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Abstract: Glioma is the most common and aggressive brain tumor with poor clinical outcome. Identification and 
development of new biomarkers could be beneficial for diagnosis and prognosis of glioma patients. Recent studies 
have showed evidences that dysregulation of microRNAs (miRNAs) is involved in glioma tumorigenesis. Therefore, 
we attempted to identify specific miRNAs as prognostic and predictive markers for glioma. We statistically compared 
expression profile of 365 miRNAs between WHO grade IV and grade III gliomas, by qRT-PCR. MiR-105 was identi-
fied as a remarkably decreased miRNA in grade IV gliomas compared with grade III gliomas (P=0.012, fold change 
=0.04). We subsequently examined its expression levels in an independent series of gliomas, and statistically ana-
lyzed the associations between miR-105 expression and clinicopathological characteristics and survivals of these 
glioma patients. MiR-105 showed remarkably decreased expression in gliomas as compared to non-neoplastic 
brains. And grade IV gliomas had significantly lower miR-105 expression compared with grade III and II gliomas (both 
P<0.001). Additionally, low miR-105 expression was statistically associated with advanced tumor grade, advanced 
patient’s age and low pre-operative Karnofsky performance score (all P<0.001). Furthermore, patients with low miR-
105 expression had significantly poorer survival by Kaplan-Meier method (P<0.001). Multivariate analysis indicated 
miR-105 as an independent prognostic indicator for glioma patients (P=0.018, risk ratio =4.2). Our results suggest-
ed that low expression of miR-105 may correlate with unfavorable clinical outcome and be involved in tumorigenesis 
and aggressive progression of glioma. And miR-105 may be a novel biomarker in prognostic prediction for glioma.
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Introduction

MicroRNAs (miRNAs) are small, noncoding 
regulatory RNA molecules of about 18-25 
nucleotides, first discovered in early 1990s in 
C. elegans [1]. They are considered to play 
important roles in a variety of biological pro- 
cesses including cell proliferation, apoptosis, 
migration and differentiation, through post-
translationally regulating expression of their 
target genes [2, 3]. In recent years, a growing 
number of evidences have suggested that 
miRNAs are involved in human tumorigenesis 
by functioning as oncogenes or tumor suppre- 
ssors [4, 5]. Identification of specific miRNAs in 
cancer cells is thought to have substantial 
value for diagnostic and prognostic determin- 
ations as well as for eventual therapeutic in- 
terventions [6, 7].

Gliomas are the most frequent and malignant 
primary brain tumors in human adults. The 
World Health Organization (WHO) classifies hu- 
man gliomas into pilocytic astrocytoma (PA, 
WHO grade I), diffuse astrocytoma (DA, WHO 
grade II), anaplastic astrocytoma (AA, WHO 
grade III), and glioblastoma (GBM, WHO grade 
IV) in the order of increasing malignancy [8]. 
Despite recent advances in surgery, radiothera-
py, and chemotherapy, the prognosis for pa- 
tients with this tumor remains poor. The grade 
IV glioma, also known as glioblastoma multi-
forme (GBM), is the most common and aggres-
sive form of glioma, with a median survival of 
only 12-15 months as compared to 2-5 years 
for patients with grade III gliomas and 6-8 years 
for low grade (I and II) gliomas [8]. Therefore, it 
is necessary to explore new diagnostic and 
prognostic biomarkers and effective therapeu-
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tics that may be beneficial for improving the 
clinical management of glioma.

Recent studies have indicated that expression 
profiles of miRNAs are associated with patients’ 
survival and are able to function as prognostic 
and predictive indicators in glioma, based on 
public database entries [9-13] or independent 
tissue cohorts [14-17]. Most of these identified 
miRNAs have also been proved to be involved 
in the tumorigenesis and function as oncogenes 
or tumor suppressors in human gliomas, such 
as miR-21 [18, 19], miR-155 [20-22], miR-196 
[23, 24], miR-221/222 [25] and miR-326 [26, 
27]. Thus, the identification of the miRNA 
expression signature for gliomas, in particular 
glioblastoma, is of great significance not only 
for predicting clinical outcomes, but also for 
understanding the molecular mechanisms of 
tumorigenesis and developing novel therapeu- 
tics of these malignancies.

