
ORIGINAL ARTICLE

Upregulation of miR-183 expression and its clinical significance
in human brain glioma

Zhennan Ye1 • Zihuan Zhang2 • Lingyun Wu3 • Cegang Liu4 • Qiang Chen1 •

Jingpeng Liu1 • Xiaoliang Wang3 • Zong Zhuang3 • Wei Li3 • Shanshui Xu4 •

Chunhua Hang1

Received: 9 March 2016 / Accepted: 2 May 2016 / Published online: 23 May 2016

� Springer-Verlag Italia 2016

Abstract Glioma is the most common type of primary

malignant tumor in the central nervous system (CNS) with a

high incidence and a high mortality rate, as well as an

extremely low 5-year survival rate. As a class of small non-

coding RNAs, microRNAs (miRNAs) may be closely

involved in carcinogenesis and might also be connected with

glioma diagnosis and prognosis. In this study, we aimed at

investigating the expression level of microRNA-183 (miR-

183) in 105 cases of glioma tissues of four World Health

Organization (WHO) grades and 10 cases of normal brain

tissues and its potential predictive and prognostic values in

glioma. We found that the expression levels of miR-183

were significantly higher in glioma tissues than that in

normal brain tissues, and also higher in high-grade gliomas

(WHO grade III and IV) compared with low-grade gliomas

(WHO grade I and II). The miR-183 expression level was

classified as low or high according to the median value.

High expression of miR-183 was found to significantly

correlate with larger tumor size, higher WHO grade, and

worse Karnofsky performance score (KPS). Kaplan–Meier

survival analysis showed that patients with high miR-183

expression had worse overall survival (OS) and progression-

free survival (PFS) than patients with low miR-183

expression. Moreover, univariate and multivariate analyses

indicated that miR-183 expression level was an independent

prognostic parameter of a patient’s OS and PFS. In con-

clusion, our study indicated that miR-183 was upregulated in

glioma, and that it may be used as a potential biomarker of

poor prognosis in patients with glioma.
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Introduction

Gliomas account for the most prevalent malignancy of the

brain, especially glioblastoma multiforme (GBM), which is

characterized by a rapid infiltrative growth pattern, making

complete surgical resection impossible and leading to a

poor prognosis [1]. Based on the degree of malignancy

according to the World Health Organization (WHO) clas-

sification, gliomas are divided into four histopathologic

grades: low-grade astrocytomas (WHO grade I–II) and

high-grade gliomas, including anaplastic astrocytomas

(WHO grade III) and GBM (WHO grade IV). Although

great improvements have been made in neurosurgical

techniques, exploitation of accurate radiotherapy, and

development of new chemotherapeutic agents, extremely

poor prognosis of malignant gliomas remains unchanged
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over the last three decades [2, 3]. The 5-year survival rate

of low-grade gliomas is approximately 30–70 %, while the

median survival time of GBM is reported to range from 9

to 12 months due to its rapid and infiltrative growth, as

well as its high, rapid rate of recurrence after operation [4].

Therefore, it is vitally important to further explore precise

prognostic biomarkers and more effective therapeutic tar-

gets for this deadly disease [5].

MiRNAs, as small, non-coding RNA molecules, are

involved in a variety of biological processes, such as cell

development, differentiation, proliferation, apoptosis,

metabolism, and cell-cycle control [6]. Many studies have

shown that aberrant miRNA expression is often associated

with the occurrence and development of various human

cancers. In addition, deregulated miRNAs can be used as

biomarkers for cancer diagnosis and prognosis [7]. As a

member of an evolutionarily conserved miRNA family

(miR-96, miR-182 and miR-183), miR-183 has been

proved to act as either a suppressor or an oncogene in

various types of human cancers. For example, miR-183

inhibits cell migration and invasion of lung [8], breast [9],

and gastric [10] cancer by targeting Ezrin. In addition,

miR-183 is significantly upregulated in synovial sarcoma,

colon cancer, and rhabdomyosarcoma, promoting tumor

cell migration by targeting the transcription factor early

growth response gene 1 (EGR1) [11]. However, the role of

miR-183 in glioma and its clinical significance have not

been reported. In this study, we investigated the association

between miR-183 expression and the clinicopathological

parameters as well as the prognosis of patients with glioma.

