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Abstract. MicroRNA‑432 (miR‑432) has been studied in 
multiple tumors, but the expression status, biological func-
tions and the mechanism of action of miR‑432 in glioblastoma 
multiforme (GBM) are yet to be elucidated. In the present 
study, miR‑432 expression in GBM was determined and its 
clinical significance was evaluated among patients with GBM. 
The effects on the malignancy of GBM in vitro and in vivo were 
examined in detail and the interactions between miR‑432 and 
insulin‑like growth factor 1 receptor (IGF‑1R) mRNA were 
then explored. miR‑432 expression in GBM tissue samples and 
cell lines was measured by reverse transcription‑quantitative 
(RT‑q)PCR. GBM cell proliferation, apoptosis, migration and 
invasion in vitro and tumor growth in vivo were evaluated by a 
Cell Counting Kit‑8 assay, flow‑cytometric analysis, Transwell 
migration and invasion assays, and a tumor xenograft 
experiment, respectively. Bioinformatic analysis followed by 
a luciferase reporter assay, RT‑qPCR and western blotting 
was applied to demonstrate that IGF‑1R is a direct target 
gene of miR‑432 in GBM cells. It was found that miR‑432 
is downregulated in GBM tumors and cell lines. miR‑432 
under expression obviously correlated with the Karnofsky 
Performance Status score and shorter overall survival among 
patients with GBM. Exogenous miR‑432 expression signifi-
cantly reduced proliferation and induced apoptosis of GBM 
cells. In addition, miR‑432 overexpression impaired the 
migratory and invasive abilities of GBM cells in vitro and 
decreased their tumor growth in vivo. Furthermore, IGF‑1R 
was validated as a direct target gene of miR‑432 in GBM cells. 
IGF‑1R knockdown imitated the tumor‑suppressive actions of 
miR‑432 overexpression in GBM cells. Rescue experiments 

proved IGF‑1R downregulation to be essential for the effects 
of miR‑432 on GBM cells. The results of the present study 
revealed a tumor‑suppressive role of the miR‑432‑IGF‑1R axis 
in GBM cells and this axis may have implications for GBM 
therapy.

Introduction

Gliomas represent the most common and prevalent malignant 
tumors in the human central nervous system (1). Glioblastoma 
multiforme (GBM), also known as World Health Organization 
grade IV glioma, is the most common and deadly glioma 
type (2). The treatments for GBM, including surgical resec-
tion, chemoradiotherapy, gene therapy and immunotherapy, 
have improved rapidly lately (3). Unfortunately, the prognosis 
of patients with GBM remains unsatisfactory, with a median 
survival duration of only 9‑12 months (4). Metastasis, recur-
rence, unlimited proliferation, fast diffuse infiltration and 
significant apoptosis resistance are considered the major 
factors responsible for the poor prognosis of patients with 
GBM (5,6). The mechanisms underlying the initiation and 
progression of GBM have not been fully elucidated, and this 
is another reason for the lack of improvement in therapeutic 
outcomes (7). Thus, an urgent task for scientists in this field is 
to further elucidate the molecular pathogenesis of GBM and to 
identify effective therapeutic methods in order to improve the 
survival of patients with this fatal disease.

MicroRNAs (miRNAs/miRs) are a family of endogenous 
noncoding short RNAs 17‑24 nucleotides long (8). miRNAs 
are regarded as a novel group of gene expression regulators and 
they modulate gene expression by directly binding to partially 
complimentary sequences in the 3' untranslated regions 
(3'‑UTRs) of their target mRNAs, thereby causing translation 
suppression and/or degradation of the mRNAs (9). A consid-
erable number of studies have identified aberrant expression 
of miRNAs in human cancers, including GBM. For instance, 
miR‑139‑3p  (10), miR‑454‑3p  (11) and miR‑559  (12) are 
weakly expressed in GBM; on the contrary, miR‑141‑3p (13), 
miR‑500a‑3p (14), and miR‑4516 (15) are overexpressed in 
GBM. The changes in miRNA expression exert crucial effects 
on nearly all pathological phenomena during GBM forma-
tion and progression, e.g., rapid cell proliferation, an aberrant 
cell cycle, insufficient apoptosis, excessive angiogenesis, 
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epithelial‑mesenchymal transition, and metastasis  (16‑18). 
Therefore, further research into the specific participation of 
aberrantly expressed miRNAs in GBM may reveal useful 
targets for anticancer therapies.