In the attempt to identify molecular determi-
nants associated with clinical outcome aggres-
sive behavior in gliomas, we statistically com-
pared the expression levels of 365 miRNAs 
between 4 grade IV and 4 grade III gliomas with 
the worst and a relative favorable clinical 
outcome, respectively. We identified 23 and 11 
miRNAs that showed remarkably up- and down-
regulation in grade IV gliomas versus grade  
III gliomas, respectively. Several identified mi- 
RNAs, such as miR-21, miR-155 and miR-326, 
have been demonstrated to be involved in 
tumorigenesis and have prognostic implications 
of human glioma [18-22, 26, 27]. We then fo- 
cused on a significantly down-regulated miRNA 
in grade IV gliomas, miR-105, whose clinical 
significance in glioma remains unclear, for 
further analysis. Expression levels of miR-105 
were subsequently examined in an independent 
series of 76 gliomas including 50 grade IV, 13 
grade III and 13 grade II tumors, as well as 10 
normal brain tissues, by qRT-PCR method. MiR-
105 showed remarkably decreased expression 
in gliomas when compared with control brain 
tissues and grade IV gliomas had significantly 
lower miR-105 expression than grade III and II 
tumors. In addition, low miR-105 expression 
was statistically associated with advanced 
tumor grade, advanced patient’s age and low 
pre-operative Karnofsky performance score. 
Furthermore, patients with low miR-105 expres-
sion had significantly poorer survival and 
multivariate analysis indicated miR-105 as an 

independent prognostic indicator for glioma pa- 
tients.

Materials and methods

Glioma specimens and patients

Glioma specimens were obtained from patients 
during surgery at First Affilated Hospital of 
China Medical University. A portion of the tumor 
tissue was saved and made into paraffin sec-
tions for histopathologic diagnosis in strict 
accordance with World Health Organization 
(WHO) criteria by two established neuropathol-
ogists, with differences resolved by careful dis-
cussion. And the remaining tissue was snap-
frozen in liquid nitrogen then stored at -80°C 
for RNA extraction and other biological molecu-
lar experiments. Before the RNA extraction 
from frozen tissues, the adjacent tumor tissues 
were subjected to frozen sections and reviewed 
by a pathologist to ensure that a minimum of 
80% tumor cells were included in the sample. 
To profile the global miRNAs expression of 
malignant glioma, 8 high-pathological gliomas 
including 4 GBMs and 4 AAs were selected for 
the global miRNA expression screening by 
TanMan real-time quantitative PCR array. Sub- 
sequently, expression levels of miR-105 were 
examined on an independent series of 76 glio-
mas including 50 GBMs, 13 AAs and 13 DAs, 
as well as 10 non-neoplastic brain tissues for 
calibration purpose, by conventional miRNA 
real-time PCR assay. These non-neoplastic 
brain tissues used as controls were obtained 
by collecting donations with consents from indi-
viduals who died in traffic accidents and were 
confirmed to be free of any prior pathological 
lesions. For glioma patients, none of them had 
received chemotherapy or radiotherapy prior to 
surgery, and all patients were well followed up. 
Overall survival time was calculated from the 
date of the initial surgical operation to death. 
Patients, who died of diseases not directly 
related to their gliomas or due to unexpected 
events, were excluded from this study. The 
present study was approved by the Ethics 
Committee of China Medical University.

RNA extraction, reverse transcription and real-
time PCR quantification for miRNA detection

Total RNA was extracted from frozen tissues of 
glioma and non-neoplastic brain using a mir- 
Vana miRNA Isolation Kit (Ambion, Austin, TX, 
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USA) according to the manufacture’s instruc-
tion. RNA concentration was determined using 
a NanoDrop ND-1000 spectrophotometer (Na- 
noDrop Technologies, Wilmington, DE, USA), 
and RNA quality was measured using a dena-
turing 15% polyacrylamide gel.

To compare the global miRNAs expression lev-
els between GBMs and AAs, PCR array assays 
were applied by using TaqMan Human MiRNA 

expression was calculated with the 2-ΔΔCt me- 
thod.

