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Abstract: Recent studies have demonstrated that microRNA-15b (miR-15b) regulates cell cycle progression,
proliferationnd apoptosis in glioma cells by targeting Cyclins. However, the clinical significance of miR-15b in human
glioma remains unclear. Therefore, the aim of this study was to investigate the significance of miR-15b expression
in diagnosis, prognosis and malignant progression of glioma. Quantitative real-time reverse transcriptive-PCR (qRT-
PCR) was performed to examine miR-15b expression levels in 76 glioma tissues (13 grade Il, 13 grade Il and 50
grade IV gliomas) and seven glioma cell lines, as well as 10 non-neoplastic brain tissues and human astrocyte as
control. MiR-15b showed significant increased expression in high-grade gliomas (P < 0.001) and glioma cells (fold
change 2.8-7.6) relative to non-neoplastic brains and astrocyte, respectively. Additionally, high miR-15b expression
was significantly associated with advanced WHO grade (P < 0.001), advanced patient age (P < 0.001) and low
Karnofsky performance score (KPS, P < 0.001). Furthermore, Kaplan-Meier survival analysis and Cox regression
analysis showed that patients with high miR-15b expression had significantly poor overall survival rate (P < 0.001)
and miR-15b expression was an independent prognosis-predicting factor for glioma patients (P < 0.001; risk ratio =
5.6), respectively. Moreover, miR-15b expression was examined in seven independent patients with primary grade
Il or 1l gliomas that spontaneously progressed to grade Ill or IV gliomas. Statistically significant higher expression
(P =0.01) in the recurrent tumor compared with the corresponding primary tumor was observed in all of the seven
patients. Our results suggest that miR-15b may be a prognostic predictor and be involved in malignant progression
of glioma.
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Introduction years for patients with grade lll gliomas and 6-8
years for low grade (I and Il) gliomas [1]. Patients
with primary GBM have a clinical progression of
less than about 3 months. The progression of
secondary GBM, however, from grade Il or grade
Ill, is slow [2]. Therefore, it is necessary to
develop new diagnostic and prognostic tools
and effective therapeutics that may be benefi-
cial for improving the clinical management of
Despite recent advances in surgery, radiothera- glioma. Currently, tumor stratifications based

py, and chemotherapy, the prognosis for on molecular profiles are increasingly prevalent
anents with this tumor remains poor. The and |mp0rtant In addltlon, several recent

Gliomas are the most frequent and malignant
primary brain tumors in human adults. The
World Health Organization (WHO) classifies
human gliomas into pilocytic astrocytoma (PA,
WHO grade 1), diffuse astrocytoma (DA, WHO
grade Il), anaplastic astrocytoma (AA, WHO
grade lll), and glioblastoma (GBM, WHO grade
IV) in the order of increasing malignancy [1].

grade IV glioma, also known as glioblastoma
multiforme (GBM), is the most common and
aggressive form of glioma, with a median sur-
vival of only 12-15 months as compared to 2-5

molecular and genetic profiling studies have
identified several markers and unique signa-
tures as prognostic and predictive factors of
malignant glioma [3, 4].
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MicroRNAs (miRNA) are endogenous small non-
coding RNA molecules that contribute to the
regulation of crucial biological processes by
post-transcriptionally regulating expression of
their target genes [5]. Recent studies have
proved that miRNAs are aberrantly expressed
in various human cancers and exert important
regulations on tumor biology by acting as onco-
genes or tumor suppressors [6]. In addition, the
characterization of miRNA expression patterns
in cancer cells is thought to have a substantial
value for diagnoses and prognoses as well as
for subsequent therapeutic interventions [7-9].
Furthermore, it has been shown that classifica-
tion of multiple cancers based on miRNA
expression profiles is more accurate than that
based on mRNA profiles [10]. Several investiga-
tions have indicated that expression profiles of
miRNAs are associated with patients’ survival
and are able to function as prognostic and
predictive indicators in glioma [11-15]. Fur-
thermore, several miRNAs that are involved in
malignant progression of glioma have also
been identified [16]. Thus, the identification of
the miRNA expression signature for malignant
gliomas, in particular glioblastoma, is of great
significance for understanding the molecular
mechanisms of tumorigenesis and progression
of these malignancies.

