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Abstract. Accumulating evidence has revealed that survivin 
expression is associated with a malignant phenotype and 
poor prognosis in glioma. Survivin is also a potential target 
of microRNA (miRNA/miR)‑218. The aim of the present 
study was to investigate the expression and function of 
survivin in glioblastoma, and to examine the association 
between survivin and miR‑218. For that purpose, survivin 
mRNA levels were analyzed in 144 frozen samples of glio-
blastoma using whole‑genome RNA sequencing. In vitro cell 
proliferation, migration, invasion and apoptosis assays were 
performed, and survivin expression was detected by western 
blotting. The results revealed that the mRNA expression levels 
of survivin were negatively and significantly associated with 
overall survival in glioblastoma. Further in vitro analyses 
suggested that miR‑218 may inhibit the expression of survivin. 
Expression of miR‑218 in the LN229 cell line was significantly 
lower than that in the immortalized human gliocyte HEB cell 
line. miR‑218 markedly inhibited tumor cell proliferation, 
migration and invasion capacities, and decreased apoptosis. 

miR‑218 also inhibited the expression of survivin. These 
results indicated that survivin may be a target of miR‑218 and 
could serve as a predictive biomarker.

Introduction

Glioblastoma multiforme (GBM) is one of the most common 
and malignant primary brain tumors  (1), and is character-
ized by diffuse infiltration, uncontrolled proliferation and 
chemoresistance. Even following tumor resection and 
radio‑chemotherapy, improvement in progression‑free 
survival (PFS) and overall survival (OS) is limited and usually 
accompanied by malignant progression (2‑4).

MicroRNAs (miRNA/miRs) are small, non‑coding RNAs 
that regulate the expression of multiple genes at the post‑tran-
scriptional level by inducing degradation of target mRNAs or 
by inhibiting translation (5,6). Increasing evidence indicates 
that miRNAs regulate a variety of tumor cell processes, 
including proliferation, invasion, apoptosis and chemoresis-
tance (7‑9). miR‑218 has been reported to be downregulated 
in several neoplasms and serves critical roles in tumorigenesis 
and metastasis. It exhibits low expression levels in numerous 
tumor tissues and is associated with patient prognosis (10‑13).

Survivin, encoded by and also known as baculoviral 
inhibitor of apoptosis repeat‑containing 5 (BIRC5), is a 
member of the inhibitor of apoptosis (IAP) family  (14). 
Survivin is strongly expressed in a majority of tumors and 
is overexpressed during embryonic development, whereas 
it is absent in normal differentiated tissues  (15). Survivin 
regulates cell‑cycle progression, inhibits apoptosis and 
induces chromosomal instability (16,17). It is also associated 
with poor prognosis in ovarian cancer, breast cancer and 
leukemia (18,19). miR‑218 directly binds to survivin mRNA, 
and the miR‑218/survivin axis has been reported in a variety 
of tumors and regulates cancer cells migration, invasion and 
lymph node metastasis (20,21). A recent study predicted that 
miR‑218 targets the 3'UTR of survivin mRNA and suggested 
that miR‑218 may play an important role in the regulation of 
surviving (19). However, the association between miR‑218 and 
survivin mRNA in GBM remains unknown. The present study 
investigated the miR‑218/survivin axis in GBM and observed 
the effects of miR‑218 overexpression on the proliferation, 
migration and invasion of glioma cells.
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Materials and methods

Patients and clinical specimens. The data of 144 patients 
with GBM and genome RNA sequencing were collected from 
the Chinese Glioma Genome Atlas (CGGA) (http://www.
cgga.org.cn). The clinical characteristics of the patients are 
listed in Table I. In total, 22 patients received radiotherapy 
only, 25 received temozolomide (TMZ) only, 59 were treated 
with radiotherapy plus TMZ and 38 received no treatment. 
Tumor specimens and adjacent tissues were obtained from six 
patients (36‑58 years old; 2 women and 4 men) who underwent 
surgery between January 15th and February 20th, 2018) in 
the Department of Neurosurgery of Bejing Tiantan Hospital 
(Bejing, China). The adjacent tissues were defined as the area 
between the tumor and the normal brain tissue. The present 
study was approved by the Ethics Committee of The Capital 
Medical University (Bejing, China), and all patients provided 
informed consent.