Statistical analysis

All computations were carried out using the 
software of SPSS version 19.0 for Windows 
(SPSS Inc., Chicago, IL, USA). Data were ex- 
pressed as mean ± standard deviation (SD). 
Student’s t-test was used to compare the 

Table 1. miRNAs showed remarkably differential expression between 
GBMs and AAs
Down-regulated microRNA P value (Student’s t test) Fold change (GBM vs. AA)
hsa-miR-504 0.0009 0.11
hsa-miR-184 0.0052 0.14
hsa-miR-326 0.0055 0.25
hsa-miR-601 0.007 0.19
hsa-miR-105 0.0115 0.04
hsa-miR-128b 0.0125 0.21
hsa-miR-517c 0.0144 0.14
hsa-miR-383 0.0153 0.25
hsa-miR-101 0.0167 0.32
hsa-miR-575 0.0278 0.18
hsa-miR-367 0.0436 0.03
Up-regulated microRNA P value (Student’s t test) Fold change (GBM vs. AA)
hsa-miR-155 <0.0001 10.35
hsa-miR-15b 0.0023 6.26
hsa-miR-335 0.0033 3.09
hsa-miR-196a 0.0035 289.86
hsa-miR-551b 0.0039 4.53
hsa-miR-34a 0.006 3.85
hsa-miR-148a 0.0076 3.83
hsa-miR-378 0.0113 3.55
hsa-miR-130b 0.0117 4.51
hsa-miR-21 0.0169 5.72
hsa-miR-135b 0.0172 9.06
hsa-miR-296 0.0206 3.15
hsa-miR-199a 0.0228 3.58
hsa-miR-429 0.0279 6.01
hsa-miR-214 0.032 5.19
hsa-miR-93 0.0322 3.08
hsa-miR-432* 0.0373 5.4
hsa-miR-363 0.0378 24.85
hsa-miR-382 0.0396 3.05
hsa-miR-449b 0.0414 4.71
hsa-miR-126 0.0423 3.08
hsa-miR-196b 0.0449 10.52
hsa-miR-615 0.0473 61.37
Abbreviations: AA, anaplastic astrocytoma; GBM, glioblastoma.

Arrays v1.0 (Applied Bio- 
systems, Foster City, CA, 
USA). In brief, 365 human 
miRNAs and enddogenous 
controls RNU6B were re- 
verse transcribed using 8 
predefined reverse tran-
scription primer pools con-
taining up to 48 reverse 
transcription primers ea- 
ch. The reverse transcrip-
tion products were subse-
quently loaded onto the 
TaqMan Array to perform 
real-time PCR amplifica-
tion using Applied Biosys- 
tems 7900HT Fast Real-
Time PCR System. Relati- 
ve quantification of miRNA 
expression was calculated 
with the 2-ΔΔCt method.

To examine the expression 
levels of miR-105 in glio-
ma tissues and cell lines, 
cDNA synthesis and sub-
sequent quantitative real-
time PCR were porformed 
using a TaqMan MiRNA 
Reverse Transcription Kit 
(Applied Biosystems) and 
individual TaqMan miRNA 
assay (Applied Biosyste- 
ms), and Applied Biosys- 
tems 7500HT Fast Real-
Time PCR System (Applied 
Biosystems), as previous- 
ly described [28]. RNU6B 
were used as endogeno- 
us controls, non-neoplas-
tic brain tissues and hu- 
man astrocyte were used 
for calibrations. Relative 
quantification of miR-105 
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expression levels of miRNAs between different 
subtypes of glioma, as well as between gliomas 

0.04, Figure 1) in GBMs as compared with AAs, 
for further analyses in another panel of gliomas. 

Figure 1. A volcano plot showing the fold change in the expression 365 miR-
NAs between 4 GBMs and 4 AAs, detected by miRNA qPCR array analysis. 
The volcano plot shows the distribution of these 365 miRNAs according to 
their P values. The horizontal dotted line, left and right vertical dotted lines 
indicate P value =0.05, fold change <1/3 and >3, respectively. A set of 34 
miRNAs were identified to be remarkably increased (fold change >3 and 
P<0.05) or decreased (fold change <1/3 and P<0.05) in GBMs versus AAs. 
MiR-105 had significantly lower expression in GBMs as compared to AAs (left 
arrow; P=0.012 and fold change =0.04). 