miR‑432 has been studied in multiple tumors  (19‑23). 
For instance, miR‑432 expression is low in lung adenocarci-
noma tissues and cell lines. Decreased miR‑432 expression 
significantly correlates with the clinical stage among patients 
with lung adenocarcinoma. Patients with this tumor under 
expressing miR‑432 show worse overall survival than patients 
with lung adenocarcinoma featuring high miR‑432 expres-
sion (19). In addition, downregulation of miR‑432 has been 
proven in osteosarcoma (20), hepatocellular carcinoma (21), 
neuroblastoma (22) and prostate cancer (23). However, the 
expression status, biological functions and the mechanism of 
action of miR‑432 in GBM are yet to be elucidated. Accordingly, 
miR‑432 was selected as the object of study. This study aimed 
to measure miR‑432 expression in GBM and to evaluate its 
clinical significance among patients with GBM. The effects of 
miR‑432 on the malignancy of GBM in vitro and in vivo were 
examined in detail and the interactions between miR‑432 and 
IGF‑1R mRNA were then explored. Collectively, the present 
findings suggest that miR‑432 may act as a tumor‑suppressive 
miRNA on GBM progression by directly targeting IGF‑1R 
mRNA. The present results also show the potential of miR‑432 
as a therapeutic target in this aggressive tumor.

Materials and methods

Patients and tissue samples. GBM tissue samples and 
corresponding adjacent normal tissues were collected from 
51 patients with GBM in The Sixth Affiliated Hospital of 
Wenzhou Medical University between January 2013 and 
February 2014. Patient characteristics are shown in Table I. 
All these patients were treated with surgical resection and had 
not received preoperative chemoradiotherapy, gene therapy, 
immunotherapy, or other anticancer treatments. All the tissue 
samples were quickly immersed in liquid nitrogen and then 
stored at ‑80˚C.

Cell culture. A total of three GBM cell lines (T98, U138 and 
U251) were obtained from Shanghai Institute of Cell Biology 
Cell Bank, the Chinese Academy of Sciences. These cell lines 
were maintained in Dulbecco's modified Eagle's medium 
(DMEM) supplemented with 10% of fetal bovine serum 
(FBS), 100 U/ml penicillin and 100 µg/ml streptomycin (all 
from Gibco; Thermo Fisher Scientific, Inc.). Normal human 
astrocytes (NHAs; ScienCell Research Laboratories, Inc.) 
were grown in the astrocyte medium (ScienCell Research 
Laboratories, Inc.) supplemented with 10% of FBS. All the cell 
lines were cultured at 37˚C in a humidified incubator supplied 
with 5% of CO2.

A transfection experiment. An miR‑432 agomir (agomir‑432) 
and negative control agomir (agomir‑NC) were purchased 
from Shanghai GenePharma Co., Ltd. A specific small 
interfering RNA (siRNA) targeting IGF‑1R (si‑IGF‑1R) 
and a negative control siRNA (si‑NC) were synthesized by 
Guangzhou RioBio, Co., Ltd. An IGF‑1R overexpression 
plasmid lacking its 3'‑UTR (pcDNA3.1‑IGF‑1R; hereafter: 

pc‑IGF‑1R) was constructed by Shanghai GeneChem Co., 
Ltd., and the empty pcDNA3.1 vector served as a negative 
control. T98 and U251 cells were seeded in 6‑well plates at a 
density of 7x105/well and transfected with the agomir (50 nM), 
siRNA (100 pmol) or plasmids (4 µg) using the Lipofectamine 
2000 Reagent (Invitrogen; Thermo Fisher Scientific, Inc.). 
Reverse‑transcription quantitative polymerase chain reaction 
(RT‑qPCR), flow‑cytometric analysis and Transwell assays 
were conducted 48 h post‑transfection. Cell Counting Kit‑8 
(CCK‑8) assay and western blotting were performed 24 and 
72 h after transfection.

Extraction of total RNA and RT‑qPCR. The TRIzol® Reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) was employed for 
total‑RNA extraction. For quantification of miR‑432 expres-
sion, the cDNA was synthesized from the total RNA using the 
miRcute miRNA First‑Strand cDNA Synthesis kit (Tiangen 
Biotech Co., Ltd.). The temperature protocol for RT was as 
follows: 37˚C for 60 min, 95˚C for 5 min and kept at 4˚C. The 
expression of miR‑432 was measured by qPCR with miRcute 
miRNA qPCR Detection kit SYBR Green (Tiangen Biotech 
Co., Ltd.). The thermocycling conditions were as follows: 95˚C 
for 2 min, 95˚C for 10 sec, 55˚C for 30 sec and 72˚C for 30 sec, 
for 40 cycles. To analyze IGF‑1R mRNA expression, RT and 
subsequent qPCR were carried out respectively using the 
PrimeScript RT Reagent kit and SYBR Premix Ex Taq™ kit 
(both from Takara Biotechnology, Co., Ltd.). The temperature 
protocol for RT was as follows: 37˚C for 15 min and 85˚C for 
5 sec. The thermocycling conditions for qPCR were as follows: 
5 min at 95˚C, followed by 40 cycles of 95˚C for 30 sec and 
65˚C for 45 sec. U6 small nuclear RNA and GAPDH served as 
the internal controls for miR‑432 and IGF‑1R mRNA, respec-
tively. The 2‑ΔΔCq method (24) was employed to calculate the 
relative gene expression.

