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Abstract. The aim of the present study was to evaluate 
the association between a polymorphism (rs2910164) in 
the microRNA (miR)‑146a precursor and the prognosis of 
glioblastoma multiforme (GBM), as well as to examine the 
possible underlying mechanism in a Chinese population. A 
total of 380 patients with histologically confirmed GBM were 
recruited between 2008 and 2012, and were genotyped for 
the rs2910164 polymorphism using Sanger sequencing. The 
Kaplan‑Meier method was used to estimate overall survival 
(OS), and univariate and multivariate Cox proportional 
hazard regression analyses were used to evaluate the effect 
of miR‑146a polymorphisms on OS. It was identified that the 
rs2910164 CC genotype was significantly associated with a 
decreased OS among the patients with GBM (P=0.002). It was 
confirmed that Notch1 and Notch2 were targets of miR‑146a 
and it was demonstrated that the introduction of miR‑146a 
mimic suppressed the levels of Notch1 and Notch2 to different 
extents, resulting in a reduced Notch1/Notch2 ratio with an 
increase in miR‑146a mimic concentration in U251 cells. 
Additionally, resected tumor specimens were collected from 
138 GBM patients and the expression levels of miR‑146a, 
Notch1 and Notch2 were examined using reverse transcrip-
tion‑quantitative polymerase chain reaction and western blot 
analysis. Consistent with the in vitro study, lower levels of 
miR‑146a, higher levels of Notch1 and Notch2, and a higher 
Notch1/Notch2 ratio were identified in the CC genotype group 
compared with those of the GG/GC group. In the present 
study, the rs2910164 C allele was found to be associated with a 
reduced survival rate in patients with GBM, and the observed 
association between the CC genotype and poorer prognosis of 

GBM was at least partially mediated by the decreased expres-
sion of miR‑146a, which interfered with the balance of Notch1 
and Notch2.

Introduction

A glioma is a type of tumor that originates from glial cells 
(astrocytes or oligodendrocytes), which are non‑neuronal 
supporting cells. Gliomas are the most fatal type of brain 
tumor, and glioblastoma multiforme (GBM) is the most 
common and aggressive subtype of glioma in humans  (1). 
Although the etiology of the tumor remains to be elucidated, 
GBM is hypothesized to occur as a result of the interaction 
between multiple genetic and environmental factors. Genetic 
factors have been reported to contribute to gliomagenesis, as 
evidenced by familial aggregation studies (2,3), as well as rare 
Mendelian syndromes, including neurofibromatosis and Turcot 
syndrome (4). Associations have been established between 
GBM susceptibility and single nucleotide polymorphisms 
(SNPs) in genes that were independently identified to be candi-
date genes involved in gliomagenesis in two genome‑wide 
association studies (5‑7).

MicroRNAs (miRNAs/miRs) are a class of ~22‑nucleo-
tide‑long non‑protein coding RNAs, which are hypothesized 
to regulate up to a third of all protein‑coding genes via 
binding to the 3' untranslated region (UTR) of target gene 
messenger RNA (mRNA), resulting in translational repres-
sion and/or degradation of mRNA  (8). miRNAs have 
previously been reported to be involved in the regulation of 
various biological processes, including the cell cycle, cell 
differentiation, apoptosis and metastasis (8). Accumulating 
lines of evidence have demonstrated that SNPs or mutations 
in the miRNA sequence may influence cancer susceptibility 
via the alteration of miRNA expression, maturation or 
miRNA‑miRNA interactions (9,10). An association between 
aberrant miRNA expression and oncogenesis has been consis-
tently reported (11,12), and the dysregulated expression of 
miRNAs and their targets is hypothesized to occur as a result 
of functional polymorphisms in the miRNA sequence (13‑17). 
The rs2910164 polymorphism in the miR‑146a precursor 
has previously been associated with various types of cancer, 
including breast and ovarian cancer (18,19), papillary thyroid 
cancer (11), prostate cancer (20), esophageal squamous cell 
carcinoma (21) and gastric (22) and hepatocellular cancer (23). 
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Jazdzewski et al (11) presented evidence demonstrating that 
the C allele of rs2910164 may induce a reduction in mature 
miR‑146a levels and decreased inhibition of its target genes, 
including tumor necrosis receptor‑associated factor 6 (TRAF6) 
and interleukin‑1 receptor‑associated kinase 1 (IRAK1) by 
interfering with the processing of pre‑microRNA.

