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Abstract Glioma is the most prevalent primary brain tumors
in adults. In addition to the high incidence and mortality rate,
the 5-year survival rate of glioma is also extremely low.
MicroRNAs (miRNAs), as a class of small non-coding RNAs,
may play an important role in carcinogenesis. It was also
proposed that miRNAs might also be associated with glioma
diagnosis and prognosis. In this study, we aimed at investi-
gating the predictive and prognostic values of miR-125b,
miR-221, and miR-222 in glioma and, hopefully, to provide
some evidence for novel therapy of glioma. Tissue specimens
were obtained from tumor tissue and adjacent non-tumor
tissue. RNAwas extracted and qRT-PCR was performed with
U6 being the internal control. Receiver-operating characteris-
tic (ROC) curves were constructed, and the area under the
ROC curves (AUC) was calculated to evaluate the signifi-
cance of candidate miRNAs in distinguishing glioma tumor
tissues and adjacent normal tissues. Survival curves of
Kaplan-Meier method were constructed for both high expres-
sion group and low expression group, and the difference
between curves was evaluated by log-rank test. All the statis-
tical analyses were performed using Stata version 12.0 soft-
ware, and graphs were generated by GraphPad Prism 5.0. The
significance of miR-125b, miR-221, and miR-222 expression
level in distinguishing glioma tumor from adjacent non-tumor
tissues was further validated. Combination of miR-125b,
miR-221, and miR-22 was significantly superior compared
to the clinical standard of using these miRNAs alone. A clear

demarcation was shown by survival analysis between patients
with high miR-125b, miR-221, and miR-222 expression and
patients with poor prognosis. Similarly, panel of these
miRNAs could play a better prognostic role in glioma. In this
study, we confirmed the significance of miR-125b, miR-221,
and miR-222 in distinguishing glioma tumor from adjacent
non-tumor tissues. Higher expressions of miR-125b and miR-
222 have also been proved to be associated with glioma.
Furthermore, glioma patients with higher miR-125b, miR-
221, and miR-222 expression were manifested to have poorer
prognostic status, which might be attributed to their attenuated
sensitivity to chemotherapy and radiotherapy.
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Introduction

Glioma is the most prevalent primary brain tumors in adults.
They arise from glial or precursor cells, including astrocyto-
ma, glioblastoma, oligodendroglioma, ependymoma, mixed
glioma, and malignant glioma, not otherwise specified (NOS)
and a few more rare histologies [1]. The annual incidence rate
of glioma was 5/100,000, and approximately 18,000 new
glioma cases and 13,000 deaths occur every year in the USA
[2]. In addition to the high incidence and mortality rate, the 5-
year survival rate of glioma is reported to be less than 3 %,
ranking only second to pancreatic cancer and lung cancer [3].
Thus, novel biomarker for glioma diagnosis and prognosis is
of vital importance.

MicroRNAs (miRNAs), as a class of small non-coding
RNAs, may play an important role in cell proliferation and
apoptosis and, further, in carcinogenesis. They are involved in
the regulation of oncogene and tumor-suppressive gene ex-
pression [4], which facilitates them as a potential biomarker
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for cancer. According to recent studies, abnormal expression
of miRNA was associated with various cancers, including
lung cancer, gastric cancer, and breast cancer. MiRNAs were
also confirmed to be able to serve as a biomarker in
distinguishing cancer tissues from normal tissues [5]. It was
also proposed that miRNAs might also be associated with
cancer prognosis.

MiR-125b, miR-221, and miR-222 are three candidate
miRNAs that have been confirmed to play an important role
in glioma carcinogenesis [6–10]. In this study, we aimed at
investigating the predictive and prognostic values of miR-
125b, miR-221, and miR-222 in glioma patients and, hope-
fully, to provide some evidence for novel therapy of glioma.

