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Correlation of microRNA-10b upregulation and poor prognosis
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Abstract The aim of this study was to detect the association
between the microRNA-10b (miR-10b) expression level and
prognosis in glioma patients. Quantitative real-time polymer-
ase chain reaction (qRT-PCR) analysis was used to measure
the expression of miR-10b levels in different-grade glioma
tissues and normal brain tissues. The relationship between
miR-10b expression levels and clinical pathological character-
istics was statistically analyzed. The influence of miR-10b on
survival of glioma patients was also analyzed. As a result,
miR-10b expression levels in glioma tissues were significant-
ly increased compared to those of normal brain tissues
(p<0.001). And the increased expression levels were associ-
ated with the advanced glioma grade (p<0.001) and larger
tumor size (p<0.001). Moreover, the results of the Kaplan–
Meier survival curve indicated that overall survival (OS) and
progression-free survival (PFS) were significantly poorer in
the high-expression-level group than those in the low-
expression-level group (p<0.001). Finally, the results of the
multivariate Cox regression model indicated that the miR-10b
expression level was an independent prognostic factor for gli-
oma patients. Taken together, these findings offer convincing
evidence that increased miR-10b expression may be an inde-
pendent marker to predict poor prognosis in patients with
gliomas.

Keywords Glioma .MicroRNA-10b . Overall survival .

Progression-free survival

Introduction

Human gliomas are the most common primary intracranial
tumors worldwide [1]. Approximately 20,000 new cases of
gliomas are diagnosed in the USA every year [2]. Gliomas
include four pathologic grades based on the degree of malig-
nancy according to World Health Organization (WHO) clas-
sification: pilocytic astrocytoma (PA, WHO grade I), diffuse
astrocytoma (DA, WHO grade II), anaplastic astrocytoma
(AA, WHO grade III), and glioblastoma (GBM, WHO grade
IV) [3]. Despite considerable progression having been made
in the diagnosis and treatment of gliomas, the prognosis of
glioma patients, especially high-grade glioma patients, re-
mains poor because gliomas are highly proliferative and inva-
sive [4]. Therefore, it is indispensable to further explore the
molecular mechanisms of gliomas in order to improve the
therapeutic effect.

MicroRNAs are a class of short, noncoding RNA mole-
cules that regulate the expression of multiple target genes,
which are involved in modulation of cell apoptosis, metabo-
lism, differentiation, and stem cell maintenance [5–7]. Accu-
mulated evidences show that microRNAs may take part in
tumor angiogenesis, invasion, and metastasis. They act as on-
cogenes or anti-oncogenes depending on the their target
genes, which may provide insight into the diagnosis and prog-
nosis of human cancer [8, 9]. The abnormal expression of
many microRNAs has been detected in human gliomas. Be-
sides, they may affect the prognosis of glioma patients. For
example, the downregulation of miR-124 [10], miR-200b
[11], and miR-205 [12] and the upregulation of miR-224
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[13], miR-650 [14], and miR-17 [15] are related to poorer
prognosis of glioma patients. All these researches demonstrate
that the microRNA expression pattern might be used as an
effective marker for analyzing molecular pathogenesis and
classifying subtypes of human gliomas. A recent study has
revealed that miR-128 also appears to be one of the most
promising treatment targets in human gliomas by suppressing
the proliferation and enhancing differentiation of glioma-
initiating cells [16].

MicroRNA-10b (miR-10b) is located on human chromo-
some 2q31 [17], which is found to be associated with tumor
invasive potential in many types of cancers, such as in hepatic
cancer [18], pancreatic cancer [19], and esophageal cancer
[20]. Meanwhile, miR-10b was previously reported to be up-
regulated in glioblastoma tissues [21]. Researches about the
correlation between elevated miR-10b expression and poor
prognosis in gastric cancer [22], renal cancer [23], colorectal
cancer [24], and breast cancer [25] have been recently pub-
lished. But the studies about the correlation between the miR-
10b expression level and the clinicopathologic characteristics
and prognosis of glioma patients were not found in the litera-
tures. The aim of the present study was to investigate the
clinical significance of miR-10b expression in gliomas.