MiR-15b, a member of miR-15/16 family, has
been reported to be frequently dysregulated
and take entirely different roles in various
human cancers, by recent studies [17-21].
However, its expression profile in human glioma
and involvement in glioma tumorigenesis still
remains controversial. Guan et al. in 2010
screened the global expression of miRNAs in
human malignant glioma and found that miR-
15b had significantly higher expression in
primary GBMs than that in AAs, suggesting an
oncogenic property of miR-15b in this
aggressive brain tumor [15]. Being consistent
with their finding, Baraniskin et al. in 2012
showed that miR-15b had remarkably higher
expression levels in cerebrospinal fluid (CSF) of
glioma patients than in control subjects [22]. In
contrast, several studies have demonstrated
that miR-15b function as a tumor suppressor
by regulating critical biological processes of
glioma cells in vitro [23-25]. Xia et al. in 2009
originally showed that overexpression of miR-
15b resulted in cell cycle arrest at GO/G1 phase
and suppression of miR-15b expression result-
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ed in a decrease of cell populations in GO/G1
and a corresponding increase of cell popula-
tions in S phase in glioma cell lines [23]. Zheng
et al. found that miR-15b reduced glioma cell
invasion and angiogenesis by down-regulating
expression of its target genes NRP-2 and
MMP-3 [24]. Sun et al. recently showed that
overexpression of miR-15b inhibits proliferation
by arrested cell cycle progression and induces
apoptosis of glioma cells [25]. Taken together,
the role of miR-15b in glioma tumorigenesis
and the correlations between its expression
and clinicopathological factors of glioma
remains unclear. Therefore, the aim of the pres-
ent study was to investigate the clinical signifi-
cance of miR-15b expression in human
gliomas.

Materials and methods
Glioma specimens and patients

Glioma specimens were obtained from patients
during surgery at First Affiliated Hospital of
China Medical University. A portion of the tumor
tissue was saved and made into paraffin sec-
tions for histopathological 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. To analyze the association
between miR-15b expression and clinicopatho-
logical features of gliomas, a panel of 76 glio-
ma specimens were collected, including 50 pri-
mary GBMs (grade 1V), 13 AAs (grade lll) and
13 diffused astrocytomas (DA, grade Il) (see
Table 1 for patients’ information in detail).
Subsequently, expression level of miR-15b was
examined on all of the 76 gliomas and 10 non-
neoplastic brain tissues by conventional real-
time PCR. These non-neoplastic brain tissues
used as controls were obtained by collecting
donations with consents from individuals who
died in traffic accidents and were confirmed to
be free of any prior pathological lesions. On the
other hand, to evaluate the association
between miR-15b expression and glioma pro-
gression, expression level of miR-15b was
determined in primary lower-grade (grade Il or
Ill) and recurrent higher-grade (grade Il or 1V)
glioma pairs derived from seven independent
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Table 1. Correlation of miR-15b relative expression level with

clinicopathological factors of glioma patients

RNA extraction, reverse tran-
scription and real-time PCR

Clinicopathological

miR-15b expression

quantification for miRNA de-

features No. of cases High (. %) Low (1, %) P tection

WHO grade <0.001 Total RNA was extracted from
I 13 0(0.0%)  13(100.0%) frozen tissues of glioma and
I 13 3(23.1%)  10(76.9%) non-neoplastic brain, glioma
v 50 30(60.0%) 20 (40.0%) cell lines and human astrocyte

Age <0.001 using a mirVana miRNA Iso-
> 50 48 29 (60.4%) 19 (39.6%) lation Kit (Ambion, Austin, TX,
<50 28 4(14.3%) 24 (85.7%) USA) according to the manu-

Gender 0.709 facture’s instruction. RNA con-
Male a1 17 (41.5%) 24 (58.5%) ceptration was determined
Female 35 16 (45.7%) 19 (54.3%) using a NanoDrop ND-1000