Material and Methods

Subjects and Specimens

Forty-five glioma patients were enrolled in the present study.
All enrolled patients were diagnosed and treated at Shengjing
Hospital of China Medical University from 2011 to 2014. The
diagnosis of glioma was confirmed by histological examina-
tion or magnetic resonance imaging. Clinicopathological fea-
tures of patients, including gender, age, TNM stage, metastatic
status, tumor size, T classification, and differentiation degree,
was documented for further analysis. The glioma stages were
determined according to the World Health Organization
(WHO) classification and TNM classification system [11].
Patients with immune disease or previous history of cancer
were excluded from the study. Tissue specimens were obtain-
ed through needle core biopsy or surgery specimens (1-mm
thick) from both tumor tissue and adjacent non-tumor tissue.
To investigate the prognostic value of target miRNAs in
glioma, all selected glioma patients were followed up until
death or on August 1, 2014.

All participants before the study approved an informed
consent. The research protocol was approved by the Ethics
Committee of Shengjing Hospital of China Medical Univer-
sity. The study was conducted in accordance with the Decla-
ration of Helsinki and the REMARK guidelines for biomarker
studies.

RNA Extraction and Quantitative Reverse-Transcriptase PCR

Total RNAwas extracted from all specimens using miRNeasy
Mini Kit (Qiagen, Mississauga, ON, Canada) according to
manufacturer’s protocol. The concentration of extracted
RNAs was determined by NanoDrop™ 1000 Spectrophotom-
eter (NanoDrop Technologies Inc., Wilmington, DE) with the
absorbance at 260/280 (RNA/DNA) and 260/230 (RNA/Pro-
tein). All samples were stored at −80 °C for further
requirement.

For reverse transcription reaction, Taqman® MicroRNA
Reverse Transcription Kit (Applied Biosystems, Foster City,
CA, USA) was applied. A 5-μl mixture comprised of 0.5 μl of
different primer, 0.05 μl of 100 mM dNTPs, 0.5 μl of 10×
reverse transcription buffer, 0.063 μl of 20 U/μl RNase inhib-
itor, and 0.33 μl of 50 U/μl multiscribe reverse transcriptase,
RNA sample, and RNase-free water was used for cDNA
synthesis. The volume of RNA samples was determined by
their concentration and normalized for the reaction. For miR-
125b, the reaction solutions were incubated at 30 °C for
10 min, followed by 30-min incubation at 50 °C, 95 °C for
5 min, and held at 4 °C. For miR-221 and miR-222, the
solutions were incubated at 37 °C for 30 min, 95 °C for
10 min, and held at 4 °C. All synthesized cDNA samples were
diluted with RNase-free water for quantitative PCR reaction.

The qPCR reaction solution used in the present study
contained 2 μl of cDNA solution, 5 μl of TaqMan® 2X
Perfect Master Mix, 0.25 μl of specific primers for different
miRNAs, and 2.75 μl of RNase-free water for a total volume
of 10 μl. Bio-Rad IQ5 (Bio-Rad Laboratories Inc.)
thermocycler was applied for qPCR reaction. U6 snRNA
(Ambion, AM30303) was used as an internal control; specific
primers for it were also added to the reaction solution. The
procedure of PCR amplification was performed as follows: for
miR-125b, an initial denaturation at 95 °C for 2 min, followed
by 40 cycles of 95 °C for 15 s, and 60 °C for 1 min; the
reaction was terminated by incubation at 95 °C for 15 s and
held at 4 °C; for miR-221 and miR-222, the reaction was
initialized by incubating at 95 °C for 3 min, followed by
40 cycles of 95 °C for 15 s and 60 °C for 30 s, and held at
4 °C. The expression of miRNAs was measured by the cycle
threshold (Ct) values acquired fromBio-Rad iQ5 2.1 Standard
Edition Optical System Software.

Follow-Up

Validated contact information was provided by selected pa-
tients, including phone numbers and e-mail address. Follow-
up check was performed by direct phone call in most case,
with e-mail being an alternative for unforeseen circumstances.
The check was scheduled every month. The efficacy of treat-
ment was assessed at the same time.