Methods and materials

Patients and tissue samples

This study was approved by the Research Ethics Committee
of Yuquan Hospital, Tsinghua University. Written informed
consent was obtained from all of the patients. All specimens
were handled and made anonymous according to the ethical
and legal standards.

Ninety-five fresh glioma tissue samples for quantitative
real-time polymerase chain reaction (qRT-PCR) were obtain-
ed from the Department of Neurosurgery, Yuquan Hospital,
Tsinghua University, between 2004 and 2013. None of the
patients had received chemotherapy or radiotherapy prior to
surgery. Resected specimens were snap frozen in liquid nitro-
gen and stored at −80 °C for qRT-PCR. The histopathology of
all specimens was diagnosed by the Department of Pathology,
Yuquan Hospital, Tsinghua University. A total of 47 males
and 48 females were enrolled in this research, and the median
age was 47 years (range, 11–76 years). According to WHO
grade criteria, 28 of the 95 glioma tissues were classified as
low grade (11 WHO grade I and 17 WHO grade II), and 67
were classified as high-grade gliomas (29 WHO grade III and
38WHO grade IV). Twenty normal brain tissue samples used
as controls were taken from patients who underwent surgical
operation for cerebral trauma and cerebral hemorrhage.

Clinical follow-up was available for all patients, and the
median follow-up was 31 months (10–60 months). During

the follow-up, overall survival time was measured from diag-
nosis to death or last follow-up. Patients’ clinicopathological
information, such as sex, age, Karnofsky performance status
score (KPS), andWHO grade, is indicated in Table 1. Follow-
up was conducted by telephone visit. The patients who died of
diseases not directly related to their gliomas or due to unex-
pected events were excluded from this study.

RNA isolation and quantitative real-time PCR for miRNA
detection

Total RNA was isolated from tissues using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer’s instructions. RNA concentration and purity were mea-
sured using the NanoDrop ND-1000 spectrophotometer
(NanoDrop Technologies, Houston, TX, USA). The isolated
RNAwas reverse transcribed and amplified using the TaqMan
MicroRNA Assays (Invitrogen, Carlsbad, CA, USA) accord-
ing to the manufacturer’s protocol. Real-time PCR was per-
formed using an Applied Biosystems 7500 real-time PCR
system according to the manufacturer’s instructions. The
primers for miR-10b and U6B internal control were synthe-
sized by Sagon Biotech (Shanghai). Relative quantification of
target microRNA expression was analyzed using the compar-
ative cycle threshold (CT) method. Each sample was exam-
ined in triplicate, and the relative quantities of the PCR prod-
ucts produced were normalized to U6B which served as inter-
nal control.

Table 1 Clinicopathological features of 95 glioma patients

Features WHO
I

WHO
II

WHO
III

WHO
IV

Cases 11 17 29 38

Gender

Male 7 8 16 16

Female 4 9 13 22

KPS score

≥70 10 14 16 13

<70 1 3 13 25

Extent of resection

Gross total resection 11 15 20 21

Subtotal resection 0 2 9 17

Adjuvant treatment

Radiotherapy 0 2 19 13

Chemotherapy 0 0 0 5

Radiotherapy and chemotherapy
combination

0 0 7 17

KPS score Karnofsky performance status score, WHO World Health
Organization
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Statistical analysis

All computations were carried out using the Statistical Pack-
age of SPSS version 13.0 for Windows (SPSS Inc, IL, USA)
and GraphPad Prism 5 (GraphPad Software Inc, CA, USA).
Data were expressed as mean±SD (standard deviation), and
independent sample t test and the chi-square test were used to
analyze the relationship between miR-10b expression and the
clinicopathological parameters. The life curves of the patients
were determined according to the Kaplan–Meier method. The
Cox proportional hazard model was estimated using the mul-
tivariate Cox regression analysis to evaluate the effect of mul-
tiple independent prognostic factors on survival outcomes.
Differences were considered statistically significant when
p<0.05.