The primers were designed as follows: miR‑432 forward, 
5'‑AAC​GAG​ACG​ACG​ACA​GAC‑3' and reverse, 5'‑CTT​GGA​
GTA​GGT​CAT​TGG​GT‑3'; U6 forward, 5'‑GCT​TCG​GCA​
GCA​CAT​ATA​CTA​AAA​T‑3' and reverse, 5'‑CGC​TTC​ACG​
AAT​TTG​CGT​GTC​AT‑3'; IGF‑1R forward, 5'‑AGG​ATA​TTG​
GGC​TTT​ACA​ACC​TG‑3' and reverse, 5'‑GAG​GTA​ACA​GAG​
GTC​AGC​ATT​TT‑3'; and GAPDH forward, 5'‑CGG​AGT​CAA​
CGG​ATT​TGG​TCG​TAT‑3' and reverse, 5'‑AGC​CTT​CTC​CAT​
GGT​GGT​GAA​GAC‑3'.

CCK‑8 assay. At 24 h post‑transfection, T98 and U251 cells 
were harvested for counting. The cells were seeded in 96‑well 
plates at an initial density of 2x103 cells per well. The cells were 
next cultured at 37˚C with four predetermined time points for 
analysis: 0, 24, 48 and 72 h after seeding. At every selected 
time point, 10  µl the CCK‑8 reagent (Dojindo Molecular 
Technologies, Inc.) was added into each well and incubation 
was conducted at 37˚C and 5% CO2 for another 2 h. Optical 
density (OD) at 450 nm wavelength was measured on an auto-
matic multiwell spectrophotometer (Bio‑Rad Laboratories, 
Inc.). The growth curve was constructed according to the time 
points and OD values.

Flow‑cytometric analysis of apoptosis. Cells were harvested at 
48 h post‑transfection, washed twice with cold phosphate‑buff-
ered saline (PBS) and subjected to apoptosis analysis with 
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the Annexin V‑Fluorescein Isothiocyanate (FITC) Apoptosis 
Detection kit (Biolegend, Inc.). After that, the cells were 
resuspended in 100 µl of 1X binding buffer, followed by the 
addition of 5 µl Annexin V‑FITC and 5 µl a propidium iodide 
solution (that came with the kit) into each tube. The cells 
were incubated in a dark at room temperature for 15 min and 
apoptotic cells were detected by flow cytometry (FACScan; 
BD Biosciences; Becton, Dickinson and Company). Data were 
analyzed with CellQuest Pro 4.0.2 software (BD Biosciences).

Transwell migration and invasion assays. Matrigel (Corning, 
Inc.) mixed with the culture medium was used to precoat 
the Transwell chambers (Corning, Inc.) containing poly-
carbonate membranes with 8‑µm pore size. This step was 
required for the invasion assay but not for the migration assay. 
For both assays, transfected cells were harvested, counted 
and resuspended in FBS‑free DMEM. A total of 5x104 cells 
were added into the upper chambers. In the lower chambers, 
DMEM supplemented with 20% of FBS was added and served 
as the chemotactic factor for the cells. After 24 h cultivation, 
cells remaining on the inner side of the membrane were care-
fully wiped off with a cotton swab. The cells present on the 
outer side of the membranes were fixed in 4% paraformal-
dehyde at room temperature for 30 min, stained with 0.05% 
crystal violet at room temperature for 30 min and images were 
captured. The migratory or invading cells were counted under 
an inverted light microscope (Olympus Corporation). The 
migratory and invasive abilities were expressed as the average 
number of migratory or invading cells in six randomly chosen 
visual fields per chamber.

Tumor xenograft experiment. T98 cells transfected with 
agomir‑432 or agomir‑NC were collected in the logarithmic 
phase of growth, centrifuged at 716 x g for 5 min at room 

temperature and dispersed to obtain a single‑cell DMEM 
suspension. The flank of four‑week‑old BALB/c nude mice 
(19‑21 g; n=8; Shanghai Laboratory Animal Center; Chinese 
Academy of Sciences) was subcutaneously injected with 
2x106  cells transfected with the above‑mentioned nucleic 
acids. Each group contained four nude mice. The animals were 
maintained under specific pathogen‑free conditions (25˚C, 
50% humidity, 10‑h light/14‑h dark cycle) and ab  libitum 
food/water access. Tumor width and length were measured 
at 2‑day intervals with a Vernier caliper, and the tumor 
volume was calculated via the following formula: Volume 
(mm3)=0.5 x width2 (mm2) x length (mm). The study period 
for these mice was 4  weeks. All mice were anesthetized 
with an intraperitoneal injection of 30 mg/kg pentobarbital 
sodium (25). Subsequent to anesthesia, all the mice (n=8) were 
euthanized by cervical dislocation. Finally, the tumor xeno-
grafts were excised, imaged, weighed and stored for further 
analysis.

