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Abstract
Background: Alterations in the expression level of miR-495 were recently observed in various 
tumours. Medulloblastoma is the most common malignant brain tumour in children. However, 
the clinical significance of miR-495 in medulloblastomas remains unclear. Methods: The 
expression levels of miR-495 was examined in 62 archival formalin-fixed paraffin-embedded 
(FFPE) medulloblastoma specimens using TaqMan Real-time Quantitative PCR arrays. 
Immunohistochemistry was used to determine the expression of Gfi1 in medulloblastoma 
tissues, and a luciferase reporter assay was carried out to confirm whether Gfi1 is a direct 
target of miR-495. Results: MiR-495 expression is repressed in medulloblastoma samples 
compared with normal cerebellum tissues. Furthermore, patients with a low level of miR-
495 showed significantly poorer survival, as determined by the log-rank test (P = 0.033). The 
multivariate analysis results showed that the miR-495 expression levels were an independent 
predictor of overall survival in medulloblastoma patients (P = 0.027; hazard ratio = 0.267). 
Our study provides the first demonstration that miR-495 directly interacts with the Gfi1 3’UTR 
to regulate Gfi1 at a post-transcriptional level and that the expression level of miR-495 is 
inversely correlated with the Gfi1 protein level in medulloblastoma specimens. Conclusion: 
Our results suggest that miR-495 may be a prognostic predictor in medulloblastoma and that 
Gfi1 is a potential functional target of miR-495.

Introduction

Medulloblastomas constitute the most common malignant embryonal brain tumour in 
children [1, 2]. This tumour is a highly invasive primitive neuroectodermal tumour arising 

C. Wang and Z. Yun contributed equally to this work.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Crossref

https://core.ac.uk/display/192750299?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1159%2F000430308


Cell Physiol Biochem 2015;36:1430-1439
DOI: 10.1159/000430308
Published online: July 06, 2015, 2015

© 2015 S. Karger AG, Basel
www.karger.com/cpb 1431

Wang et al: MIR-495 IS A Predictive Biomarker of Medulloblastoma 

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

in the cerebellum. Current treatment protocols include surgical resection, radiotherapy and 
chemotherapy. Although the cure rates have improved in recent years, survival of therapy-
resistant disease remains poor, and survivors suffer from serious long-term side effects of 
the therapy. The molecular mechanisms that confer tumours either sensitivity or resistance 
to these treatments remain unclear [3-5]. Thus, a major challenge in neuro-oncology involves 
the identification of biomarkers that will facilitate this prediction. 

MicroRNAs (miRNAs) are endogenous noncoding RNAs that have emerged as key 
regulators during the development of both normal tissues and tumours [6-9]. They bind 
to partially complementary sequences within the 3’-untranslated regions (UTR) of target 
mRNAs to induce transcript degradation or translational repression. Moreover, previous 
studies have shown that miRNAs can be reliably stable in formalin-fixed paraffin embedded 
(FFPE) tissues and present an excellent correlation between miRNA expression in fresh frozen 
and FFPE tissues [10-12]. The specific miRNA expression signatures in brain tumours have 
received great attention in the last few years and can facilitate the diagnosis and prediction 
of the therapy response and prognosis [10]. It has been reported that the expression of some 
miRNAs is associated with survival in medulloblastoma patients [11, 13, 14]. 

A low expression of miR-495 has been observed in glioblastoma, non-small cell lung 
cancer (NSCLC), acute myeloid leukaemia (AML), gastric cancer and prostate cancer [15-
19]. Additionally, miR-495 has been shown to enhance sensitivity to chemotherapeutic 
agents in NSCLC [20]. Although many studies indicate a tumour-suppressor activity for 
miR-495 in tumours, conflicting data exist, and the role of miR-495 function appears to be 
tumour-specific. miR-495 was also found to be upregulated in hepatocellular carcinoma 
[21]. However, the expression of miR-495 and its functional targets and its correlation with 
overall survival in medulloblastoma remains unclear. This study demonstrates that miR-495 
can act as an independent prognostic biomarker for medulloblastomas from archived FFPE 
tissues.

