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Abstract. Accumulating evidence suggests the crucial role 
of microRNAs (miRNAs) in human cancers. The present 
study aimed to investigate the clinical and functional roles 
of miR‑769‑3p in glioma, as well as the underlying molecular 
mechanisms. Reverse transcription‑quantitative polymerase 
chain reaction (RT‑qPCR) was used to determine the expres-
sion levels of miR‑769‑3p in glioma tissues and cells. Receiver 
operating characteristic (ROC) curve analysis was applied 
to calculate the diagnostic value of miR‑769‑3p. The 5‑year 
survival rate of patients was calculated using Kaplan‑Meier 
analysis and Cox regression analysis. Cell experiments were 
used to investigate the functional role of miR‑769‑3p in glioma. 
The gene target of miR‑769‑3p was predicted by TargetScan. 
Changes in the levels of Wnt signaling‑related proteins were 
measured by western blotting. miR‑769‑3p was significantly 
downregulated in glioma tissues and serum, as well as in 
glioma cell lines (P<0.001). miR‑769‑3p expression was 
significantly associated with the World Health Organization 
grade and Karnofsky performance score. The ROC curves 
demonstrated that serum miR‑769‑3p level reliably distin-
guished patients with glioma from healthy individuals. High 
tissue miR‑769‑3p expression predicted poor overall survival 
in patients with glioma (log‑rank P=0.001) and was identified 
as an independent prognostic factor. In addition, zinc finger 
E‑box binding homeobox 2 (ZEB2) was demonstrated to be a 
direct target of miR‑769‑3p in glioma cells using a luciferase 
assay. miR‑769‑3p upregulation suppressed the activity of the 
Wnt/β‑catenin signaling pathway in glioma cells. In conclu-
sion, miR‑769‑3p may serve as a diagnostic and prognostic 
biomarker in patients with glioma and target ZEB2 to inhibit 
tumor progression via the Wnt/β‑catenin signaling pathway. 
miR‑769‑3p may be a novel therapeutic target for the treatment 
of glioma.

Introduction

Glioma is the most common form of brain cancer (1), and the 
prognosis of glioma is relatively poor (2). Glioma cells infiltrate 
the healthy tissues surrounding the main tumor mass, limiting 
the survival of patients with glioma (3). Despite advances in 
technology and medicine, the incidence and mortality rates of 
glioma still continue to increase (4). Furthermore, the incidence 
of glioma is ~22/100,000 people, and the 5‑year survival rate 
is ~10% (5). In recent years, dysregulation of oncogenes and 
tumor suppressor genes during glioma progression has been 
observed (6). Glioma treatment outcomes may be improved by 
the identification of potential therapeutic targets based on an 
improved understanding of the molecular signaling pathways 
involved in glioma progression.

MicroRNAs (miRNAs) are a class of small and non‑coding 
RNA molecules that are 22 nucleotides long. miRNAs serve as 
post‑transcriptional regulators for gene expression by targeting 
the 3'‑untranslated region (3'UTR) of their target mRNAs, 
resulting in mRNA degradation or inhibition of protein trans-
lation (7). miRNAs have been widely reported to be involved 
in the progression of various types of cancer, as they can func-
tion as oncogenes or tumor suppressors (8,9). Recently, certain 
aberrantly expressed miRNAs have been identified in glioma 
that serve crucial roles in tumor progression. For instance, 
downregulation of miR‑449 was detected in glioma tissues 
and demonstrated to be involved in the tumor progression by 
targeting flotillin 2, which was associated with poor prognosis 
in patients with glioma (10). Upregulation of miR‑6807‑3p was 
observed in glioma specimens; miR‑6807‑3p promoted tumor 
progression and suppressed apoptosis by targeting dachshund 
family transcription factor 1 (11). In addition, a microRNA 
microarray assay indicated that miR‑769‑3p was differentially 
expressed in glioma tissues compared with matched normal 
tissues (12), and the dysregulation of miR‑769‑3p has been 
reported in several types of human cancer, such as colorectal 
cancer and hepatocellular carcinoma (13,14). A recent study on 
the role of the p53 R273H mutation in the tumor microenviron-
ment has revealed that miR‑769‑5p is closely associated with 
p53, suggesting its potential role in pulmonary metastasis (15). 
However, the exact clinical and functional roles of miR‑769‑3p 
in glioma have not been previously investigated.