The animal health and behavior were monitored every day. 
Symptoms, such as abnormal feeding, weight loss, ascites, 
cachexia and the size of tumor was >2 cm during the experi-
ments, were set as humane endpoints for the present study; 
however, no animal was sacrificed before the completion of 
the 4 weeks experiment as a result of displaying any of these 
symptoms.

Bioinformatic analysis and a luciferase reporter assay. A total 
of three miRNA target prediction databases were searched to find 
the potential target gene of miR‑432, including TargetScan 7.1 
(http://www.targetscan.org/), starBase 3.0 (http://starbase.sysu.
edu.cn/index.php) and miRDB (http://mirdb.org/).

The wild‑type (wt) 3'‑UTR fragment of IGF‑1R 
containing the predicted miR‑432‑binding site was ampli-
fied by Shanghai GenePharma Co., Ltd., and inserted into 
the pmirGLO dual‑luciferase vector (Promega Corporation) 
to generate the pmirGLO‑IGF‑1R‑wt‑3'‑UTR plasmid. 
The plasmid pmirGLO‑IGF‑1R‑mutant (mut)‑3'‑UTR was 
created in the same way. T98 and U251 cells were seeded 
in 24‑well plates at a density of 1.0x105/well and tran-
siently cotransfected with a mixture of either agomir‑432 
or agomir‑NC plus either pmirGLO‑IGF‑1R‑wt‑3'‑UTR or 
pmirGLO‑IGF‑1R‑mut‑3'‑UTR using the Lipofectamine 2000 
Reagent. The luciferase activities were quantified 48 h after 
the transfection via a Dual‑Luciferase Reporter Assay System 
(Promega Corporation). Renilla luciferase activity served for 
normalization of the data.

Western blotting. Isolation of total protein was carried out 
with RIPA buffer supplemented with a protease inhibitor: 
Phenylmethanesulfonyl f luoride (both from Beyotime 
Institute of Biotechnology). The Bicinchoninic Acid Assay 
kit (Beyotime Institute of Biotechnology) was used for quan-
tification of protein concentrations. Equal amounts of protein 
(30 µg) were loaded onto a SDS 10% polyacrylamide gel for 
electrophoresis. After that, the separated proteins in the gel 
were transferred to polyvinylidene difluoride membranes 
(EMD Millipore), followed by blocking with a 5% solution 
of defatted milk powder at room temperature for 2 h and 
incubation overnight at 4˚C with primary antibodies. After 
three washes, a horseradish peroxidase (HRP)‑conjugated 

Table I. Relationship between miR‑432 expression and clinical 
parameters of patients with glioblastoma.

	 miR‑432
	 expression level
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical parameters	 Low	 High	 P‑value

Sex			   0.579
  Male	 15	 12	
  Female	 11	 13	
Age			   0.083
  <55 years	 13	 6	
  ≥55 years	 13	 19	
Extension of resection			   0.565
  Subtotal	 11	 8	
  Total	 15	 17	
KPS			 
  ≥80	 8	 16	 0.025
  <80	 18	 9	

KPS, Karnofsky performance score; miR, microRNA.
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secondary antibody (1:5,000; cat. no. ab205718; Abcam) was 
incubated with the membranes at room temperature for 2 h, 
after which the membrane was processed by means of the 
Immobilon Western Chemiluminescent HRP Substrate kit 
(EMD Millipore) for detecting the protein signals. Analysis was 
performed with Quantity One software version 4.62 (Bio‑Rad 
Laboratories, Inc.). The primary antibodies included a mouse 
anti‑human IGF‑1R antibody (cat. no. ab182408; Abcam) and 
a mouse anti‑human GAPDH antibody (cat. no. ab128915; 
Abcam). All the primary antibodies were applied at 1:1,000.

Statistical analysis. All the results are shown as the 
mean ± standard deviation from three independent experiments. 
The correlation between the clinical parameters of patients 
with GBM and miR‑432 expression was determined with the 
χ2 test. Survival analysis was performed by the Kaplan‑Meier 
method and log‑rank test. A comparison between two groups 
was conducted with the t test, whereas the differences among 
multiple groups were assessed by one‑way analysis of variance 
with Tukey's post hoc test. Spearman's correlation analysis 
was performed to confirm the expression correlation between 
miR‑432 and IGF‑1R mRNA in the GBM tissue samples. All 
statistical analyses were carried out in the SPSS software 
(version 16.0; SPSS Inc.). P<0.05 was considered to indicate a 
statistically significant difference.

Results

miR‑432 expression is low in GBM tissues and cell lines. 
To determine the expression profile of miR‑432 in GBM, its 
expression was analyzed in 51 pairs of GBM tissue samples 
and corresponding adjacent‑normal‑tissue samples. The 
RT‑qPCR data indicated that the expression of miR‑432 was 
significantly decreased in GBM tissue samples compared 
with in the corresponding adjacent normal tissues (P<0.05; 
Fig. 1A). In addition, RT‑qPCR was carried out for quantifica-
tion of miR‑432 expression in GBM cell lines (T98, U138 and 
U251) and NHAs. There was significant downregulation of 
miR‑432 in all three GBM cell lines as compared with NHAs 
(P<0.05; Fig. 1B). These results suggested that miR‑432 is 
under expressed in GBM and this downregulation may be 
related to tumor progression.