Materials and Methods

Patients and samples
This study was approved by the Institutional Review Board of Harbin Medical University, and the 

subjects provided informed consent. All of the patients underwent surgical resection and the diagnosis of 
medulloblastoma and histologic subtypes were determined in accordance with the 2007 WHO classification 
of tumors of the central nervous system. The characteristics of the patients are listed in Table 1. Of importance, 
all of the patients underwent radiation therapy. Tumour tissues were obtained by surgical resection. Seven 
control cerebellum tissue samples from areas surrounding the cerebellar contusion or haemorrhage were 
collected from Harbin Medical University. The prognosis was evaluated in all medulloblastoma patients with 
formalin-fixed paraffin-embedded (FFPE) samples in June 2014, and follow-up data were available for 62 
cases. The extent of resection was graded as gross total resection (GTR) or non-GTR using MRIs obtained 
within 72 h of surgical resection by two independent radiologists.

Cell culture and transfection
DAOY and D283 cells (ATCC, USA) were grown in DMEM and RPMI-1640, respectively, supplemented 

with 10% FBS and 1% Pen-Strep (Invitrogen, USA) in a 5% CO2 incubator. The cells were transfected with 
either miR-495 mimics or negative control miRNA (miR-NC, GenePharma, China) using the Lipofectamine 
2000 reagent (Invitrogen, USA) following the manufacturer's instructions.

RNA extraction and quantitative real-time PCR (qRT-PCR)
The total RNA from FFPE tissues was extracted using the mirVana miRNA Isolation Kit (Ambion, 

USA) according to the manufacturer’s protocol. The RNA concentration and quality were determined 
using a NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies, USA). The miR-495 expression 
level was determined by TaqMan-based qRT-PCR. The primers and probes for has-miR-495 and U6 rRNA 
endogenous controls in the TaqMan miRNA assays were purchased from Applied Biosystems, and qRT-PCR 
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was performed in the ABI 7500HT fast real-time PCR System (Applied Biosystems, USA) according to the 
manufacturer’s instructions. The relative level of miR-495 was calculated using the 2-∆∆Ct method.

Western blotting assay
The proteins from human medulloblastoma tissues or cells were extracted and characterized 

through western blot analysis. The lysate was separated by 10% sodium dodecyl sulphate polyacrylamide 
gel electrophoresis, and the gel was blotted onto a polyvinylidene difluoride membrane (Millipore, USA). 
The membrane was incubated with rabbit-anti Growth Factor Independence 1 (Gfi1, Abcam, USA), and 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH, Abcam, USA) was used as a control. The secondary 
antibody conjugated with horseradish peroxidase (1:10,000; Santa Cruz Biotechnology, USA) was applied 
for 1 h at room temperature. The blots were developed using ECL (PE Life Science, USA). The final results 
are expressed as fold changes normalized to the control values.

Plasmid constructs and luciferase reporter assay
The 3’-untranslated region (3’-UTR) of Gfi1 and a mutation sequence were synthesized by Sangon 

(Shanghai, China). The sequence was inserted into the psi-CHECK-2 vector (Promega, USA) at two restriction 
sites for Xho1 and Not1. The wild-type plasmid containing the 3’-UTR of Gfi1 with the complementary 
sequence of miR-495 (psi-Gfi1 3’-UTR wild) was created, and a mutant plasmid containing the mutation 
sequence without a complementary sequence of miR-495 (psi-Gfi1 3’-UTR mut) was generated. 

For the luciferase reporter assays, DAOY cells were co-transfected in 24-well plates using the 
Lipofectamine 2000 reagent (Invitrogen, USA) with 0.5 μg of the reporter plasmid and miR-495 mimics or 
miR-NC at a final concentration of 50 nM. Forty-eight hours after transfection, the cells were lysed, and the 
relative luciferase activity was assessed using the Dual-Luciferase Assay Reporter System (Promega, China). 
The experiments were performed independently in triplicate.

Immunohistochemistry
FFPE medulloblastoma tissues were immunostained using the streptavidin-biotin immunoperoxidase 

assay to detect Gfi1 expression. Anti-Gfi1 (Abcam, USA) antibodies were used for immunohistochemistry. 
The slides were individually reviewed and scored by two independent observers. The staining intensity 
in tumour cells was graded as 0 (no staining), 1 (weak, light yellow), 2 (moderate, yellowish brown), or 
3 (strong, brown). The proportion of positively stained tumour cells was scored as 0 (no positive tumour 
cells), 1 (<10% positive tumour cells), 2 (10–30% positive tumour cells), or 3 (>30% positive tumour cells). 
The staining score was determined by multiplying the staining intensity by the proportion of positively 
stained tumour cells. High Gfi1 expression was defined as a staining score greater than 4, whereas low 
expression was defined as a staining score of at most 4. The final immunostaining score was the average of 
that obtained by each of the two observers.