KPS <0.001 spectrophgtome.ter.(NanoDrop

Technologies, Wilmington, DE,

<90 42 26 (61.9%) 16 (38.1%) USA), and RNA quality was
=90 34 7(20.6%) 27 (79.4%) measured using a denaturing

Surgery 0.817 15% polyacrylamide gel.
GTR 38 17 (44.7%) 21 (55.3%)
PR 38 16 (42.1%) 22 (57.9%) To examine the expression lev-

Abbreviations: KPS, Karnofsky performance scale; GTR, gross total resection; PR,

partial resection.

patients. In addition, a validation step involved
analysis of 9 DAs, 8 AAs and 8 secondary GBM
from 25 independent patients. For glioma
patients, none of them had received chemo-
therapy 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.

Glioma cell lines and human astrocyte

The glioma cell lines U887, U251, U373, LN18,
LN229, T98G and SF295 were obtained from
the American Type Culture Collection (ATCC,
Manassas, VA, USA) and maintained in
Dulbecco’s modified eagle’s medium (DMEM)
(Gibco, USA) supplemented with 10% fetal
bovine serum (FBS) (Gibco) and penicillin/strep-
tomycin (100 U/mL). The human astrocyte was
a gift from Dr. T. Sasaki (Graduate School of
Medical Sciences, Kyushu University, Fukuoka,
Japan) and maintained in DMEM supplemented
with 2% FBS and 1% N-2 supplement (Gibco).
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els of miR-15b in glioma tis-
sues and cell lines, cDNA syn-
thesis and subsequent quanti-
tative real-time PCR were per-
formed using a TagMan MiRNA Reverse
Transcription Kit (Applied Biosystems) and
individual TagMan MiRNA assay (Applied Bio-
systems), and Applied Biosystems 7500HT
Fast Real-Time PCR System (Applied Bio-
systems), as previously described [26]. RNUG6B
were used as endogenous controls, non-neo-
plastic brain tissues and human astrocyte were
used for calibrations. Relative quantification of
miR-15b expression was calculated with the
244Ct method.

Statistical analysis

All computations were carried out using the
software of SPSS version19.0 for Windows
(SPSS Inc., Chicago, IL, USA). Data were
expressed as mean * standard deviation (SD).
Student’s ttest was used to compare the
expression levels of miR-15b in different glioma
subtypes. The X? test was used to analyze the
relationship between miR-15b expression and
the clinicopathological 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 inde-
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Figure 1. miR-15b expression in 76 glioma tissues (50 primary GBMs, 13 AAs and 13 DAs), 10 non-neoplastic
brain tissues, 7 glioma cell lines (U87, U251, U373, T98G, LN18, LN229 and SF295) and normal human astro-
cyte detected by quantitative reverse transcriptive real-time polymerase chain reaction (QRT-PCR) analysis. A. Dots
indicate log2 of the relative quantification (RQ) values of miR-15b expression levels, normalized by RNUGB. Bars
indicate log2 of the average RQ values for each group. The expression level of miR-15b was found to be remarkably
increased in glioma tissues compared to non-neoplastic tissues (P < 0.001). Both primary GBMs and AAs showed
significantly higher expression of miR-15b than non-neoplastic brains tissues (P < 0.001, respectively). Expression
of miR-15b showed a distinctly upward tendency along with the increasing malignancy degree of gliomas. B. Col-
umns indicate RQ values of miR-15b expression levels in human astrocyte and glioma cell lines. Glioma cell lines
showed about 3- to 7.5-fold higher expression of miR-15b in comparison with normal human astrocyte.

pendent prognostic factors on overall survival pared with non-neoplastic brain tissues
outcome. Paired samples t-test was used to (Student’s t-test, P < 0.001). High-grade (grade
compare miR-15b expression between primary Il and IV) gliomas both showed significantly
and recurrent gliomas. Differences were con- higher expression of miR-15b compared with
sidered statistically significant when P was less non-neoplastic brains (P < 0.001, Figure 1A).
than 0.05. However, there was no significant difference of

miR-15b expression between grade Il gliomas
Results and brains. In addition, expression of miR-15b

showed a distinctly upward tendency along with
the increasing malignancy degree of gliomas
(fold changes and P values of grade Il vs. Il