Data Analysis

To start with, paired t tests were applied to assess the differ-
ence in miR-125b, miR-221, and miR-222 expression be-
tween glioma tissue and adjacent normal controls. All samples
were adjusted by gender and age. Receiver-operating charac-
teristic (ROC) curves were constructed, and the area under the
ROC curves (AUC) was calculated to evaluate the signifi-
cance of candidate miRNAs in distinguishing glioma tumor
tissues and adjacent normal tissues. Youden index was used to
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select the optimal cutoff values. Association of biomarker
levels with glioma was evaluated using logistic regression
analyses. Areas under the ROC curves were assessed for
miR-125b, miR-221, and miR-222 and combinations of these
biomarkers. For survival analysis, Cox regression analysis
was performed. Survival curves of Kaplan-Meier method
were constructed for both high expression group and low
expression group of miR-125b, miR-221, and miR-222. The
difference between curves was evaluated by log-rank test. The
survival time was defined as the time between the first surgery
until death or the end of the follow-up. All the statistical
analyses were performed using Stata Version 12.0 software
(Stata Corp, College Station, TX, USA), and graphs were
generated by GraphPad Prism 5.0 (GraphPad Software Inc.,
CA, USA).

Result

Expression of miR-125b, miR-221, and miR-222 in Tumor
Tissues of Glioma Patients

A total of 45 glioma patients, including 15 females and 30
males, were involved in the present study. Tumor tissues and
adjacent normal tissues were collected and analyzed. As
shown in Fig. 1, all candidate miRNAs were illustrated to be
upregulated in glioma tissues. Significantly elevated miR-
125b, miR-221, and miR-222 expression was observed in
tumor tissues compared with adjacent normal tissues (miR-
125b: P<0.001, Fig. 1a; miR-221: P<0.001, Fig. 1b; miR-
222: P<0.001, Fig. 1c).

Diagnostic Value of miR-125b, miR-221, and miR-222
in Glioma

Considering the significantly aberrant expression of miR-125b,
miR-221, and miR-222, the significance of their expression
level in distinguishing glioma tumor tissues from normal tis-
sues was further validated by ROC analysis and assessed by
AUC value. ROC curves (Fig. 1d) illustrated the significant
value of candidate miRNAs expression level in discriminating
tumor tissues (miR-125b: AUC=0.86, 95 %CI, 0.78–0.93;
miR-221: AUC=0.74, 95 %CI, 0.63–0.84; miR-222: AUC=
0.80, 95 %CI, 0.71–0.89). The optimal cutoff value for miR-
125b was 3.60, with a sensitivity of 0.78 and a specificity of
0.80. For miR-221, the optimal cutoff value was 2.17, a sensi-
tivity of 0.73, and a specificity of 0.69 could be acquired from
the cutoff value. As for miR-222, a sensitivity of 0.78 and a
specificity of 0.76 were achieved with the optimal cutoff value
of 3.23. Combination of miR-125b, miR-221, and miR-22 was
significantly superior compared to the clinical standard of using
these miRNAs alone, with AUC of 0.97 (95 %CI, 0.94–0.99).

Association Between miR-125b, miR-221, and miR-222
and Clinical Features of Glioma Patients

To further investigate the expression of miR-125b, miR-221,
and miR-222 in relation to glioma progression and clinical
characteristics of glioma patients, all enrolled patients were
stratified by gender, age, TNM stage, metastatic status, tumor
size, T classification, and differentiation degree. Student’s t
test and one-way ANOVA test were applied to evaluate the
difference of candidate miRNAs expression in different
groups. The results were presented in Table 1. As can be seen

