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Abstract The aim of the present study was to investigate
the clinical significance of microRNA-124 (miR-124)
expression in glioma. The expression levels of miR-124
were measured using quantitative real-time polymerase
chain reaction (qRT-PCR) analysis. The correlation
between the miR-124 levels and the clinicopathological
factors of the glioma patients was analyzed. The survival
curves were calculated by the Kaplan—-Meier method. The
influence of each variable on survival was examined by the
Cox multivariate regression analysis. Compared with
nonneoplastic brain tissues, the expression level of miR-
124 was significantly decreased in glioma tissues
(1.27 £ 0.55 wversus 691 + 1.06, P < 0.0001). The
expression level of miR-124 was positively correlated with
grade (P = 0.003) and Karnofsky performance status
(KPS) score (P = 0.008). A significant difference was
found that glioma patients with low miR-124 expression
level had distinctly shorter OS (P = 0.001) and PFS
(P = 0.002) than patients with high miR-124 expression
level. Furthermore, we found that low miR-124 expression
(OS P = 0.009; PFS P = 0.002) and advanced histologic
grade (OS P = 0.005; PFS P = 0.001) were independent
prognostic parameters indicating poor prognosis for glioma
patients. Our results showed that the decreased expression
of miR-124 may be associated with malignant tumor pro-
gression and poor prognosis in patients with gliomas,
suggesting that miR-124 may be a novel and valuable
signature for predicting the clinical outcome of patients
with gliomas.
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Introduction

Glioma accounts for most in human malignant central
nervous system neoplasms [1]. Approximately 20,000 new
cases of glioma are diagnosed in the United States every
year [2]. World Health Organization (WHO) divides glio-
mas into four grades: pilocytic astrocytoma (WHO grade
I), diffuse astrocytoma (WHO grade II), anaplastic astro-
cytoma (WHO grade III), and glioblastoma (WHO grade
IV) [3]. Glioma is characterized by a rapid infiltrative
growth pattern making complete surgical resection
impossible. The median survival from glioblastoma mul-
tiforme, the most aggressive type of malignant glioma, is
only 12—-14 months, even when treated with surgery, che-
motherapy, and/or radiotherapy [4]. Early detection and
effective treatment strategies for glioma patients are vital
for improving clinical outcomes, and developing bio-
markers for this purpose has long been an aim of research.
The information that biomarkers provide about cancer can
be used to predict important factors such as prognosis and
response to therapy, as well as to improve diagnosis and to
assist earlier detection.

MicroRNAs (miRNAs) are small non-coding RNA
molecules that are normally around 22 nucleotides in
length. MiRNA function to regulate cell behavior and
modulate gene expression at the post-transcriptional level,
by binding to mRNA and suppressing translation [5, 6].
Previously, as one of the most abundantly expressed
miRNAs in the central nervous system, miR-124 has been
shown to play a significant role in the pathogenesis of
various cancers [7—-13]. To date, several lines of evidence
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have shown that miR-124 may be a novel prognostic factor
and therapeutic target for some types of cancers, such as
non-small cell lung cancer (NSCLC) [12], hepatocellular
carcinoma (HCC) [8], oral squamous cell carcinoma
(OSCCQ) [10], and colorectal cancer (CRC) [7]. However,
the role of miR-124 in glioma and its association with
prognosis have not been reported. The aim of the present
study was to investigate the clinical significance of miR-
124 expression in glioma.