Figure 2. MiR-105 expression in 76 glioma tissues (50 GBMs, 13 AAs and 13 
DAs) and 10 non-neoplastic brain tissues, detected by quantitative reverse 
transcriptive real-time polymerase chain reaction (qRT-PCR) analysis. Dots 
indicate the relative quantification (RQ) values of miRNA expression level, 
normalized by RNU6B. miR-105 expression was found to be remarkably 
decreased in glioma tissues compared to normal brain tissues (P=0.002). 
GBMs showed significantly lower expression of miR-105 than brain tissues 
(P≤0.001). Statistically significantly lower expression of miR-105 was 
observed in GBMs versus AAs (P≤0.001), as well as in GBMs versus DAs 
(P≤0.001).

and non-neoplastic brains. The 
χ2 test was used to analyze the 
relationship between miRNA 
expression and the clinicopath-
ological characteristics. A life 
table was calculated according 
to the Kaplan-Meier method. 
Risk ratios for the time-to-event 
endpoint were estimated using 
the multivariate Cox regression 
analysis in a forward stepwise 
method to evaluate the effect 
of multiple independent prog-
nostic factors on overall surviv-
al outcome. Differences were 
considered statistically signifi-
cant when P was less than 
0.05.

Results

Comparison of 365 miRNA 
expression between WHO 
grade IV and III gliomas

To identify specific miRNAs that 
significantly correlate with tum- 
or grade and prognosis of gli- 
oma, we examined the expre- 
ssion levels of 365 human miR- 
NAs in 8 high-grade gliomas 
including 4 GBMs (WHO grade 
IV) and 4 AAs (WHO grade III), 
by TaqMan microRNA PCR array 
assays. Subsequently, we sta-
tistically compared expression 
levels of these miRNAs betw- 
een GBMs and AAs, by stu-
dent’s t-test. In total, 43 miR-
NAs showed significantly differ-
ent expression between GBMs 
and AAs (P<0.05). Among the- 
se, 34 were identified as can- 
didate miRNAs (Table 1) that 
showed remarkably increased 
(23 miRNAs; fold change >3)  
or decreased (11 miRNAs; fo- 
ld change <1/3) expression in 
GBMs when compared with 
AAs (Figure 1). Furthermore, 
we focused on miR-105, which 
was significantly down-regulat- 
ed (P=0.012, fold change = 
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Down-regulation of miR-105 in glioma tissues

To further evaluate the dysregulation of miR-
105 in gliomas, we examined its expression 
levels in an independent panel of 76 gliomas 
including 50 GBMs (grade IV), 13 AAs (grade III) 
and 13 DAs (grade II), as well as 10 non-
neoplastic brain tissues for control purpose, by 
qRT-PCR. As shown in Figure 2, expression of 
miR-105 were significantly decreased in glioma 
tissues compared with non-neoplastic brain tis-
sues (fold change =0.47; P≤0.001, Student’s 
t-test). GBMs showed remarkably lower miR-
105 expression relative to brain tissues (fold 
change =0.23; P≤0.001). However, neither AAs 
nor DAs had significantly differential expression 
of miR-105 than normal brain tissues. In 
addition, miR-105 expression in GBMs was 
statistically lower than that in both AAs and DAs 
(both P≤0.001). No significant difference was 
observed between AAs and DAs.

Correlation of low miR-105 expression with 
clinicopathological features of glioma

Subsequently, we statistically evaluated the 
associations of miR-105 expression with seve- 
ral clinicopathological features including tu- 
mor grade, patients’ age at diagnosis, gend- 
er and pre-operative Karnofsky performance 
scale (KPS) of these 76 glioma patients by Χ2 
test as summarized in Table 2. We assigned 
gliomas to high-miR-105 group and low-miR- 

performing Kaplan-Meier analysis. We obser- 
ved that miR-105 expression displayed signifi-
cant correlations with glioma patients’ overall 
survival. As shown in Figure 3A, patients in low-
miR-105 group (n=47) had significantly shorter 
overall survival compared to that in high-
miR-105 group (n=29) (mean overall survival 
times for patients in low- and high-miR-105 
groups were 426 and 1618 days, respectively, 
P≤0.001, logrank test). In addition, we per- 
formed univariate and multivariate analysis 
using the Cox propotional harzard regression 
model to determine whether miR-105 expre- 
ssion and other clinical parameters are in- 
dependent factors for prognostic prediction in 
glioma patients. Our assessment revealed that 
both low-miR-105 (P = 0.012; risk ratio 4.2, 
multivaratie Cox regression analysis) and high 
pathological grade (P≤0.001; risk ratio 8.0, 
multivaratie Cox regression analysis) were inde-
pendent predictors of poor prognosis in glioma 
patients (Table 3). Moreover, the prognostic 
value of miR-105 expression was also analyzed 
in patients with high-grade glioma (grade III and 
IV) and we found that low-miR-105 expression 
was significantly associated with poor overall 
survival of patients with these aggressive 
tumors (P≤0.001, Figure 3B).