a b

c d

Fig. 1 Diagnostic performance
of three candidate miRNAs in
differentiating tumor and adjacent
non-tumor tissue. a Relative
expression levels of miR-125b; b
relative expression levels of miR-
221; c relative expression levels
of miR-222; d receiver-operating
characteristic (ROC) curve
analyses of three candidate
miRNAs and their combination in
differentiating tumor from
adjacent non-tumor tissue
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from the table, the expression of all candidate miRNAs was not
significantly altered by gender and age. The expression of miR-
125b was significantly associated with glioma progression. As
glioma progressed to advanced stages, the expression level of
miR-125b was elevated (P=0.037). Significantly upregulated
miR-125bwas also observed in patients withmetastasis and low
differentiation degree (P=0.030, P<0.001, respectively). In-
creased miR-125b was also related to larger tumor (P=0.018).
The expression of miR-222 was also illustrated to be signifi-
cantly associated with glioma at advanced stages (P=0.024) or
serious symptoms (P=0.008 for metastatic status; P=0.002 for
differentiation degree). However, miR-221 was not shown to be
significantly related to glioma stages and metastatic status (P=
0.193, P=0.107, respectively). Since the P value was 0.060 for
tumor size and 0.049 for differentiation degree, the associations
between miR-221 and tumor size/differentiation degree need to
be further studied.

MiR-125b, miR-221, and miR-222 as Prognostic Marker
for Glioma

To determine the prognostic value of miR-125b, miR-221,
and miR-222 for glioma, Kaplan-Meier survival analysis of

glioma patients was conducted, and log-rank test were per-
formed to evaluate the statistical significance between strati-
fied groups according to the expression of candidate miRNAs.
High expression groups were defined as patients with higher
expression level of candidate miRNA than average and vice
versa. The results were plotted in Fig. 2. As illustrated in the
figure, patients with higher expression of miR-125b, miR-
221, and miR-222 showed significantly poor glioma progno-
sis (miR-125b: HR=2.43, 95%CI, 1.13–2.54, P=0.023; miR-
221, HR=2.18; 95%CI, 1.02–4.65, P=0.044; miR-222: HR=
2.13, 95 %CI, 1.01–4.48, P=0.043). In addition, panel of
these miRNAs could play a better prognostic role in glioma
(HR=3.32, 95 %CI, 1.49–7.39, P=0.001).

Discussion

A total of 45 glioma patients with different clinical character-
istics were involved in the present study. Our results mani-
fested that miR-125b, miR-221, and miR-222 were upregu-
lated in glioma tissues. MiR-125b and miR-222 had a high
diagnostic value in distinguishing glioma tumor tissues from

Table 1 Clinical data statistical analysis of glioma patients

Characteristics Sample
size (n)

Relative expression
of miR-125b

P value Relative expression
of miR-221

P value Relative expression
of miR-222

P value

Gender

Female 15 4.56±1.78 0.227a 3.25±0.76 0.412a 2.68±1.34 0.177a

Male 30 5.23±2.04 3.56±1.34 3.21±1.16

Age

<50 18 5.12±1.89 0.392a 3.76±1.12 0.279a 3.98±0.86 0.837a

≥50 27 5.67±2.21 3.34±1.34 4.05±1.25

TNM stage

I+II 16 5.53±1.65 0.037a 3.16±0.87 0.193a 3.15±1.68 0.024a

III+IV 29 6.78±1.97 3.62±1.23 4.46±1.86

Metastatic status

Yes 14 6.56±2.02 0.030a 3.78±1.76 0.107a 6.21±2.86 0.008a

No 31 5.32±1.56 3.01±1.34 3.85±1.85

Tumor size (cm)