Notch signaling comprises a major pathway involved in 
GBM development. Notch signaling has been observed to 
maintain the proliferation of normal neural precursor cells and 
has been defined as a survival marker in gliomas, as indicated 
by its overexpression in glioma tissue and ability to promote 
glioma cell migration and invasion by stimulation of β‑catenin 
and nuclear factor‑κB (NF‑κB) signaling via AKT activa-
tion (15,16). Xu et al (21) revealed that two major members 
of the Notch family, Notch1 and Notch2, have opposite roles 
in regulating the proliferation of GBM cells. Notably, by 
searching online microRNA databases and in silico analysis, 
Notch1 and Notch2 were identified as potential target genes of 
miR‑146a. Additionally, Notch1 has been validated as a target 
gene of miR‑146a using a luciferase assay in GBM cells, and 
it was induced as a negative‑feedback regulator to suppress 
tumor growth via the inhibition of Notch1 (17).

Based on the above evidence, the differential inhibitory 
effect of miR‑146a on Notch1 and Notch2 was evaluated at 
various concentrations of the miRNA. Simultaneously, geno-
typing analyses were performed for the miR‑146a rs2910164 
polymorphism and their associations with the prognosis of 
GBM in 380 Chinese GBM patients were evaluated.

Materials and methods

Patients. A total of 380 patients with histologically confirmed 
GBM were recruited from the Department of Neurosurgery, 
The First Affiliated Hospital of Dalian Medical University 
(Dalian, China) between 2008 and 2012. Of this total, resected 
tumor specimens were available from 138 patients. All 
participants were ethnic Han Chinese individuals. The study 
was approved by investigational review committees at Dalian 
Medical University. Written informed consent was obtained 
from each participant. Demographic data and information 
regarding known and potential risk factors were obtained 
through interviewer administered questionnaires.

Biospecimen collection. Genomic DNA samples for geno-
typing were isolated from peripheral venous blood collected 
from all participants using a DNA extraction kit obtained from 
Tiangen Biotech Co. Ltd. (Beijing, China). A NanoPhotometer 
Ultraviolet/Vis Spectrophotometer (Implen GmbH, Munich, 
Germany) and 0.6% agarose electrophoresis were used to 
assess the concentration and purity of the DNA prior to its 
storage at ‑20˚C until future use.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA was obtained using the TRIzol 
one‑step RNA isolation kit (Invitrogen Life Technologies, 
Carlsbad, CA, USA). The miR‑146a, Notch1, Notch2 and U6 
(internal control)‑specific cDNA were synthesized from total 
RNA using gene‑specific primers according to the TaqMan 
MicroRNA assay protocol (Applied Biosystems, Foster City, 
CA, USA). In a 96-well plate, 90 µl master mix was added to 

2 µg total RNA from each sample and run under the following 
thermal cycling conditions: 25˚C for 10 min, 48˚C for 30 min 
and 95˚C for 5 min. Relative quantification of target miRNA 
expression was conducted using the ΔΔ cycle threshold (ΔΔCt) 
method. Each sample was evaluated in triplicate and the raw 
data are presented as the relative quantity of target miRNA, 
normalized with respect to U6.

Genotyping of miR‑146a rs2910164 SNP. Genotyping was 
performed as described previously (11). Briefly, DNA speci-
mens were amplified using standard PCR protocols. The PCR 
products were purified with the ExoSAP‑IT purification kit 
(USB Corporation, Cleveland, OH, USA) and were subse-
quently sent to the core sequencing lab located in Dalian 
Medical University for sequencing using the ABI sequencing 
system (PE Applied Biosystems, Foster City, CA, USA). 
The sequencing results were analyzed using Chromosome 
DNAstar software, version 12.1 (DNASTAR, Inc., Madison, 
WI, USA). The PCR primers used for miR‑146a sequencing 
were: Forward, 5'‑ATTTTACAGGGCTGGGACAG‑3' and 
reverse, 5'‑TCTTCCAAGCTCTTCAGCAG‑3'.