Discussion

Prognostic predictions and treatment options 
for patients with glioma mainly depend on the 

Table 2. Correlation of miR-105 expression with clinicopath-
ological characteristics of gliomas
Clinicopathological
features No. of cases

miR-105 expression
P

High (n, %) Low (n, %)
WHO grade ≤0.001
    II 13 13 (100.0) 0 (0.0)
    III 13 11 (84.6) 2 (15.4)
    IV 50 5 (10.0) 45 (90.0)
Age ≤0.001
    >50 48 9 (18.8) 39 (81.2)
    ≤50 28 20 (71.4) 8 (28.6)
Gender 0.866
    Male 41 16 (39.0) 25 (61.0)
    Female 35 13 (37.1) 22 (62.9)
KPS ≤0.001
    <90 42 8 (19.0) 34 (81.0)
    ≥90 34 21 (61.8) 13 (38.2)
Abbreviations: KPS, Karnofsky performance scale.

105 group that were tumors with miR-
105 expression above and under the 
mean value of miR-105 expression in 
all of the 76 gliomas, respectively 
(n=29 and 47 for high-miR-105 and 
low-miR-105 groups, respectively). As 
shown in Table 2, low miR-105 ex- 
pression was significantly associated 
with advanced tumor grade, advanced 
patient’s age and low pre-operative 
Karnofsky performance score (all 
P≤0.001, χ2 test). However, no statisti-
cally significant correlation was obs- 
erved between miR-105 expression 
and patient’s gender (Table 2). 

Prognostic implication of miR-105 
down-regulation in glioma patients

Furthermore, we evaluate the poten-
tial prognostic performance of miR-
105 expression in glioma patients, by 
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histological grade of the tumor due to the fact 
that the biological behaviors and clinical out-

comes are distinctly different between glioma 
histological subtypes [8]. However, as the cur-

Figure 3. Prognostic performance of miR-105 expression in gliomas. A. Among the 76 glioma patients (50 GBMs, 
13 AAs and 13 DAs), those with low miR-105 expression (left, solid line, n=47) had significantly shorter survival 
periods than did patients with high miR-105 expression (right, dotted line, n=29; P≤0.001, log-rank test). B. Among 
the 63 high-grade glioma patients (50 GBMs and 13 AAs), those with low miR-105 expression (left, solid line, n=47) 
had significantly shorter survival periods than did patients with high miR-105 expression (right, dotted line, n=16; 
P≤0.001).

Table 3. Univariate and multivariate Cox regression analysis for overall survival in glioma patients
Univariate analysis Multivariate analysis

Variate No. of case (%) Mean OS 95% CI P (log-rank) Variate RR 95% CI P
WHO grade ≤0.001 WHO grade ≤0.001
    II 13 (17.1%) 1947 1688-2205     IV vs. III vs. II 8.0 2.6-25.0
    III 13 (17.1%) 1330 936-1724
    IV 50 (65.8%) 444 378-509
Age ≤0.001 Age 0.055
    >50 48 (63.2%) 547 409-685     >50 vs. ≤50 0.4 0.2-1.0
    ≤50 28 (36.8%) 1378 1070-1686
Gender 0.888 Gender 0.121
    Male 41 (53.9%) 953 699-1208     Male vs. Female 1.6 0.9-3.0
    Female 35 (46.1%) 808 599-1017
KPS ≤0.001 KPS 0.292
    <90 42 (55.3%) 505 405-605     <90 vs. ≥90 1.5 0.7-3.0
    ≥90 34 (44.7%) 1352 1057-1648
Surgical resection 0.182 Surgery 0.232
    GTR 38 (50.0%) 1018 753-1284     PR vs. GTR 1.4 0.8-2.6
    PR 38 (50.0%) 771 556-985
miR-105 expression ≤0.001 miR-105 expression 0.018
    Low 47 (61.8%) 426 362-490     Low vs. High 4.2 1.3-13.6
    High 29 (31.2%) 1618 1339-1896
Abbreviations: KPS, Karnofsky performance scale; GTR, gross total resection; PR, partial resection; OS, overall survival; RR, risk 
ratio. 
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rently used histology-based grading is subjec-
tive, it is necessary to develop more accurate 
methods of glioma classification. Recent inte-
grated genomic analyses based on global gene 
expression profiles have allowed molecular 
subclassification of malignant glioma and also 
provided biomarkers for use in diagnosis and 
clinical management [29-31]. However, these 
findings and related signatures are yet to be 
translated to utility in clinical settings, suggest-
ing that these studies require further character-
ization and validation. Recent studies have indi-
cated that expression-based clustering using 
miRNA profile can yield more accurate histo-
logical and prognostic cancer classification 
than clustering based on mRNA expression pro-
file [32, 33]. Several groups have identified can-
didate miRNAs that are associated with pa- 
tients’ survival and involved in tumorigenesis of 
human glioma, by microarray-based high-th- 
roughput miRNA expression profiling [9-17]. 
However, these studies mentioned above were 
mainly performed on GBM cohorts. 

