
Molecular Medicine REPORTS  22:  3804-3812,  20203804

Abstract. Glioma is a malignant brain cancer that exhibits high 
invasive ability and poor prognosis. MicroRNA (miR)‑181d 
has been reported to be involved in the development of glioma. 
Therefore, the aim of the present study was to investigate 
whether miR‑181d affected cellular progression by influencing 
the insulin like growth factor (IGF1)/PI3K/AKT axis. Western 
blot analysis was performed to analyze the expression levels of 
specific proteins, and a Cell Counting Kit‑8 assay was used to 
assess the proliferative ability of cells. Cell cycle progression 
and cellular apoptosis were both measured using flow cytom-
etry. The results indicated that miR‑181d promoted cellular 
proliferation and cell cycle progression, while suppressing 
cellular apoptosis via the IGF1/PI3K/AKT axis. It was demon-
strated that the IGF1 and PI3K/AKT inhibitors reversed these 
observed functions of miR‑181d. Furthermore, miR‑181d 
enhanced the growth of glioma xenografts in vivo, promoted 
cell cycle progression and suppressed cellular apoptosis within 
glioma xenograft tissues. Therefore, this newly identified 
miR‑181d/IGF1/PI3K/AKT axis may provide novel insights 
into the pathogenesis of glioma.

Introduction

Glioma is a malignant brain cancer that exhibits high invasive-
ness, is typically dispersed throughout the brain, blood vessels 
and their basement membranes, which are rich in extracellular 
matrix (1‑3). The DNA alkylating agent temozolomide, when 
used in combination with radiation therapy, improves the 
survival rate in patients with glioma (4). However, previous 
studies have reported that only ~10% of patients undergoing 

this therapy can survive for 5 years  (5,6). Therefore, it is 
important to discover novel biomarkers that may be clinically 
useful in the field of neuro‑oncology.

MicroRNAs (miRNAs) are small, non‑coding RNAs that 
are 19‑24 nucleotides in length, and when combined with 
target mRNAs, they can function to post‑transcriptionally 
regulate gene expression (7,8). miRNAs have become a hotspot 
for research in the field of biology, and an increasing number 
of studies have identified the underlying mechanism of action 
for numerous miRNAs (miRs) (9,10). miR‑181d is a member 
of the miR‑181 family, which includes miR‑181a, miR‑181b, 
miR‑181c and miR‑181d  (11,12). miR‑181d is strongly 
expressed in a wide range of cancer tissues, and it plays an 
important role in the regulation of tumorigenesis, metastasis 
and apoptosis (13,14). For example, miR‑181d can regulate 
KRAS proto‑oncogene to reduce migration, apoptosis and 
cell cycle transition in glioma cells (15). In addition, miR‑181d 
downregulates methylguanine‑methyltransferase to inhibit 
cancer migration, and it serves as a common biomarker for 
human glioblastoma (16). However, it has been suggested that 
miR‑181d is upregulated in gliomas and is an indicator of poor 
prognosis (17). Based on the evidence that miR‑181d acts as a 
prognostic factor and plays a major role in glioma, the present 
study performed a number of experiments to further assess the 
expression and function of miR‑181d in glioma.

Insulin like growth factor 1 (IGF1) is a member of a family 
of proteins involved in the regulation of growth and develop-
ment, and this protein is structurally and functionally similar 
to insulin (18,19). IGF1 is a cyclic polypeptide consisting of 
70 amino acids and it plays vital roles in cellular proliferation 
and metabolism (20). In colorectal cancer, IGF1 can modulate 
cell proliferation and migration (21). Moreover, Wang et al (22) 
revealed that exposure to an IGF1 inhibitor abrogated cellular 
proliferation and invasion in glioma.