Cell culture and transfection. Immortalized human gliocyte 
HEB cells (cat. no. 001398) and human GBM LN229 cells (cat. 
no. 001397) were obtained from Shanghai Bioleaf Biotech Co., 
Ltd. The cell lines were maintained in Dulbecco's modified 
Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific, 
Inc.) supplemented with 10% fetal bovine serum (FBS; Gibco; 
Thermo Fisher Scientific, Inc.) at 37˚C in a 95% relative 
humidified incubator with 5% CO2. LN229 cells in the loga-
rithmic growth phase were transfected with miR‑218 mimics 
(10 µl/ml) using Lipofectamine™ 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.) and cultured at 37˚C in a 5% CO2 
humidified atmosphere for 6 h. Medium was then changed and 
cells were left in incubator for 48 h. The sequences transfected 
were as follows: Sense 5'‑UUC​UCC​GAA​CGU​GUC​ACG​
UTT‑3', anti‑sense 5'‑ACG​UGA​CAC​GUU​CGG​AGA​ATT‑3'; 
and negative control (NC) mimics, sense 5'‑UUG​UGC​UUG​
AUC​UAA​CCA​UGU‑3', and anti‑sense 5'‑AUG​GUU​AGA​UCA​
AGC​ACA​AUU‑3' (Shanghai GenePharma Co., Ltd.).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). The mRNA expression levels of miR‑218 and 
survivin were detected in tumor specimens, adjacent tissues 
and the HEB and LN229 cell lines. In addition, mRNA levels 
of miR‑218 and survivin were detected in the control, NC and 
mimics groups. The primers were provided by Tsingke 
Biological Technology, Co., Ltd. and were designed as follows: 
miR‑218, loop primer 5'‑GTC​GTA​TCC​AGT​GCA​GGG​TCC​
GAG​GTA​TTC​GCA​CTG​GAT​ACG​ACA​CAT​GGT​T‑3', 
forward 5'‑TGC​GCT​TGT​GCT​TGA​TCT​AAC‑3'; U6, forward 
5'‑CGC​TTC​GGC​AGC​ACA​TAT​AC‑3', reverse, 5'‑AAA​TAT​
GGA​ACG​CTT​CAC​GA‑3'; survivin, forward 5'‑ACC​ACC​
GCA​TCT​CTA​CAT​TCA‑3', reverse 5'‑CTT​TGC​ATG​GGG​
TCG​TCA​TC‑3'; and β‑actin, forward 5'‑AGC​GAG​CAT​CCC​
CCA​AAG​TT‑3' and reverse 5'‑GGG​CAC​GAA​GGC​TCA​TCA​
TT‑3'. U6 and β‑actin were used as internal control for miR‑218 
and surviving, respectively. Total RNA (1 µg) was isolated 
using Tr izol reagent (cat. no.  252250AX, Aidalb 
Biotechnologies Co., Ltd.) and reversely transcribed to cDNA 
using Hiscript Reverse Transcriptase Reagent Kit (cat. 
no. R101‑01/02; Vazyme Ltd.) according to the manufacturer's 
instructions. The PCR amplification process was detection on 

an ABI 7900 or Viia7 Fast Real‑Time PCR system (Applied 
Biosystems; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA). The PCR conditions for amplification were as follows: 
Pre‑denaturation at 95˚C for 10 min, denaturation at 95˚C for 
30 sec, 40 cycles, annealing at 60˚C for 30 sec and extension at 
72˚C for 30 sec. The relative expression levels were normal-
ized to endogenous controls and were calculated using 2‑ΔΔCq 
method (22).

Cell Counting Kit‑8 (CCK‑8) proliferation assay. Cell prolif-
eration was evaluated using a CCK‑8 proliferation assay (cat. 
no. C0037; Beyotime Institute of Biotechnology), which is a 
sensitive colorimetric assay for the determination of the number 
of viable cells based on the production of formazan (23). Prior 
to proliferation assays, the numbers of viable cells were equal 
between the experimental and NC group. LN229 cells were 
seeded into 96‑well plates (2,000 cells/well) and cultured at 
37˚C in a 5% CO2 humidified atmosphere for 3 days. Next, 
10 µl CCK‑8 was added to each well and the cells were incu-
bated at 37˚C for 4 h. The absorbance value of each well was 
measured using a microplate reader 450 nm (24).