Materials and methods

Patients and specimens

This study was approved by the First Affiliated Hospital,

Wannan Medical College, Wuhu, Anhui Province, People’s

Republic of China. Informed consents in this study were

obtained from all subjects or the next of kin. A total of 105

glioma tissue specimens were obtained from patients who

underwent surgical treatment at the Department of Neuro-

surgery of the First Hospital Affiliated to Wannan Medical

College between March 2007 and May 2010. Normal brain

tissues used as controls were obtained from 10 patients with

severe traumatic brain injury who received surgical treat-

ment for internal decompression. All specimens were col-

lected right after resection in the operating room and quickly

frozen in liquid nitrogen and stored at -80 �C. All speci-
mens were made anonymous and were handled according to

the ethical and legal standards. Patients with the previous

history of cancer or immune disease and patients without

complete clinical and follow-up data were excluded from the

study. Any different conclusions were settled by rigorous

study and discussion. A total of 60 men and 45 women were

enrolled in this study, and the median age was 52 years

(range 18–78 years). Of the 105 gliomas, 41 were classified

as low-grade gliomas [15 pilocytic astrocytoma (WHOgrade

I), 26 diffuse astrocytomas (WHO grade II)], 64 as high-

grade gliomas [29 anaplastic astrocytomas (WHO grade III),

and 35 glioblastomas (WHO grade IV)]. The characteristics

of the patients are shown in Table 1. All patients were under

5-year close follow-up observation for disease recurrence at

no less than 3-month intervals during the first two postop-

erative years and no less than every 6 months thereafter.

Overall survival (OS) time was counted from the date of the

initial surgery to death. Progression-free survival (PFS) time

was defined as the time from the date of the initial surgery

until the first evidence of local, regional, or distant tumor

progression of disease.

RNA isolation and realtime-PCR

Total RNA was extracted using TRIzol according to the

manufacturer’s protocol. The miR-183 stem-loop reverse-

transcription (RT) primer was designed as 50-
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCAC-

TGGATACGACAGTGAA0-3. RT reactions contained

10 ng of total RNAs, 50-nmol/l stem-loop RT primer, 19

RT buffer, 0.25 mmol/l each of deoxynucleotide triphos-

phate (dNTP), 3.33U/l MultiScribe reverse transcriptase,

and 0.25U/ll RNase Inhibitor. Volumes of 7.5 ll were

incubated in Bio-Rad i-Cycler (Bio-Rad Laboratories,

Hercules, CA, USA) in a 96-well plate for 30 min at 16 �C,
30 min at 42 �C, 5 min at 85 �C, and then held at 4 �C.
Targeted DNAs’ amplification was performed using an

Applied Biosystems 7500 Real-Time PCR system. The

10-ll PCR reaction system included 0.6 ll of RT products,

19 TaqMan Universal PCR Master Mix, 1 ll of primers,

and a probe-mix of the TaqMan MicroRNA Assays. The

PCR primers were designed as follows: miR-183 sense, 50-
CGCGGTATGGCACTGGTAGA0-3, and reverse, 50-AGT
GCAGGGTCCGAGGTATTC0-3; U6 sense, 50-CTCGCT
TCGGCAGCACA0-3, and reverse, 50-AACGCTTCACGA
ATTTGCGT0-3. Relative change in miR-183 expression to

U6 was determined by the equation: fold change = 2-DDCt,

DDCt = (CtmiR-183-CtU6)Glioma-(CtmiR-183-CtU6) Control.