As an important signal transduction pathway, the 
PI3K/AKT/mTOR signaling pathway plays an important role 
in cellular proliferation, apoptosis and other processes (23). 
AKT phosphorylates Bcl2 to initiate apoptosis, inhibits the 
activity of the proteolytic enzyme Caspase‑9 and activates the 
apoptotic cascade (24). mTOR is a downstream target gene 
of PI3K/AKT and this protein is indispensable for tumori-
genesis (25). Moreover, brusatol regulates cell proliferation 
or apoptosis via the PI3K/AKT/mTOR signaling pathway 
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in clear cell renal cell carcinoma and hepatocellular carci-
noma (26,27). In glioma, oxymatrine induces cell cycle arrest 
and apoptosis via the PI3K/AKT/mTOR pathway (28). In the 
present study, a miR‑181d mimic, IGF1 inhibitor, PI3K/AKT 
inhibitor and miR‑181d inhibitor were used to treat cells, and 
the effects of these treatments on cellular proliferation, cell 
cycle progression and apoptosis were assessed. It was demon-
strated that miR‑181d promotes cellular proliferation via the 
PI3K/AKT/mTOR pathway.

Materials and methods

Cell lines and cell culture. The glioma cell line U251 was 
obtained from the American Type Culture Collection 
and cultured in a 37˚C incubator until the confluence 
was ~80%. The cells were maintained in DMEM (Gibco; 
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS 
(cat. no. 10270‑106; Gibco; Thermo Fisher Scientific, Inc.), 
100 U/ml penicillin and 100 mg/ml streptomycin at 37˚C in a 
humidified atmosphere containing 5% CO2.

Cell transfection and selection. To detect the functions of 
miR‑181d in glioma cells, the miR‑181d mimic, miR‑181d 
inhibitor and a negative control were synthesized from 
Shanghai GenePharma Co., Ltd. The miR‑181d mimic was 
a double strand that was formed using a mature miR‑181d 
sequence and the complementary sequence (5'‑AAC​AUU​CAU​
UGU​UGU​CGG​UGG​GU‑3'), while the miR‑181d inhibitor was 
a single strand consisting of the complementary sequence of 
the mature miR‑181d sequence (5'‑UUG​UAA​GUA​ACA​ACA​
GCC​ACC​CA‑3'). The transfection was performed using 5 µl 
Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) and 30 nM miR‑181d mimic, 50 nM miR‑181d 
inhibitor or 30 nM negative control that was diluted into 
250 µl Opti‑MEM/Reduced serum medium (Thermo Fisher 
Scientific, Inc.). At 48  h post‑transfection, the cells were 
maintained in 400 µg/ml Geneticin (cat. no. G418; Thermo 
Fisher Scientific, Inc.) to select the cell lines that were stably 
expressing the miR‑181d mimic or miR‑181d inhibitor.

Western blot analysis. U251 cells at a density of 70% were 
washed twice with 100 ml pre‑cooled 1X PBS, and RIPA 
buffer (Beyotime Institute of Biotechnology) containing phos-
phatase inhibitor was then added. The cells were lysed on ice, 
centrifuged at 12,000 x g for 10 min at 4˚C and the supernatant 
containing the desired protein was obtained. The xenograft 
tissues were also lysed using RIPA to obtain total proteins. 
Total proteins were quantified using the bicinchoninic acid 
method and the absorbance was measured at 562 nm. A total 
of 20 µg per lane of total protein were separated by 120 V 
electrophoresis on a 12% SDS‑PAGE for 50 min. The blots 
were then transferred to PVDF membranes (EMD Millipore) 
at 90 V for 50 min. After blocking with 5% skimmed milk 
at room temperature for 1 h, the membranes were incubated 
with the primary antibodies overnight at 4˚C with GAPDH 
as the internal reference. After washing three times with 
TBS‑Tween  20  (0.05%), the membranes were incubated 
with horseradish peroxidase‑conjugated goat anti‑rabbit 
IgG at room temperature for 1 h. Equal amounts (500 µl) 
of Electrochemical Luminescence Kit (ECL) illuminating 

liquids A and B (Pierce; Thermo Fisher Scientific, Inc.) were 
mixed and used to visualize the signal on a Molecular Imager 
ChemiDoc XRS System (Bio‑Rad Laboratories, Inc.) using 
Tanon MP v1.0.2.0 software (Tanon Science and Technology 
Co.). The primary antibodies and the secondary antibody are 
presented in Table I.