Transwell migration and invasion assays. Following trans-
fection, an equal number of viable cells were added to the 
upper chambers (3‑µm pore size) of a 24‑well Transwell plate. 
Suspensions of cells (200 µl, 5x105 cells/ml) in DMEM from 
different groups were added to the upper chambers, which were 
pretreated with Matrigel for the invasion assay but untreated 
for the migration assay. The lower chambers contained 800 µl 
DMEM plus 10% FBS. After 24 h of incubation at 37˚C and 
5% CO2, the upper chambers were detached from the plates 
and the cells remaining on the upper surface of the filters were 
removed with cotton swabs. The cells on the lower surface 
were fixed with 10% methyl alcohol at 25˚C for 30 min, and 
stained with Giemsa at 25˚C for 20 min. Three high‑power 
fields were selected randomly to examine the invading and 
migrating cells under light microscopy.

Apoptosis assay. Flow cytometry was used to analyze apop-
tosis in LN229 cells transfected with miR‑218 mimics or 
the negative control (NC). According to the manufacturer's 
instructions, 48 h after transfection, cells were stained with 
Annexin V‑allophycocyanin/7‑amino‑actinomycin D apop-
tosis detection kit (cat. no.  KA3807; Abnova). Apoptotic 
fractions were detected using flow cytometry (AccuriC6; BD 
Biosciences) and CELL Quest 3.0 software.

Western blot analysis. Extraction of total protein from the 
tissues and cells was achieved with RIPA Lysis Buffer (cat. 
no. P0013B; Beyotime Institute of Biotechnology). Protein 
concentrations were determined using a BCA protein detec-
tion kit (cat. no. P0010; Beyotime Institute of Biotechnology). 
In total, 40  µg protein was subjected to electrophoresis 
on 10% SDS‑polyacrylamide gels and then transferred to 
polyvinylidene difluoride membranes (cat. no. IPVH00010; 
EMD Millipore). Membranes were blocked with 5% fat‑free 
milk diluted in TBST containing 0.1% Tween‑20 for 2 h at 
25˚C. Membranes were then incubated with a 1:800‑diluted 
anti‑survivin antibody (cat. no. bs‑0615R; BIOSS) or a 
1:1,000‑diluted anti‑GAPDH antibody (cat. no. AB‑P‑R001; 
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Hangzhou Xianzhi Biotechnology Co., Ltd.) as the loading 
control, for 24 h at 4˚C. They were then incubated with the 
1:5,000‑diluted horseradish peroxidase (HRP) labeled goat 
anti‑rabbit secondary antibody (cat. no.  BA1045; Boster 
Biological Technology) for 60  min at 37˚C. The immune 
imprint was visualized with an enhanced chemiluminescence 
western blot detection system (Bio‑Rad Laboratories, Inc.). 
Relative expression level of survivin was normalized to endog-
enous control GAPDH ChemImager 5,500 V2.03 software.

Immunohistochemical (IHC) staining. IHC analysis of 
survivin expression was performed on section fixed for 24 h 
at 25˚C with 10% formalin and paraffin‑embedded using stan-
dard procedures. Briefly, sections (4‑µm thick) were dried for 
12 h at 37˚C, deparaffinized in xylene for 10 min, rehydrated 
in an alcohol series, and then placed in 3% hydrogen peroxide 
for 10  min to block endogenous peroxidase activity. Sections 
were incubated with a 1:100 anti‑survivin antibody at 4˚C for 
12 h. Subsequently, sections were washed in PBS three times 
for 5 min and then incubated for 50 min at 25˚C with 100 µl 

1:5,000‑diluted HRP labeled goat anti‑rabbit secondary anti-
body (cat. no. BA1045; Boster Biological Technology). Finally, 
immunostaining was visualized with diaminobenzidine, and 
sections were counterstained with hematoxylin and eosin for 
25 sec at 25˚C prior to washing again with PBS.