The present study aimed to examine the expression levels 
and clinical roles of miR‑769‑3p in patients with glioma and 
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glioma cell lines and to further explore the potential under-
lying molecular mechanisms.

Materials and methods

Patients and sample collection. A total of 113 patients, who 
were pathologically diagnosed with glioma and underwent 
resection of the primary tumor between August 2010 and 
January 2012 in Weihai Central Hospital (Weihai, China), 
were enrolled in the study. Paired samples of glioma and 
adjacent healthy tissues (>3 cm from cancer tissues) were 
collected. All tissue samples were immediately snap‑frozen in 
liquid nitrogen and stored at ‑80˚C for future use. In addition, 
preoperative serum samples were collected from the patients, 
and 95 additional serum samples were collected from healthy 
volunteers undergoing routine physical examination at the 
same hospital to serve as the control group. The healthy control 
group had a similar age and sex ratio to the patient group and 
had no history of cancer. The blood samples were centrifuged 
at 1,000 x g for 20 min at 4˚C within 1 h after collection, and 
the plasma was stored at ‑80˚C until further processing. None 
of the patients received radiotherapy or chemotherapy prior 
to sample collection. The present study was approved by the 
Ethics Committee of Weihai Central Hospital, and written 
informed consent was obtained from each participant.

Cell culture and transfection. Human glioma cell lines 
LN‑229, A‑172, T98G and SHG‑44, as well as normal human 
astrocytes (NHAs) were obtained from the American Type 
Culture Collection (Manassas). All cell lines were cultured in 
Dulbecco's modified Eagle's medium (DMEM; Thermo Fisher 
Scientific, Inc.) containing 10% fetal bovine serum (FBS; 
Thermo Fisher Scientific, Inc.) and maintained in a humidified 
incubator at 37˚C with 5% CO2.

The miR‑769‑3p mimic, miR‑769‑3p inhibitor and the corre-
sponding negative controls (mimic NC and inhibitor NC) were 
synthesized and purified by Shanghai GenePharma Co., Ltd. 
The sequence were as follows: miR‑769‑3p mimic, 5'‑UUG​GUU​
CUG​GGG​CCU​CUA​GGG​UC‑3'; mimic NC, 5'‑UUC​UCC​
GAA​CGU​GUC​ACG​UTT‑3'; miR‑769‑3p inhibitor, 5'‑GAC​
CCU​AGA​GGC​CCC​AGA​ACC​AA‑3'; inhibitor NC, 5'‑CAG​
UAC​UUU​UGU​GUA​GUA​CAA‑3'. Lipofectamine®  3000 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used to 
transfect the miRNAs (100 nM) into glioma cells (A‑172 and 
SHG‑44) according to the manufacturer's protocol. Cells were 
harvested for subsequent experiments following 48 h incuba-
tion at 37˚C.

RNA extraction and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA was extracted 
from the tissue or serum samples and cells using TRIzol® 
Reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's protocol. RNA quality and concentration 
were assessed using a NanoDrop ND1000 Spectrophotometer 
(Thermo Fisher Scientific, Inc.). RNA was reverse transcribed 
to cDNA using a miRcute miRNA cDNA first‑strand synthesis 
kit (Tiangen Biotech Co., Ltd.) according to the manufacturer's 
instructions. SYBR‑Green  I Master Mix kit (Invitrogen; 
Thermo Fisher Scientific, Inc.) was used to perform qPCR. 
U6 was used as an internal control, and the relative expression 

levels were estimated using the 2‑ΔΔCq method (16). The primer 
sequences used were: miR‑769‑3p forward, 5'‑TCG​GCA​GGC​
TGG​GAT​CTC​CGG​GG‑3' and reverse, 5'‑GTG​CAG​GGT​
CCG​AGG​T‑3'; U6 forward, 5'‑CTC​GCT​TCG​GCA​GCA​CA‑3' 
and reverse, 5'‑AAC​GCT​TCA​CGA​ATT​TGC​GT‑3'.

