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Abstract MicroRNAs are known as non-coding RNAs

that regulate the expression of target mRNA. Accumulating

evidence has indicated that microRNA expression in human

malignancies can be utilized as a prognostic marker for

patients. However, the prognostic value of miR-650 in

human glioma has not been investigated yet. In the present

investigation, we have recruited 168 cases glioma speci-

mens and 21 normal control brain specimens. Quantitative

real-time PCR was carried out to investigate the expression

of miR-650. Kaplan–Meier analysis and Cox’s proportional

hazards model was used to evaluate the association of miR-

650 with prognosis of glioma patients. Results showed that

miR-650 expression was increased in glioma compared with

normal control specimens (P \ 0.001). It was also found

that miR-650 expression was related to World Health

Organization grade and Karnofsky performance score

(KPS) for high expression was more frequently detected in

glioma of high grade or low KPS score (P \ 0.001). The

prognosis of glioma with high miR-650 expression was

significantly worse compared with that of glioma with low

miR-650 expression. These results proved that miR-650

expression was a significant prognostic indicator in glioma,

which may suggest new management of human glioma.
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Introduction

Gliomas are the most common primary malignant brain

tumors, which comprise approximately one-third of intrinsic

neoplasms of the central nervous system in both adults and

children [1, 2]. It is a type of aggressive tumor with a ten-

dency to invade the surrounding brain tissue. The WHO

classification scheme divides gliomas into four stages, or

grades in increasing level of malignancy by the expected

clinical courses. Grades I and II are the least malignant

phenotypes, whereas grade III (anaplastic astrocytoma,

anaplastic oligoastrocytoma, and anaplastic oligodendro-

glioma) and grade IV (glioblastoma multiforme, GBM)

constitute the most malignant as well as the most reported

glioma histologies accounting for nearly half of all gliomas

[3]. The survival of patients with gliomas is closely related

to WHO tumor grade. Patients with glioblastoma, the most

common histological type, have a poor prognosis with a

median survival of approximately 15 months and a 2-year

survival rate of 27 %, despite surgical resection, temozol-

omide chemotherapy and radiation therapy. The majority of
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patients would endure recurrence within 1 year and usually

die of the disease within 6–8 months after recurrence [4–6].

Thus, efforts to better understand the biological basis for

gliomas progression may provide important clinically rele-

vant insights into disease management [7].

MicroRNAs (miRNAs) are a class of highly conserved,

single-stranded, small noncoding RNA molecules, which are

known as endogenous regulators of post-transcriptional gene

expression regulating expression through translational

repression and messenger RNA cleavage [8, 9]. It has been

widely accepted that miRNAs play pivotal roles in various

biological processes, including development, cell prolifera-

tion, differentiation, apoptosis and metabolism [10]. Accu-

mulated evidence also suggests that miRNAs participate in

the tumor angiogenesis, invasion and metastasis of human

malignancy, acting as oncogenes or tumor suppressors

depending on the their target, which may provide insight into

the diagnosis and prognosis of human cancers [11, 12].

Recently, a number of studies have shown that expression of

miRNAs is deregulated in in various types of human cancers

including breast cancer, colon cancer, lung cancer, pancreas

cancer and chronic lymphocytic leukemia [13–17]. In the

human brain, a series of miRNAs have been found to play a

crucial roles in both biological process and neurological

disease, such as adaptive immune response, Parkinson’s

disease and Alzheimer’s disease [18–20]. Moreover, previ-

ous studies proved that several miRNAs was deregulated in

human glioma and could serve as prognostic markers [21–

23]. miR-650, a recently described microRNA, has been

proved to be associated with carcinogenesis and progression

in various human malignancies such as gastric cancer,

colorectal cancer and hepatocellular cancer [24–26]. Besides

solid tumors, miR-650 was also proved to could influence

cell proliferation and survival in chronic lymphocytic leu-

kemia [27]. However, the expression pattern of miR-650 in

glioma and its association with clinicopathologic charac-

teristics have not been reported yet. Investigation on the

function of miR-650 in glioma may contribute to molecular

tumor characterization, which can help to make educated and

state-of-the-art individualized treatment decision on glioma.

In the present study, we investigated the expression

pattern of miR-650 in glioma specimens and normal con-

trol brain tissues, analyzed the relationship of miR-650

expression with glioma clinicopathologic characteristics

and prognosis of patients.