Fluorescence in situ hybridization (FISH). The expression 
status of miR‑218 in GBM samples was evaluated by FISH. 
Homo sapiens (hsa)‑miR‑218‑5p probes (red‑labeled; Sangon 
Biotech Co., Ltd.) (5'‑ACA​TGG​TTA​GAT​CAA​GCA​CAA‑3') 
directed against the mature miR‑218 sequence were used. 
Sections (4‑µm thick) were dried at 37˚C for 12 h, deparaf-
finized in xylene for 10 min, rehydrated in an alcohol series, 
washed 3 times with PBS (5 min/wash), and then digested 
using proteinase K for 30 min at 37˚C. After washing again 
3 times using PBS (5 min/wash), the sections were hybrid-
ized with the probes (3 ng/ml) for 24 h at 45˚C. Subsequently, 
the tissue sections were washed in 5X saline sodium citrate 
(SSC) at 45˚C for 15 min, 4X SSC at 37˚C for 15 min, 2X SSC 
(containing 50% deionized formamide) at 37˚C for 15 min, 2X 

Figure 1. Kaplan‑Meier survival curves showing OS. (A) OS according to the expression of survivin; (B and C) OS of patients treated with RT + TMZ or RT 
only in the (B) high and (C) low‑survivin expression groups. OS, overall survival; RT, radiotherapy; TMZ, temozolomide.

Table I. Clinical information for 20% of patients with longer survival times in low‑survivin expression group.

Sample		  Age,	 OS,	 TCGA	 IDH	 MGMT			   TP53	 EGFR	 ATRX
ID	 Gender	 years	 days	 subtype	 mutation	 methylation	 RT	 TMZ	 mutation	 mutation	 mutation

494	 F	 59	 2,072	 Neural	 0	 1	 1	 1	 1	 0	 0
680	 M	 44	 1,832	 Neural	 0	 0	 1	 1	 1	 0	 0
761	 M	 45	 1,744	 Proneural	 1	 1	 1	 0	 0	 1	 0
822	 M	 46	 1,324	 Proneural	 1	 1	 1	 1	 1	 0	 0
491	 F	 37	 1,074	 Proneural	 1	 1	 1	 1	 1	 1	 1
D37	 M	 55	 965	 Mesenchymal	 0	 0	 1	 1	 1	 0	 0
1026	 M	 59	 875	 Classical	 0	 1	 1	 1	 0	 0	 0
D57	 M	 40	 766	 Classical	 0	 NA	 1	 1	 1	 0	 0
802	 M	 43	 681	 Mesenchymal	 0	 0	 1	 1	 1	 0	 0
1023	 F	 58	 681	 Classical	 0	 0	 NA	 NA	 0	 0	 0
700	 F	 25	 669	 Proneural	 0	 1	 1	 1	 0	 0	 0
D35	 F	 68	 661	 Mesenchymal	 0	 1	 1	 0	 1	 0	 1
710	 M	 42	 660	 Mesenchymal	 1	 1	 0	 1	 0	 0	 0

F, female; M, male; OS, overall survival; TCGA, the cancer genome atlas; IDH, isocitrate dehydrogenase; MGMT, O6‑alkylguanine DNA 
alkyltransferase; RT, radiotherapy; TMZ, temozolomide; TP53, tumor suppressor p53; EGFR, epidermal growth factor receptor; 0, no; 1, yes; 
NA, not available.

https://www.spandidos-publications.com/10.3892/ol.2019.10335
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https://www.spandidos-publications.com/10.3892/ol.2019.10335
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SSC (containing 20 µg/ml RNaseA) at 37˚C for 15 min and 
0.5X SSC for 15 min, and then washed 3 times for 5 min each 
with 0.01 mol/l PBS. Finally, sections were counterstained with 
DAPI (cat. no. C1002; Beyotime Institute of Biotechnology) 
for 5 min and examined with an Olympus BX53 microscope.

Statistical analysis. According to the median expression level of 
survivin, the samples were divided into two groups. Each group 
was assessed by the Student's t‑test and χ2 test using R language 
3.2.5 (https://cran.r‑project.org/bin/windows/base/old/3.2.5/) 
and SPSS software 16.0 (SPSS, Inc.). OS was defined as the time 
following surgery until mortality or last follow‑up date. Using the 
Kaplan‑Meier method protract survival analysis by GraphPad 
Prism 7 (GraphPad Software, Inc.), the differences between the 
low‑ and high‑survivin expression groups were calculated using 
the log‑rank test. For continuous variables, comparisons of mean 
values between multiple groups were assessed by ANOVA, and 
then Holm‑Sidak's multiple comparisons test was used. All 
data are presented as the mean ± standard error. P<0.05 was 
considered to indicate a statistically significant difference. 
Factors with P<0.05 in univariate analysis were incorporated 
into a multivariate Cox analysis.

