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Abstract. – OBJECTIVE: MiR-1231 has been 
reported to be down-regulated in glioma tis-
sues and to act as a negative regulator in gli-
oma progression. However, the clinical signifi-
cance of miR-1231 remains unclear. In this study, 
we aimed to further demonstrate the expression 
pattern and prognostic value of miR-1231 in gli-
oma patients. 

PATIENTS AND METHODS: We determined 
the expression level of miR-1231 in 154 cases of 
paired glioma and adjacent non-tumor tissues 
by quantitative Real Time-PCR (qRT-PCR). The 
association between miR-1231 expression levels 
and clinicopathological factors was examined 
by the χ2 test. The Kaplan-Meier survival analy-
sis was performed to analyze the association of 
miR-1231 expression with overall survival (OS) 
and progression-free survival (PFS) of patients. 
The significance of survival variables was an-
alyzed using the Cox multivariate proportional 
hazards model. 

RESULTS: We found that the expression level 
of miR-1231 in human glioma tissues was sig-
nificantly lower than that in the adjacent nontu-
morous tissues (p<0.01). The expression levels 
of miR-1231 in glioma tissues with high grades 
were significantly lower than those with low 
grades. Decreased miR-1231 expression was 
significantly associated with advanced WHO 
grade (p=0.001) and KPS score (p=0.023). The 
Kaplan-Meier analysis indicated that low miR-
1231 expression had a significant impact on OS 
(p=0.0103) and PFS (p=0.0019). Cox proportional 
hazards risk analysis demonstrated that miR-
1231 was an independent prognostic factor for 
glioma.

CONCLUSIONS: Our study, for the first time, 
provides evidence that evaluating miR-1231 in 
glioma may have prognostic and predictive val-
ue in the clinical management of glioma. 
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Introduction

Glioma is one of the most common types of 
primary brain tumor in the central nervous system 
and represents highly lethal tumors associated 
with significant morbidity and mortality1,2. Glio-
mas are subdivided into four stages with a grow-
ing level of malignancy according to the World 
Health Organization (WHO) classification3. Al-
though remarkable advances have been made 
in the management of glioma, the prognosis for 
patients with high-grade gliomas remains poor, 
with the 5-year survival rate lower than 10%4,5. 
Treatment effect for glioma is hampered due to 
the infiltrative growth and inherent resistance to 
both chemotherapy and radiotherapy6. Moreover, 
similar histological features of glioma may exhib-
it different clinical characteristics and response 
to therapy7. Therefore, it poses an emergency for 
us to identify a new potential biomarker for ear-
ly diagnosis, accurate prognosis prediction and 
novel therapeutic target. MicroRNAs (miRNAs) 
are a group of non-coding, single-stranded RNAs 
that are approximately 22 nucleotides in length8. 
These small molecules have been found to inhibit 
gene expression by binding to target mRNAs at 
their 3’-untranslated region9. Since one miRNA 
targets many mRNAs, miRNAs have been found 
to participate in various biological processes, in-
cluding cell growth, development, proliferation 
and metabolism10,11. Growing studies12,13 show that 
miRNAs affect cancer initiation, promotion and 
progression, represent potential diagnostic mark-
ers and therapeutic targets. Other works have also 
reported that miRNAs such as miR-135a14, miR-
61615, miR-130a16 and miR-20517 serve as onco-
genes or tumor suppressors in glioma. However, a 
large number of miRNAs remains to be identified. 
Recently, a newly identified miRNA, miR-1231, 
attracted our attention. Unlike other well-studied 
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miRNAs, only a few researches were reported 
about the expression and effect of miR-1231 in 
diseases, including cancers18,19. Recently, Zhang 
et al20 reported that the miR-1231 expression was 
significantly up-regulated in glioma and serve 
as a tumor suppressor, indicating that miR-1231 
had the potential to act as a diagnostic biomark-
er and treatment target. However, the clinical 
significance of miR-1231 in glioma has not been 
investigated. In this study, we further confirmed 
the expression pattern of miR-1231 in glioma and 
explored its prognostic value in glioma patients. 

