was involved in 
the tumorigenesis or development of glioma, 
we first evaluated the expression levels of miR-
126 glioma tissues and corresponding normal 
brain tissues by qRT-PCR (Figure 1A). The 
results showed that the expression levels of 
miR-126 were consistently lower in the glioma 
tissues than corresponding normal brain tis-
sues. Meanwhile, the miR-126 expression was 
lower in grade III and IV gliomas compared to 
grades I and II tumors (Figure 1A). In addition, 

Figure 1. miR-126 was down-regulated in human glioma tissues and cell lines. 
A. Real-time quantitative RT-PCR (qRT-PCR) analysis of miR-126 expression in 
glioma tissues from different grades and adjacent normal brain tissues. U6 was 
used as loading control. B. Real-time quantitative RT-PCR (qRT-PCR) analysis of 
miR-126 expression in four glioma cell lines and primary normal human astro-
cytes (NHA). *P < 0.05 and **P < 0.01.
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qRT-PCR was performed on a panel of 4 human 
glioma cell lines and primary normal human 
astrocytes (NHA). It was found that the miR-126 
expression in four glioma cell lines was remark-
able downregulated compared to NHA (Figure 
1B). The U87 cell line, which possessed the 
lowest levels of miR-126 expression among 
four cell lines, was selected for next studies. 
These results suggested that miR-126 could be 
closely related to human glioma and loss of 
miR-126 might be related to glioma oncogene-
sis and progression.

Ectopic expression of miR-126 inhibits cell 
proliferation, migration and invasion and in-
duces cell apoptosis of glioma cells

To explore the relevance of miR-126 and glioma 
cell growth, miR-126 mimic or miR-NC was 
transfected into U87 cells. The intracellular 
level of miR-126 was significantly higher in U87 
cells after transfecting with miR-126 mimic 
compared with the miR-NC group (Figure 2A). 
Then, cell proliferation rate was measured 
using CCK-8 assays. It was found that restored 
expression of miR-126 led to significantly 
decrease of proliferation in U87 cells (Figure 
2B). As proliferation directly linked to cell cycle 
distribution, we investigate the effect of miR-
126 on cell cycle progression. As expected, the 
percentage of S phase cells decreased, and  
the percentage of G1 phase cells increased  
in U87 cells transfected with miR-126 mimic  
compared to the miR-NC group (Figure 2C).
Furthermore, to reveal the biological role of 
miR-126 on migration and invasion, transwell 
assay were performed. We find that restored 
expression of miR-126 could significantly in- 
hibit migration (Figure 2D) and invasion (Figure 
2E) in U87 cells. In addition, to reveal miR-126 
on apoptosis in U87 cells, PE Annexin-V stain-
ing was used. As shown in Figure 2F, transfec-
tion with miR-126 increased cells apoptosis 
compared to miR-NC and control group. These 
findings indicated that ectopic expression of 
miR-126 inhibited cell proliferation, migration 

and invasion and induced cell apoptosis of glio-
ma cells.

IRS-1 is a direct target of miR-126

IRS-1 has been identified as a direct target of 
miR-126 in breast [24], colorectal [25], and 
colon cancer cells [26]. However, the link 
between miR-126 and IRS-1 is still unclear in 
glioma. To verify whether IRS-1 is a direct target 
of miR-126 in glioma, a human IRS 3’ UTR frag-
ment containing the binding sites of miR-126 or 
the mutant sites (Figure 3A) was cloned to were 
cloned into the psiCHECK2 vector (Promega, 
USA), then together with miR-126 or miR-NC 
were cotransfected into U87 cells, and cultured 
for 48 h, and luciferase activities in those cells 
were measured. We found that luciferase activ-
ities were significantly reduced in those cells 
transfected with the wild sequence IRS-1 and 
miR-126, but not in the cells with the mutant 
sequence IRS-1 and miR-126 (Figure 3B). Then, 
qRT-PCR and western blotting analysis was per-
formed to measure IRS-1 on mRNA and protein 
level, we found that the expression of IRS-1 was 
downregulated both mRNA level (Figure 3C) 
and protein level (Figure 3D) in miR-126 treat-
ed cells. These results suggest that miR-126 
directly targets IRS-1 by binding its seed region 
to their 3’-UTRs in glioma cells. 