Results

Survivin expression is associated with poor prognosis in 
patients with GBM. Data from 144 patients with GBM and 
whole‑genome RNA sequencing were collected from the 
CGGA database and used in the present study. The prognosis of 
the group with high survivin expression was poor on Student's 
t‑test and univariate analysis (P<0.05) (Fig. 1A; Table III). 
Survivin was highly expressed in classical subtype gliomas, 
while all neural subtype gliomas exhibited low expression 
of survivin (P=0.013 and P<0.01, respectively; Table II). In 
multivariate Cox analysis, the expression of survivin was 
observed to be associated with OS (P=0.006; Table III). In 
total, 81 patients with GBM received radiation plus TMZ 
chemotherapy or radiation only. OS in the radiotherapy alone 
group (358±82 days) was significantly different from that in 
the radiation plus TMZ chemotherapy group (885±116 days; 
P=0.0007 and P=0.0014, respectively) independent of the 
expression levels of survivin (Fig. 1B and C).

Expression of survivin is reduced in tumor samples compared 
with in adjacent tissues. The clinical data of 6 cases of GBM 
tumor samples were collected. The results revealed that 
there was higher expression of survivin in the glioma tissues 
compared with in the adjacent control tissues (Fig. 2A and B). 
IHC indicated that survivin was mainly located in the cyto-
plasm and nucleus (Fig. 2C). These results suggested that 
survivin was highly expressed in gliomas.

miR‑218 expression in the LN229 GBM cell line is significantly 
lower compared with that in the control cell line. Compared 
with immortalized human gliocyte HEB cells (25,26), GBM 
cells had lower miR‑218 expression (Fig.  3A). The same 
pattern was observed in glioma and adjacent samples from 6 
patients with GBM. Compared with in the adjacent tissues, the 
level of miR‑218 expression in glioma was reduced (Fig. 3B). 
A red‑labeled hsa‑miR‑218‑5p probe was used for FISH. The 

Table II. Clinical and molecular characteristics of 144 patients 
with glioblastoma multiforme.

	 Survivin 
	 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Total	 High	 Low	 P‑value

Sex				  
  Female	 51	 23	 28	 0.384
  Male	 93	 49	 44	
Age, years				  
  >48	 71	 33	 38	 0.405
  ≤48	 73	 39	 34	
IDH mutation				  
  Mutation	 39	 20	 19	 0.851
  Wild type	 105	 52	 53	
TP53 mutation				  
  Mutation	 77	 36	 41	 0.404
  Wild type	 67	 36	 31	
EGFR mutation				  
  Mutation	 39	 19	 20	 0.851
  Wild type	 105	 53	 52	
ATRX mutation				  
  Mutation	 13	 4	 9	 0.146
  Wild type	 131	 68	 63	
TERT promoter mutation				  
  Mutation	 36	 21	 15	 0.305
  Wild type	 65	 31	 34	
MGMT methylation				  
  Yes	 61	 34	 27	 0.368
  No	 71	 34	 37	
KPS				  
  >70	 60	 27	 33	 0.317
  ≤70	 36	 20	 16	
Resection				  
  GTR	 90	 44	 46	 0.717
  STR	 46	 24	 22	
Treatment				  
  RT	 22	 11	 11	 0.946
  RT+TZM 	 59	 30	 29	
TCGA subtype				  
  Proneural	 33	 20	 13	 0.165
  Neural	 12	 0	 12	 <0.001
  Classical	 48	 31	 17	 0.013
  Mesenchymal	 51	 21	 30	 0.117

IDH, isocitrate dehydrogenase; TP53, tumor suppressor p53; EGFR, 
epidermal growth factor receptor; TERT, telomerase reverse tran-
scriptase; MGMT, O6‑alkylguanine DNA alkyltransferase; KPS, 
Karnofsky performance status; GTR, gross total resection; STR, 
subtotal resection; RT, radiotherapy; TMZ, temozolomide; TCGA, 
The Cancer Genome Atlas.
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results revealed that miR‑218‑5p expression in glioma tissues 
was low compared with that in adjacent tissues (Fig. 3C).