Ct value is the cycle number at which fluorescence signal

crosses the threshold. Mean-normalized gene expres-

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

pendent experiments.

Statistical analysis

All data analyses were carried out using SPSS software,

version 19.0 for Windows (SPSS Inc., IL, USA) and
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GraphPad Prism 5 (GraphPad Software Inc., CA, USA).

Data were expressed as mean ± SD. The Chi-square test

was used to assess miR-183 expression with respect to

clinicopathological parameters. One-way ANOVA Tukey’s

multiple comparisons test or student’s t test was used to

analyze the difference of miR-183 expression between

groups. The survival curves of the patients were deter-

mined using the Kaplan–Meier method and Cox regression

analysis. The log-rank test was used for statistical evalua-

tions. Univariate Cox regression was performed on each

clinical covariate to examine its influence on patient sur-

vival. Final multivariate models were based on a stepwise

addition. Differences were considered statistically signifi-

cant when P was less than 0.05.

Results

Increased expression of miR-183 in human glioma

tissues

All data of target miRNA, including 105 cases of glioma

and 10 cases of normal brain tissues, are shown in Fig. 1.

MiR-183 expression levels were significantly higher in

glioma tissues than that in normal brain tissues

(mean ± SD, 2.731 ± 0.110 vs. 1.026 ± 0.034;

P\ 0.01), and the miR-183 expression levels in glioma

tissues of each WHO grade were all significantly higher

than that in normal brain tissues (WHO grade I tumor vs.

normal: 1.535 ± 0.071 vs. 1.026 ± 0.034; WHO grade II

tumor vs. normal: 1.730 ± 0.069 vs. 1.026 ± 0.034; WHO

grade III tumor vs. normal: 3.313 ± 0.151 vs.

1.026 ± 0.034, both P\ 0.05; and WHO grade IV tumor

vs. normal: 3.691 ± 0.132 vs. 1.026 ± 0.034, both

P\ 0.01; as shown in Fig. 1a). Moreover, the miR-183

expression levels of high-grade (III–IV) glioma tissues

were distinctly higher than that of low-grade (I–II) glioma

tissues (3.512 ± 0.102 vs. 1.650 ± 0.051, P\ 0.01; as

shown in Fig. 1b). However, there was no difference of

miR-183 expression between grade I and grade II

(P = 0.162), as well as between grade III and IV

(P = 0.064).

The association of miR-183 expression

with clinicopathological parameters in glioma

The miR-183 expression level was classified as low or high

according to the median value. High expression of miR-

Table 1 Correlation between

the expression of miR-183 and

clinicopathological parameters

in glioma patients

Variable Number miR-183 Expression P

Low (n = 52) High (n = 53)

Age (years)

C50 63 26 33 0.2059

\50 42 26 20

Gender

Male 60 33 27 0.1949

Female 45 19 26

Location

Functional region 48 20 28 0.1398

Non-functional region 57 32 25

Tumor size

C5 cm 39 14 25 0.0318*

\5 cm 66 38 28

Extent of resection

Total 56 35 26 0.0581

Subtotal 49 17 27

WHO grading

I–II 41 38 3 0.0000**

III–IV 64 14 50

KPS score

C80 51 35 16 0.0001**

\80 54 17 37

WHO World Health Organization, KPS Karnofsky performance score

* P\ 0.05, ** P\ 0.01
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183 was found to significantly correlate with tumor size

(P = 0.0318), WHO grade (P\ 0.01), and Karnofsky

performance score (KPS; P\ 0.01). However, no signifi-

cant difference in miR-183 expression was determined

with the extent of resection, location, age, or gender (both

P[ 0.05; as shown in Table 1).