≥5 14 6.69±1.78 0.018b 3.95±1.45 0.060b 5.47±1.42 0.002b

3–5 12 5.87±1.54 3.35±1.12 4.67±1.21

<3 19 5.12±1.23 2.97±0.85 3.87±1.02

T classification

T1+T2 21 4.21±1.14 0.002b 3.14±0.87 0.112b 3.85±0.56 0.023b

T3 10 5.56±1.65 3.51±0.94 4.25±1.12

T4 4 6.91±2.05 4.17±1.05 5.23±1.56

Differentiation degree

Low 13 6.56±1.68 <0.001a 3.84±0.56 0.049a 5.23±1.65 0.002a

Middle+high 32 4.68±1.13 3.32±0.85 3.56±1.05

a Student’s t test
b One-way ANOVA test
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normal tissues. Combination of miR-125b, miR-221, and
miR-22 was significantly superior compared to the clinical
standard of using these miRNAs alone. Besides, all the three
candidate miRNAs were proved to be an efficient prognostic
marker for glioma. Patients with lower expression of miR-
125b, miR-221, and miR-222 showed a better prognostic
result compared with patients with higher expression level.
Similarly, panel of these miRNAs could play a better prog-
nostic role in glioma.

MiRNAs have been proved to be involved in the process of
carcinogenesis in several aspects. MiRNAs target at certain
genes participate in the regulation of cell cycle progression
and proliferation and can regulate tumor invasion and the
status of metastasis. It was also found that miRNAs played
an important role in the mechanism of tumor resistance to
chemo- and radiotherapy [12]. MiRNAs can be categorized
into oncogenic miRNAs (oncomiRs) and tumor-suppressive
miRNAs (tsmiRs). Aberrant expression of oncomiRs and
tsmiRs can activate specific signaling pathways, which further
have an impact on cell proliferation, cell invasion, and angio-
genesis and inhibit or promote cancer progression (Fig. 3). For
instance, miR-221/222 expression directly correlated with gli-
oma grade and were prevalent in grade IVastrocytoma, where
they targeted an important cell cycle regulator, namely p27/
KIP1. These data support a critical role in the regulation of the
cell cycle, proliferation, and invasion by miR-221/miR-222.

Although themechanism ofmiR-125b in the tumorigenesis
of glioma is still not clear, it has been demonstrated to be
tumor-suppressive in glioblastoma (GBM). It activates carci-
nogenesis in several ways. Two binding sites for miR-125b
have been identified in the 3′UTR of E2F2. It has been proved
that miR-125b exert effects on glioma stem cell proliferation

by directly targeting at E2F2 [7]. It has also been identified
that miR-125b suppresses the expression of connexin43, the
overexpression of which antagonizes the effects of miR-125b
in cell growth and anti-apoptosis [13]. MiR-125b is also
involved in a functional feed-forward loop in glioma angio-
genesis. The expression of miR-125b is inhibited by VEGF,
which leads to the elevated expression of Myc-associated zinc
finger protein (MAZ). MAZ accumulation can attenuate en-
dothelial cell migration and suppress angiogenesis and metas-
tasis and, in its turn, results in the upregulation of VEGF.
Thus, with a high level of miR-125b, the feed-forward loop
is broken; cell invasion and angiogenesis are promoted [14].
Besides, miR-125b can regulate glioma stem cell proliferation
by decreasing CDK6 and CDC25A expression, which leads to
cell cycle arrest at the G1/S transition [15]. MiR-125b can
interact with 3′UTR of cell apoptosis protein Bcl-2 modifying
factor [16] and inhibits cell apoptosis through p53 and
p38MAPK-independent pathways [6]. Collectively, overex-
pression of miR-125b promotes glioma cell proliferation and
inhibits cell apoptosis, which contribute to the process of
carcinogenesis; it also participates in cell invasion and angio-
genesis, which further lead to metastasis. Moreover, miR-
125b was found to be upregulated in temozolomide-resistant
cells. MiR-125b inhibitor can significantly enhance the
chemosensitivity of glioma stem cells to temozolomide,
which is a common medicine in chemotherapy [17].