We in the present study statistically compared 
the 365-miRNA expression profile of 4 WHO 
grade IV gliomas (GBMs) with 4 WHO grade III 
tumors (AAs), by qRT-PCR array. In total, 34 
remarkably altered miRNAs including 23 up- 
and 11 down-regulated ones between the two 
glioma groups, were identified (Table 1). Among 
these 34 identified candidate miRNAs, several 
have been demonstrate to have prognostic sig-
nificance and/or be involved in tumorigenesis 
and aggressive progression of glioma, by func-
tioning as oncogenes or tumor suppressors. 
For example, as one of the most frequently dys-
regulated miRNAs in glioma, miR-21 has been 
revealed to act as an antiapoptotic factor that 
targets a network of p53, transforming growth 
factor (TGF)-β, and mitochondrial apoptosis 
tumor suppressive genes in glioblastoma cells 
[18, 19], a recent study by Hermansen et al. 
indicated that miR-21 overexpression have 
unfavorable prognostic value in glioma patients 
[15]; miR-155, which showed the most signifi-
cantly differential expression among the up-
regulated candidate miRNAs (P<0.0001, fold 
change =10.35, Table 1) in our present study, 
has been previously indicated to promote the 
cell proliferation and contribute to progression 
of glioma [20, 22], in addition, its overexpres-
sion predicts poor prognosis in glioma patients 
[21]; miR-196a showed a hundreds-fold increa- 

sed expression level in GBMs vs. AAs in our 
data (P=0.004, fold change =289.86, Table 1). 
Previous studies have showed the overexpres-
sion of miR-196a in glioblastoma cell lines and 
tissues and indicated the prognostic signifi-
cance of this miRNA in glioma patients [14, 23]. 
A recent study showed evidence that miR-196a 
exerted its oncogenic effect in glioblastoma by 
inhibition of IκBα [24]; the tumor-suppressive 
miRNA, miR-326, has been revealed to inhibit 
glioma cell survival by directly regulating ex- 
pression of its target genes, Notch-1 and PKM2 
[26, 27], furthermore, low miR-326 expression 
was reported to be associated with unfavor-
able outcome of glioma patients [17]. These 
miRNAs might have significant values for diag-
nostic and prognostic determinations as well 
as for eventual therapeutic interventions. 
Therefore, they should be included into the 
molecular-based glioma classification system 
as key miRNAs and synthetically analyzed in 
the future studies. Taken together, expression 
profiles of miRNA are useful for predicting glio-
ma patient survival, and have the potential to 
identify efficacious therapeutic targets.

Among the 34 candidate miRNAs that showed 
remarkably increased or decreased expression 
level in our present study, miR-105 was signifi-
cantly down-regulated in GBMs compared with 
AAs (P=0.012, fold change =0.04, Table 1). 
However, there are few studies about function 
and clinical significance in human glioma of th- 
is miRNA. Barbano et al. in 2014 compared 
miRNA expression profile between low-grade 
and high-grade gliomas and identified 22 miR-
NAs distinguishing these two types of the 
tumor, including miR-105, by miRNA-microarray 
assay. They subsequently validated expression 
patterns of these candidate miRNAs in an inde-
pendent panel of glioma tissues by qRT-PCR, 
and indicated the significant down-regulation of 
miR-105 in high-grade gliomas compared with 
low-grade tumors, as well as normal brain tis-
sues [13]. A simultaneously published study by 
Yan et al 