Cell Counting Kit‑8 (CCK‑8) assay. CCK‑8 (Bioswamp Life 
Science Lab) was used to determine cell proliferation according 
to the manufacturer's instructions. A total of 3x103 U251 cells 
were seeded into 96‑well plates and cultured for 24 h at 37˚C 
in a humidified atmosphere containing 5% CO2. Subsequently, 
the IGF1 inhibitor (Linsitinib; OSI‑906, SelleckChemicals) or 
the PI3K/AKT inhibitor (LY294002, Sigma‑Aldrich; Merck 
KGaA) were added to the cells and incubated for 24 h at room 
temperature. The CCK‑8 solution (10 µl) was added to the 
cells, which were then cultured for 4 h at 37˚C. The absorbance 
at 450 nm was subsequently measured using an ELISA plate 
reader (BioTek Instruments, Inc.).

Cell cycle. Cell cycle progression was detected by flow cytom-
etry. The cells transfected with mir‑181d mimic, IGF1 inhibitor, 
PI3K/AKT inhibitor or mir‑181d inhibitor were suspended in a 
PBS solution containing 10% FBS, and then the cells were fixed 
in absolute ethyl ethanol at room temperature for 24 h. Next, 
the samples were centrifuged at 3,000 x g for 30 sec at room 
temperature and the supernatant was discarded. Subsequently, 
the cell pellet was suspended in 100 µl RNase A solution 
(1 mg/ml) and digested at 37˚C for 10 min. Cells were then 
stained at room temperature for 10 min using 400 µl propidium 
iodide (PI, 50 µg/ml, Nanjing KeyGen Biotech Co., Ltd.) in the 
dark and analyzed by a FC500 MCL flow cytometer (Beckman 
Coulter) using MODFIT L T  2.0 (Verity Software House, 
Inc.). The proportion of cells in G0/G1, S and G2/M stages was 
evaluated, and all procedures were performed in triplicate.

Cell apoptosis. Cellular apoptosis was detected using the 
Annexin‑V/PI detection kit (Nanjing KeyGen Biotech Co., 
Ltd.) according to the manufacturer's protocol. The transfected 
cells were suspended and centrifuged at 1,000 x g for 5 min 
at room temperature. The supernatant was then removed, and 
the cells were resuspended in 200 µl binding buffer. The cells 
were stained with 10 µl Annexin V‑FITC and 10 µl PI and then 
incubated for 30 min at 4˚C in the dark. Cellular apoptosis 
was detected under a FC500 MCL flow cytometer (Beckman 
Coulter, Inc.) and analyzed using CXP Analysis 2.0 software 
(Beckman Coulter, Inc.). The apoptotic rate was calculated by 
the percentage of early and late apoptotic cells.

Animal study. Thirty male BALB/C nude mice (age, 4‑6 weeks, 
weight, 20 g) were purchased from the Experimental Animal 
Center of the Chinese Academy of Sciences and were 
prepared for this experiment. All mice were housed at 22±2˚C, 
45‑60% humidity and a 12 h light/day cycle. All mice received 
food and water ad libitum. For the xenograft tumor model, 
5x106 U251 cells were injected subcutaneously into the axilla 
of the nude mice. After the cells were cultured to the size of 
~3 mm, the nude mice were randomly divided into five groups 
for drug treatment three times a week for a total of three 
weeks. The five groups included the control, overexpression 
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(10 µg miR‑181d‑mimic by injection), interference (10 µg 
miR‑181d‑inhibitor by injection), IGF‑1 inhibitor (20 mg/kg/day 
Linsitinib, by gavage)and PI3K/AKT inhibitor (100 mg/kg 
LY294002, by gavage) groups.

After the xenograft model was established, the length (L) 
and width (W) of the subcutaneous tumors were measured 
every 2  days using a vernier caliper. Tumor volume was 
calculated using the formula (L x W2)/2. On the 28th day after 
seeding the cells, the mice were sacrificed to obtain tumor 
specimens. The experiment was performed according to the 
revised guidelines for the Care and Use of Experimental 
Animals (National Institutes of Health) (29). The experimental 
program has been approved by the Ethics Committee of 
Renmin Hospital of Wuhan University (Hubei, China).