Results

miR-10b upregulation in human glioma tissues

The expression levels of miR-10b were detected in 95 glioma
and 20 normal brain tissues. As shown in Fig. 1, the expres-
sion level of miR-10b was significantly increased in tumor
tissues compared with normal brain tissues (66.62±5.44 vs
1.24±0.06, p<0.001). Importantly, we found that the expres-
sion levels of miR-10b in glioma grades I, II, III, and IV
increased in a stepwise manner (9.51±0.37 vs 20.29±0.82,
20.29±0.82 vs 45.17±1.31, 45.17±1.31 vs 120.20±6.93,
both p<0.001). As shown in Fig. 2.

Association between miR-10b expression
and clinicopathological parameters of human gliomas

We then analyzed the association between miR-10b expres-
sion and clinicopathological parameters in gliomas. Fifty-six
specimens were assigned to the high-expression group, and 39
specimens were assigned to the low-expression group

according to the median expression level of miR-10b. Table 2
summarizes the association between miR-10b expression and
clinicopathological parameters in gliomas, indicating that the
expression level of miR-10b in glioma tissues increased grad-
ually with the advanced WHO grade (from grade I to IV)
(p<0.001). Moreover, the high expression level of miR-10b
was significantly associated with larger tumor size and ad-
vanced WHO grade (both p<0.001). No statistically signifi-
cant association was found between miR-10b expression and
other clinicopathological factors including gender, age, and
KPS (both p>0.05).

Fig 1 Expression levels of miR-10b in glioma and 20 normal brain
tissues

Fig. 2 Expression levels of miR-10b in glioma tissues with different
pathological grades (WHO grade I–IV)

Table 2 Association between miR-10b expression in human glioma
tissues and different clinicopathological features

Clinicopathologic features No. of cases miR-10b expression p

High Low

WHO grade <0.001

I 11 0 11

II 17 5 12

III 29 20 9

IV 38 31 7

Gender 0.179

Male 47 25 22

Female 48 31 17

KPS score 0.172

≥70 53 34 19

<70 42 22 20

Size <0.001

<5 cm 35 11 24

≥5 cm 60 45 15

Age 0.475

<50 52 30 22

≥50 43 26 17

KPS score Karnofsky performance status score, WHO World Health
Organization
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Relationship between miR-10b expression and overall glioma
patient survival

In order to evaluate the prognostic value of miR-10b expres-
sion in human gliomas, we reviewed all the clinical informa-
tion of patients in our database. The results of Kaplan–Meier
survival analysis in the glioma patients withWHO grade I–IV
are shown in Figs. 3 and 4. According to the log-rank test, the
overall survival (OS) rate and progression-free survival (PFS)
rate of patients with high miR-10b expression were signifi-
cantly lower than those with low miR-10b expression
(p<0.001).

Inmultivariate analysis, the Cox proportional hazardmodel
involving the expression level of miR-10b and various clinical
parameters identified miR-10b upregulation (p<0.001) as an
independent prognostic factor for glioma patients. Statistical
values of the expression of miR-10b and other clinical param-
eters are indicated in Table 3, which revealed that the miR-10b
expression level (hazard ratio HR=4.71, p<0.001) and WHO
grade (HR=3.24, p<0.001) were independently associated
with the OS and PFS.

Discussion

Biomarker screening is an emerging field for gliomas, and
several clinicopathologic characteristics have been used as
prognostic factors for gliomas, such as histopathologic grades
and KPS score. Unfortunately, it is difficult to evaluate the
prognosis of glioma patients exactly in clinical practice be-
cause of patients’ heterogeneity [26]. Therefore, it is of great
significance to identify specific prognostic indicators that can
predict the clinical outcomes.