Effects of miR-126 on PI3K/AKT signaling 
pathways

The PI3K/AKT signaling pathway plays an 
important role in carcinogenesis for several 
types of cancer including glioma [27]. In addi-
tion, it has been confirmed that IRS-1 transduc-
es extracellular signals into cells through AKT 
signaling pathways via miR-126 in colorectal 
cancer cells [25]. To determine whether there 
were some changes in this signaling pathway in 
miR-126-transfected cells, we examined the 
phosphorylation status of PI3K and AKT by 
western blot. It was found that miR-126 overex-
pression led to decreased levels of phosphory-

Figure 2. Ectopic expression of miR-126 inhibits cell proliferation, migration and invasion and induces cell apoptosis 
of glioma cells. (A) The expression of miR-126 was detected in U87 cells by qRT-PCR after transfected with miR-126 
mimic or miR-NC. (B) Cell viability was measured at posttransfection by CCK-8 assay. (C) Cell cycle was measured 
in glioma cells at posttransfection by flow cytometry. (D, E) Cell migration (D) and invasion (E) were determined in 
glioma cells by transwell assay after transfected with miR-126 mimic or miR-NC. (F) Cell apoptosis were measured 
in glioma cells by flow cytometry after transfected with miR-126 mimic or miR-NC. *P < 0.05, **P < 0.01 versus 
control.
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lated PI3K and AKT (Figure 4), while there was 
no difference in the levels of total PI3K and AKT 
in each group (Figure 4). These data suggest 
that miR-126 may be an important regulator in 
the PI3K/AKT signaling pathways.

Overexpression of miR-126 inhibits tumor grow- 
th in vivo. As we showed overexpression of miR-
126 played important role in inhibiting glioma 
cells growth in vitro, we further investigated 
whether miR-126 would have similar antitumor 
effect in vivo.U87 cells and U87 cells stable 
expression miR-NC or miR-126 were subcuta-
neously inoculated in nude mice (n = 10 for 
each group). The sizes of U-87 MG tumors est- 
ablished in mice were measured with caliper 
every five today. The results revealed that tumor 
volumes were significantly smaller in the group 
treated with miR-126 mimic than controls 
group and miR-NC group (Figure 5A). The 
tumors were extracted 30 days after implanta-
tion, tumor weight were measured and found 

that tumors weight were significantly lower  
in miR-126 mimic group compared to control 
group and miR-NC group (Figure 5B, 5C). In 
addition, we also determined miR-126 expres-
sion level in xenograft tumors by qRT-PCR. The 
results showed that miR-126 expression was 
upregulated in the xenograft tumors of miR-
126 mimic group compared to the xenograft 
tumors of miR-NC group and control group (P < 
0.05, Figure 5D). These results might imply 
that upregulation of miR-126 could inhibit glio-
ma growth in vivo.

Discussion

MicroRNAs (miRNA), a novel class of regulatory 
molecules, have been showed to play impor-
tant role in regulation of tumorigenesis, differ-
entiation, proliferation, and survival through 
the inhibition of major cellular pathways in 
diverse human cancers [28]. miRNAs have 
been documented to function both as tumor 