Statistical analysis. The data were analyzed using SPSS 16.0 
software (IBM Corp.) and GraphPad Prism software (version 6; 
GraphPad Software, Inc.) and are presented as the mean ± SD. 
Unpaired Student's t‑test and one‑way ANOVA followed by 
Bonferroni post‑hoc test were applied to determine the signifi-
cance of differences among the various groups. P<0.05 was 
considered to indicate a statistically significant difference. All 
experiments were performed in triplicate.

Results

miR‑181d promotes cellular proliferat ion via the 
PI3K/AKT/mTOR signaling pathway in U251  cells. To 
investigate the functions of miR‑181d in glioma cells, a 

miR‑181d mimic, a miR‑181d inhibitor and a negative 
control were synthesized. In addition, IGF1 and PI3K/AKT 
inhibitors were used to examine whether miR‑181d regu-
lated cell proliferation via the PI3K/AKT/mTOR pathway. 
U251 cells were transfected or treated with miR‑181d mimic, 
IGF1 inhibitor, PI3K/AKT inhibitor or miR‑181d inhibitor 
(Fig. S1). After evaluating the expression of IGF1, it was 
identified that miR‑181d mimic significantly increased 
(P=0.0039) its expression, while the IGF1, PI3K/AKT 
and miR‑181d inhibitors significantly reduced (P=0.0001, 
P=0.0002 and P=0.0003, respectively) the expression of 
IGF1 (Fig. 1A).

The proliferative abilities of the cells were calculated, and 
it was demonstrated that proliferation was increased after 
exposure to the miR‑181d mimic (P=0.0001), but was inhib-
ited by treatment with the IGF1, PI3K/AKT and miR‑181d 
inhibitors (P<0.0001; Fig. 1B).

In addition, western blot analysis indicated that the 
miR‑181d mimic promoted the expression levels of phosphory-
lated (p)‑PI3K, p‑AKT and p‑mTOR (P=0.042, P=0.0127 and 
P=0.0058), while the expression levels of PI3K, AKT and 
mTOR were unchanged in U251 cells. However, treatment 
with the IGF1 inhibitor (P=0.0028, P<0.0001 and P=0.0147, 
respectively), the PI3K/AKT inhibitor (P=0.0011, P<0.0001 
and P=0.0055, respectively) and the miR‑181d inhibitor 
(P=0.0014, P=0.0003 and P=0.0009, respectively) suppressed 
the expression levels of p‑PI3K, p‑AKT and p‑mTOR (Fig. 1C), 
thus suggesting that miR‑181d regulates cellular proliferation 
via the PI3K/AKT/mTOR pathway.

Table I. Details of the antibodies used in the present study.

Antibodies	 Species	C ompany	C at. no.	D ilution

IGF1	R abbit	A bcam	A b9572	 1:10,000
PI3K	R abbit	A bcam	A b191606	 1:1,000
p‑PI3K	R abbit	A bcam	A b182651	 1:1,000
AKT	R abbit	A bcam	A b8805	 1:500
p‑AKT	R abbit	A bcam	A b38449	 1:1,000
mTOR	R abbit	A bcam	A b2732	 1:2,000
p‑mTOR	R abbit	A bcam	A b109268	 1:5,000
Bcl2	R abbit	A bcam	A b182858	 1:2,000
Caspase‑3	R abbit	A bcam	A b13847	 1:500
Caspase‑8	R abbit	A bcam	A b25901	 1:1,000
Caspase‑9	R abbit	A bcam	A b202068	 1:2,000
Cyclin D	R abbit	A bcam	A b16663	 1:200
Cyclin E	R abbit	A bcam	A b33911	 1:2,000
Ki67	R abbit	A bcam	A b92742	 1:5,000
IDH‑1R	R abbit	A bcam	A b94571	 1:1,000
IGFB2	R abbit	A bcam	A b91404	 1:500
PTEN	R abbit	A bcam	A b32199	 1:10,000
TERT	R abbit	A bcam	A b191523	 1:1,000
GAPDH	R abbit	C ST	 2118	 1:1,000
Goat anti rabbit IgG	 Goat	 Bio‑swamp life science	 PAB150011	 1:10,000