Materials and methods

Patients and tissue specimens

The study was approved by the ethics committee of Beihua

University and conducted according to the principles

expressed in the Declaration of Helsinki. Both Department

of Neurosurgery, Affiliated Hospital, Beihua University

(Jilin, China) and Department of Neurosurgery, Xijing

Hospital, the Fourth Military Medical University (Xi’an,

China) supplied clinical specimens for this study. The

study cohort has been described in our previous publication

[28, 29]. Briefly, fresh clinical glioma specimens were

obtained from 168 patients who underwent surgery

between October 2000 and September 2003. None of the

patients has received radiotherapy or chemotherapy prior to

surgery. Twenty-one normal brain tissues samples were

taken from patients who underwent surgery for reasons

other than malignancy such as cerebral trauma served as

the control. Histomorphology of all specimens were con-

firmed by the Department of Pathology, Affiliated Hospital,

Beihua University and Department of Pathology, Xijing

Hospital. Grading of the specimen was done based on

WHO classification (Grade I–IV). Specimens were put

immediately into liquid N2 after surgical resection for

10 min, then into a -70 �C ultra-freezer for mRNA iso-

lation. In the follow-up period, overall survival was mea-

sured from diagnosis to death or last follow-up. Patients’

clinical information, such as age, sex, Karnofsky perfor-

mance score (KPS) and WHO grade was collected and

stored in a database. Follow-up information of all eligible

patients was updated every 3 months by telephone visit and

questionnaire letters. Overall survival was calculated from

the date of the initial surgical operation to death. Patients

who died of diseases not directly related to glioma had

been excluded from this study. Death of participants was

ascertained by reporting from the family and verified by

review of public records.

Real-time PCR

Total RNA was purified from all the 168 glioma tissue and

21 control brain tissues and cells as recommended by the

manufacturer using Trizol reagent (Invitrogen, Carlsbad,

CA, USA). Only those total RNA samples with OD A260/

A280 ratio close to value of 2.0, which indicates that the

RNA is pure, were subsequently analyzed. Real-time

absolute quantification was utilized to insure the quality of

samples. The miR-650 and RNU6B (as internal control)

specific cDNA were synthesized from total RNA using

gene-specific primers according to the TaqMan MicroRNA

assays protocol (Applied Biosystems, Foster City, CA,

USA). The reverse transcription products were then

amplified and detected by real-time PCR using Taqman

MicroRNA Assay (Applied Biosystems) specific for hsa-

miR-650. Each sample was examined in triplicate and the

raw data were presented as the relative quantification of

miR-650 expression evaluated by the comparative cycle

threshold (CT) method, normalized with respect to
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RNU6B. Relative expression of miR-650 was calculated by

2-DDCt method. Mean normalized miR-650 expres-

sion ± standard deviation (SD) was calculated from trip-

licate analysis. Real-time PCR was performed using an

ABI 7500 system (Applied Biosystems) and comparative

2-DDCt analysis was performed using SDS 2.2.2 software

(Applied Biosystems).

Statistical analysis

All statistic analyses were performed using SPSS� version

13.0 software (SPSS Inc., Chicago, USA). The measure-

ment data were analyzed by one-way ANOVA. Random-

ized block design ANOVA was used to analyze the

statistical difference among different tissue types. Associ-

ations between miR-650 expression and clinicopathologi-

cal characteristics were analyzed by Mann–Whitney test or

Kruskal–Wallis test. Survival curves were plotted using the

Kaplan–Meier product-limit method, and differences

between survival curves were tested using the log-rank test.

Cox’s proportional hazards model was used to identify the

factors that have significantly independent influence on

survival. Statistical significance was set at P \ 0.05.

Results

Quantitative analysis of miR-650 expression levels

in glioma by real-time PCR

miR-650 expression was studied in a total of 168 glioma

specimens of which 75 were low grade glioma (grade I and

II) and 93 were high grade (grade III and IV). Twenty-one

specimens taken from normal brain tissue served as control

group. We firstly determined the mRNA expression of

miR-650 normalized to RNU6B by real-time PCR. Results

showed that the relative expression of miR-650 in glioma

was 10.25 ± 2.16 (mean ± SD), which was significantly

higher compared with 1.86 ± 0.42 in normal brain tissues

(P \ 0.001). To facilitate further analysis, we defined gli-

oma specimens with miR-650 levels less than mean

expression level (10.25) as low miR-650 expression group,

while specimens with miR-650 levels no less than mean

level were defined as high miR-650 expression group.

Thus, among 168 cases glioma, 72 cases were assigned to

low expression group while other 96 cases were assigned to

high expression group.