Materials and methods
Patients and tissue samples

The present study was approved by the Research Ethics
Committee of Qilu Hospital of Shandong University.
Written informed consent was obtained from all the
patients. All specimens were handled and made anonymous
according to the ethical and legal standards. A total of 137
pairs of human gliomas and matched nonneoplastic brain
tissues obtained from 137 patients with primary glioma
were collected from Department of Neurosurgery, Qilu
Hospital of Shandong University between 2006 and 2012.
Samples resected during the operation were divided into
two parts. One part was frozen and stored in liquid nitrogen
until RNA isolation, the other one was fixed in formalin for
pathologic diagnosis by two pathologists according to the
2007 WHO classification. Any different conclusions were
resolved by careful study and discussion. The patients were
77 male and 60 female, with a median age of 45 years
(range 21-79 years). According to WHO criteria, 66 of the
137 gliomas were classified as low-grade [32 pilocytic
astrocytomas (WHO 1) and 34 diffuse astrocytomas (WHO
ID], and 71 were classified as high-grade gliomas [32
anaplasia astrocytomas (WHO III), and 39 primary glio-
blastomas (WHO IV)]. None of the patients had received
chemotherapy or radiotherapy prior to surgery. The clini-
copathologic features of all the patients were summarized
in Table 1. All patients were under a close follow-up
observation for disease recurrence at no less than 3-month
intervals during the first two postoperative years, and no
less than every 6 months thereafter. Overall survival (OS)
time was calculated from the date of the initial surgery to
death. Progression-free survival (PFS) time was calculated
from the date of the initial surgery until the first evidence
of local, regional, or distant tumor progression of disease.

Real-time quantitative RT-PCR for miRNA
MiR-124 expression in human gliomas and nonneoplastic

brain tissues was measured by reverse transcription and
real-time PCR (RT-PCR). Total RNA was isolated from
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Table 1 Association between miR-124 expression and different
clinicopathological features of 137 human gliomas

Parameter  No. of cases  miR-124 expression P value
Low (n, %)  High (n, %)

Age
<50 59 27 (45.76) 32 (54.24) 0.45
>50 78 41 (52.56) 37 (47.44)

Gender
Male 77 38 (49.35) 39 (50.65) 0.79
Female 60 30 (50.00) 30 (50.00)

WHO grade
I-11 66 21 (31.82) 45 (68.18) 0.003
I-1v 71 47 (66.20) 24 (33.80)

KPS score
<80 69 41 (59.42) 28 (40.58) 0.008
>80 68 27 (39.71) 41 (60.29)

Extent of resection
<98 % 48 27 (56.25) 21 (43.75) 0.11
>98 % 89 41 (46.07) 48 (53.93)

Tumor size
<5 cm 81 37 (45.68) 44 (54.32) 0.07
>5cm 56 31 (55.36) 25 (44.64)

frozen samples using Trizol reagent (Invitrogen, CA, USA)
according to the manufacturer’s protocol. The TagMan
microRNA assay and TagMan universal PCR master mix
were used to detect the expression of miR-124, and the U6
gene was used as an internal control to normalize vari-
ances. The cycle threshold (Ct) value was calculated. The
274 (ACt = Crmiri24 — Crtus rna) method was used to
quantify the relative amount of miR-124. Each sample was
examined in triplicate and the raw data were presented as
the relative quantity of target miRNA, normalized with
respect to U6. RT-PCR primers: miR-124: F:. 5'-
CTAGTCTAGAGTCGCTGTTATCTCATTGTCTG-3; R:
5'-CGCGGATCCTCTGCTTCTGTCACAGAATC-3'; U6:
F: 5-GCGCGTCGTGAAGCGTTC-3'; R: 5'-GTGCAG
GGTCCGAGGT-3'.

Statistical analysis

All computations were carried out using SPSS 18.0 for
Windows (SPSS Inc., IL, USA). The expression of miR-
124 was assessed for associations with clinicopathological
characteristics using Chi-square test. The survival curves
were calculated by the Kaplan—Meier method and the
difference by the log-rank test. The influence of each
variable on survival was examined by the Cox multivar-
iate regression analysis. All P values cited were two
sided, and P values <0.05 were judged as statistically
significant.
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Fig. 1 miR-124 expression in 137 pairs of glioma tissues and
matched nonneoplastic brain tissues by qRT-PCR. All data were
normalized to U6B

Results

Decreased expression of miR-124 in human glioma
tissues

The expression levels of miR-124 in all glioma tissues with
WHO grade -1V and nonneoplastic brain tissues are shown in
Fig. 1. Compared with nonneoplastic brain tissues, the
expression level of miR-124 was significantly decreased in
glioma tissues (1.27 £ 0.55 versus 6.91 £ 1.06, P < 0.0001).
The results showed that the highest expression of miR-124 was
achieved in nonneoplastic brain tissues, while grade IV glioma
tissue displayed the lowest expression level. Interestingly, the
expression levels of miR-124 in glioma tissues with four WHO
grades were all significantly lower than that in nonneoplastic
brain tissues (shown in Fig. 1).