High miR-183 expression predicts poor prognosis

in patients with glioma

Kaplan–Meier analysis with the log-rank test indicated that

high miR-183 expression significantly correlated with

shorter OS and PFS (both P\ 0.001; as shown in Fig. 2a,

b, respectively). Univariate and multivariate analyses were

used to determine whether miR-183 expression levels, and

various clinicopathological features were independent

prognostic parameters of patient prognosis. Multivariate

analysis indicated that miR-183 expression levels [hazard

ratio (HR) = 7.34 (95 % confidence interval (CI),

2.11–12.70); P = 0.007], extent of resection [HR = 6.46

(95 % CI, 0.31–7.86); P = 0.011], KPS score [HR = 4.57

(95 % CI, 0.15–8.49); P = 0.004], WHO grading

[HR = 3.18 (95 % CI, 0.36–6.94); P\ 0.001], tumor size

[HR = 2.51 (95 % CI, 0.36–4.14); P = 0.029],

chemotherapy [HR = 1.56 (95 % CI, 0.12–6.34);

P = 0.048], and age [HR = 4.41 (95 % CI, 0.39–5.97);

P = 0.036] were independent prognostic factors for OS,

and that miR-183 expression [HR = 7.28 (95 % CI,

1.10–9.73); P = 0.006], extent of resection [HR = 9.07

(95 % CI, 0.29–13.77); P = 0.003], tumor size

[HR = 3.17 (95 % CI, 0.42–5.15); P = 0.037], location

[HR = 3.41 (95 % CI, 0.52–6.03); P = 0.026],

chemotherapy [HR = 2.01 (95 % CI, 0.36–4.35);

P = 0.031], radiotherapy [HR = 1.84 (95 % CI,

0.54–5.11); P = 0.042], and WHO grading [HR = 2.28

(95 % CI, 0.25–7.19); P = 0.038] were independently

associated with the PFS (details in Table 2).

Discussion

Gliomas are the most prevalent primary brain neoplasms

with extremely high morbidity and mortality rates. Despite

tremendous efforts in glioma diagnosis and treatment,

including surgery, chemotherapy, and radiation therapy,

prognosis of patients with glioma, especially with high-
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Fig. 1 Increased expression of

miR-183 in human glioma

tissues. a qRT-PCR results of

105 cases of glioma (grade I–

IV) and 10 cases of normal

brain tissues. *P\ 0.05,

**P\ 0.01 vs. control group,

ns P[ 0.05. b Comparison of

relative miR-183 expression

between low-grade gliomas

(grade I and II) and high-grade

gliomas (grade III and IV).

**P\ 0.01. Data were

normalized to U6

Fig. 2 High miR-183 expression predicts poor prognosis in patients

with glioma. a Kaplan–Meier curves of the overall survival of 105

glioma patients. Overall survival rate in patients with high miR-183

expression was significantly lower than that in patients with low miR-

183 expression. b Kaplan–Meier curves of the progression-free

survival of 105 glioma patients. Progression-free survival rate in

patients with high miR-183 expression was significantly lower than

that in patients with low miR-183 expression
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grade gliomas, remains unfavorable due to the rapid

recurrence and symptomless progression in the early stage

of these tumors. Therefore, it is of great importance and

significance to identify powerful and valid biomarkers for

gliomas, and to understand the complicated underlying

molecular mechanisms of these malignancies.

As single stranded and noncoding RNAs, miRNAs play

important roles in a series of biological processes [12] and

have been proved to regulate cell proliferation, survival, as

well as tumor angiogenesis, invasion, and metastasis during

the initiation and progression of human malignancies [13,

14]. Dysregulation of miRNA expression has been found in

many types of human cancers, including cancers in colon,

breast, lung, and malignant gliomas [15–18]. Though the

underlying mechanisms of miRNA-mediated gene modu-

lation are still under investigation, increasing studies sug-

gest that signatures of miRNA expression can be

diagnostically and/or prognostically indicative for human

cancers [19].