miR‑218 inhibits the proliferation, migration and invasion 
of GBM cells, and contributes to apoptosis. Upon transfec-
tion with miR‑218 mimics, the expression of miR‑218 in 
LN229 cells increased significantly compared with that of 
the LN229+NC group (Fig. 3D). A CCK‑8 proliferation assay 
revealed that, upon transfection with miR‑218 mimics, the 
optical density values of LN229 cells decreased significantly 

compared with the LN229+NC group, suggesting that over-
expression of miR‑218 can inhibit the proliferation of LN229 
cells (Fig.  3E). Transwell migration and invasion assays 
revealed that miR‑218 mimics can inhibit the invasion and 
migration of glioma cells (Fig. 3F and G). The results of flow 
cytometry demonstrated that the apoptosis rate of LN229 
cells markedly increased upon transfection with miR‑218 
mimics compared with that of the LN229+NC group, 
suggesting that high expression of miR‑218 can promote the 
apoptosis of LN229 cells (Fig. 3H).

Figure 2. Expression of survivin in clinical tissue samples. (A and B) Protein expression of survivin in glioma and adjacent tissues. (C) Immunohistochemistry 
showing the expression of survivin in gliomas and adjacent tissues. ***P<0.001.

Table III. Prognostic factors of overall survival for 144 patients with glioblastoma multiforme.

	 Univariate	 Multivariate
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variable	 P‑value	 P‑value	 HR	 95% CI lower	 95% CI upper

Sex	 0.353				  
Age, ≤48 vs. >48	 0.88				  
ATRX mutation	 0.519				  
EGFR mutation	 0.241				  
TERT mutation	 0.752				  
IDH mutation	 0.069	 0.01	 0.204	 0.061	 0.686
MGMT methylation	 0.009	 0.12	 0.533	 0.241	 1.178
Survivin high expression	 0.041	 0.006	 2.898	 1.355	 6.198
KPS 	 <0.001	 0.005	 0.343	 0.162	 0.723
RT vs. RT+TMZ	 <0.001	 0.005	 0.311	 0.139	 0.697
Resection, GTR vs. STR	 0.174	 0.151	 1.704	 0.824	 3.522

HR, hazard ratio; CI, confidence interval; EGFR, epidermal growth factor receptor; TERT, telomerase reverse transcriptase; IDH, isocitrate 
dehydrogenase; MGMT, O6‑alkylguanine DNA alkyltransferase; KPS, Karnofsky performance status; GTR, gross total resection; STR, subtotal 
resection; RT, radiotherapy; TMZ, temozolomide.

https://www.spandidos-publications.com/10.3892/ol.2019.10335
https://www.spandidos-publications.com/10.3892/ol.2019.10335
https://www.spandidos-publications.com/10.3892/ol.2019.10335


TONG et al:  SURVIVIN IS A PROGNOSTIC INDICATOR IN GLIOBLASTOMA TARGETED BY miR‑218364

Figure 3. Function of miR‑218 in glioblastoma. miR‑218 expression in (A) cell lines and (B) clinical samples, as detected by RT‑qPCR and (C) fluores-
cence in situ hybridization. (D) Expression of miR‑218 in LN229 cells transfected with miR‑218 mimics or NC. (E‑H) Proliferation, migration, invasion 
and apoptosis of LN229 cells transfected with miR‑218 mimics or NC. *P<0.05, **P<0.01 and ***P<0.001. miR, microRNA; NC, negative control; 7‑AAD, 
7‑amino‑actinomycin D; APC, allophycocyanin.
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miR‑218 overexpression is associated with reduced expression 
of survivin. The results of RT‑qPCR demonstrated that the 
mRNA expression of survivin in LN229 cells was significantly 
reduced upon transfection with miR‑218 mimics compared 
with that in the LN229+NC group (Fig. 4A). Western blotting 
revealed a similar outcome: Expression of survivin in LN229 
cells was lower following transfection with miR‑218 mimics 
compared with that in the LN229+NC group (Fig. 4B and C).