To understand the clinical value of miR‑432, all the 
51 patients with GBM were classified into two groups (low 
and high miR‑432 expression) based on the median value of 
miR‑432 expression among the 51 GBM tumors. The analysis 
revealed a significant association between decreased miR‑432 
expression and the Karnofsky Performance Status score 
(P=0.025; Table I). In addition, patients with GBM in the low 
miR‑432 expression group showed significantly shorter overall 
survival than the patients in the high miR‑432 expression group 
(P=0.029; Fig. 1C). These findings suggested that miR‑432 is a 
promising prognostic biomarker of GBM.

miR‑432 overexpression suppresses GBM cell proliferation, 
migration and invasion and promotes GBM cell apoptosis 
in vitro. The expression of miR‑432 was lower in cell lines 
T98 and U251 than in U138 cells. Therefore, the two cell 
lines were chosen for further experiments on the involvement 
of miR‑432 in the malignancy of GBM. To this end, either 

agomir‑432 or agomir‑NC was transfected into T98 and U251 
cells. The success of transfection was confirmed by RT‑qPCR 
(Fig. 2A). A CCK‑8 assay was performed to clarify whether 
the upregulation of miR‑432 affects GBM cell proliferation. 
The proliferative ability of T98 and U251 cells significantly 
decreased after agomir‑432 transfection (P<0.05; Fig. 2B). In 
addition, the apoptotic rate of T98 and U251 cells was signifi-
cantly raised by miR‑432 upregulation (P<0.05; Fig.  2C). 
Transwell migration and invasion assays were conducted to 
determine the influence of miR‑432 overexpression on the 
metastasis of GBM cells. The result meant that the exog-
enous miR‑432 expression decreased the migration (Fig. 2D) 
and invasiveness (Fig.  2E) of T98 and U251 cells. These 
observations revealed the tumor‑suppressive role of miR‑432 
in GBM.

miR‑432 directly targets IGF‑1R mRNA in GBM cells. 
According to the miRNA target prediction databases, the 
3'‑UTR of IGF‑1R mRNA contains complementary sequences 
for miR‑432 (Fig.  3A). IGF‑1R was selected for further 
experimental validation because IGF‑1R exerts crucial 
actions on the initiation and progression of GBM (26‑33). 
To confirm the binding of miR‑432 to the 3'‑UTR of IGF‑1R 
mRNA, the luciferase reporter assay was performed on T98 
and U251 cells after cotransfection with either agomir‑432 
or agomir‑NC and either pmirGLO‑IGF‑1R‑wt‑3'‑UTR 
or pmirGLO‑IGF‑1R‑mut‑3'‑UTR. The results suggested 
that the transfection with the agomir‑432 significantly 
decreased the luciferase activity generated by the plasmid 
carrying the wt miR‑432‑binding site (P<0.01; Fig. 3B). By 
contrast, the increase in miR‑432 expression did not reduce the 
luciferase activity generated by the plasmid containing the mut 
IGF‑1R 3'‑UTR fragment.

RT‑qPCR and western blotting were conducted to test 
whether endogenous IGF‑1R expression can be changed by 
miR‑432 upregulation in GBM cells. As expected, the mRNA 
(Fig. 3C) and protein (Fig. 3D) levels of IGF‑1R significantly 
decreased in T98 and U251 cells after the forced miR‑432 over-
expression (P<0.05). Additionally, the expression of IGF‑1R 

Figure 1. miR‑432 is under expressed in GBM tissue samples and cell lines. 
(A) A total of 51 pairs of GBM tissue samples and corresponding adjacent 
normal tissues were collected and miR‑432 expression in both groups of 
tissues was determined via RT‑qPCR. *P<0.05 vs. adjacent normal tissues. 
(B) Total RNA was isolated from three GBM cell lines (T98, U138 and U251) 
and from NHAs and then used for the measurement of miR‑432 expression 
by RT‑qPCR. *P<0.05 and **P<0.01 vs. NHAs. (C) The Kaplan‑Meier method 
and log rank test revealed that patients with GBM in the low miR‑432 expres-
sion group manifested shorter overall survival than the patients in the high 
miR‑432 expression group. P=0.029. RT‑qPCR, reverse transcription‑quan-
titative PCR; miR, microRNA; GBM, glioblastoma multiforme; NHAs, 
normal human astrocytes.
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mRNA was analyzed by RT‑qPCR in the 51 pairs of GBM 
tissue samples and corresponding adjacent‑normal‑tissue 
samples. IGF‑1R mRNA was found to be significantly overex-
pressed in GBM tissue samples relative to the adjacent normal 
tissues (P<0.01; Fig. 3E). Moreover, an inverse correlation 
between the expression levels of miR‑432 and IGF‑1R mRNA 
in GBM tissues was confirmed via Spearman's correlation 
analysis (Fig. 3F; R2=0.3969, P<0.0001). These results collec-
tively proved IGF‑1R to be a direct target gene of miR‑432 in 
GBM cells.