MTT assay. The proliferation of glioma cells was determined 
using MTT assay. Once A‑172 and SHG‑44 cells were trans-
fected with miR‑769‑3p mimic or inhibitor, or their negative 
controls for 48 h, cells were harvest for subsequent experi-
ments. The transfected cells were seeded in 96‑well plates 
(1x104 cells/well) and incubated in a humidified incubator with 
5% CO2 at 37˚C for 16‑48 h. Subsequently, 20 µl 5% MTT 
solution was added into each well, followed by an additional 
4‑h incubation with 5% CO2 at 37˚C in the dark. The medium 
was discarded, and 100 µl dimethyl sulfoxide was added to stop 
the reaction. Cell proliferation was estimated by measuring the 
optical density at 490 nm using a microplate reader.

Transwell assay. Cell migration and invasion were analyzed 
using a Transwell chambers with a pore size of 8  µm 
(Corning, Inc.). For the invasion analysis, the membranes were 
pre‑treated with Matrigel (Corning, Inc.), whereas uncoated 
membranes were used for the migration assay. Once A‑172 
and SHG‑44 cells were transfected with miR‑769‑3p mimic or 
inhibitor, or their negative controls for 48 h, the cells (1x105) 
were collected, resuspended in 200 µl serum‑free DMEM 
and seeded into the upper chamber, whereas 300 µl DMEM 
containing 10% FBS was added into the lower chamber to act 
as a chemoattractant. Following incubation for 48 h at 37˚C, 
cells remaining on the upper surface of the membranes were 
removed with a cotton swab. The cells that had migrated into 
the lower chambers were fixed in 4% paraformaldehyde at room 
temperature for 30 min and stained with 0.5% crystal violet at 
room temperature for 30 min. The number of migrated cells 
was counted using a light microscope (magnification, x200; 
Olympus Corporation).

Luciferase reporter assay. A putative binding site in the 3'UTR 
of zinc finger E‑box binding homeobox 2 (ZEB2) was identi-
fied for miR‑769‑3p by TargetScan (http://www.targetscan.org) 
analysis. The luciferase reporter gene assay was performed 
to determine whether ZEB2 was indeed a target gene of 
miR‑769‑3p. Briefly, the miR‑769‑3p‑binding site in the ZEB2 
3'UTR (wild type or mutant) was cloned downstream of the 
firefly luciferase gene in a pGL3‑promoter vector. The lucif-
erase activity was measured using a Dual‑Luciferase Reporter 
Assay System (Promega Corporation). Renilla luciferase 
activity was used for normalization.

Western blot assay. Proteins were extracted using RIPA lysis 
buffer (Beyotime Institute of Biotechnology), separated by 
SDS‑PAGE and transferred onto PVDF membranes (EMD 
Millipore). The membranes were blocked with 5% non‑fat 
dried milk and incubated with primary antibodies. The 
antibodies targeting β‑catenin and cyclin D1 were purchased 
from Cell Signaling Technology, Inc. Quantitative densito-
metric analysis of the immunoblotting images was performed 
using ImageJ software (version 1.8.0; National Institutes of 
Health).
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Statistical analysis. Data were analyzed using SPSS 18.0 
(SPSS,  Inc.) and GraphPad Prism 5.0 (GraphPad Software, 
Inc.). Data are expressed as the mean ± SD. Student's t‑test was 
used to analyze the differences between two groups, whereas 
one‑way ANOVA followed by Tukey's multiple comparison test 
was applied to analyze multiple groups for statistical signifi-
cance. The associations between miR‑769‑3p expression and 
clinicopathological characteristics of patients with glioma were 
determined by χ2 test. Receiver operating characteristic (ROC) 
curve was used to assess the diagnostic specificity and sensi-
tivity of miR‑769‑3p levels. The 5‑year survival rate of patients 
was calculated by Kaplan‑Meier analysis with log‑rank test. Cox 
regression analysis was used to further determine the prognostic 
value of miR‑769‑3p levels in patients with glioma. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Expression levels of miR‑769‑3p in glioma miR‑769‑3p expres‑
sion levels were initially detected in 113 paired glioma and 
adjacent healthy tissues. The results of the RT‑qPCR analysis 
demonstrated that miR‑769‑3p levels were significantly 
decreased in glioma compared with adjacent healthy tissues 
(P<0.001; Fig. 1A). Similar results were observed for patient 
serum miR‑769‑3p levels compared with serum samples from 
healthy individuals (P<0.001; Fig. 1B). The expression levels 
of miR‑769‑3p were also investigated in four glioma cell lines 
(LN‑229, A‑172, T98G and SHG‑44); the results revealed 
that compared with the levels in normal NHAs, miR‑769‑3p 
expression levels were significantly lower in glioma cell lines 
(all P<0.001; Fig. 1C).