Western blot analysis. Total proteins were isolated from 
U251 glioma cells (Type Culture Collection of the Chinese 
Academy of Sciences, Shanghai, China) that were transfected 
with scramble, miR‑146a mimic or miR‑146a inhibitor 
(Shanghai GenePharma Co., Ltd., Shanghai, China), respec-
tively. The protein concentration was quantitatively measured 
prior to being loaded onto 10% SDS‑polyacrylamide gel 
(Invitrogen Life Technologies) and subsequently transferred 
onto a polyvinylidene difluoride membrane (EMD Millipore, 
Billerica, MA, USA). The membrane was then sequentially 
incubated with rabbit polyclonal IgG anti‑Notch1 (sc‑9170) 
and anti‑Notch2 (sc‑5545) primary antibodies (1:2,000; 2 h 
at room temperature) and horseradish peroxidase‑conjugated 
secondary antibody (sc-2371; 1:10,000; 1 h at room tempera-
ture) according to manufacturer's instructions. All antibodies 
were purchased from Santa Cruz Biotechnology, Inc. (Santa 
Cruz, CA, USA) and the signals were detected using an ECL 
chemifluorescence detection kit (Pierce Biotechnology, Inc., 
Rockford, IL, USA). The band density of specific proteins was 
densitometrically analyzed following normalization to the 
density of β‑actin.

MTT assay. The growth rate of control and transfected 
U251  cells was determined using an MTT assay. Briefly, 
4x103  cells/well were plated onto a 96‑well plate. Levels 
of cell growth were measured each day for six consecutive 
days following plating, by adding 20  µl (5  mg MTT/ml; 
Sigma‑Aldrich, St. Louis, MO, USA) to the well and incubating 
for an additional 4 h, prior to termination of the assay by lysing 
the cells with 200 ml dimethyl sulfoxide (Sigma‑Aldrich) for 
5 min. Optical density was measured in triplicate at 570 nm 
using a xMark Microplate Absorbance spectrophotom-
eter (Bio-Rad Laboratories, Inc., Hercules, CA, USA) and 
expressed as a percentage of the control.

Transwell assay. Transwell filters (Corning Costar, Inc., 
Corning, NY, USA) were coated with Matrigel (3.9 mg/ml, 
60‑80 ml; BD Biosciences Discovery Labware, Bedford, MA, 
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USA) and incubated at 37˚C for 30 min, prior to solidification 
of the Matrigel. Matrigel is used as a surrogate for the major 
components of the extracellular matrix in tumor cell invasion. 
Transfected and control cells (1x105) suspended in 200 ml 
serum‑free Dulbecco's modified Eagle's medium (Invitrogen 
Life Technologies) were added to the upper chamber and the 
conditioned medium containing tumor cells was added into 
the lower chamber. Following 24 h of incubation at 37˚C in 
5% CO2, the medium was removed from the upper chamber. 
The non‑invaded cells on the upper surface of the inserted 
filter were gently scraped off with a wet cotton swab and the 
cells that had invaded the lower surface of the filter were fixed 
in methanol and counted. The quantity was expressed as a 
percentage of the control.

Statistical analysis. Fisher's exact χ2 test was used to compare 
the frequency distribution of age, gender and smoking status 
between high‑ and low‑grade groups, if appropriate. The 

Kaplan‑Meier method was used to estimate overall survival 
(OS), defined as the length of time between study registration 
and a patient's mortality (of the patients who died). The OS 
periods were compared using the log‑rank test. Univariate and 
multivariate Cox proportional hazard regression analyses were 
performed to estimate the effect of miR‑146a polymorphisms 
on survival rate and the expression levels of miR‑146 and 
Notch1 in the presence of known prognostic factors, including 
age, gender and smoking status. Data were analyzed using 
SPSS 19.0 software (IBM, Armonk, NY, USA) and P<0.05 
was considered to indicate a statistically significant difference.

Results

Demographic and clinicopathological characteristics of the 
participants. In the present study a total of 380 participants 
(198 males and 82 females), with a mean age of 56.92 years, 
were recruited. Information regarding the known risk factors 
of GBM prognosis, including age, gender and smoking status 
are described in Table I.

Patients with the rs2910164 CC polymorphism have a reduced 
survival rate. The genotype frequency of the SNP amongst the 
study population fit the Hardy‑Weinberg equilibrium. Initially, 
the association between the SNP and the survival rate in the 
GBM patients was evaluated. As shown in Fig. 1A, partici-
pants carrying the rs2910164 CC genotype had a significantly 
decreased survival rate compared with that of the GG and 
GC genotypes, following adjustments for age, gender and 
smoking status (P=0.002). The effect of the rs2910164 C allele 
on survival rate indicated a recessive pattern in GBM patients 
(data not shown).