Association of miR-124 expression
with clinicopathological parameters of glioma patients

Table 1 summarizes the association between miR-124
expression and clinicopathological parameters in gliomas.
A significant relationship was observed between miR-124
expression and the histopathologic grade. We found that
the glioma tissues from high-grade tumors (grade III and
IV) had much lower miR-124 expression level than glioma
tissues from low-grade tumors (grade I and 1I)
(P = 0.003). Moreover, the expression level of miR-124
was positively correlated with KPS scores of glioma tissues
(P = 0.008). No statistically significant association of
miR-124 expression with age at diagnosis, gender of
patients, extent of resection, and tumor size was found (all
P > 0.05, shown in Table 1).
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Fig. 2 The expression of miR-124 in relation to overall survival in
the patients with glioma

Low-expression level of miR-124 predicts poor
prognosis in glioma patients

To determine the prognostic value of miR-124 expression
in human glioma, clinical follow-up was available for all
patients. Kaplan—Meier method and log-rank test were used
to evaluate the differences of OS and PFS between low-
expression group and high-expression group. A significant
difference was found that glioma patients with low miR-
124 expression level had distinctly shorter OS (P = 0.001)
and PFS (P = 0.002) than patients with high miR-124
expression level (shown in Figs. 2, 3).

Univariate and multivariate analyses were utilized to
evaluate whether the miR-124 expression level and various
clinicopathological features were independent prognostic
parameters of patient outcomes. The results of analysis are
shown in Tables 2 and 3. We could find that low miR-124
expression (OS P = 0.009; PFS P = 0.002) and advanced
histologic grade (OS P = 0.005; PFS P = 0.001) were
independent prognostic parameters indicating poor prog-
nosis for glioma patients.

Discussion

Despite the recent advances in tumor diagnosis and treat-
ment, including surgery, radiotherapy and chemotherapy,
the median survival time is only 1 year and few patients
survive for 2 years. The 5-year survival rate of low-grade
glioma is 30-70 %, while the median survival time of the
most aggressive type, GBM, which grows and infiltrates
rapidly, is from 9 to 12 months [14]. Several clinicopath-
ologic features have been used as prognostic factors for
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Fig. 3 The expression of miR-124 in relation to progression-free
survival in the patients with glioma

Table 2 Univariate and multivariate analyses for overall survival by

Cox regression model

Variables Univariate analysis Multivariate
analysis
Hazard P Hazard P
ratio ratio
Age 1.12 038 1.09 0.31
Gender 0.89 071 092 0.67
WHO grade 3.01 0.002 2.91 0.005
KPS score 1.91 0.11 2.01 0.09
Extent of resection 1.88 008 1.72 0.12
Tumor size 2.22 0.07 231 0.06
MiR-124 expression 2.19 0.01 237 0.009

level

Table 3 Univariate and multivariate analyses for progression-free
survival by Cox regression model

Variables Univariate analysis Multivariate
analysis
Hazard P Hazard P
ratio ratio
Age 1.23 035 131 0.32
Gender 0.82 056 0.95 0.61
WHO grade 2.57 0.004 3.12 0.001
KPS score 1.98 0.08 1.79 0.09
Extent of resection 1.99 0.07 212 0.06
Tumor size 1.57 0.09 1.92 0.07
MiR-124 expression 2.39 0.007 2.81 0.002

level
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gliomas, such as histopathologic grades and KPS score.
Unfortunately, these factors cannot estimate the prognosis
of glioma patients exactly because of patients’ heteroge-
neous [15]. Accumulating evidence reveals that a number
of biological and molecular factors are involved in the
development, progression, metastasis, and drug resistance
of gliomas. However, few molecular signatures have been
validated and widely accepted as prognostic indicators in
clinical practice. Since more precise prognostic predictors
and more effective therapies for gliomas are required, it is
extremely necessary to identify novel molecular signatures
that can predict the clinical outcome and response to
treatment of this disease with reliable clinical significance.