Patients and Methods

Patients and Clinical Samples
Tumorous and normal tissues were collected 

from 154 glioma patients during the surgery from 
March 2008 to December 2011 at the Shenzhen 
People’s Hospital, The Second Clinical Medical 
College of Jinan University. All of the samples 
were reassessed by two pathologists. Accord-
ing to the WHO 2007 classification, the glioma 
specimens were classified into four grades, and 
then they were divided into a low-grade glioma 
group (WHO I-II) and a high-grade glioma group 
(WHO III-IV). All samples were frozen in liq-
uid nitrogen immediately after surgery until the 
total RNA extraction, and were stored at -80 °C 
until use. No patients had received any therapy 
before surgery. The clinicopathological features 
of patients were summarized in Table I. Written 
informed consent was obtained from all patients, 
and the study was approved by the Institutional 
Review Board of Shenzhen People’s Hospital, 
The Second Clinical Medical College of Jinan 
University.

RNA Extraction and qRT-PCR Analysis
Total RNA from glioma tissues and matched 

normal brain tissues was extracted using TRIzol 
reagent (Invitrogen, Carlsbad, CA, USA) accord-
ing to the manufacturer’s protocol. The isolated 
total RNA was reversed transcribed into cDNA 
using SuperScript Reverse Transcriptase II (In-
vitrogen, Carlsbad, CA, USA). The quantitative 
Real Time-Polymerase Chain Reaction (qRT-
PCR) was performed using the SYBR Select Mas-
ter Mix (Applied Biosystems, Foster City, CA, 
USA) on ABI 7500 system (Applied Biosystems, 
Foster City, CA, USA) according to the manufac-
turer’s instructions. The results were normalized 
to the expression of glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH). The PCR primers for 
miR-1231 or GAPDH were shown in Table I. 
The differences in gene expression, expressed 
as fold-changes, were calculated using the 2-ΔΔCt 
method.

Statistical Analysis
All data were carried out using SPSS 17.0 

software package (SPSS Inc, Chicago, IL, USA). 
The expression differences between glioma tis-
sues and matched normal tissues were analyzed 
using paired samples t-test. Chi-square test was 
performed to analyze the correlation between 
the miR-1231 expression and clinicopathological 
parameters. Survival curves were obtained using 
the Kaplan-Meier method and assessed by the 
log-rank test. A Cox proportional hazards model 
was used for the multivariate analysis. A p<0.05 
was considered to be statistically significant.

Results

Downregulation of MiR-1231
in Human Glioma Tissues

To explore the role of miR-1231 in the progres-
sion of glioma, the miR-1231 expression levels were 
investigated in 154 paired glioma samples and adja-
cent normal tissues using qPCR assays. As shown 
in Figure 1A, we found that miR-1231 expression 
was significantly down-regulated in glioma tis-
sues compared to matched normal tissues (p<0.01). 
Moreover, we also observed that the expression of 
miR-1231 in glioma with high grades was signifi-
cantly lower than those with low grades (p<0.01). 
Thus, these results indicated that miR-1231 may be 
involved in the progression of glioma.

Correlations Between MiR-1231
Expression and Clinical Characteristics

Next, we explored the correlation of the 
miR-1231 expression level with the clinicopath-
ological factors in glioma patients. The median 
value of miR-1231 in all glioma tissues was 4.32 
and was used as a cutoff value, and all glioma 

Table I. The primer sequences used in this study.

Gene Sequences (5’-3’)

miR-1231 (F) GCCAGTGTCTGGGCGGAC
miR-1231 (R) GTGCAGGGTCCGAGGT
GAPDH (F) GTCAACGGATTTGGTCTGTATT
GAPDH (R) AGTCTTCTGGGTGGCAGTGAT
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patients were divided into two groups: the high-
miR-1231 expression group (n=79) and the low-
miR-1231 expression group (n=75). As shown in 
Table II, we found that high miR-1231 was sig-
nificantly associated with WHO grade (p=0.001) 
and KPS score (p=0.023). However, no signifi-
cant difference was observed between miR-1231 
expression levels and patient age, gender, the ex-
tent of resection and the tumor size (p>0.05). Our 
findings supported the notion that the miR-1231 
down-regulation may be associated with tumor 
progression and development.