Patients carrying the rs2910164 CC genotype exhibit 
increased miR‑146a expression. The mRNA expression level 
of miR‑146a was also measured in the 138 patients whose 
tumor specimens were available and its association with the 
genetic variant was evaluated. As shown in Fig. 1B, the expres-
sion levels of miR‑146a in those who carried the rs2910164 
CC genotype were significantly higher than those of the GC 
and GG carriers (P<0.001). The number of rs2910164 G alleles 
revealed a dominant effect on the expression of miR‑146a, as 
shown in Fig. 1. Furthermore, Notch1 and Notch2 were found 
to be differentially expressed in individuals with the GG/GC 
and CC genotypes (Fig. 1C).

Notch1 and 2 are targets of miR‑146a and miR‑146a expres‑
sion levels affect the Notch1/2 ratio. The candidate target 
genes of miR‑146a were further computationally screened 

Table I. Clinicopathological and demographic characteristics of the patients involved in the study.

	 GG/GC	 CC 
Characteristic	 (n=226)	 (n=154)	 P‑value 

Age (years ± standard deviation)	 54.30±12.81	 58.11±9.63	 0.150
Gender (male: female)	 76:150	 55:99	 0.674
Smoking status (smoker: nonsmoker)	 101:125	 63:91	 0.465

Figure 1. Evaluation of association between rs2910164 genotype, survival 
rate and miR‑146a expression levels. (A) Kaplan‑Meier survival curves for 
380 GBM cases stratified by pre‑miR 146a rs2910164 genotype. The log‑rank 
method was used to assess genotype‑specific differences in survival distribu-
tions. (B) Expression levels of miR‑146a of each 146a rs2910164 genotype 
group in 138 GBM cases. (C) Protein expression levels of Notch1 and Notch2 
in GG/GC and CC rs2910164 genotype groups in 138 GBM cases. GBM, glio-
blastoma multiforme. *P<0.05.

  A

  B   C
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and identified using TargetScan Release 5.1 (http://www.
targetscan.org). Notch1 and Notch2 were identified as potential 
target genes of miR‑146a, which was subsequently confirmed 
using a luciferase assay, as shown in Fig. 2. Considering the 
opposing roles of Notch1 and Notch2 in gliomagenesis, the 

direct effect of miR‑146a on cell behavior, as well as the expres-
sion levels of Notch1 and Notch2, were investigated using 
western blot analysis and the results revealed that transfection 
with miR‑146a mimic induced a significant downregulation of 
Notch1 and Notch2 expression to differing extents, presenting 

  A

  B

Figure 2. Identification of miR‑146a target genes. (A) Notch1 is a direct target of miR‑146a in glioma cells. Left, schematic representation of the miR‑146a‑binding 
sequence in the 3'‑UTR of Notch1 mRNA. Mutations were generated in the miR‑146a‑binding sequence of the Notch1 3'‑UTR as indicated; Right, analysis 
of luciferase activity in U251 cells 48 h after co‑transfection with the control Renilla luciferase expression construct pRL‑TK and a Firefly luciferase reporter 
plasmid containing wild‑type or mutant Notch1 3'‑UTR (indicated as WT or MUT on the axis, respectively). Firefly luciferase activity in each sample 
was normalized to Renilla activity, and expressed relative to the normalized luciferase activity of control cells (P<0.05). (B) Notch2 is a direct target of 
miR‑146a in glioma cells. Left, schematic representation of the miR‑146a‑binding sequence in the 3'‑UTR of Notch2 mRNA. Mutations were generated in the 
miR‑146a‑binding sequence of the Notch2 3'‑UTR as indicated; Right, analysis of luciferase activity in U251 cells 48 h after co‑transfection with the control 
Renilla luciferase expression construct pRL‑TK and a Firefly luciferase reporter plasmid containing either the wild‑type or mutant Notch2 3'‑UTR (indicated 
as WT or MUT on the axis, respectively). Firefly luciferase activity in each sample was normalized to Renilla activity, and expressed relative to the normalized 
luciferase activity of control cells (P<0.05). miR, microRNA; UTR, untranslated region; WT, wildtype; MUT, mutant. *P<0.05.