MiR-183 is one member of the miR-183-96-182 cluster

located in the 7q31-34 locus [20]. Recently, many studies

have reported that miR-183 is a potential inhibitor of

cancer cell invasion and metastasis [8–10, 21] by targeting

Ezrin, which has been identified to be a key component in

tumor metastasis [22]. Previously, Xu et al. [23] identified

that miR-183 was declined in gastric cancer cells and tis-

sues, and that it inhibited gastric cancer cell proliferation

and invasion by targeting Bmi-1. Thus, it is plausible to

postulate that miR-183 may function as a suppressor in

various types of human cancers. However, increasing evi-

dence suggests that miR-183 may also act as an oncogene

via different mechanisms. Li et al. [24] reported that miR-

183 was significantly upregulated in hepatocellular carci-

noma (HCC) and inhibited TGF-b1-induced apoptosis in

human HCC cells by repressing programmed cell death 4

(PDCD4), which has been originally identified as a human

tumor-related gene [25] and loss of which contributes to

cell growth by several means and, consequently, facilitates

the development of cancer [26, 27]. Recent studies have

also demonstrated that overexpression of miR-183 not only

enhances proliferation, migration, and invasion, but also

inhibits apoptosis in papillary thyroid carcinoma and pan-

creatic cancer cells by negatively regulating PDCD4 [28,

29]. In addition, Sarver et al. [11] showed that downregu-

lation of miR-183 inhibited migration in synovial sarcoma

and colon cancer cell lines. Decrease in miR-183 leads to

increase in EGR1 protein as well as its transcriptional

target PTEN, both of which are tumor suppressors, sug-

gesting that miR-183 may act as an oncogene by targeting

the transcriptional factor EGR1 via a miR-183-EGR1-

PTEN pathway. MiR-183 is also reported to promote

growth of non-small cell lung cancer cells through FOXO1

inhibition [30]. Taken together, the effect of miR-183 as a

suppressor or an oncogene seems to be cell- and/or tissue-

type dependent. Therefore, the role of miR-183 remains a

complex area of study that needs further investigation in

tumors with a highly complex microenvironment.

What we concerned was the role of miR-183 in gliomas,

and to the best of our knowledge, there are few studies

regarding the role of miR-183 in glioma. Tang et al.

reported that knockdown or inhibition of the entire miR-

183/96/182 cluster or knockdown of individual

Table 2 Univariate and multivariate analyses for progression-free survival and overall survival by Cox regression model

Variable Parameters Overall survival Progression-free survival

Univariate

analysis

Multivariate analysis Univariate

analysis

Multivariate analysis

P Hazard

ratio

95 % CI P P Hazard

ratio

95 % CI P

Age (years) C50 vs.\50 0.794 4.41 0.39–5.97 0.036* 0.515 1.21 0.49–1.22 0.271

Gender Male vs.

female

0.652 0.05 0.67–1.67 0.826 0.831 0.10 0.58–1.47 0.747

Location FR vs. NFR 0.058 0.18 0.75–1.98 0.785 0.074 3.41 0.52–6.03 0.026*

Tumor size C5 vs.\5 cm 0.012* 2.51 0.36–4.14 0.029* 0.063 3.17 0.42–5.15 0.037*

Extent of

resection

Total vs.

subtotal

0.001* 6.46 0.31–7.86 0.011* 0.002* 9.07 0.29–13.77 0.003*

Chemotherapy Yes vs. no 0.017* 1.56 0.12–6.34 0.048* 0.068 2.01 0.36–4.35 0.031*

Radiotherapy Yes vs. no 0.052 0.98 0.24–2.14 0.087 0.045 1.84 0.54–5.11 0.042*

WHO grading I–II vs. III–IV \0.001** 3.18 0.36–6.94 0.016* \0.001** 2.28 0.25–7.19 0.038*

KPS C80 vs.\80 0.004** 4.57 0.15–8.49 0.000** 0.060 0.09 0.78–1.84 0.871

MiR-183 level High vs. low \0.001** 7.34 2.11–12.70 0.007** \0.001** 7.28 1.10–9.73 0.006**