IGF‑1R knockdown has effects similar to those of miR‑432 
overexpression in relation to GBM progression. Given that 
IGF‑1R was validated as a direct target gene of miR‑432, 
the present study supposed that an IGF‑1R knockdown may 
imitate the consequences of miR‑432 overexpression in GBM 
cells. To test this hypothesis, loss‑of‑function assays on T98 

and U251 cells were performed through transfection with 
either si‑IGF‑1R or si‑NC. The expression of the IGF‑1R 
protein significantly diminished in T98 and U251 cells after 
the transfection with si‑IGF‑1R, as demonstrated by western 
blotting (P<0.01; Fig. 4A). In terms of cellular functions, cell 
proliferation significantly slowed down when IGF‑1R was 
knocked down in T98 and U251 cells from 48 h (P<0.05; 
Fig. 4B). Next, it was demonstrated that the proportion of 
apoptotic cells was increased among IGF‑1R‑deficient T98 
and U251 cells compared with in the si‑NC group (Fig. 4C). 
Additionally, the knockdown of IGF‑1R significantly impaired 
the migration (P<0.05; Fig. 4D) and invasiveness (P<0.01; 
Fig. 4E) of T98 and U251 cells. Collectively, these results 
meant that the IGF‑1R knockdown could mimic the effects 
of miR‑432 overexpression in GBM cells and confirmed that 
IGF‑1R downregulation may be responsible for the actions of 
miR‑432 on GBM progression.

Figure 2. miR‑432 exerts inhibitory actions on the growth and metastasis of glioblastoma cells. (A) Either agomir‑432 or agomir‑NC was transfected into T98 
and U251 cells. After that, the overexpression of miR‑432 was confirmed via reverse transcription‑quantitative PCR. **P<0.01 vs. group ‘agomir‑NC’. The Cell 
Counting Kit‑8 assay and flow cytometry revealed the (B) proliferative and (C) apoptotic status of miR‑432‑overexpressing T98 and U251 cells. *P<0.05 and 
**P<0.01 vs. the agomir‑NC group. (D) Transwell migration and (E) invasion assays were conducted to evaluate the migratory and invasive potential of T98 and 
U251 cells after either agomir‑432 or agomir‑NC transfection (magnification, x200). **P<0.01 vs. group agomir‑NC. NC, negative control; miR, microRNA.RETRACTED
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Restoration of IGF‑1R expression attenuates the influence of 
miR‑432 on GBM cells. Rescue experiments were carried out 
to further elucidate whether IGF‑1R downregulation mediates 
the effects of miR‑432 in GBM cells. Firstly, the efficiency of 
IGF‑1R overexpression plasmid lacking its 3'‑UTR (pc‑IGF‑1R) 
was determined via RT‑qPCR analysis (Fig. 5A). T98 and 
U251 cells were cotransfected with agomir‑432 and either the 
IGF‑1R overexpression plasmid lacking its 3'‑UTR (pc‑IGF‑1R) 
or the empty pcDNA3.1 vector. Following the cotransfection, 
western‑blotting data indicated that the decrease of IGF‑1R 
protein expression in miR‑432‑overexpressing T98 and U251 
cells was reversed by the cotransfection with pc‑IGF‑1R 
(Fig. 5B). Regarding cellular functions, restoration of IGF‑1R 
expression attenuated the influence of miR‑432 overexpression 
on the proliferation (Fig. 5C), apoptosis (Fig. 5D), migration 
(Fig. 5E) and invasiveness (Fig. 5F) of T98 and U251 cells. To 
sum up, the tumor‑suppressive effects of miR‑432 upregulation 
on the malignancy of GBM cells were mediated by IGF‑1R 
downregulation.

miR‑432 inhibits the tumor growth of GBM cells in vivo. The 
tumor xenograft experiment was conducted to confirm the 
in vitro finding that miR‑432 may perform tumor‑suppressive 
functions in GBM. T98 cells transfected with either agomir‑432 
or agomir‑NC were subcutaneously inoculated into nude 
mice. The volume of tumor xenografts was decreased in the 
agomir‑432 group compared with in the agomir‑NC group 
(Fig. 6A and B). In addition, the average weight of tumor 
xenografts derived from agomir‑432‑transfected T98 cells 
was significantly decreased compared with in the agomir‑NC 

group (P<0.01; Fig. 6C). When compared with the agomir‑NC 
group, miR‑432 was still overexpressed (Fig.  6D), while 
the mRNA (Fig. 6E) and protein (Fig. 6F) levels of IGF‑1R 
were significantly decreased in the tumor xenografts of the 
agomir‑432 group (P<0.05). These data were suggestive of a 
strong inhibitory effect of the miR‑432‑IGF‑1R axis on the 
tumor growth of GBM cells in vivo.