Figure 3. In vitro study of proliferation and invasive ability of U251 cells transfected with miR‑146a mimic. (A) Suppression of Notch1 and Notch2 by 60 
and 120 nmol miR‑146a mimic in U251 cells. (B) Proliferation rate of U251 cells transfected with 60 and 120 nmol miR‑146a mimic determined using an 
MTT assay. (C) Invasive ability of U251 cells transfected with 60 and 120 nmol miR‑146a mimic was examined using a Transwell assay. miR, microRNA.

  A   B

  C



MOLECULAR MEDICINE REPORTS  12:  5475-5481,  2015 5479

a stepwise reduction in the Notch1/Notch2 ratio coupled with 
an ascending concentration of the miR‑146a mimic (Fig. 3A) 
and suppressed the growth and invasion of U251 cells (Fig. 3B). 
Consistent with these results, the introduction of an miR‑146a 
inhibitor resulted in a marked upregulation of Notch1 and 
Notch2 expression, with a corresponding stepwise change in 
the Notch1/Notch2 ratio (Fig. 4A) and promoted cell prolifera-
tion and invasion (Fig. 4B and C) with various concentrations 
of the inhibitor.

Tissue samples in the CC group exhibit greater Notch1 
and 2 expression compared with the GG/GC group. Tissue 
samples from 138 glioma patients were also collected and the 
expression patterns of miR‑146a, Notch1 and Notch2 were 
determined using RT‑qPCR and western blot analysis in two 
genotypic groups. The expression levels of miR‑146a were 
higher, and Notch1 and Notch2 were lower in the GG/GC group 
than those in the CC group, and the Notch1/Notch2 ratio 
was significantly higher in the CC group than that in the 
GG/GC group (data not shown).

Discussion

In the present study, the association between a common 
miR‑146a polymorphism (rs2910164) and glioma prognosis 
was evaluated in a Chinese population of 380 GBM cases. 
It was identified that the CC genotype was associated with a 
decreased survival rate amongst patients with GBM.

Permuth‑Wey  et  al  (19) reported that the rs2910164 
CC/GC genotypes were associated with an increased risk 
of glioma, particularly among older individuals, and that 
the C allele was associated with a decreased survival rate 
among patients with glioblastoma. Xu  et  al  (20) demon-
strated that the rs2910164 CC genotype was associated with 
a decreased risk of prostate cancer. Xu et al (22) observed 

that the GG genotype was associated with an increased risk 
of hepatocellular carcinoma. Jazdzewski et al  (11) demon-
strated that the GC genotype was associated with an increased 
risk of papillary thyroid cancer compared with that of the 
GC/CC genotypes. Guo et al (23) identified an association 
between the GG genotype and an increased risk of esopha-
geal squamous cell carcinoma, particularly among smokers. 
The C allele carriers were reported to be more susceptible to 
gastric cancer in a Japanese population (24), and conversely 
the C allele was found to be protective against gastric cancer 
in a Chinese population (25). Inconsistent results regarding 
the association between the rs2910164 miR‑146a genotype and 
cancer risk may indicate a heterogeneous tumor etiology or 
differences in the ethnicity of investigated populations.

In the present study, the rs2910164 CC genotype was asso-
ciated with the risk for high‑grade glioma. However, unlike 
previously reported age‑specific effects for this SNP (25‑27), 
the association was comparable when stratified with age. 
Survival analyses based on the rs2910164 CC genotype indi-
cated a decreased survival rate in the patients with high‑grade 
glioma, with a stepwise decrease in miR‑146a expression 
levels. This trend was also identified in low‑grade gliomas, but 
the rs2910164 genotypes did not influence the survival rate of 
this population.

Jazdzewski et al (11) demonstrated that the C allele of 
rs2910164 in the pre‑miR‑146a sequence interfered with the 
correct processing and expression of the miRNA and induced 
a 1.8‑fold reduction in mature miR‑146a compared with that of 
the G allele (27). The SNP was located at position +60 relative 
to the first nucleotide on the passenger strand of pre‑miR‑146a, 
with the C allele being hypothesized to lead to mispairing 
within the mature hairpin (11). It has been suggested that the 
rs2910164 genotype may contribute to carcinogenesis via 
mediation of miR‑146a interactions with key target genes (14). 
Jazdzewski et  al  (11) also demonstrated that the C  allele 