Statistical analysis
All of the statistical analyses were performed using IBM SPSS 19.0 or GraphPad Prism. Associations 

between miR-495 expression and clinicopathological characteristics were analysed by Fisher’s exact test 
and Wilcoxon rank sum test. The correlation between miR-495 and Gfi1 expression was evaluated using 
Kendall’s correlation coefficient. Survival curves were estimated using the Kaplan-Meier method, and the 
differences between survival curves were tested using the log-rank test. Prognostic impact of variables on 
overall survival was evaluated on the basis of hazard ratios and 95% CIs from unadjusted Cox’s proportional 
hazards regression model. Variables that reached statistical significance in the univariate analysis, as well 
as clinically important variables, were included into the adjusted multivariate Cox’s proportional hazards 
regression models. Statistical significance was set to P < 0.05. 

Results

Clinical Features of Patients
Patient characteristics of the sixty-two study patients are summarised in Table 1. Their 

ages in years at diagnosis ranged from 5 months to 57 years, with a mean age of 9.5 years 
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(median 8 years). Of the patients, fifty-six (90.32%) were in the paediatric age group (less 
than 16 years), including four less than three years, and 6 (9.68%) were adults. Thirty-eight 
(61.29%) were men and twenty-four (38.71%) women. Forty-five tumors (72.58%) were 
classified as classic medulloblastoma, 8 (12.9%) had the large-cell/anaplastic variant, and 9 
(14.52%) had the desmoplastic variant. The follow-up period ranged from 2 to 239 months 
(median 52 months). Twenty-three (37.1%) patients died due to tumor progression and the 
disease at the last follow-up evaluation. The 5-year overall survival rate of all patients was 
66.7± 6.1%.

Expression of miR-495 is decreased in medulloblastoma tissues and cell lines
The expression of miR-495 in 62 medulloblastoma tissue samples was determined by 

qRT-PCR. The results showed that the relative expression of miR-495 in medulloblastoma 
was significantly lower compared with that observed in normal cerebellum tissues (P < 
0.001, Fig. 1A). DAOY and D283 medulloblastoma cell lines also demonstrated significantly 
lower levels of miR-495 expression compared with normal cerebellum tissues (P < 0.05, Fig. 
1B). 

Low-expression of miR-495 confers poor prognosis
To analyse the association between miR-495 expression and clinicopathological 

parameters in medulloblastomas, we classified the medulloblastoma specimens with 
miR-495 levels lower than the median expression level as belonging to the low-miR-495-
expression group, whereas the specimens with miR-495 levels equal to at least the mean 
level were classified as belonging to the high-miR-495-expression group. Furthermore, 
the relationship between miR-495 expression and overall survival in 62 medulloblastoma 
patients was determined through a Kaplan-Meier survival curve analysis with a log-
rank test. The 5-year overall survival rate of patients with high miR-495 expression was 
84.4±8.3%, compared with only 58.5±7.8% for patients with low miR-495 expression. The 
low-miR-495-expression group exhibited poorer survival compared with the high-miR-495-
expression group, which presented longer survival times (Fig. 2).

Table 1. The characteristics of the patients. Abbreviations: GTR, gross 
total resection; STR, subtotal resection
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Cell Physiol Biochem 2015;36:1430-1439
DOI: 10.1159/000430308
Published online: July 06, 2015, 2015

© 2015 S. Karger AG, Basel
www.karger.com/cpb 1434

Wang et al: MIR-495 IS A Predictive Biomarker of Medulloblastoma 

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

MiR-495 is an independent prognostic biomarker for medulloblastoma
To determine the prognostic value of the miR-495 expression level in medulloblastoma, 

univariate and multivariate analyses were performed. The univariate analysis demonstrated 
that high levels of miR-495 expression can be considered a “protective” factor in 
medulloblastoma (p = 0.043, HR = 0.326, 95%CI = 0.110-0.964, Table 2). The subsequent 
multivariate Cox proportional hazards analysis further confirmed the findings from the 
univariate analysis, indicating that the miR-495 expression level is an independent and 

Fig. 1. The expression of miR-495 in 62 
human medulloblastoma specimens (A) 
and cell lines (B) relative to that found 
in normal cerebellum tissues (NCTs) 
was determined by qRT-PCR. *P<0.05; 
**P<0.001.