Up-regulation of miR-15b in glioma tissues
and cell lines

To evaluate the dysregulation of miR-15b in gli- grade IV vs. llland grade IV vs. Il were: 2.27 and
oma tissues, we examined miR-15b expression 0.002, 2.00 and < 0.001, 4.55 and < 0.001,
levels in a panel of 76 glioma tissues including respectively, Figure 1A). Furthermore, miR-15b
50 primary GBMs (grade 1V), 13 AAs (grade lll) expression in glioma cell lines was examined
and 13 DAs (grade Il), as well as 10 non-neo- and we found a similarly robust increase in miR-
plastic brain tissues for control, by gRT-PCR. As 15b expression in seven commonly used model
shown in Figure 1A, expression of miR-15b was cell lines derived from human malignant glio-
remarkably increased in glioma tissues com- mas (U87, U251, U373, T98G, LN18, LN229
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Figure 2. Kaplan-Meier survival curves for glioma patients with high and low expression levels of miR-15b. A. Among
76 glioma patients (50 primary GBMs, 13 AAs and 13 DAs), those with high miR-15b expression (left, dotted line, n
= 33) had significantly shorter survival periods than did patients with low miR-15b expression (right, solid line, n =
43; P £0.001). B. Among 63 high-grade glioma patients (50 primary GBMs and 13 AAs), those with high miR-15b
expression (left, dotted line, n = 33) had significantly shorter survival periods than did patients with low miR-15b
expression (right, solid line, n = 30; P <0.001).

and SF295, Figure 1B). Its expression was advanced age or low KPS than those with young
increased about 2.8- to 7.6-fold in these tumor age or high KPS (P < 0.001, Table 1), respec-
cells compared with human astrocyte (Figure tively. However, no statistically significant cor-
1B). relation was observed between miR-15b

expression and other clinicopathological fac-
MiR-15b up-regulation correlates with aggres- tors (Table 1).

sive clinicopathologicl features of gliomas
High expression level of miR-15b predicts poor

Subsequently, correlations between miR-15b survival in glioma patients

expression and several clinicopathological fac-

tors including malignant degree of tumor, Furthermore, prognostic value of miR-15b
patients’ age at diagnosis, gender, pre-opera- expression in glioma patients was evaluated.
tive Karnofsky performance scale (KPS) and We performed loglank test and Kaplan-Meier
extent of tumor resection in glioma patients analysis to evaluate the association between
were evaluated by X? test. We assigned gliomas miR-15b expression level and clinical informa-
to miR-15b low-expression group and high- tion in these glioma patients mentioned above.
expression group that were tumors with miRNA We observed that miR-15b expression level dis-
expression under and above the median value played a significant correlation with glioma
of expression in all 76 gliomas, respectively patients’ overall survival. As shown in Figure
(median expression value = 4.62; n = 43 and 2A, patients with high-expression level had sig-
33 for low-expression group and high-expres- nificantly poor overall survival compared to that
sion group, respectively). As shown in Table 1, with low-expression level of miR-15b (mean
miR-15b high-expression was significantly overall survivals 386 and 1238 days, respec-
more frequent in GBMs than AAs and DAs (P < tively; P <£0.001, logrank test). In addition, uni-
0.001, X2 test). In addition, significant correla- variate and multivariate analysis using the Cox
tions were also found between miR-15b expres- proportional hazard regression model was per-
sion and patient age, as well as KPS. The formed to determine whether miR-15b expres-
increased expression of miR-15b more fre- sion level and other clinical parameters are
quently occurred in glioma patients with independent factors for prognostic prediction

4947 Int J Clin Exp Pathol 2015;8(5):4943-4952
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Table 2. Univariate and multivariate Cox regression analysis for overall survival in glioma patients

Univariate analysis

Multivariate analysis

Variant No. of case (%) Mean OS  95% ClI P (log-rank) Variant RR  95%Cl P
WHO grade <0.001  WHO grade <0.001
Il 13 (17.1%) 1980 1687-2273 IVvs. Illvs. Il 11.0 4.3-28.1
I 13 (17.1%) 979 643-1315
v 50 (65.8%) 418 367-469
Age <0.001 Age 0.136