Figure 3. miR-126 targets the 3’-UTR of IRS-1 and down-regulates its expression. A. The predicted binding sites for 
miR-126 in the 3’UTR of IRS-1 and the mutations in the binding sites are shown. B. U87 cells were transfected with 
the wild type or mutated version of the luciferase-IRS 3’-UTR reporter vector as well as the miR-126 mimics or miR-
NC for 48 h, then luciferase reporter assay were performed. C. Measurement of IRS-1 mRNA expression levels in 
U87 cells by qRT-PCR after transfected with the miR-126 mimics or miR-NC. The endogenous expression levels of 
the β-actin mRNA were used for normalization. D. Measurement of IRS-1 expression levels in U87 cells by western 
blot analysis after transfected with the miR-126 mimics or miR-NC. The endogenous expression levels of the β-actin 
protein were used for normalization. *P < 0.05, **P < 0.01 versus control.
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suppressor genes and oncogenes, regulating 
many cellular events, such as proliferation, 
apoptosis, migration, differentiation and inva-
sion [28]. Recent studies have been reported 
that miR-126 plays a potential role as a tumor 
suppressor in many kinds of cancers [14-25]. 
However, there are no results referring to the 
role of miR-126 in glioma so far. In this study, to 
our knowledge, we first showed that the expres-
sion of miR-126 is downregulated in glioma 
samples and glioma cell lines. Moreover, over-
expression of miR-126 significantly inhibited 
glioma cell proliferation, migration, invasion, 
and induced cell apoptosis in vitro and sup-
pressed tumor growth in vivo.

IRS-1, a docking protein, is highly expressed in 
many kinds of cancers such as pancreatic can-
cer [29], breast [24], colorectal [25], and colon 
cancer cells [26]. Consistent with these results, 
the present study showed that IRS-1 protein 
expression is up-regulated in glioma tissue 
compared with normal brain tissue (Figure 3D). 
Dearth et al found that transgenic mice over-
expressing IRS-1 or IRS-2 in the mammary 
gland could result in progressive mammary 
hyperplasia, tumorigenesis, and metastasis 
[30].

Growing evidence have been showed that that 
IRS-1 could act as oncogene, and play major 
roles on in cell growth, proliferation, migration, 
invasion and differentiation [24, 26, 29, 31]. Of 
note, IRS-1 has been identified as a direct tar-
get of miR-126 in several human cancer cells 

[24-26]. Here, we also found 
that insertion of the wild 
type of miR-126 binding site 
in the IRS-1 3’UTR in a dual-
luciferase reporter con-
struct led to a reduction of 
the reporter gene expres-
sion in glioma cells; and 
that overexpression of miR-
126 induced the inhibition 
of IRS-1, specifically, sug-
gesting that miR-126 direct-
ly targets IRS-1 by binding 
its seed region to their 
3’-UTRs in glioma cells.

IRS-1, as an adaptor of 
IGF1R, has been showed to 
play an important role in 
cell growth and proliferation 
mainly through the PI3K/

Figure 4. Effects of miR-126 on activation of PI3K/AKT signaling pathways in 
glioma cells. PI3K, p-PI3K, AKT, p-AKT protein expression levels in U87 cells 
were determined by western blot after transfected with miR-126 mimic or miR-
NC. The endogenous expression levels of the β-actin protein were used for nor-
malization.

Akt pathway [24, 31]. In addition, recently a 
study showed that miR-126 may act as a tumor 
suppressor in colon cancer by downregulating 
the p58b subunit through the PI3K signaling 
pathway [32]. Another study indicated found 
that up-regulation of miR-126 could down-regu-
late IRS-1, inhibit colorectal cancer cells prolif-
eration, migration, invasion, and induce cell 
cycle arrest partly through AKT and ERK1/2 
signaling pathways. In the present study, our 
results showed that up-regulation of miR-126 
could inhibit IRS-1 expression and suppress 
activation PI3K/AKT signal pathway in glioma, 
suggesting that miR-126 functions as a tumor 
suppressor in glioma block glioma cell growth 
by regulating IRS-1 expression via the PI3K/
AKT signaling pathways.

In summary, the present study provides evide- 
nce that miR-126 are down-regulated in glioma 
tissues and glioma cell line, its downregulation 
negative correlated with advanced WHO grad- 
es, that miR-126 functions as a tumor suppres-
sor to inhibit cell proliferation, migration and 
invasion, and to induce cell apoptosis and cell 
cycle arrest at G0/G1 phase in glioma cells, as 
well as to suppress tumor growth of glioma in 
nude mice model. This study suggested that 
IRS-1 is one of target genes of miR-126. In addi-
tion, miR-126 decreased IRS-1 expression and 
inhibited activation of PI3K/AKT signaling path-
ways. These results suggested that miR-126 
may be a novel candidate for glioma therap- 
eutics.
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