Prognostic Values of MiR-1231
Expression in Glioma

To further explore the correlation of miR-1231 
expression with overall survival (OS) and progres-
sion-free survival (PFS) of glioma patients, Ka-
plan-Meier analyses were performed. As shown in 
Figure 2, the results showed that the patients with low 
miR-1231 level had worse OS than those with high 
miR-1231 level (p<0.0103). Moreover, the patients 
in the high miR-1231 group had a higher PFS rate 
than those in the low miR-1231 group (p=0.0019). 
Additionally, univariate and multivariate analyses 

Figure 1. The expression of miR-1231 was significantly down-regulated in glioma tissues. A, The expression of miR-1231 in 
glioma tissues and normal brain tissues was measured by qRT-PCR. B, The expression of miR-1231 in normal brain tissues, 
low-grade glioma tissues and high-grade glioma tissues by qRT-PCR. Low-grade glioma refers to World Health Organization 
(WHO) grade I and WHO grade II, high-grade glioma refers to WHO grade III and WHO grade IV.

A B

Table II. Clinicopathological features and the expression of lncRNA MINCR in HCC patients.

Parameter No. of cases         miR-1231 expression p-value

   High Low

Age     0.516
  < 50 76 35 41 
  ≥ 50 78 40 38 
Gender     0.780
  Male 88 42 46 
  Female 66 33 33 
WHO grade     0.001
  I–II 113 46 67 
  III–IV 41 29 12 
KPS score     0.023
  < 80 52 32 20 
  ≥ 80 102 43 59 
Extent of resection     0.199
  < 98 % 112 51 61 
  ≥ 98 % 42 24 18 
Tumor size     0.150
  < 5 cm 107 47 59 
  ≥ 5 cm 47 27 20
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were conducted to assess the prognostic variables 
in all patients. The results of the univariate analysis 
showed that the miR-1231 expression, WHO grade 
and KPS score were significantly related to OS 
and PFS rate in patients with glioma (Table III and 
IV). More importantly, in the multivariate analysis, 
miR-1231, WHO grade and KPS were confirmed 
to have the potential to independently predicate OS 
and PFS in glioma (Table III and IV).

Discussion

Glioma is the most common type of primary 
malignant brain tumor in the central nervous sys-
tem21. Enormous achievements have been made 

in the treatment of advanced glioma using micro-
surgery, radiotherapy and chemotherapy. How-
ever, the prognosis of advanced glioma remains 
poor22,23. The dismal prognosis and shorter long-
term survival of glioma are due to few symptoms 
in early-stage and lack of sensitive molecular bio-
markers; patients are generally diagnosed with 
advanced-stage tumors24,25. It is urgent to devel-
op novel biomarkers for its early diagnosis, accu-
rate assessment, targeted therapy and prognosis 
evaluation. Dysregulation of miRNAs has been 
frequently observed in tumors, including glio-
ma26. More and more evidence highlighted the 
importance of miRNAs as potential prognostic 
and diagnostic biomarkers for various tumors27,28. 
In this study, we aimed to explore the possibili-

Figure 2. Kaplan-Meier survival curves of the 154 glioma 
patients. Overall survival rate in patients with high miR-
1231 expression level was markedly higher than those with 
low miR-1231 expression level (p<0.0103, log-rank test).

Figure 3. Kaplan-Meier survival curves of the 154 glioma 
patients. Progression-free survival rate in patients with high 
miR-1231 expression level was markedly higher than those 
with low miR-1231 expression level (p=0.0019, log-rank test).

Table III. Univariate and multivariate Cox regression analyses miR-1231 for overall survival of glioma patients.