Discussion

Survivin is a member of the IAP protein family, and is 
encoded by the BIRC5 gene. Survivin is associated with 
inhibition of apoptosis and regulation of cell‑cycle progres-
sion (17) and acts as an inhibitor of programmed cell death 
by binding to caspase‑3/7 in the G2/M phase  (27). The 
expression of survivin is higher during fetal development 
and in the majority of tumors, whereas it is completely 
absent in adults and in normal cells (17,28). Overexpression 
of survivin has been confirmed in breast, lung, ovarian, 
prostate and colon cancer (21,29). Expression of survivin has 
also been associated with poor prognosis and chemotherapy 
resistance (21,30,31). A previous study have demonstrated 
that high expression of survivin may increase chemotherapy 
resistance, and that survivin inhibition represents an approach 
to overcoming drug resistance (32). However, no relevant 
genome atlas studies have been reported in GBM. Survivin 
is also a potential target of miR‑218, which is involved in 
the proliferative, migratory and invasive behavior of various 
tumors  (20,21). Our previous study, which included 220 
gliomas from the CGGA database, demonstrated that the 
expression of survivin is associated with tumor grade, and 
that it may be a novel prognostic factor in gliomas  (10). 
Using whole‑genome RNA sequencing data of 144 patients 
with GBM in the present study, it was observed that patients 
with high expression of survivin had shorter OS times than 
those with low expression. However, patients who received 
radiation plus TMZ chemotherapy had a better prognosis 
compared with patients receiving radiation only, regardless 

of their survivin expression levels. This may be due to the 
limited number of cases included in the present study and 
the heterogeneity of gliomas. Cheng et al (13) demonstrated 
that miR‑218 has a significantly decreased expression level in 
gliomas, which was also associated with poor PFS and OS. It 
was also reported that miR‑218 may regulate tumor progres-
sion (33‑36). HEB cells are not fully ‘normal’ astrocytes, as 
the cell line has been immortalized, which may reduce the 
differences in proliferative ability between astrocytes and 
GBM cells  (25,26). Therefore, patient samples were used 
in the present study to verify the results. The current study 
indicated that the expression of miR‑218 in the LN229 cell 
line was significantly lower than that in HEB cells, which 
was also validated in clinical samples. In vitro, the results 
of the present study confirmed that miR‑218 could inhibit 
the proliferation, migration and invasion of GBM cells, 
and contribute to their apoptosis. As indicated by Gao and 
Jin (37), miR‑218 can influence cancer‑related processes by 
targeting a series of genes, including survivin. However, the 
role of the miR‑218/survivin axis in GBM remains unknown. 
Compared with previous studies, the present study explored 
the association between miR‑218 and survivin in GBM, 
and demonstrated that the expression of survivin in LN229 
cells decreased significantly upon transfection with miR‑218 
mimics. Combined with luciferase assay results from 
previous studies, these observations suggest that miR‑218 
may directly target surviving  (19‑21,38). These results 
indicate that survivin may serve as a potential predictive 
biomarker targeting miR‑218.

However, there are several limitations in the present study. 
LN229 is a typical glioma cell line, and when compared 
with other GBM cells, there are no significant differences in 
adherence and proliferation capacity (39‑41). However, in the 
current study, only one GBM cell line was used and there was 
no verification using animal models. Furthermore, the sample 
size was limited. In addition, the association between survivin 
protein expression and patient survival is unknown. Thus, 
multiple cell lines, animal models, and larger multicenter sites 
for patient recruitment will be considered in future studies. 

Figure 4. Survivin is a target of miR‑218. Upon transfection with miR‑218 mimics, (A) survivin mRNA was assessed by RT‑qPCR and (B and C) survivin 
protein was determined by western blot analysis in LN229 cells. *P<0.05 and ***P<0.001. miR, microRNA; NC, negative control.
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In the laboratory, a stably overexpressing cell line will be set 
up and used to determine relative proliferation and migration. 
Patients or their relatives will be followed up to obtain extra 
prognostic information. Associated pathways will also be 
investigated, such as SLIT2‑ROBO1 pathway. Furthermore, 
survivin has been reportedly associated with mitotic catas-
trophe (16,17), which should be further explored in glioma. 
Cell cycle analysis will also be performed to assess the impact 
of miR‑218 overexpression on LN229 cells. Experiments using 
a caspase inhibitor, such as z‑VAD‑fmk, to identify the type 
of cell death are required to confirm the involvement of the 
apoptotic cascade  (42). A luciferase assay will be used to 
demonstrate that miR‑218 directly targets survivin. These 
remaining questions will be addressed in future studies.
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