CST, Cell Signaling Technology, Inc.; p‑,  phosphorylated; TERT,  telomerase reverse transcriptase; IDH‑1R,  isocitrate dehydrogenase  1 
receptor; IGFBP2, insulin like growth factor binding protein 2; IGF1, Insulin like growth factor 1.
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miR‑181d promotes cell cycle progression via the 
IGF1/PI3K/AKT axis in U251 cells. The cell cycle profile 
of U251 cells was detected using a flow cytometry‑based 
assay. The proportions of cells in the G0/G1 phase after treat-
ment with negative control, miR‑181d mimic, IGF1 inhibitor, 
PI3K/AKT inhibitor and miR‑181d inhibitor were 43.04±1.43, 
39.57±0.97, 64.92±1.85, 60.16±2.47 and 66.65±3.46%, 
respectively. Under these same conditions, the proportions in 
S phase were 40.21±1.50, 43.61±1.03, 25.38±2.37, 28.49±1.64 
and 24.79±2.32%, while the proportions in G2/M phase were 
16.75±1.55, 16.82±1.45, 9.70±1.05, 11.35±1.42 and 8.56±0.92%, 
respectively (Fig. 2A). Compared with the negative control, the 
proportion of G0/G1 phase cells in the miR‑181d mimic group 
was decreased significant (P=0.0254), while the proportions 
in the groups treated with the IGF1, PI3K/AKT and miR‑181d 
inhibitors were significantly increased (P<0.0001, P=0.0005 
and P=0.0004, respectively). In S phase, compared with the 
negative control, the proportion of cells was significantly 
increased in the miR‑181d mimic group (P=0.0318), while the 

proportions in the groups treated with the IGF1, PI3K/AKT 
and miR‑181d inhibitors were significantly reduced (P=0.0008 
for all; Fig. 2B).

Proteins associated with cell cycle, including Ki67, isocitrate 
dehydrogenase 1 receptor (IDH‑1R), insulin like growth factor 
binding protein 2 (IGFBP2), PTEN and telomerase reverse 
transcriptase (TERT), were assessed by western blotting. The 
expression levels of Ki67 (P=0.0023), IDH‑1R (P=0.0019), 
IGFBP2 (P=0.0065) and TERT (P=0.0010) were enhanced 
by miR‑181d mimic, while the expression of PTEN was 
inhibited (P=0.0015). However, the expression levels of Ki67 
(P=0.0002, P<0.0001 and P=0.0004, respectively), IDH‑1R 
(P=0.0003, P=0.0008 and P=0.0004, respectively), IGFBP2 
(P=0.0002, P=0.0002 and P=0.0005, respectively) and 
TERT (P=0.0007, P=0.0006 and P=0.0002, respectively) were 
suppressed, but PTEN expression (P<0.0001, P=0.0006 and 
P=0.0004, respectively) was increased by treatment with the 
IGF1 inhibitor, PI3K/AKT inhibitor and miR‑181d inhibitor 
(Fig. 2C). Collectively, these results suggested that the cell 

Figure 1. miR‑181d promotes proliferation via the PI3K/AKT/mTOR signal pathway in U251 cells. (A) miR‑181d enhanced the expression of IGF1, and treatment 
with the IGF1 inhibitor, PI3K/AKT inhibitor and miR‑181d inhibitor reduced the expression of IGF1. (B) miR‑181d mimic increased cellular proliferation, while 
treatment with the IGF1, PI3K/AKT or miR‑181d inhibitors decreased proliferation. (C) miR‑181d regulated cellular proliferation via the PI3K/AKT/mTOR 
pathway. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001 vs. negative control. miR, microRNA; IGF1, insulin like growth factor 1; p‑, phosphorylated.
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Figure 2. miR‑181d promotes cell cycle progression via the IGF1/PI3K/AKT axis in U251 cells (A) Distribution of cells within the stages of the cell cycle 
was determined. (B) Cell distribution ratio for each period. (C) miR‑181d mimic, IGF1 inhibitor, PI3K/AKT inhibitor and miR‑181d inhibitor regulated the 
expression levels of Ki67, IDH‑1R, IGFBP2, TERT and PTEN. *P<0.05, **P<0.01, ***P<0.001 vs. negative control. miR, microRNA; IGF1, insulin like growth 
factor 1; TERT, telomerase reverse transcriptase; IDH‑1R, isocitrate dehydrogenase 1 receptor; IGFBP2, insulin like growth factor binding protein 2.