Association between miR-650 expression levels

and clinicopathological characteristics

Based on quantitative real-time PCR assay and subgroup

definition, we further evaluated the association of miR-650

expression with clinicopathological characteristics of

patients. Results were showed in Table 1. It is proved that

miR-650 expression was not significantly associated with

gender (P = 0.442) or age (P = 0.928) of the patients with

glioma. In contrast, the most salient finding was the tight

association between miR-650 expression and WHO grade

for miR-650 expression tended to increase from grade I to

grade IV glioma (P \ 0.001). In addition, miR-650

expression was also found to be associated with KPS of

patients for high miR-650 expression was more frequently

detected in glioma with KPS lower than 80, suggesting

miR-650 might potentially affect functional impairment of

patients with glioma (P = 0.003).

Association between miR-650 expression levels

and prognosis of glioma patients

As statistical analysis proved that miR-650 expression was

associated with glioma WHO grade and KPS, which indi-

cated that miR-650 might potentially affect prognosis of

glioam patients. Therefore, we reviewed follow-up infor-

mation of these glioma patients with high miR-650 or low

miR-650 expression. During the follow-up period, 131 of

the 168 glioma patients (77.98 %) had died. Kaplan–Meier

analysis proved that high expression of miR-650 was

related to worse overall survival of patients (Fig. 1). The

survival rate of patients with high miR-650 expression, as

Table 1 Association of miR-650 with clinicopathological character-

istics

Variable N miR-650 mRNA expression P

Low (%) High (%)

168 72 (42.9) 96 (57.1)

Sex 0.442*

Male 92 42 (45.7) 50 (54.3)

Female 76 30 (39.5) 46 (60.5)

Age at diagnosis 0.928*

\60 101 43 (42.6) 58 (57.4)

C60 67 29 (43.3) 38 (56.7)

KPS 0.003*

\80 90 29 (32.2) 61 (67.8)

C80 78 43 (55.1) 35 (44.9)

WHO grade \0.001�

I 35 27 (77.1) 8 (22.9)

II 40 23 (57.5) 17 (42.5)

III 41 12 (29.3) 29 (70.7)

IV 52 10 (19.2) 42 (80.8)

* P value when expression levels were compared using Mann–

Whitney test
� P value when expression levels were compared using Kruskal–

Wallis test
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determined by the log-rank test, was lower than those with

low miR-650 expression (P \ 0.001). The median survival

time of patients with high miR-650 expression was

8 months (95 % CI 6.9–9.1), while median survival time of

those with low miR-650 expression was 32 months (95 %

CI 24.8–39.2). In addition, age at diagnosis, KPS and

WHO grade were also found to be associated overall sur-

vival of patients with glioma. Unadjusted hazard ration

(HR) for patients with glioma was shown in Table 2.

Cox’s proportional hazards model was adjusted for sex,

age at diagnosis, WHO grade and KPS. By multivariate

analysis, high miR-650 expression was a significant and

independent indicator of poor prognosis for patients with

glioma besides sex, age, WHO grade and KPS for survival

curve obtained by Cox’s proportional hazards model

showed that patients with glioma of high miR-650

expression had worse overall survival (log-rank test:

P \ 0.001, Fig. 2). Further analysis proved that patients

with high miR-650 expression have 6.8-fold risk of death

compared to those with low expression, independent of

considering age, WHO grade and KPS (Table 2). However,

there were no significant differences in sex. Cox propor-

tional hazards model also showed that age at diagnosis,

WHO grade and KPS were independent prognostic marker

(Table 2).

Discussion

Despite recent research efforts, the prognosis for patients

with glioma remains poor. The prognosis for patients with

WHO grade IV glioma was extremely grave with a median

survival of 8–15 months for newly diagnosed patients. The

prognosis for newly diagnosed grade III glioma is only

slightly better, with a median survival of 12–24 months.

Nevertheless, patients with similar stages of glioma

showed a marked discrepancy in survival. To understand

the genetic background and molecular pathogenic pro-

cesses is may contribute to better assessment of the sur-

vival probability and, consequently, the tailoring of

treatment for each individual patient. Recently, increasing

evidence has proved that that miRNAs may participate in

tumor carcinogenesis and progression [13–17]. Aberrant

miRNA expression was also proved to be highly correlated

with prognosis in various cancers [30, 31]. Thus, identifi-

cation of tumor-specific miRNAs might provide insight

into tumor diagnosis and therapeutic management.