Association between miR‑769‑3p expression and clinicopath‑
ological characteristics of patients with glioma. To investigate 
the association of miR‑769‑3p levels with the clinicopatho-
logical characteristics of patients with glioma, the patients 
were classified into low and high expression groups according 
to the mean value of miR‑769‑3p levels in glioma tissues or 
serum (Table I). The χ2 test was used to identify the differences 
in clinicopathological characteristics between the two groups. 
The results demonstrated that miR‑769‑3p levels in the serum 
and glioma tissues were significantly associated with the 
World Health Organization (WHO) grade (P<0.01) (17) and 
Karnofsky performance score (KPS; P<0.05) (18). No similar 
results were observed for other clinicopathological parameters, 
including age, sex and tumor size (all P>0.05; Table I).

ROC analysis of the diagnostic value of serum miR‑769‑3p 
level for glioma. The ROC curve is a graphical representation 
that reflects the association between the sensitivity and speci-
ficity of a laboratory test. The ROC curve analysis revealed 
that serum miR‑769‑3p levels could reliably distinguish 
patients with glioma from healthy individuals with an area 
under the curve value of 0.925. At the optimal cut‑off value 
of 4.085, the sensitivity and specificity were 90.5 and 80.5%, 
respectively (Fig. 2A).

Prognostic value of tissue miR‑769‑3p level in patients with 
glioma. Kaplan‑Meier analysis was used to assess the prog-
nostic value of tissue miR‑769‑3p level in patients with glioma. 
The results demonstrated that patients with a high miR‑769‑3p 
expression in the glioma tissue exhibited relatively poor 
overall survival compared with those in the low expression 
group (log‑rank P=0.001; Fig. 2B). In addition, the clinical 
parameters and tissue miR‑769‑3p level were included in the 
multivariate Cox analysis to determine their influence on the 
overall survival of patients with glioma. The results demon-
strated that the tissue miR‑769‑3p expression level [hazard 
ratio (HR), 2.556; 95% CI, 1.449‑4.508; P=0.001] and the 
WHO grade (HR, 0.544; 95% CI, 0.314‑0.943; P=0.030) were 
independent prognostic factors for glioma (Table II).

Effects of miR‑769‑3p on cell proliferation, migration and 
invasion in glioma cells. Since miR‑769‑3p expression was 
downregulated to a greater extent in A‑172 and SHG‑44 cells 
compared with the other glioma cell lines (P<0.001; Fig. 1B), the 
two cell lines were used in subsequent experiments. miR‑769‑3p 
was overexpressed or downregulated in A‑172 and SHG‑44 cells 
by transfection with miR‑769‑3p mimic or miR‑769‑3p inhibitor, 
respectively. The transfection efficiency was determined by 
RT‑qPCR, and the results indicated that transfection with 
the miR‑769‑3p mimic resulted in an increase in miR‑769‑3p 
expression levels, whereas transfection with the miR‑769‑3p 
inhibitor significantly decreased its expression (P<0.01; Fig. 3A). 
The MTT assay results revealed that the overexpression of 
miR‑769‑3p significantly inhibited cell proliferation in A‑172 and 
SHG‑44 cells, whereas silencing of miR‑769‑3p enhanced cell 
proliferation (P<0.05; Fig. 3B). The results of the Transwell assay 
demonstrated that in A‑172 and SHG‑44 cells, the number of 
migrated cells was significantly lower in the miR‑769‑3p mimics 
group compared with that in the mimic NC group, but higher in 
the miR‑302b inhibitor group compared with that in the inhibitor 
NC group (P<0.001; Fig. 4A and B). Additionally, overexpression 