Figure 4. In vitro study of proliferation and invasive ability in U251 cells transfected with miR‑146a inhibitor. (A) Suppression of Notch1 and Notch2 by 60 
and 120 nmol miR‑146a inhibitor in U251 cells. (B) Proliferation rate of U251 cells transfected with 60 and 120 nmol miR‑146a inhibitor determined using 
an MTT assay. (C) Invasive ability of U251 cells transfected with 60 and 120 nmol miR‑146a inhibitor examined using a transwell assay. miR, microRNA.
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compromised the ability of miR‑146a to bind with HeLa cell 
nuclear proteins and resulted in inefficient inhibition of the 
miR‑146a target genes TRAF6 and IRAK1. Peng et al  (28) 
demonstrated that TRAF6 was involved in the potentiation of 
growth, proliferation, invasion and migration of glioma cells 
(U‑87MG cell line), and it exerted an inhibitory effect on the 
apoptosis of glioma cells by activating NF‑κB. Concurrently, 
Funakoshi et al (29) observed that overexpression of TRAF6 
enhanced interleukin‑1 mediated NF‑κB and activator 
protein 1 activation. TRAF6 is also able to upregulate hypoxia 
inducible factor‑1α expression and promote tumor angiogen-
esis and growth (30). Additionally, TRAF6 has been reported 
to have a significant oncogenic role in other types of cancer, 
including esophageal squamous cell carcinoma, non‑small cell 
lung cancer and multiple myeloma, by either activating NF‑κB 
and Janus kinase/signal transducer and activator of transcrip-
tion pathways or via downregulation of activated caspase 3 
and cleaved poly ADP ribose polymerase, and upregulation of 
c‑Jun, B cell lymphoma 2 and c‑Myc (31‑33).

Notch signaling has been demonstrated to cumulate 
oncogenic activities involved in glioma proliferation, apop-
tosis inhibition and invasion, in addition to its functions in 
the maintenance of non‑neoplastic neural stem cells and 
neovascularization  (34). Notch1 is a validated target of 
miR‑146a, and miR‑146a has been observed to be induced 
as a negative‑feedback regulator to suppress glioma growth 
via inhibition of Notch1 (17). Chen et al (15) demonstrated 
increased Notch1 expression levels in glioma and suggested 
that this increase may be associated with tumor progres-
sion. Zhang et al  (16) demonstrated that Notch activation 
may stimulate the AKT pathway and subsequently activate 
β‑catenin and NF‑κB signaling in glioma cells. By contrast, 
another major member of Notch family, Notch2, was found 
to have a different role in the control of glioma cell activities. 
Upregulation of Notch2 resulted in the induction of apop-
tosis, as well as the suppresion of cell growth and invasion, 
similarly to the results of silencing Notch1 (21). In addition, 
high levels of Notch2 indicated a favorable prognosis in all 
subtypes of glioma (35). In the present study, it was verified 
that Notch1 and Notch2 were target genes of miR‑146a in 
glioma cells and that the introduction of miR‑146a suppressed 
Notch1 and Notch2 expression. It was therefore hypothesized 
that Notch1 and Notch2 maintain a balance in regulating cell 
behavior and the altered level of miR‑146 induced by the 
rs2910164 polymorphism alters the balance between the two 
Notch family members, resulting in changes in cell behavior 
and malignancy transformation. The hypothesis was inves-
tigated by transfecting miR‑146a mimic into U251 cells, 
and confirmed by the observation that overexpression of 
miR‑146a induced a significant downregulation of Notch1 and 
Notch2 to differing extents, presenting a stepwise decrease 
in Notch1/Notch2 ratio with ascending concentration of the 
miR‑146a mimic. Conversely, the introduction of miR‑146a 
inhibitor resulted in marked upregulation of Notch1 and 
Notch2 expression with a corresponding stepwise increase 
of Notch1/Notch2 ratio at various concentrations of the 
inhibitor. Additionally, the expression pattern of miR‑146a, 
Notch1 and Notch2 in the GG/GC group versus the CC group 
was consistently in concordance with the aforementioned 
in vitro functional studies.

In the present study, the rs2910164 C allele was found to 
be associated with a decreased survival rate, indicating that 
this variant may contribute to tumor progression by inducing 
loss‑of‑function of miR‑146a. Confirmation of the current 
association in a larger population is required. Knowledge of 
the inherited variation in miRNA‑associated genes may aid 
the identification of high‑risk populations and the development 
of diagnostic, prognostic and therapeutic strategies in order to 
reduce the burden of gliomas and other malignancies.
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