Discussion

Emerging evidence suggests that miRNAs are aber-
rantly expressed in GBM and have either an oncogenic or 
tumor‑suppressive role (34‑36). The deregulation of miRNAs is 
closely related to the malignant progression of GBM (16,17,37). 
Therefore, identifying the functions of miRNAs in GBM onset 
and progression may point to effective therapeutic targets for 
the management of this cancer. In this study, the expression 
status of miR‑432 in GBM was determined, the clinical value 
of miR‑432 for patients with GBM was assessed, the specific 
functions of miR‑432 in GBM progression were explored and 
the underlying mechanism was investigated. Taken together, 
for the first time to the best of our knowledge, the present study 
demonstrated the tumor‑suppressive activities of miR‑432 in 
GBM and suggested that miR‑432 may find applications in 
anti‑GBM therapies.

miR‑432 serves as a tumor‑suppressive miRNA in multiple 
types of human cancer. For instance, exogenous miR‑432 
expression attenuates lung adenocarcinoma cell prolif-
eration, promotes the apoptosis of these cells and increases 
their sensitivity to cisplatin chemotherapy; these effects are 

Figure 3. IGF‑1R is a direct target gene of miR‑432 in GBM cells. (A) Bioinformatic analysis predicted the possible miR‑432‑binding sequences in the 3'‑UTR 
of IGF‑1R mRNA. The mutant site in the 3'‑UTR fragment of IGF‑1R is also presented. (B) Cotransfection of either agomir‑432 or agomir‑NC and either 
pmirGLO‑IGF‑1R‑wt‑3'‑UTR or pmirGLO‑IGF‑1R‑mut‑3'‑UTR was performed on T98 and U251 cells, and the relative luciferase activity was determined 
after 48 h of incubation. *P<0.05 and **P<0.01 vs. the agomir‑NC group. Either agomir‑432 or agomir‑NC was transduced into T98 and U251 cells, and IGF‑1R 
mRNA and protein levels were next measured by (C) RT‑qPCR and (D) western blotting, respectively. *P<0.05 and **P<0.01 vs. group agomir‑NC. (E) The 
mRNA expression of IGF‑1R in the 51 pairs of GBM tissue samples and corresponding adjacent normal tissues was analyzed by RT‑qPCR. **P<0.01 vs. 
adjacent normal tissues. (F) An inverse correlation between IGF‑1R mRNA and miR‑432 levels among the 51 GBM tumors was uncovered by Spearman's 
correlation analysis. R2=0.3969, P<0.0001. GBM, glioblastoma multiforme; RT‑q, reverse transcription‑quantitative; UTR, untranslated region; NC, negative 
control; IGF‑1R, insulin‑like growth factor 1 receptor; miR, microRNA; mut, mutant; wt, wild‑type.
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mediated by direct targeting of E2F transcription factor 3 
mRNA and of AXL receptor tyrosine kinase mRNA (19). 
miR‑432 overexpression restricts the proliferation and inva-
siveness of osteosarcoma cells by inhibiting the expression of 
metastasis‑associated in colon cancer 1 (20). miR‑432 directly 
targets three mRNAs (low‑density lipoprotein receptor‑related 
protein 6, tripartite‑motif‑containing  29 and pygopus 
homolog 2), decreases their expression, and deactivates the 
WNT‑β‑catenin pathway in hepatocellular carcinoma, thereby 
suppressing tumor growth in vitro and in vivo (21). miR‑432 
also plays a tumor‑suppressive role in neuroblastoma  (22) 

and prostate cancer  (23). Nevertheless, few studies have 
been conducted on the specific involvement of miR‑432 in 
the malignant characteristics of GBM. In the present study, 
the results revealed that miR‑432 is only weakly expressed 
in GBM tumors and cell lines. In addition, lower miR‑432 
expression closely correlated with the Karnofsky Performance 
Status score among the 51 patients with GBM. The patients 
with GBM in the low miR‑432 expression group showed 
decreased overall survival compared with the patients in the 
high miR‑432 expression group. miR‑432 inhibits GBM cell 
proliferation, promotes GBM cell apoptosis, impairs GBM cell 

Figure 4. IGF‑1R knockdown inhibits GBM cell proliferation, migration and invasion and induces apoptosis in vitro. (A) The efficiency of si‑IGF‑1R transfec-
tion was assessed by western blotting; si‑NC served as the control. **P<0.01 vs. the si‑NC group. (B) Cellular proliferation and (C) the apoptotic rate were 
determined when miR‑432 expression was increased in T98 and U251 cells. *P<0.05 and **P<0.01 vs. group si‑NC. The influence of overexpressed miR‑432 
on T98 and U251 cell (D) migratory and (E) invasive abilities was examined in Transwell migration and invasion assays (magnification, x200). *P<0.05 and 
**P<0.01 vs. the si‑NC group. NC, negative control; si, small interfering; IGF‑1R, insulin‑like growth factor 1 receptor.
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migration and invasion in vitro and slows the tumor growth of 
GBM cells in vivo.