developed a five-miRNA signature including 
miR-105 as a protective miRNA that could iden-
tify patients with a high risk of unfavorable out-
come in anaplastic gliomas regardless of histol-
ogy type [34]. Being consistent with both of 
these two reports, our results demonstrated 
that: i), miR-105 was remarkably down-regulat-
ed in glioma tissues compared with normal 
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brains and had significantly lower expression in 
GBMs relative to both AAs and DAs; ii), down-
regulation of miR-105 was associated with 
aggressive clinicopathological features includ-
ing advanced tumor grade, advanced patient’s 
age and low pre-operative Karnofsky perfor-
mance score of glioma; iii), miR-105 expression 
significantly correlated with overall survival and 
was an independent prognostic indicator of gli-
oma patients. Taken together, results of these 
studies suggest that miR-105 may function as 
a tumor suppressor and its down-regulation 
may contribute to tumorigenesis and aggres-
sive progression of human glioma. 

Our present study focused on the expression 
level and clinical significance of miR-105 in gli-
oma. However, the dysregulation and involve-
ment in tumorigenesis of miR-105 have been 
indicated in other kinds of human cancer, by 
recent investigations. Lee et al. in 2008 initially 
reported significantly decreased expression 
levels of miR-105 in multiple types of cancer 
cell lines including HS766T, MiaPaca2 and 
Panc1 (pancreatic carcinomas), HCT-116 (colo- 
rectal carcinoma), HeLa (cervical carcinoma), 
and HL-60 (promyelocytic leukemia) [35]. 
Interestingly, they found that the mature form 
of miR-105 is undetectable in certain cancer 
cell lines compared with abundant precursor 
miR-105 molecules present in the nucleus of 
these same cells [35]. Such phenomenon could 
be attributed to the fact that some cancers 
posses the loss-of-function mutations in the 
gene of expotin-5, an important miRNA biogen-
esis protein mediating pre-miRNA nuclear 
transport into the cytoplasm [36]. In addition, 
two recent studies showed evidence that miR-
105 function as a potential tumor suppressor 
[37, 38]. Honeywell et al. found that miR-105 is 
decreased in prostate cell lines compared with 
normal prostate epithelial cells and inhibits 
tumor growth through suppressing CDK6 levels 
[37]. Shen et al. demonstrated that miR-105 
suppresses cell proliferation and inhibits PIK3/
AKT signaling pathway in human hepatocellular 
carcinoma [38]. On the contrary, several other 
groups have reported the overexpression and 
oncogenic role of miR-105 in cancer cells. Using 
high-throughput sequencing, Hamfjord et al. in 
2012 identified miR-105 as one of the up-regu-
lated miRNAs in colorectal cancers compared 
with the paired adjacent normal tissues [39]. 
Similarly, up-regulation of miR-105 was also 
indicated in gastric cancer by Liu et al. in 2014 

[40]. As a cancer-secreted miRNA, miR-105 
was recently reported to be increased in circu-
lation at the pre-metastatic stage and signifi-
cantly correlate with occurrence of metastatic 
in breast cancer patients, by Zhou et al. [41]. 
They further demonstrated that cancer-secret-
ed miR-105 destroys vascular endothelial barri-
ers to promote metastasis by directly targeting 
the tight junction protein ZO-1 [41]. From above 
discussion, miR-105 is differently expressed in 
tumors originate from diverse organic tissues 
and could function as both oncogenic and 
tumor suppressive miRNA. And the detailed 
biological mechanism of miR-105 dysregula-
tion in tumorigenesis and aggressive progres-
sion of human cancers including glioma deser- 
ves further study.

In conclusion, we in the current study statisti-
cally compared miRNA expression profile of 
WHO grade IV gliomas with WHO grade III 
tumors and identified 34 dysregulated miRNAs, 
23 up-regulated and 11 down-regulated. We 
further provided a novel prognostic indicator, 
miR-105, which serves as a biomarker for 
patient with poor overall survival in gliomas. 
Our results suggested that miRNA profiling are 
useful for predicting glioma patient survival, 
and have the substantial value for identifying 
novel therapeutic targets.
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