Figure 1. Expression of miR‑769‑3p measured by reverse transcription‑quantitative PCR in glioma tissues, serum samples and cell lines. (A) Tissue expres-
sion level of miR‑769‑3p was significantly downregulated in glioma compared with adjacent healthy tissues. (B) Serum expression level of miR‑769‑3p was 
significantly downregulated in patients with glioma compared with healthy control subjects. (C) The expression of miR‑769‑3p was lower in glioma cell lines 
LN‑229, A‑172, T98G and SHG‑44 compared with that in normal glioma cells. ***P<0.001 vs. control. miR, microRNA.
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of miR‑769‑3p significantly reduced the number of invasive cells, 
whereas silencing of miR‑769‑3p increased the number of inva-
sive cells (P<0.01; Fig. 4C and D).

ZEB2 is a target gene of miR‑769‑3p in glioma. TargetScan 
was used to identify the target genes of miR‑769‑3p and 
revealed that ZEB2 mRNA contained seven matched 
nucleotides with miR‑769‑3p at position 3871‑3877 in the 
3'UTR (Fig. 5A). The results of the luciferase reporter assay 
demonstrated that miR‑769‑3p mimic transfection attenuated 
the luciferase activity of ZEB2 3'UTR, whereas silencing 
of miR‑769‑3p promoted ZEB2 3'UTR luciferase activity; 
this was not observed when the mutant ZEB2 3'UTR was 
expressed (Fig. 5B). In addition, RT‑qPCR analysis of ZEB2 
mRNA expression levels revealed that miR‑769‑3p overexpres-
sion decreased ZEB2 expression, whereas opposite results were 
observed when miR‑769‑3p expression was silenced (Fig. 5C).

miR‑769‑3p is involved in the regulation of the Wnt/β‑catenin 
signaling pathway. Western blotting was performed to 
determine whether miR‑769‑3p may influence the levels 
of Wnt signaling‑related proteins. As presented in Fig. 6, 
overexpression of miR‑769‑3p significantly suppressed the 
expression of Wnt signaling‑related proteins β‑catenin and 
cyclin D1, whereas silencing of miR‑769‑3p exhibited the 
opposite result.

Discussion

Glioma is the most common primary malignant tumor of the 
brain (19). The majority of patients with glioma experience 
recurrence with poor prognosis, leading to challenges in the 

treatment of malignant glioma (20). The common treatment 
methods for glioma include radiotherapy, chemotherapy 
and surgery (21). However, due to the specific location of 
these tumors, the application of radiotherapy and chemo-
therapy is limited (22). Thus, it is of great significance to 
identify glioma‑related therapeutic targets to improve 
patient outcomes. miRNAs have been demonstrated to 
be involved in different types of human cancer, including 

Table I. Association of tissue and serum miR‑769‑3p with the clinicopathological characteristics of patients with glioma.

	 Tissue miR‑769‑3p expression	 Serum miR‑769‑3p expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 Total (n=113)	L ow (n=69)	 High (n=44)	 P‑value	L ow (n=59)	 High (n=54)	 P‑value

Age, years
  ≤60	 60	 37	 23		  30	 30
  >60	 53	 32	 21	 0.888	 29	 24	 0.616
Sex
  Male	 59	 36	 23		  31	 28
  Female	 54	 33	 21	 0.992	 28	 26	 0.941
Tumor size, cm
  <5.0	 57	 30	 27		  27	 30
  ≥5.0	 56	 39	 17	 0.064	 32	 24	 0.298
WHO grade
  I‑II	 58	 28	 30	 	 23	 35
  III‑IV	 55	 41	 14	 0.004b	 36	 19	 0.006b

KPS
  <80	 58	 41	 17	 	 37	 21
  ≥80	 55	 28	 27	 0.031a	 22	 33	 0.011a

aP<0.05; bP<0.01. WHO, World Health Organization; KPS, Karnofsky performance scale; miR, microRNA.

Table II. Multivariate Cox regression analysis of miR‑769‑3p 
expression and clinicopathological characteristics in patients 
with glioma.