CI confidence interval, FR functional region, NFR non-functional region

* P\ 0.05, ** P\ 0.01
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components of this miRNA cluster induces apoptosis and

decreases survival of glioma cells via regulating ROS-

mediated AKT/survival pathway and p53/apoptosis sig-

naling. In addition, knockdown of the entire cluster

enhances the anticancer effect of Temozolomide on glioma

cells [31]. Zhang et al. [32] demonstrated that the miR-183/

96/182 cluster increases proliferation of medulloblastoma

cells in a mouse model, which was dependent on hedgehog

signaling activation. In addition, gain-of-function studies

showed that by targeting isocitrate dehydrogenase 2

(IDH2) directly, overexpression of miR-183 in glioma cells

augmented hypoxia-inducible factor 1a (HIF-1a) [33], a

subset of HIF-1, which activates the transcription of genes

involved in crucial aspects of cancer biology, including cell

survival, proliferation, apoptosis, invasion, angiogenesis,

and glucose metabolism [34, 35]. Thus, we inclined to

consider miR-183 mainly as an ‘‘oncomiR’’ in glioma

according to the limited relevant studies as described

above.

With that assumption, we conducted a preliminary study

on the expression level of miR-183 in glioma and its

relationship with clinicopathological parameters and

prognosis of patients with this malignancy, so as to gain

clinical evidence for further mechanistic research. In this

study, we identified that tissues of high-grade gliomas had

much higher miR-183 expression levels than that of low-

grade gliomas and normal brain tissues. Importantly, the

results of a 60-month follow-up in these patients demon-

strated that miR-183 expression levels significantly corre-

lated with the survival of patients with glioma. At the same

time, glioma patients with high miR-183 expression levels

had a distinctly shorter OS and PFS. In addition, univariate

and multivariate analyses showed that the miR-183

expression level was an independent prognostic parameter

of OS and PFS in glioma patients. Therefore, we present

evidence here for miR-183 as a potential prognostic indi-

cator for human brain glioma.

Similarly, two previous clinical investigations have also

reported that miR-183 is upregulated in both prostate and

colorectal cancer and high miR-183 level correlated with

high tumor malignancy and poor prognosis of patients [36,

37]. Combined with these findings, we speculate that

increased expression level of miR-183 in glioma, espe-

cially in high-grade gliomas, might involve in carcino-

genesis and tumor progression by regulating a panel of

genes that regulate cell survival, proliferation, migration,

and invasion, such as PDCD4, EGR1/PTEN, FOXO1,

IDH-2/HIF-1a, and ROS-mediated genes as described

above, eventually contributing to the degree of malignancy

and patients’ poor prognosis. Hence, additional studies are

needed to investigate the precise underlying molecular

mechanisms of both the cause and the effects of elevated

expression of miR-183 in glioma.

To the best of our knowledge, this is the first report to

investigate the miR-183 expression and its clinical signif-

icance in human brain glioma; however, we must report

that limitations of this study should be noted. First, when

we evaluated the expression level of miR-183 in glioma

tissues, we used normal brain tissues obtained from

patients with severe traumatic brain injury who received

surgical treatment for internal decompression as controls,

instead of the paired peritumoral normal brain tissues,

which may be a more scientific control group. Second, this

is a preliminary single-center study and the factors used in

multivariate analyses might be not enough. Thus, our

results should be interpreted with caution and multicenter

and large-scale studies may be warranted.

In conclusion, our study demonstrates that upregulation

of miR-183 in glioma correlates with prognosis of patients

with this devastating disease, suggesting the potential role

of miR-183 as a biomarker in human brain glioma. How-

ever, it is very unlikely that a single biomarker will accu-

rately predict prognosis of glioma, thus a combination of

biomarkers is still needed to achieve a more precise out-

come prediction, and further mechanistic studies are nee-

ded to provide deep insights into molecular mechanisms of

miR-183 in glioma.
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