Fig. 2. Kaplan-Meier survival curves for 
62 medulloblastoma patients stratified 
by the miR-495 expression levels. The 
log-rank test was used to determine the 
statistical significance.

Table 2. Survival analysis of miR-495 and clinicopathologic parameters in medulloblastomas. Abbrevia-
tions: GTR, gross total resection; LC/A, large-cell/anaplastic; STR, subtotal resection
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significant predictor of prognosis in medulloblastoma patients (p = 0.027, HR = 0.267, 95%CI 
= 0.083-0.859, Table 2). 

Gfi1 is a direct target of miR-495
The bioinformatics analysis of potential miR-495 targets by PicTar (http://pictar.

bio.nyu.edu/), TargetScan (http://genes.mit.edu/tscan/targetscanS.html) and Human 
microRNA Targets (http://www.microrna.org/) revealed Growth Factor Independence 1 
(Gfi1) as a candidate (Fig. 3A). To address whether miR-495 regulates Gfi1, we transfected 
DAOY and D283 cells with miR-495 mimics and miR-NC, and the transcript and protein 
expression levels of Gfi1 were detected by quantitative RT-PCR and western blot, respectively. 
As illustrated in Figure 3, the overexpression of miR-495 yielded a marked reduction in Gfi1 
expression in DAOY and D283 cells (Fig. 3B). However, a significant difference in the Gfi1 
transcript level was not observed between the miR-495-transfected cells and the miR-NC-
transfected cells (Fig. 3C). Taken together, the results show that miR-495 regulates the Gfi1 
levels by translational suppression rather than by mRNA degradation.

To confirm whether Gfi1 is a direct target of miR-495, we generated a luciferase reporter 
plasmid containing the 3’UTR of Gfi1. As a control, we constructed a mutant reporter 
plasmid in which the seed binding region on the 3’UTR of Gfi1 was mutated. miR-495 or 
miR-NC was co-transfected with the reporter vectors into DAOY cells, and luciferase activity 
was measured 48 h post-transfection. We observed that miR-495 overexpression led to a 
significant repression in the luciferase activity of the wild-type reporter plasmid in DAOY 
cells compared with that obtained after miR-NC transfection (Fig. 3D). Of note, mutation of 
the seed sequence within the 3’-UTR of Gfi1 completely abrogated this suppression effect of 
miR-495. These results indicate that Gfi1 is a specific target of miR-495.

Fig. 3. Gfi1 is a direct target of miR-495 in medulloblastoma. (A) Potential interaction between miR-495 and 
putative binding sites in the Gfi1 3’UTR. (B) The Gfi1 protein expression levels in DAOY and D283 cells were 
determined by western blot. GAPDH was used as a loading control. A graphical representation of the western 
blot analysis is shown in the figure below. (C) The relative Gfi1 mRNA expression levels in DAOY and D283 
cells were determined by qRT-PCR. (D) The luciferase activities in DAOY cells were analysed 48 hours after 
the cotransfection of miR-495 mimics and either the wild-type or mutant Gfi1 3’UTR. (E) Correlation of the 
relative expression levels of miR-495 compared with the immunoreactive scores of Gfi1 in corresponding 
medulloblastoma tissues.*P<0.05; **P<0.001.
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Gfi1 protein level inversely correlates with the miR-495 level in medulloblastoma specimens
The above-mentioned results suggest that miR-495 post-transcriptionally regulates 

Gfi1. Thus, we hypothesized the existence of an inverse correlation between the miR-
495 expression level and the Gfi1 protein level in medulloblastoma specimens. We tested 
this hypothesis in 62 medulloblastoma samples by RT-PCR and immunohistochemistry. 
The results revealed an inverse relationship (Kendall’s R = -0.571) between the miR-495 
expression level and the Gfi1 protein level in medulloblastoma specimens (Fig. 3E). 