> 50 48 (63.2%) 442 377-507

<50 28 (36.8%) 1786 651-2921
Gender

Male 41 (53.9%) 579 263-895

Female 35 (46.1%) 547 331-763
KPS

<90 42 (55.3%) 439 396-482

=90 34 (44.7%) 1786  405-3167

>50vs. <50 05 0.2-11

0.905 Gender 0.302

Male vs. Female 2.9 1.5-5.7

<0.001 KPS 0.926

<90vs. 290 1.0 0421

Surgical resection 0.141 Surgery 0.071
GTR 38 (50.0%) 710 468-952 PR vs. GTR 22 1242
PR 38 (50.0%) 441 325-557

miR-15b expression <0.001 miR-15b expression <0.001
Low 43 (43.4%) 1238  993-1483 High vs. Low 5.6 2.6-12.0
High 33 (56.6%) 386 280-493

Abbreviations: KPS, Karnofsky performance scale; GTR, gross total resection; PR, partial resection; OS, overall survival; RR, risk

ratio.

Table 3. Seven patients with primary grade Il or Ill glioma that

recurred as grade lll or IV glioma

expression of miR-15b was
significantly associated with

Patient Primary

Fold change of miR-

poor overall survival of
patients with these aggres-

N Recurrent tumor 15b expression (Recur-

0. tumor rent/Primary tumor) sive tumors (mean overall sur-
Patient 1 DA, grade II AA, grade I 12.3 vivals 386 and 713 days for
Patient 2 DA, grade Il AA, grade Ill 4.4 high-expression = group and

Patient 3 DA, grade Il Secondary GBM, grade IV
Patient 4 DA, grade Il Secondary GBM, grade IV
Patient 5 DA, grade Il Secondary GBM, grade IV
Patient 6 AA, grade Illl Secondary GBM, grade IV
Patient 7 AA, grade lll Secondary GBM, grade IV

low-expression group, respec-

13.6

16 tively, P <0.001, Figure 2B).
5.7 Increased expression of miR-
2.5 15b is associated with malig-
1.3 nant progression of glioma

Abbreviations: DA, diffuse astrocytoma; AA, anaplastic astrocytoma; GBM, glioblas-

toma.

in glioma patients. Our result showed that both
miR-15b high expression (P < 0.001; risk ratio
5.6, multivariate Cox regression analysis) and
high pathological grade (P < 0.001; risk ratio
11.0, multivariate Cox regression analysis)
were independent predictors of poor prognosis
in glioma patients (Table 2). Furthermore, the
prognostic value of miR-15b expression was
also analyzed in patients with high-grade glio-
ma (grade Ill and IV) and we found that high
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We also evaluated the corre-
lation between miR-15b ex-
pression and glioma progres-
sion. MiR-15b expression was examined in
seven patients with primary grade Il or Il glio-
mas that spontaneously progressed to grade llI
or IV gliomas by real-time PCR (see Table 3 for
patients’ information in detail). As shown in
Figure 3 and Table 3, miR-15b exhibited a pro-
gression-associated up-regulation, that is, an
about 1.3- to 41.6-fold significant higher
expression in the recurrent higher-grade glioma
as compared to the corresponding primary

Int J Clin Exp Pathol 2015;8(5):4943-4952



MicroRNA-15b in prognosis and progression of glioma

miR-15b Relative Expression

(grade’IV)
(grade’ IV}
(grade’ V)
(grade IV)

2
s
'é‘%
eg
oD
55
]
17}

: Secondary GBM
: Secondary GBM
: Secondary GBM
: Secondary GBM

DA (grade II)
: AA (grade IIl)
: DA (grade Il)
: AA (grade IIl)
- DA (grade II)

DA (grade II)
- DA (grade Il
. AA (grade IIl)
: AA (grade Ill)