MiR-221 and miR-222 are paralogues that have been man-
ifested to be associated with glioma procession. It has been
proved by previous study that the upregulation of miR-221
and miR-222 can interfere with growth factor signaling path-
ways that stimulate cell proliferation [18]. They are also
regulators of the tumor suppressor gene p27Kip1; thus, miR-

a b

c d

Fig. 2 Survival analyses of
glioma patients in different
groups according to the relative
expression of miR-125b, miR-
221, and miR-222 and the panel
of these miRNAs. aK-W curve of
glioma patients in high/low miR-
125b expression groups; b K-W
curve of glioma patients in
high/low miR-221 expression
groups; c K-W curve of glioma
patients in high/low miR-222
expression groups; d K-W curve
of glioma patients in high/low the
panel of three candidate miRNAs
expression groups
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221/222 can promote glioma cell proliferation by attenuating
the expression of p27Kip1 both in vitro and in vivo [8].
Overexpression of miR-221 and miR-222 also results in the
activation of Akt pathway, which enhances the glioma malig-
nant phenotype [10]. MiR-221/222 can inhibit cell apoptosis
as well. They target pro-apoptotic gene PUMA in glioma cells
and reduce its expression [9]. Protein tyrosine phosphatase μ
(PTPμ) has been proved to be involved in the carcinogenesis
by regulating cell migration. Downregulated PTPμ induced
by overexpression of miR-221 and miR-222 is related to
glioma tumorigenesis [19]. MiR-221 can also regulate
epithelial-mesenchymal transition by targeting related genes
through PTEN and PI3-K/Akt pathways [20]. Their regulating
function on connexin43 expression is also believed to be
associated with glioma [21]. Dickkopf-2 gene (DKK2) is
another direct target of miR-222. Overexpression of miR-
222 results in constitutive activation of β-catenin through
inhibition of DKK2 expression in glioma cells, which finally
contributes to glioma procession [22]. Furthermore, miR-221
and miR-222 expression may exert effect on the sensitivity of
glioma cells to chemotherapy and radiotherapy. It has been

proved that downregulated miR-221 and miR-222 expression
can sensitize glioma cells to temozolomide, which is similar to
miR-125b [23]. It was suspected that chemotherapy of temo-
zolomide led to increased DNA damage, which could be
rescued by alkylating enzyme O(6)-methylguanine-DNA
methyltransferase (MGMT). Meanwhile, downregulation of
miR-221 and miR-222 attenuated the expression ofMGMT. It
rendered cells unable to repair DNA damage and contributed
to temozolomide-mediated cell death [24]. Regarding the
effect of miR-221/222 on radiotherapy, they have been proved
to play an important part in mediating radio-induced DNA
damage repair of glioma cells by activating Akt, independent
of PTEN status. Knocking-down miR-221 and miR-222 can
significantly increase the radiosensitivity of glioma cells [25].

Taken together, all the three candidate miRNAs are tightly
linked to glioma carcinogenesis and contribute greatly to the
procession of glioma. This is in accordance with our results
that miR-125b, miR-221, and miR-222 were significantly
elevated in glioma tissues, especially in tissues from advanced
stages. It might be attributed to the inadequate sample size that
we failed to confirm the association of miR-221 expression
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Fig. 3 Role of candidate miRNAs in glioma carcinogenesis. miR-221/222 expression directly correlated with glioma grade and were prevalent in grade
IV astrocytoma, where they targeted an important cell cycle regulator, namely p27/KIP1
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and glioma stages. The poor prognosis of patients with higher
expression of miR-125b, miR-221, and miR-222 might be
related to the sensitivity of glioma cells to chemotherapy and
radiotherapy. Patients with a higher expression of candidate
miRNAs have a low sensitivity to the therapy, and this may
partially contribute to their poor prognosis. Nevertheless,
higher expression of miRNAs might also indicate an
advanced-staged glioma, which is usually characterized with
poor diagnosis.

In summary, in this study, we confirmed the significance of
miR-125b, miR-221, and miR-222 in distinguishing glioma
tumor tissues and normal tissues. Higher expressions of miR-
125b and miR-222 have also been proved to be associated
with more advanced glioma. Furthermore, glioma patients
with higher miR-125b, miR-221, and miR-222 expression
were manifested to have poorer prognostic status, which
might be attributed to their attenuated sensitivity to chemo-
therapy and radiotherapy.
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