Figure 3. miR‑181d inhibits cell apoptosis via the IGF1/PI3K/AKT axis in U251 cells. (A) PI and Annexin‑V double staining and flow cytometric analysis was 
used to detect apoptosis in U251 cells. (B) Compared with the negative control, the apoptotic rate was reduced by miR‑181d, but was increased by treatment 
with the IGF1, PI3K/AKT and miR‑181d inhibitors. (C) miR‑181d mimic, IGF1 inhibitor, PI3K/AKT inhibitor and miR‑181d inhibitor mediated the expression 
levels of Bcl2, Cyclin D, Cyclin E, Caspase‑3, Caspase‑8 and Caspase‑9 in U251 cells. *P<0.05, **P<0.01, ***P<0.001. PI, propidium iodide; miR, microRNA; 
IGF1, insulin like growth factor 1.
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cycle was promoted by miR‑181d via the IGF1/PI3K/AKT 
pathway in U251 cells.

miR‑181d inhibits cellular apoptosis via the IGF1/PI3K/AKT 
axis in U251 cells. Flow cytometry was performed to inves-
tigate the influence of miR‑181d on apoptosis in U251 cells. 
The apoptotic rates for the negative control, miR‑181d mimic, 
IGF1 inhibitor, PI3K/AKT inhibitor and miR‑181d inhibitor 
groups were 7.08±0.56, 4.90±0.43, 22.22±0.74, 19.07±0.58 
and 28.18±0.65, respectively (Fig. 3A). Compared with the 
negative control, the apoptotic rate was reduced (P=0.0059) 
by the miR‑181d mimic, but was increased by treatment with 
the IGF1, PI3K/AKT and miR‑181d inhibitors (P<0.0001 for 
all; Fig. 3B).

Apoptotic‑related proteins were assessed by western blot-
ting in U251 cells. It was indicated that the miR‑181d mimic 
increased the expression levels of Bcl2, Cyclin D and Cyclin E 
(P=0.0011, P=0.0013 and P=0.0003, respectively), while it 
inhibited the expression levels of Caspase‑3, Caspase‑8 and 
Caspase‑9 (P=0.0073, P<0.0001 and P<0.0001, respectively) 
in U251  cells. However, cells transfected or treated with 
IGF1 inhibitor (P=0.0002, P=0.0002 and P=0.0002; and 
P=0.0354, P=0.0038 and P<0.0001, respectively), PI3K/AKT 
inhibitor (P=0.0004, P=0.0003 and P=0.0010; and P=0.0067, 
P=0.0030 and P<0.0001, respectively) and miR‑181d inhibitor 

(P=0.0001, P=0.0002 and P=0.0014; and P=0.0016, P=0.0013 
and P<0.0001, respectively) exhibited the opposite trend 
(Fig. 3C). Thus, the results suggested that miR‑181d inhibited 
cellular apoptosis via the IGF1/PI3K/AKT axis in U251 cells.

miR‑181d enhances glioma xenograft growth in vivo. To deter-
mine if miR‑181d regulated the growth of glioma xenografts 
via the IGF1/PI3K/AKT axis, U251 cells were subcutaneously 
injected into nude mice. Xenograft growth was promoted by 
the miR‑181d mimic, but was inhibited by treatment with 
the IGF1, PI3K/AKT and miR‑181d inhibitors (Fig.  4A). 
Moreover, xenograft weights were calculated, and it was 
observed that the weights in the miR‑181d mimic group were 
higher compared with the negative control (P=0.0471). The 
xenograft weights were also decreased in the IGF1 inhibitor 
(P=0.0430), PI3K/AKT inhibitor (P=0.0459) and miR‑181d 
inhibitor (P=0.0232) groups (Fig. 4B). In addition, the xeno-
graft volumes was significantly increased in the miR‑181d 
mimic group (P=0.0479), but significantly decreased in the 
IGF1 inhibitor (P=0.0267), PI3K/AKT inhibitor (P=0.0411) 
and miR‑181d inhibitor groups (P=0.0011) compared with 
the negative group (Fig. 4C). The maximum diameter of the 
tumors in the miR‑181d mimic group was higher compared 
with the negative control group, while those in the IGF1 
inhibitor and miR‑181d inhibitor groups were lower (Fig. S2).