	 Multivariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 HR	 95% CI	 P‑value

miR‑769‑3p expression	 2.556	 1.449‑4.508	 0.001b

(low vs. high)
Age, years (≤60 vs. >60)	 1.111	 0.647‑1.907	 0.703
Sex (male vs. female)	 1.472	 0.850‑2.548	 0.167
Tumor size, cm 	 0.747	 0.436‑1.281	 0.289
(<5.0 vs. ≥5.0)
WHO grade	 0.544	 0.314‑0.943	 0.030a

(I‑II vs. III‑IV)
KPS (<80 vs. >80)	 0.696	 0.398‑1.215	 0.202

aP<0.05; bP<0.01. WHO, World Health Organization; KPS, 
Karnofsky performance scale; miR, microRNA; HR, hazard ratio; 
CI, confidence interval.
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glioma  (23). Certain miRNAs have been identified to be 
aberrantly expressed in glioma and to be involved in tumor 
progression (24).

The dysregulation of miR‑769‑3p has been reported in 
several types of cancer, such as colorectal cancer and mela-
noma (13,25). In the present study, the expression level of 
miR‑769‑3p was determined to be downregulated in glioma, 
which was consistent with a previous study (12). Additionally, 

the present result suggested that miR‑769‑3p levels were 
significantly associated with WHO grade and KPS in patients 
with glioma.As the alteration of miR‑769‑3p expression in 
glioma was identified, its clinical value was further examined 
in glioma diagnosis and prognosis in the present study. The 
ROC curve analysis revealed that serum miR‑769‑3p levels 
could reliably distinguish patients with glioma from healthy 
individuals. Considering these results, it may be concluded 

Figure 3. Effects of miR‑769‑3p on cell proliferation in A‑172 and SHG‑44 cells. (A) In A‑172 and SHG‑44 cells, the expression levels of miR‑769‑3p were 
significantly increased following miR‑769‑3p mimic transfection, but decreased following miR‑769‑3p inhibitor transfection compared with the corresponding 
NC. (B) Cell proliferation was suppressed by overexpression of miR‑769‑3p, but promoted by silencing of miR‑769‑3p in A‑172 and SHG‑44 cells. *P<0.05, 
**P<0.01 and ***P<0.001 vs. the corresponding NC. miR, microRNA; NC, negative control.

Figure 2. Diagnostic value of miR‑769‑3p in glioma. (A) The receiver operating characteristic curve analysis of patients with glioma based on the serum 
miR‑769‑3p levels demonstrated an AUC value of 0.925, with the sensitivity and specificity of 90.5 and 80.5%, respectively. (B) Survival analysis in patients 
with glioma based on the tissue expression of miR‑769‑3p. Patients with high miR‑769‑3p expression exhibited shorter survival time compared with those with 
low miR‑769‑3p expression. AUC, area under the curve; miR, microRNA.
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that miR‑769‑3p may be a tumor suppressor gene and serve 
as a potential diagnostic factor for glioma. Additionally, 

Kaplan‑Meier survival analysis indicated that low expression 
levels of miR‑769‑3p were significantly associated with poor 

Figure 4. Effects of miR‑769‑3p on cell migration and invasion in A‑172 and SHG‑44 cells. (A) Results of migration analysis for A‑172 and SHG‑44 cells. 
(B) Overexpression of miR‑769‑3p inhibited cell migration, whereas miR‑769‑3p silencing promoted cell migration. (C) Results of invasion analysis for 
A‑172 and SHG‑44 cells. (D) Overexpression of miR‑769‑3p inhibited cell invasion, whereas miR‑769‑3p silencing promoted cell invasion. **P<0.01 and 
***P<0.001 vs. the corresponding NC. miR, microRNA; NC, negative control.
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overall survival of patients with glioma. Several clinicopatho-
logical variables have been previously used to predict prognosis 
for patients with glioma, such as the WHO grade and KPS 

score (26). In the present study, the WHO grade and KPS score 
of the enrolled patients with glioma were analyzed, and the 
results demonstrated that miR‑769‑3p exhibited a significant 

Figure 6. Regulation of the Wnt/β‑catenin signaling pathway by miR‑769‑3p. (A) Western blot analysis of β‑catenin and cyclin D1 expression in SHG‑44 cells 
transfected with the miR‑769‑3p mimic, inhibitor or corresponding NC. (B) Quantification of the western blotting results of β‑catenin expression in 
SHG‑44 cells transfected with the miR‑769‑3p mimic, inhibitor or corresponding NC. (C) Quantification of the western blotting results of cyclin D1 expression 
in SHG‑44 cells transfected with the miR‑769‑3p mimic, inhibitor or corresponding NC. **P<0.01 and ***P<0.001 vs. the corresponding NC. miR, microRNA; 
NC, negative control.