The mechanisms behind the tumor‑suppressive action of 
miR‑432 on GBM progression were explored in the present 
study at the molecular level. The mechanism investigation 
identified IGF‑1R as a direct target gene of miR‑432 in GBM 
cells. IGF‑1R, a transmembrane tyrosine kinase receptor of 
the insulin receptor family, turned out to be overexpressed in 
GBM. In addition, upregulation of IGF‑1R has been confirmed 
to be an independent prognostic indicator of shorter survival 

among patients with GBM  (26). IGF‑1R promotes GBM 
formation and progression by enhancing a wide range of 
aggressive characteristics, including rapid cell proliferation, 
dysregulation of the cell cycle, apoptosis downregulation, 
a high glucose‑metabolic ability, high motility, metastasis, 
chemotherapy and radiotherapy resistance and tumorigen-
esis (27‑33). In the present study, the results make it clear that 
the tumor‑suppressive actions of miR‑432 on the malignancy 
of GBM cells in vitro and in vivo are partly mediated by the 
decrease in IGF‑1R expression. Hence, IGF‑1R knockdown 

Figure 5. IGF‑1R reintroduction partly neutralizes the tumor‑suppressive effects of miR‑432 overexpression. (A) The efficiency of IGF‑1R overexpression 
plasmid lacking its 3'‑UTR (pc‑IGF‑1R) was analyzed with RT‑qPCR. **P<0.01 vs. pcDNA3.1. (B) T98 and U251 cells were cotransfected with agomir‑432 
plus either the pc‑IGF‑1R or the empty pcDNA3.1 vector. At 72 h post‑transfection, western blotting was carried out to determine IGF‑1R protein expression. 
**P<0.01 vs. the agomir‑NC group. ##P<0.01 vs. group agomir‑432+pcDNA3.1. The (C) proliferation, (D) apoptosis, (E) migration, and (F) invasiveness of the 
aforementioned cells were investigated by the Cell Counting Kit‑8 assay, flow cytometry and Transwell migration and invasion assays (magnification, x200), 
respectively. *P<0.05 and **P<0.01 vs. the agomir‑NC group. #P<0.05 and ##P<0.01 vs. group agomir‑432+pcDNA3.1. NC, negative control; miR, microRNA; 
UTR, untranslated region; IGF‑1R, insulin‑like growth factor 1 receptor.
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due to miR‑432 restoration could be an effective therapeutic 
strategy against GBM.

Three limitations are included in the present study. Firstly, 
expression of miR‑432 was not knocked down and subsequently 
the influences of miR‑432 silencing on GBM progression were 
not explored in detail. Secondly, the effects of miR‑432 on 
GBM metastasis in vitro were not tested. Lastly, the sample 
size was small. The authors' future investigations will resolve 
these limitations.

In conclusion, the present study revealed that miR‑432 
expression is low in GBM and this downregulation is associated 
with poor clinical outcomes among the patients. Exogenously 
expressed miR‑432 inhibited the malignancy of GBM cells 
in  vitro and in  vivo by directly targeting IGF‑1R mRNA, 
thereby downregulating IGF‑1R. Thus, these results suggest 
that miR‑432 or IGF‑1R may be a target for the treatment of 
patients with GBM.
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Figure 6. miR‑432 suppresses the tumor growth of GBM cells in vivo. (A) Representative images of subcutaneous tumor xenografts from groups ‘agomir‑432’ 
and ‘agomir‑NC’. (B) The tumor growth curve after injection of either the agomir‑432‑transfected or agomir‑NC‑transfected T98 cells into nude mice. *P<0.05 
and **P<0.01 vs. group agomir‑NC. (C) The weight of subcutaneous tumor xenografts was measured at the end of the experiment. **P<0.01 vs. the agomir‑NC 
group. (D) The expression of miR‑432 in the subcutaneous tumor xenografts from groups agomir‑432 and agomir‑NC was measured by RT‑qPCR. **P<0.01 
vs. the agomir‑NC group. (E) RT‑qPCR and (F) western blotting were performed to assess IGF‑1R mRNA and protein expression, respectively, in the subcu-
taneous tumor xenografts derived from either agomir‑432‑transfected or agomir‑NC‑transfected T98 cells. *P<0.05 and **P<0.01 vs. the agomir‑NC group. 
NC, negative control; miR, microRNA; RT‑qPCR, reverse transcription‑quantitative PCR; IGF‑1R, insulin‑like growth factor 1 receptor.
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