In the current study, we examined the miR-124
expression in glioma tissues at various WHO grades. We
found that the tissues from high-grade glioma had much
lower miR-124 expression level than low-grade glioma and
nonneoplastic brain tissues. Kaplan—Meier analysis showed
that glioma patients with low miR-124 expression level had
distinctly shorter OS and PFS. Furthermore, univariate and
multivariate analyses showed that the miR-124 expression
level was an independent prognostic parameter of patient
outcomes. All the results suggested that miR-124 was
befitting to predict prognosis of glioma patients after
surgery.

The distinct miRNA expression patterns in different
cancer types have been identified by profiling approaches.
The functional discovery of miRNAs may enable to offer
insight into regulation of gene expression and complexity
of carcinogenesis. Interestingly, the influence of miRNAs
may be dependent on cancer type. Some miRNAs act as
oncogenes, by contributing to the transformed phenotype
when expressed at high levels in cancers. These oncogenic
miRNAs may function by suppressing tumor suppressor
genes. In contrast, some miRNAS act as tumor suppressors
by allowing the expression of oncogenes, and are weakly
expressed or absent in tumors [16]. As a potential tumor
suppressor gene, miR-124 has been shown to regulate
growth, proliferation, apoptosis, migration, and invasion of
tumor cells in certain cancers [10, 11, 17-19]. The tumor-
specific hypermethylation-mediated silencing of miR-124
was a relatively frequent molecular event in gastric, cer-
vical, and breast cancer [11, 17, 20]. Previously, Shi and
colleagues found that expression levels of miR-124 were
greatly downregulated in glioma specimens. Related Ras
viral oncogene homolog (R-Ras) and neuroblastoma Ras
viral oncogene homolog (N-Ras) were identified as direct
targets of miR-124. MiR-124 inhibited glioma cell growth,
invasion, angiogenesis, and tumor growth and increased
chemosensitivity to temozolomide treatment by negatively
regulating the Ras family and its downstream signaling
pathways: phosphatidylinositol-3 kinase/Akt and Raf/
extracellular signal-regulated kinase 1/2. Furthermore,



Neurol Sci (2015) 36:131-135

135

overexpression of R-Ras rescued the inhibitory effects of
miR-124. Meanwhile, overexpression of R-Ras and N-Ras
restored miR-124-inhibited vascular endothelial growth
factor (VEGF) transcription activation. In clinical glioma
specimens, protein levels of R-Ras and N-Ras were
upregulated and inversely correlated with miR-124
expression levels. Taken together, these results revealed
that miR-124 levels in tumor tissues were associated with
glioma occurrence, angiogenesis, and chemoresistance
[21]. However, the role of miR-124 in glioma and the
association with prognosis have not been reported previ-
ously. To the best of our knowledge, this is the first study to
investigate the relationship between miR-124 expression
level and the prognosis of glioma patients. We showed that
miR-124 was a significant predictor of OS and PFS and an
independent prognostic factor for glioma. The similar
conclusion was reported by Zheng et al. [9] that low
expression level of miR-124 was an independent prog-
nostic factor for poor outcome in HCC patients. Wang and
colleagues also reported that the downregulation expres-
sion of miR-124 was an independent prognostic factor in
patients with CRC [7]. Therefore, our results were in line
with previous studies.

Conclusions

In summary, our results showed that the decreased
expression of miR-124 may be associated with malignant
tumor progression and poor prognosis in patients with
gliomas, suggesting that miR-124 may be a novel and
valuable signature for predicting the clinical outcome of
patients with gliomas. A more in-depth and larger scale
study remains to identify the role of miR-124 in glioma.
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