Abnormal expressions of microRNAs are involved in the
pathogenesis of human gliomas. Prior to the present research,
increased expression of miR-10b in malignant gliomas was
confirmed bymany researchers [21, 27]. Consistent with these
previous studies, in the present study, we detected the miR-
10b expression level in different WHO grades of glioma tis-
sues. The results indicated that the expression levels of miR-
10b were much higher in high-grade WHO glioma than those
in low-grade WHO glioma and nonneoplastic brain tissues.
Meanwhile, we also found the expression level of miR-10b
was increased gradually from WHO grade I to grade IV glio-
mas. These findings indicated that increased miR-10b expres-
sion might play an important part in the progression of human
gliomas. To verify this possibility, we analyzed the association
between miR-10b expression and the clinicopathologic fea-
tures of human gliomas. The results showed increased expres-
sion of miR-10b in glioma tissues was significantly correlated
with an advanced pathological grade and a larger tumor.

Regarding its clinical significance, the results of Kaplan–
Meier analysis showed that glioma patients with a high miR-
10b expression level had distinctly shorter OS and PFS than
those with low miR-10b expression. Furthermore, multivari-
ate analyses showed that the miR-10b expression level was an

Fig. 3 Overall survival rate in patients with high miR-10b expression
was significantly lower than that in patients with high miR-10b
expression

Fig. 4 Progression-free survival rate in patients with high miR-10b
expression was significantly lower than that in patients with high miR-
10b expression

Table 3 Cox proportional hazard model

Parameter Risk ratio 95 % confidence interval p

Age 1.27 0.12–1.52 0.62

Gender 1.63 0.65–1.87 0.43

KPS 1.79 0.74–2.05 0.79

WHO grade 3.24 1.87–9.26 <0.001

miR-10b expression 4.71 1.45–8.32 <0.001

KPS Karnofsky performance status, WHO World Health Organization
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independent prognostic parameter of glioma patients. There-
fore, we present evidence here which shows that miR-10b is a
potential prognostic indicator of human gliomas.

Upregulation of the expression of miR-10b may have po-
tential value for predicting the prognosis of glioma patients,
suggesting that miR-10b is an important candidate oncogene.
Increasing evidences suggest miR-10b may play an important
role in glioma development and progression, but the mecha-
nism that lies behind may be complex. It is now accepted that
miR-10b may act as an oncogene according to the roles of
their target genes. For example, miR-10b can regulate the
expression of metastasis-related genes, such as RhoC and
urokinase-type plasminogen activator [27]. RhoC has been
verified as an especially important player in the metastatic
spread of gastric cancer [28]. The effect of miR-10b in cancer
metastasis has been also correlated with the metastasis-
promoting transcription factor Twist, which plays a vital role
in tumor metastasis [17]. In addition, it is reported that miR-
10b modulates breast cancer metastasis by targeting E-
cadherin [29]. Similarly, miR-10b downregulates syndecan-
1, which induces the expressions of transcription factors
(AML1/RUNX1 and ATF2), resulting in cell cycle progres-
sion and metastasis [30]. In gliomas, miR-10b regulates sev-
eral key cell cycle inhibitors and proapoptotic genes such as
Bim, TFAP2C, p16, and p21 [31], and induces glioma cell
invasion by modulating MMP-14 and uPAR expression
through the tumor suppressor HOXD10 [32], which can mod-
ulate many genes that promote invasion, migration, and tumor
progression [33]. So in our study, the increased expression of
miR-10b was significantly more common in larger glioma
tissues.

In conclusion, we proved that the increased expression of
miR-10b might be associated with advanced tumor grade and
poor prognosis in patients with gliomas, and miR-10b might
function as a novel and valuable marker for predicting the
clinical outcomes of patients with gliomas.
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