P
R
P
R
P
R
P:
R
P
R
P
R
P!
R

Patient 1 Patient2 Patient3 Patient4 Patient5 Patient6 Patient 7

Figure 3. Expression levels of miR-15b in seven pa-
tients with primary lower-grade glioma that recurred
as higher-grade glioma. MiR-15b showed an about
1.3- to 41.6-fold higher expression in the recurrent
glioma as compared to the corresponding primary
tumor. Patient numbers 1-7 encode the individual
patient; Gray and black columns indicate expression
levels of miR-15b in primary and recurrent tumors,
respectively. P, primary tumor; R, recurrent tumor.

tumor (P = 0.01, paired samples t test). To vali-
date this result, we analyzed expression of miR-
15b in an independent series of 9 DAs, 8 AAs
and 8 secondary GBMs from another panel of
25 patients. As shown in Figure 4, median
expression of miR-15b was obviously increased
along with malignant grade of the tumor. The
differences were statistically significant
between grade Il and Il (P = 0.015), grade llI
and IV (P = 0.016), as well as grade Il and IV (P
<0.001) gliomas (Figure 4).

Discussion

Recently, several investigations indicate that
expressions of miRNAs are associated with
patients’ survival and involved in the malignant
progression of human glioma [11-16]. In the
present study, we explored the expression pro-
file of miR-15b in various histological subtypes
of glioma and analyzed the associations
between miR-15b expression and patients’ sur-
vival, as well as the malignant progression of
the tumor. As results of our analysis, there are
four points of findings. Firstly, miR-15b was
remarkably up-regulated in human glioma tis-
sues and glioma cell lines compared with non-
neoplastic brain tissues and normal astrocyte,
respectively; Secondly, the increased miR-15b
expression in glioma tissues was significantly
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Figure 4. Validation experiment for miR-15b expres-
sion in an independent series of 9 DAs, 8 AAs and
8 secondary-GBMs. miR-15b showed a significant
progression-associated up-regulation in gliomas with
different pathological-grade (P = 0.015, 0.016 and <
0.001 for grade Il vs. I, grade IV vs. lll and grade IV
vs. ll, respectively).

correlated with advanced tumor progression
and aggressive clinicopathological features;
Thirdly, glioma patients with high miR-15b
expression level in tumor tissues had signifi-
cantly poorer overall survival and high expres-
sion of miR-15b was a statistically significant
risk factor of poor survival in glioma patients;
Finally, miR-15b was significantly up-regulated
in the recurrent higher-grade gliomas com-
pared with the corresponding primary lower-
grade tumors. Our data suggest that miR-15b
expression could be a valuable marker of prog-
nosis and malignant progression of glioma. To
our knowledge, this is the first study to analyze
the expression profile and clinical significance
of miR-15b in large panel of glioma patients.

Recent studies have indicated that miR15b
was frequently deregulated in human cancer. Xi
et al. in 2006 originally reported that miR-15b
was significantly overexpressed in colorectal
cancer compared to the paired normal colorec-
tal sample [17]. Up-regulation of miR-15b was
also revealed in the cervical cancer tissues