Figure 4. miR‑181d enhances the growth of glioma xenografts in vivo. (A) Growth of xenografts was promoted by the miR‑181d mimic, but was inhibited by 
treatment with the IGF1, PI3K/AKT and miR‑181d inhibitors. (B) Weights of the xenografts were determined. (C) Xenograft volumes were evaluated. *P<0.05, 
**P<0.01 vs. negative control. miR, microRNA; IGF1, insulin like growth factor 1.
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miR‑181d promotes cell cycle progression and suppresses 
cellular apoptosis in glioma xenograft tissues. To assess 
whether miR‑181d mediated cell cycle progression via the 
IGF1/PI3K/AKT axis, the xenograft tissues were lysed 
using RIPA to obtain total proteins. Similar to the in vitro 
experiments, the miR‑181d mimic enhanced the expression 
of IGF1 (P=0.0002), while treatment with the IGF1 inhibitor 
(P=0.0012), PI3K/AKT inhibitor (P=0.0021) and miR‑181d 
inhibitor (P=0.0002) reduced the expression of IGF1 (Fig. 5A).

With regards to the proteins in the PI3K/AKT/mTOR 
signaling pathway, the expression levels of p‑PI3K, p‑AKT 
and p‑mTOR were increased by treatment with the miR‑181d 
mimic (P=0.0041, P=0.0025 and P=0.0224, respec-
tively). However, these were reduced by treatment with 
the IGF1 inhibitor (P=0.0001, P=0.0042 and P=0.0003), 
PI3K/AKT inhibitor (P=0.0001, P=0.0061 and P=0.0005) 
and miR‑181d inhibitor (P=0.0001, P=0.0020 and 
P=0.00032; Fig. 5B).

The proteins associated with apoptosis were evaluated 
by western blotting. The expression levels of Bcl2, Cyclin D 
and Cyclin E  were increased (P=0.0026, P=0.0004 and 
P=0.0025), while Caspase‑3, Caspase‑8 and Caspase‑9 
expression levels were decreased (P=0.0054, P=0.0002 and 
P=0.0010) in U251 cells transfected with miR‑181d mimic. In 
contrast, treatment with the IGF1, PI3K/AKT and miR‑181d 
inhibitors reduced the expression levels of Bcl2 (P=0.0090, 
P=0.0072 and P=0.0095, respectively), Cyclin D (P=0.0092, 
P=0.0014 and P=0.0016) and Cyclin E (P<0.0001, P=0.0002 

and P=0.0001), while treatment increased the expression levels 
of Caspase‑3 (P=0.0001, P<0.0001 and P<0.0001), Caspase‑8 
(P=0.0002, P=0.0003 and P=0.0006) and Caspase‑9 
(P=0.0003, P<0.0001 and P=0.0002) in U251 cells (Fig. 5C). 
Therefore, the results suggested that miR‑181d inhibited cell 
apoptosis via the IGF1/PI3K/AKT axis.

For the cell cycle‑related proteins, the miR‑181d mimic 
increased the expression levels of Ki67, IDH‑1R, IGFBP2 and 
TERT (P=0.0003, 0.0103, 0.0012 and 0.0006, respectively), 
but decreased the expression of PTEN (P<0.0001). However, 
the expression levels of Ki67 (P=0.0001, P=0.0004 and 
P=0.0001, respectively), IDH‑1R (P=0.0161, P=0.0027 and 
P=0.0019, respectively), IGFBP2 (P=0.0003, P=0.0092 and 
P=0.0001, respectively) and TERT (P=0.0030, P=0.0005 
and P=0.0004, respectively) were reduced by treatment with 
the IGF1, PI3K/AKT and miR‑181d inhibitors, while PTEN 
expression was increased (P=0.0033, P=0.0036 and P=0.0030, 
respectively; Fig. 5D).