Figure 5. miR‑769‑3p inhibits ZEB2 expression by binding its 3'UTR. (A) Schematic representation of miR‑769‑3p and its target sequence within the ZEB2 
3'UTR. (B) The luciferase activity of WT or Mut ZEB2 3'UTR in SHG‑44 cells transfected with the miR‑769‑3p mimic or inhibitor. (C) ZEB2 mRNA 
expression in SHG‑44 cells transfected with the miR‑769‑3p mimic or inhibitor. *P<0.05, **P<0.01 and ***P<0.001 vs. the corresponding NC. miR, microRNA; 
UTR, untranslated region; ZEB2, zinc finger E‑box binding homeobox 2; WT, wild‑type; Mut, mutant; NC, negative control.
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association with the WHO grade and KPS score. In addition, 
Cox regression analysis results confirmed that miR‑769‑3p 
levels and the WHO grade were independent prognostic 
factors for glioma. These results suggested a potential prog-
nostic value for miR‑769‑3p in glioma; therefore, miR‑769‑3p 
may be a novel diagnostic and prognostic factor for glioma.To 
further explore the functional role of miR‑769‑3p in glioma, 
MTT and Transwell in  vitro assays were performed. The 
results demonstrated that overexpression of miR‑769‑3p inhib-
ited cell proliferation, migration and invasion in glioma cells, 
suggesting that miR‑769‑3p may act as a tumor suppressor and 
inhibit glioma growth and metastasis.

ZEB2, also termed SIP1, is a member of zinc‑finger E‑box 
binding proteins (27). ZEB2 is located in the nucleus and is 
reported to serve as a DNA‑binding transcriptional repressor by 
interacting with activated Smad proteins (28). A previous study 
has suggested a promoting role of ZEB2 in epithelial‑mesen-
chymal transition, which is involved in tumor metastasis (29). 
In the present study, an important molecular link was observed 
between miR‑769‑3p and ZEB2, as miR‑769‑3p negatively 
regulated the level of ZEB2 in glioma cells. Previous studies 
have demonstrated that aberrant expression of ZEB2 is associ-
ated with the development and progression of various types 
of cancer, such as gastric, breast and liver cancer (30‑32). In 
addition, upregulation of ZEB2 has been detected in patients 
with glioma, and ZEB2 has been demonstrated to effectively 
promote tumor cell progression (33,34). Collectively, these 
data supported the hypothesis of the present study that ZEB2 
was a direct target gene of miR‑769‑3p in glioma.

The Wnt/β‑catenin pathway is considered to be one of the 
most important molecular pathways involved in the development 
of various types of human cancer, including glioma (35,36). 
Downregulation of ZEB2 reduces cell proliferation and 
suppresses the expression of β‑catenin, c‑Myc and cyclin D1 
in glioma, suggesting the involvement of ZEB2 in the regula-
tion of the Wnt/β‑catenin pathway in patients with glioma (34). 
Therefore, the present study focused on the association between 
miR‑769‑3p and the Wnt/β‑catenin pathway, and the results 
suggested that overexpression of miR‑769‑3p suppressed the 
expression levels of Wnt signaling‑related proteins. Thus, the 
results of the present study indicated that miR‑769‑3p inhib-
ited glioma cell progression by targeting ZEB2 and further 
affecting the Wnt/β‑catenin signaling pathway.

In conclusion, the results of the present study suggested a 
crucial role for miR‑769‑3p in the occurrence and development 
of glioma. These results indicate a potential clinical value of 
miR‑769‑3p as an effective biomarker for the diagnosis and 
prognosis of glioma. In addition, the results of the present study 
demonstrated that miR‑769‑3p exerted its tumor suppressor 
role by targeting ZEB2 and inhibiting the Wnt/β‑catenin 
signaling pathway. Therefore, miR‑769‑3p may be a novel 
therapeutic target for the treatment of glioma.
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