Discussion

The current study provides evidence that miR-495 is significantly downregulated in 
medulloblastoma compared with normal cerebellum tissues and that patients with lower 
miR-495 expression than the median levels are associated with decreased survival times 
relative to those with miR-495 expression levels higher than the median. Furthermore, 
the multivariate Cox proportional hazards analysis showed that miR-495 can act as an 
independent prognostic biomarker. Our experiment offers the first demonstration that miR-
495 directly interacts with the Gfi1 3’UTR to regulate Gfi1 at the post-transcriptional level 
and that the expression level of miR-495 is inversely correlated with the Gfi1 protein level in 
medulloblastoma specimens.

The outcome of miR-495 function appears to be tumour-specific, i.e., it can be either an 
oncogene or a tumour suppressor. miR-495 reveals tumour-suppressor activity by targeting 
PBX3 and MEIS1 in MLL-rearranged leukaemia [15]. The overexpression of miR-495 can 
significantly inhibit the migration and invasion of gastric cancer cells [18]. In contrast, miR-
495 can contribute to tumour cell invasion and metastasis via the suppression of MAT1A 
in hepatocellular carcinoma, thereby functioning as an oncogenic miRNA [21]. In addition, 
in breast cancer stem cells, the ectopic expression of miR-495 promotes colony formation 
in vitro and tumourigenesis in vivo through suppressing E-cadherin and REDD1. Moreover, 
recent studies have revealed that miR-495 participates in regulating the differentiation of 
embryonic stem cells and mesenchymal stem cells [22, 23]. The evidence suggests that miR-
495 plays additional unexpected important roles in development and tumourigenesis. In 
our study, the expression of miR-495 was found to be significantly downregulated, and the 
oncogene Gfi1 was found to be its direct target. Thus, miR-495 appears to function as tumour 
suppressor in medulloblastomas, similar to its role in glioma, which is another common 
malignant tumour of the central nervous system [19].

We determined that the Gfi1 protein level was markedly reduced upon miR-495 
restoration, but the Gfi1 mRNA level was not significantly changed, supporting the finding 
that miR-495 negatively regulates Gfi1 by translational suppression rather than by mRNA 
degradation. The results of the luciferase reporter assay further confirmed that miR-495 
specifically acts on the 3’UTR of Gfi1. Thus, we hypothesize that the effect of miR-495 on 
medulloblastoma may result from the inhibition of Gfi1. In fact, recently, Northcott et al. 
demonstrated that Gfi1 plays an oncogenicity role specifically in group 3 and 4 subgroup 
medulloblastomas, which have the poorest outcomes [24]. So it may be that low miR-495 
levels are an indicator of group 3/4 medulloblastomas. But, as the limitation of technology, 
molecular subgroups of medulloblastoma didn’t be identified in our study. Moreover, 
Gfi1 plays a critical role as a transcription repressor in the development and function of 
hematopoietic stem cells, B and T cells, dendritic cells, granulocytes and macrophages. Gfi1 
is required for the development and maintenance of lymphoid neoplasia, such as ALL [25, 
26]. A previous study conducted by Khandanpour showed that the inhibition of Gfi1 can not 
only cure mice from ALL but also block the expansion of human primary ALL cells [27]. In the 
immune system, Gfi1 is required for T lymphopoiesis as well as mature CD4+ and CD8+ T cell 
function and maintenance [28, 29]. In addition, Gfi1 has been implicated in the growth and 
differentiation of various types of cells [30-32], and its dysregulation is involved in other solid 
tumours. For example, Gfi1 functions downstream of Math1 in intestinal secretory lineage 
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differentiation, suggesting a potential role for Gfi1 in intestinal malignancies. In prostate 
cancer, Gfi1 may play a role in the repression of 25-hydroxyvitamin D 1alpha-hydroxylase 
(CYP27B1) [33]. Furthermore, Gfi1 is also a master regulator of microRNAs. Velu and 
colleagues reported that Gfi1 can regulate miR-21 and miR-196b to control myelopoiesis 
[34, 35]. The evidence suggests that the regulatory relationships between Gfi1 and miRNAs 
are very complex and thus play various biological effects in different tissues and organs.

In conclusion, we present the first demonstration that miR-495 is significantly 
downregulated in medulloblastoma and that miR-495 is an independent prognostic 
biomarker for medulloblastoma. miR-495 negatively regulates Gfi1 by specifically acting 
on the 3’UTR of Gfi1. Thus, miR-495 can be potentially used to predict the prognosis and 
treatment response in individual medulloblastoma patients.
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