Fig. 1 Kaplan–Meier postoperative survival curve for patterns of

patients with glioma and miR-650 expression

Table 2 Association of miR-

650 and clinical factors with

prognosis of patients

* Hazard ratios in univariate

models
� Hazard ratios in

multivariable models

Unadjusted HR (95 % CI)* P Adjusted HR (95 % CI)� P

miR-650

Low expression – –

High expression 5.03 (2.98–8.47) \0.001 6.80 (4.41–10.53) \0.001

Sex

Female – –

Male 1.01 (0.98–1.03) 0.355 1.12 (0.95–1.21) 0.217

Age

\ 60 – –

C 60 1.86 (1.12–2.97) 0.032 2.11 (1.42–3.36) 0.015

KPS

C 80 – –

\ 80 1.92 (1.37–3.76) 0.021 2.06 (1.42–3.89) 0.016

WHO grade

I – –

II 1.51 (1.01–2.26) 0.044 1.72 (1.11–2.73) 0.031

III 2.80 (1.34–5.81) 0.006 2.91 (1.57–6.93) 0.002

IV 6.29 (2.74–14.49) \0.001 7.16 (3.15–16.36) \0.001
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Prior to our present study, little was known about miR-

650 expression pattern in human glioma or its correlation

with the clinicopathologic characteristics and prognosis of

these patients. In this study, we investigated the mRNA

expression of miR-650 in 168 cases of human glioma and

its association with tumor clinicopathologic characteristics

and prognosis of patients. Results provided the first evi-

dence that miR-650 expression was increased in glioma

compared with that in normal brain tissues, suggesting it

might serve as an oncogene during human glioma carci-

nogenesis. It is consistent with previous studies focused on

miR-650 and other types of human malignancies, which

have demonstrated that miR-650 expression was increased

in hepatocellular and colorectal cancer, and had the effect

to promote cancer cell proliferation in these malignancies

[25, 26]. We also found an increase trend of miR-650

expression from WHO grade I to grade IV glioma, which

suggested that miR-650 might play a promotive role in the

progression of human glioma. Other studies also found the

same trend of miR-650 in tumor progression that miR-650

was involved in the metastasis in human gastric cancer and

ectopic expression of miR-650 might promote tumorigen-

esis and proliferation of gastric cancer cells [24]. In addi-

tion, our study also demonstrated that miR-650 expression

was related to KPS for high miR-650 expression was more

frequently detected in glioma with KPS lower than 80,

which suggested that the oncogenic role of miR-650 might

potentially affect functional impairment of patients with

glioma. However, miR-650 expression was not found to be

related to sex or age at diagnosis. These results reveal a

consistent pattern of miR-650 with known data on other

type of human malignancies.

Considering the association of miR-650 with these

clinicopathological parameters might provide insight into

prognosis diagnosis of patients with glioma, we further

analyzed the association of miR-650 expression with

overall survival of patients with glioma. Our results proved

for the first time that the postoperative overall survival of

patients with high miR-650 expression was significant

worse than those with low miR-650 expression, indicating

that high miR-650 level is a marker of poor prognosis of

glioma. Moreover, multivariate analysis demonstrated that

high miR-650 expression was a marker of worse outcome

independent of known clinical prognostic indicators such

as age at diagnosis, KPS and WHO grade. These data

suggested that miR-650 might be an independent prog-

nostic marker for glioma patients.

The mechanism lies behind the association of miR-650

with KPS, WHO grade and prognosis of patients may be

diverse. It is now accepted that miRNAs may function as

oncogenes or tumor suppressors according to the roles of

their target genes [11, 12]. As far as miR-650 is concerned,

previous studies have proved that it can function as an

oncogene by suppressing tumor suppressor genes. For

example, NDRG2, an established tumor suppressor gene, is

reported to be suppressed by miR-650 at the transcriptional

level through promoter methylation in colorectal cancer

[25]. The samples of the present investigation have also

been utilized to detect NDRG1 and NDRG2 expression

pattern in our previous studies, both of which were found to

be decreased in glioma and have opposite association with

clinicopathological parameters as well as prognosis to

miR-650 [28, 29]. Thus, it is possible that miR-650 might

play its oncogenic role in glioma by suppressing both

NDRG1 and NDRG2, which are considered to could sup-

press tumor carcinogenesis and progression [32]. In addi-

tion, it is also reported that miR-650 can recognize the

conserved binding sites on ING4 and lead to a significant

decrease of ING4, whose products could interact with p53

enhancing the gene transcription, apoptosis and DNA

repair [24, 26]. So, miR-650 might also affect glioma

carcinogenesis and progression at least partially through

directly targeting ING4.

In conclusion, to the best of our knowledge, this is the

first study to determine the expression pattern of miR-650

and its association with clinical significance in a large

series of glioma patients. Our study provided convincing

evidence that miR-650 was increased in human glioma and

associated WHO grade as well as KPS. It was also proved

that miR-650 expression was correlated with overall sur-

vival of patients with glioma and might be a novel prog-

nostic marker.
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