Int J Clin Exp Pathol 2015;8(5):4943-4952
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comparing with the matched normal cervix by
Wang et al. in 2008 [18]. Similarly, Satzger et
al. in 2010 showed that miR-15b was overex-
pressed in human melanomas and high expres-
sion of miR-15b was significantly associated
with poor recurrence free survival and overall
survival in melanoma patients [19]. In addition,
they found that down-regulation of miR-15b
could reduce cell proliferation and increase
apoptosis in melanoma cell lines, suggesting
the oncogenic role of this miRNA in tumorigen-
esis of melanoma. In contrast, several studies
have shown evidences that miR-15b was statis-
tically reduced in tumor tissues, such as gastric
cancer and hepatocellular carcinoma [20, 21].
These findings illustrate that miR-15b is differ-
ently expressed in tumors originate from
diverse organic tissues. However, the expres-
sion level and the role of miR-15b in human
gliomas remain controversial. In, 2009, Xia et
al. firstly reported that the expression of miR-
15b was elevated in human glioma cell lines
[23]. Of interest, they performed function anal-
ysis and found that miR-15b could induce cell
cycle arrest at GO/G1 phase and decrease the
cell populations in S phase in U87 glioma cells,
by targeting cell cycle-related molecule, CCNE1
(encoding cyclin E1), suggesting a tumor sup-
pressive role of this miRNA. Similarly, a recent
studies by Sun et al. reported that overexpres-
sion of miR-15b inhibited proliferation by arrest-
ed cell cycle progression and induced apopto-
sis, by directly targeting Cyclin D1 [25]. In con-
trast with the data of Xia et al., they observed
markedly decreased expression of miR-15b in
glioma tissues in comparison to the normal
brain tissues and an obviously downward trend
of miR-15b expression with ascending tumor
pathological grades. In addition, Zheng et al. in
2014 also showed evidences that miR-15b
exists as an anti-tumor factor in gliomas. By
employing an in vivo 9L homograft glioma
tumor animal model and an in vitro hypoxic cell
culture model, they revealed that miR-15b
could reduce glioma cell invasion and angio-
genesis through down-regulating its target,
NRP-2 [24]. From above discussion, miR-15b
might function as a tumor suppressive miRNA
in glioma. On the contrary, Guan et al. in 2010
screened the global expression of 365 miRNAs
in human malignant glioma by microRNA qPCR-
array method and found that miR-15b
expression was significantly increased in
primary GBMs as compared with AAs,
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suggesting an oncogenic property of miR-15b
in this aggressive brain tumor [15]. In addition,
a recent report by Baraniskin et al. demonstrat-
ed that miR-15b was the most abundant miRNA
in cerebrospinal fluid (CSF) samples from
patients with glioma [22]. According to their
data, miR-15b showed a 25-fold higher mean
expression level in CSF samples from patients
with glioma than that in control subjects, 5-fold
and 17-fold higher mean expression levels than
that in patients with primary CNS lymphoma
(PCNSL) and brain metastases or leptomenin-
geal carcinoma, respectively. In consistent with
both of the results from Guan et al. and
Baraniskin et al., we in the present study
showed the up-regulated expression of miR-
15b in glioma tissues and cell lines and the sig-
nificant correlation of high miR-15b expression
and the poor outcome of glioma patients, sug-
gesting the oncogenic potential of this miRNA
in glioma. Taken together, unlike most of the
dysregulated miRNAs in gliomas, miR-15b
expression was reported to be down- or
up-regulated by different research groups.
Such discrepancy might partly due to the
differences in methodology, platform, and
control samples between various studies
mentioned above. Therefore, investigation on a
much larger scale of glioma specimens should
be necessary to determine the aberrant
expression of this specific miRNA.

On the other hand, the molecular basis of glio-
ma malignant progression has been investigat-
ed in previous studies by analyzing chromo-
somal and genetic aberrations, as well as
changes in mRNA expression levels [27].
However, the dysregulation and potential roles
of miRNAs in glioma progression remains
unclear. Malzkorn et al. in 2010 investigated
the expression profiles of 157 miRNAs in
patients with primary WHO grade Il gliomas
that spontaneously progressed to WHO grade
IV secondary GBMs and identified 12 miRNAs
showing increased expression and two miRNAs
showing reduced expression upon glioma pro-
gression [16]. Among these candidate miRNAs,
miR-15a, and the family member of miR-15b we
studied in the present study, showed a progres-
sion-associated up-regulation in recurrent high-
grade glioma in comparison with the corre-
sponding primary low-grade glioma [16].
Similarly, we found that expression of miR-15b
was significantly up-regulated during progres-
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sion from low-grade to AAs and secondary
GBMs in our patients, suggesting that this
miRNA be involved in malignant progression of
glioma.

In conclusion, we in the current study showed
that expression of miR-15b was remarkably
increased in glioma tissues and cell lines. In
addition, the up-regulation of miR-15b was sig-
nificantly correlated with the poor overall sur-
vival of glioma patients and the progression
from low-grade to high-grade gliomas. Our data
suggest that miR-15b might take an important
oncogenic role in glioma tumorigenesis and
malignant progression. Such findings would
lead to new approaches of diagnostic and ther-
apeutic for glioma patients. Hence, the detailed
biological mechanism of miR-15b up-regulation
in glioma tumorigenesis and progression
deserves further study.
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