Variable  Univariate analysis   Multivariate analysis

 RR 95% CI p-value RR 95% CI p-value

Age 0.431 0.671-1.889 0.153 – – –
  < 50 vs. ≥ 50      
Gender 0.331 0.472-1.742 0.114 – – –
  Male vs. Female      
WHO grade 3.673 1.334-5.723 0.001 3.174 1.183-4.273 0.004
  I–II vs. III–IV      
KPS score 3.135 1.468-4.114 0.006 2.562 1.169-3.216 0.028
  < 80 vs. ≥ 80      
Extent of resection 1.213 0.556-1.684 0.132 – – –
  < 98 % vs. ≥ 98 %      
Tumor size(cm) 0.754 0.834-1.947 0.155 – – –
  < 5 vs. ≥ 5      
miR-1231 expression 4.327 1.467-6.328 0.001 3.356 1.169-4.467 0.003
  High vs. Low
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ty of miRNA-1231 as a novel biomarker for the 
prediction of prognosis of glioma patients. Grow-
ing evidence has shown that miRNAs is involved 
in human glioma development and progression. 
For instance, Qi et al29 reported that miRNA-491 
expression was significantly down-regulated in 
both glioma tissues and cell lines, and its low 
expression was significantly poor prognosis of 
glioma patients. In their functional assay, it was 
observed that the overexpression of miR-491 in-
hibits glioma cell proliferation by modulating 
TRIM28. Xue et al30 found that miR-584-3p was 
lowly expressed in glioma and its overexpres-
sion reduces the migration and invasion of hu-
man glioma cells by targeting hypoxia-induced 
ROCK1. In their clinical assay, it was found that 
low miR-584-3p expression is correlated with 
poor prognosis. MiR-1231 was identified to be an 
important regulator in several diseases. Zhou et 
al31 reported that miR-1231 was correlated with 
the susceptibility of hepatocellular carcinoma. 
Kohno et al32 showed that miR-1231 was involved 
in the inhibition of hepatitis B virus replication 
by targeting core mRNA. Zhang et al20 showed 
that miR-1231 was lowly expressed in glioma and 
its forced expression could inhibit glioma cell 
proliferation by regulating the EGFR/PI3K/AKT 
axis in glioma both in vitro and in vivo. Howev-
er, the clinical significance of miR-1231 remains 
unclear. In this study, we further detected the ex-
pression levels of miR-1231 in glioma samples, 
finding that miR-1231 expression was significant-
ly down-regulated in glioma tissues compared to 
matched normal tissues. In addition, high-grade 
glioma tissues also exhibited a lower miR-1231 

level. These results were consistent with previous 
findings. Then, we further explore the associa-
tion between miR-1231 and clinical progression; 
low expression of miR-1231 was significantly as-
sociated advanced WHO grade and KPS score, 
indicating that miR-1231 may play a negative 
regulator in the progression of glioma. Moreover, 
based on the Kaplan-Meier survival analysis, we 
demonstrated that low miR-1231 expression was 
associated with poorer PFS and OS. In addition, 
univariate and multivariate analyses indicated 
that the miR-1231 level was identified to be an 
independent prognostic factor for glioma. Thus, 
miR-1231 may serve as a potential molecular 
marker for the prognosis of glioma. 

Conclusions

We investigated the prognostic value of miR-
1231 in human glioma for the first time. The miR-
1231 expression may have significant value as a 
favorable progression indicator for glioma pa-
tients.
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Table IV. Univariate and multivariate Cox regression analyses miR-1231 for progression-free survival of glioma patients.

Variable  Univariate analysis   Multivariate analysis

 RR 95% CI p-value RR 95% CI p-value

Age 0.543 0.723-1.667 0.124 – – –
  < 50 vs. ≥ 50      
Gender 0.674 0.561-1.445 0.159 – – –
  Male vs. Female      
WHO grade 3.943 1.255-6.238 0.001 3.321 1.155-4.785 0.003
  I–II vs. III–IV      
KPS score 3.342 1.334-4.423 0.004 2.782 1.199-3.762 0.015
  < 80 vs. ≥ 80      
Extent of resection 1.315 0.742-1.231 0.114 – – –
  < 98 % vs. ≥ 98 %      
Tumor size(cm) 1.354 0.834-2.542 0.125 – – –
  < 5 vs. ≥ 5      
miR-1231 expression 4.774 1.562-6.962 0.001 3.763 1.234-5.421 0.001
  High vs. Low
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