Discussion

Glioma is a common brain tumor, most commonly caused 
by genetic abnormalities, with an incidence rate of 3‑8 cases 
per 100,000 worldwide (2). Thus, it is important to investigate 
novel biomarkers that could be useful for the early diagnosis 
and treatment of glioma. miRNAs regulate gene expression 
and protein degradation by binding to the complementary 
DNA sequences on the 3'untranslated regions of the target 

Figure 5. miR‑181d promotes cell cycle progression and suppresses cellular apoptosis in glioma xenograft tissues. (A) miR‑181d mimic enhanced the 
expression of IGF1, while treatment with the IGF1, PI3K/AKT and miR‑181d inhibitors reduced the expression of IGF1. (B) miR‑181d mimic enhanced the 
PI3K/AKT/mTOR pathway, while this pathway was inhibited by treatment with the IGF1 inhibitor, PI3K/AKT inhibitor and miR‑181d inhibitor. (C) miR‑181d 
decreased cellular apoptosis in glioma xenograft tissues via the IGF1/PI3K/AKT axis. (D) miR‑181d promoted cell cycle progression in glioma xenograft 
tissues via the IGF1/PI3K/AKT axis. *P<0.05, **P<0.01, ***P<0.001 vs. negative control. miR, microRNA; IGF1, insulin like growth factor 1; p‑, phosphory-
lated; TERT, telomerase reverse transcriptase; IDH‑1R, isocitrate dehydrogenase 1 receptor; IGFBP2, insulin like growth factor binding protein 2.
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mRNAs (7,8). A previous study reported that miR‑181d medi-
ated the proliferation, as well as promoted the maturation of 
dendritic cells (30). Moreover, the present results indicated 
that miR‑181d promoted the expression of IGF1, cellular 
proliferation and the growth of glioma xenografts.

Ho et al (31) revealed that miR‑181d was negatively corre-
lated with the expression of IGF1 in glioma cells. In addition, 
Chen et al (32) demonstrated that the IGF1/PI3K/AKT pathway 
was involved in drug‑induced cell progression in breast 
cancer. To investigate whether miR‑181d regulated cellular 
progression via the IGF1/PI3K/AKT axis, the present study 
assessed cell proliferation, cell cycle progression and cellular 
apoptosis after treatment with IGF1, PI3K/AKT andmiR‑181d 
inhibitors. Consistent with previous findings (31,32), treat-
ment with the IGF1 and PI3K/AKT inhibitors suppressed 
the proliferative ability and inhibited the PI3K/AKT/mTOR 
pathway in U251 cells. Zhang et al (33) reported that miR‑181d 
promoted cell cycle progression in uveal melanoma. In line 
with this finding, the present results suggested that miR‑181d 
promoted cell cycle progression, while treatment with IGF1 
or PI3K/AKT inhibitors suppressed cell cycle progression in 
U251 cells. In addition, miR‑181d mimic inhibited apoptosis 
while treatment with an IGF1 inhibitor and a PI3K/AKT 
inhibitor promoted apoptosis in U251 cells. A xenograft model 
was constructed to assess these results in vivo, and it was 
observed that the growth of glioma xenografts was improved 
by miR‑181d mimic, while it was suppressed by treatment with 
IGF1 or PI3K/AKT inhibitors.

In conclusion, the present results indicated that miR‑181d 
promoted cellular proliferation via the PI3K/AKT/mTOR 
signaling pathway in both U251 cells and xenograft tissues. 
Furthermore, miR‑181d promoted cell cycle progression and 
suppressed apoptosis via the IGF1/PI3K/AKT axis in xenograft 
tissues derived from U251 cells. It was also demonstrated that 
miR‑181d enhanced the growth of glioma xenografts in vivo.
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